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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] Factor VIIl is an important component of the intrinsic pathway of the blood coagulation cascade. In the circulation, factor VIIl is mainly pl to von Wil factor. Upon ivation by thrombin, (Factor lla), it
dissociates from the complex to interact with factor IXa in the intrinsic coagulation cascade, which, in turn, activates factor X. Once removed from the von Willebrand factor complex, activated factor VIIl is proteolytically inactivated
by activated Protein C (APC), factor Xa, and factor I1Xa, and is quickly cleared from the blood stream. When complexed with normal von Willebrand factor protein, the half-life of factor VIII is approximately 12 hours, whereas in the
absence of von Willebrand factor, the half-life of factor VIIl is reduced to 2 hours (Tuddenham EG, et al., Br J Haematol. (1982) 52(2):259-267).

[0002] In hemophilia, the clotting of blood is disturbed by a lack of certain plasma blood clotting factors. Hemophilia A is a deficiency of factor VIII, and is a recessive sex-linked, X chromosome disorder that represents 80% of
hemophilia cases. The standard of care for the of ilia A is therapy with i factor VIII concentrates. Subjects with severe ilia A have ci ing p factor VIII levels
below 1-2% of normal, and are generally on prophylactic therapy with the aim of keeping factor VIIl above 1% between doses, which can usually be achieved by giving factor VIIl two to three times a week. Persons with moderately
severe hemophilia (factor VIl levels of 2-5% of normal) constitute 25-30% hemophilia incidents and manifest bleeding after minor trauma. Persons with mild hemophilia A (factor VIl levels of 5-40% of normal) comprise 15-20% of
all hemophilia incidents, and develop bleeding only after significant trauma or surgery.

[0003] The in vivo activity of exogenously supplied factor VIIl is limited both by a short protein half-life and inhibitors that bind to the factor VIIl and diminish or destroy hemostatic function.

[0004] Up to 30% of hemophilia A patients receiving exogenously-supplied factor VIl mount an IlgG immune response towards factor VIIl (Towfighi, F., et al. Comparative measurement of anti-factor VIl antibody by Bethesda assay
and ELISA reveals restricted isotype profile and epitope specificity. Acta Haematol (2005) 114:84-90), which can result in the complete inhibition of its procoagulant activity and/or promote more rapid clearance of the factor VIII
(Briét E et al. High titer inhibitors in severe haemophilia A. A meta-analysis based on eight long-term follow-up studies concerning inhibitors associated with crude or intermediate purity factor VIIl products. Throm. Haemost. (1994)
72:162-164). The IgG antibodies, called FVIII inhibitors, are primarily directed towards the A2, A3 and C2 domains (Scandella D et al. Localization of epitopes for human factor VIII inhibitor antibodies by immunoblotting and
antibody neutralization. Blood (1989) 74:1618-1626), but can arise against the A1, Band C1 domains, as well. As such, treatment options for patients with FVIIl inhibitors are limited.

[0005] Large proteins such as factor VIl are normally given intr so that the i is directly available in the blood stream. It has been previ that an i factor VIIl injected intramuscularly
yielded a maximum circulating level of only 1.4% of the normal plasma level (Pool et al, Ineffectiveness of Intramuscularly Injected Factor VIIl Concentrate in Two Hemophilic Patients. New England J. Medicine (1966) 275(10):547-
548). F i that could be inistered other than by the intravenous route would greatly simplify their use, increase safety, and result in substantial cost savings.

[0006] Chemical modifications to a therapeutic protein can modify its in vivo clearance rate and subsequent serum half-life. One example of a common modification is the addition of a polyethylene glycol (PEG) moiety, typically
coupled to the protein via an aldehyde or N-hydroxysuccinimide (NHS) group on the PEG reacting with an amine group (e.g. lysine side chain or the N-terminus). However, the conjugation step can result in the formation of
heterogeneous product mixtures that require extraction, purification and/or other further processes, all of which inevitably affect product yield and quality control. Also, the ic function of ion factors may be
hampered if amino acid side chains in the vicinity of its binding site become modified by the PEGylation process. Other approaches include the genetic fusion of an Fc domain to the therapeutic protein, which increases the size of
the therapeutic protein, hence reducing the rate of clearance through the kidney. In some cases, the Fc domain confers the ability to bind to, and be recycled from lysosomes by the FcRn receptor, resulting in increased
phar inetic half-life. L the Fc domain does not fold efficiently during recombinant expression, and tends to form insoluble precipitates known as inclusion bodies. These inclusion bodies must be solubilized and
functional protein must be renatured from the misfolded aggregate, which is a time-consuming, inefficient, and expensive process.

[0007] WO 2008/077616 relates to modified coagulation factors with prolonged in vivo half-life. WO 2009/156137 discloses modified nucleic acid sequences coding for coagulation factor VIII (FVIII) and for von Willebrand factor
(VWF) as well as complexes thereof, stated to have biological activities together with prolonged in vivo half-life and/or improved in vivo recovery compared to the unmodified wild-type protein. WO 2011/069164 discloses
administering chimeric polypeptides with increased half-life comprising a FVIIl portion and a second portion such as an Fc portion. WO 2012/006623 discloses a method for decreasing nonprocessed FVIII in a culturing medium
using a proprotein convertase. US 2014/147436 relates to a variant Fc region with altered effector functions as a consequence of one or more amino acid modifications.

SUMMARY OF THE INVENTION

[0008] The invention is defined by the appended claims and based on the general teaching including the various aspects described below.

TECHNICAL BACKGOUND

[0009] The present teaching relates to novel coagulation factor VIII fusion protein compositions and the uses thereof. Specifically, the compositions provided herein are particularly used for the treatment or improvement of a
condition i with ilia A, iciencies of factor VIII, bleeding disorders and coagulopathies. In one aspect, the present teaching provides compositions of isolated fusion proteins comprising a factor VIII (FVIIl) and
one or more extended recombinant polypeptides (XTEN) wherein the fusion protein exhibits procoagulant activity. A subject XTEN useful for constructing such fusion proteins is typically a p ide with a petiti q

and unstructured conformation. In one aspect, one or more XTEN is linked to a coagulation factor FVIII ("CF") selected from native human factor VIII, factor VIll B-domain deleted sequences ("FVIIl BDD"), and sequence variants
thereof (all the foregoing collectively "FVIII" or "CF"), resulting in a recombinant factor VIII-XTEN fusion protein ("CFXTEN"). The factor VIl polypeptide component of the CFXTEN comprises an A1 domain, an A2 domain, a C1

domain, a C2 domain, and optionally a B domain or a portion thereof. In some aspects, the FVIIl is further by deli ion of the i domains to comprise an acidic a1, a2 and a3 spacer. In another aspect,
the present di is directed to phar { positi comprising the fusion proteins and the uses thereof in methods and regimens for treating factor Vlll-related conditions. The CFXTEN compositions have enhanced
phar inetic and ic properties p to FVIII not linked to XTEN, which may permit more convenient dosing and improved efficacy.

[0010] The teaching relates to recombinant factor VIII fusion proteins comprising a factor VIl polypeptide and one or more extended recombinant polypeptide (XTEN) linked to the factor VIII. In some aspects, the teaching provides
recombinant factor VIII fusion proteins comprising a factor VIl polypeptide and at least one extended recombinant polypeptide (XTEN), wherein said factor VIIl polypeptide comprises an A1 domain including an a1 acidic spacer
region, an A2 domain including an a2 acidic spacer region, an A3 domain including an a3 acidic spacer region, C1 domain, C2 domain and optionally all or a portion of B domain, and wherein said at least one XTEN is linked to said
factor VIII polypeptide at (i) the C-terminus of said factor VIII polypeptide; (i) within B domain of said factor VIl polypeptide if all or a portion of B domain is present; (iii) within the A1 domain of said factor VIl polypeptide; (iv) within
the A2 domain of said factor VIII polypeptide; (v) within the A3 domain of said factor VIII polypeptide; (vi) within the C1 domain of said factor VIl polypeptide; (vii) within the C2 domain of said factor VIII polypeptide; (vii)) at the N-
terminus of said factor VIIl polypeptide, or (ix) between two domains of said factor VIII polypeptide, wherein the fusion protein retains at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%, or
500% of the procoagulant activity, when measured by an in vitro coagulation assay, compared to a corresponding factor VIII not linked to XTEN. In one aspect, in the foregoing recombinant factor VIII fusion protein the at least one
XTEN is linked to said factor VIl polypeptide at a site at or within 1 to 6 amino acids of a site selected from Table 5, Table 6, Table 7, Table 8, and Table 9. In other aspects, the teaching provides recombinant factor VIl fusion
proteins comprising a factor VIII polypeptide and at least a first extended recombinant polypeptide (XTEN), wherein said factor VIl polypeptide comprises an A1 domain including an a1 acidic spacer region, an A2 domain including
an a2 acidic spacer region, an A3 domain including an a3 acidic spacer region, a C1 domain, a C2 domain and optionally all or a portion of a B domain, and wherein said first XTEN is linked to said factor VIl polypeptide at (i) the
C-terminus of said factor VIII polypeptide; (ii) within the B domain of said factor VIl polypeptide if all or a portion of the B domain is present; (iii) within the A1 domain of said factor VI polypeptide; (iv) within the A2 domain of said
factor VIl polypeptide; (v) within the A3 domain of said factor VIl polypeptide; (vi) within the C1 domain of said factor VIII polypeptide; or (vii) within the C2 domain of said factor VIl polypeptide; and when compared to a
corresponding factor VIII protein not linked to XTEN, the fusion protein (a) retains at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% 100%, 200%, 300%, 400%, or 500% of the procoagulant activity in an in vitro
coagulation assay described herein or other such assays known in the art, and/or (b) exhibits reduced binding to an anti-factor VIIl antibody in an in viro binding assay described herein or other such assays known in the art. I n
one aspect, in the foregoing recombinant factor VIII fusion protein the at least one XTEN is linked to said factor VIII polypeptide at a site at or within 1 to 6 amino acids of a site selected from Table 5, Table 6, Table 7, Table 8, and
Table 9. In other aspects, the teaching provides recombinant factor VIII fusion proteins comprising a factor VIIl polypeptide and at least a first extended recombinant polypeptide (XTEN), wherein said factor VIl polypeptide
comprises an A1 domain including an a1 acidic spacer region, an A2 domain including an a2 acidic spacer region, an A3 domain including an a3 acidic spacer region, a C1 domain, a C2 domain and optionally all or a portion of a B
domain, and wherein said first XTEN is linked to said factor VIII polypeptide at an insertion site selected from Table 6 and Table 7 and wherein the fusion protein retains at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%,100%, 200%, 300%, 400%, or 500% of the procoagulant activity, when measured by an in vitro coagulation assay described herein or other such assays known in the ant, compared to a corresponding factor VIl protein not
linked to XTEN. Non-limiting examples of the factor VIIl protein not linked to XTEN includes native FVIII, BDD FVIIl, pBC100 and sequences from Table 1. In another aspect of the recombinant factor VIl fusion protein, the factor
VIl polypeptide has at least about 80% sequence identity, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100%
sequence identity to a sequence selected from the group consisting of the sequences of Table 1, the sequence depicted in FIG. 3, and the sequence depicted in FIG. 4, when optimally aligned. In yet another aspect, the fusion
protein comprises at least another XTEN linked to said factor VIl polypeptide at the C-terminus of said factor VIIl polypeptideor within or optionally replacing the B domain of said factor VIIl polypeptide. In a specific aspect, the
fusion protein comprises at least one XTEN sequence located within or optionally replacing the B domain of said factor VIII polypeptide. In another specific aspect, the fusion protein comprises at least one XTEN sequence linked to
said factor VI polypeptide at the C-terminus of said factor VIIl polypeptide. In one aspect, the recombinant factor V1Il fusion protein comprises a B-domain deleted variant of human factor VIIl, wherein the B-domain deletion starts
from a first position at about amino acid residue number 741 to about 750 and ending at a second position at amino acid residue number 1635 to about 1648 with reference to full-length human factor VIl sequence as set forth in
FIG. 3. In another aspect, the recombinant factor VIII fusion protein comprises a first XTEN sequence linked to said factor VIl polypeptide at the C-terminus of said factor VIII polypeptide, and at least a second XTEN within or
replacing the B domain of said factor VIIl polypeptide, wherein the second XTEN is linked to the C-terminal end of about amino acid residue number 741 to about 750 and to the N-terminal end of amino acid residue numbers 1635
to about 1648 with reference to fulklength human factor VIl sequence as set forth in FIG. 3, wherein the cumulative length of the XTEN is at least about 100 amino acid residues. In one aspect, in the foregoing fusion protein, the
second XTEN links the factor VIIl amino acids between N745 to P1640 or between S743 to Q1638 or between P747 to V1642 or between N745 and Q1656 or between N745 and S1657 or between N745 and T1667 or between
N745 and Q1686 or between R747 and V1642 or between T751 and T1667. In one aspect, the recombinant factor VIII fusion protein comprises a sequence having at least about 80% sequence identity, or at least about 90%, or at
least about 91%, or at least about 92%, or at least about 93%, or at least about 94%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99%, to about 100% sequence
identity compared to a sequence of comparable length selected from Table 21, when optimally aligned. In another aspect, the recombinant factor VIII fusion protein comprises at least a second XTEN, optionally a third XTEN,
optionally a fourth XTEN, optionally a fifth XTEN and optionally a sixth XTEN, wherein each of the second, third, fourth, fifth, or sixth XTEN is linked to said factor VIII polypeptide at a second, third, fourth, fifth, or sixth site selected
from the group consisting of an insertion site from Table 5, Table 6, Table 7 Table 8, and Table 9; a location within 6 amino acids of amino acid residue 32, 220, 224, 336, 339, 390, 399, 416, 603, 1656, 1711, 1725, 1905 and 1910
of mature factor VIII; a location between any two adjacent domains of said factor VIIl polypeptide, wherein said two adjacent domains are selected from the group consisting of A1 and A2 domains, A2 and B domains, B and A3
domains, A3 and C1 domains, and C1 and C2 domains; a location within the B domain of said factor VIII polypeptide, wherein the second XTEN is linked to the C-terminal end of about amino acid residue number 741 to about 750
and to the N-terminal end of amino acid residue numbers 1635 to about 1648 of a native factor VIIl sequence; and the C-terminus of said factor VIl polypeptide. In one aspect, the first XTEN is separated from the second XTEN by
at least 10 amino acids, at least 50 amino acids, at least 100 amino acids, at least 200 amino acids, at least 300 amino acids, or at least 400 amino acids. In one aspect of the recombinant factor VIII fusion protein that comprises at
least a second XTEN, opti ly a third XTEN, optir a fourth XTEN, opti a fifth XTEN and optionally a sixth XTEN, each XTEN has at least about 80% sequence identity, or at least about 90%, or at least about 91%, or at
least about 92%, or at least about 93%, or at least about 94%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99%, or about 100% sequence identity compared to an
XTEN of comparable length selected from the group consisting of the sequences in Table 4, Table 13, Table 14, Table 15, Table 16, and Table 17, when optimally aligned. In yet another aspect of the recombinant factor VIl fusion
protein that comprises at least a second XTEN, optionally a third XTEN, optionally a fourth XTEN, optionally a fifth XTEN and optionally a sixth XTEN, In preferred aspects, the recombinant factor VIl fusion protein exhibits a
terminal half-life at least about 3 hours, or 4 hours, or 6 hours, or 12 hours, or 13 hours, or 14 hours, or 16 hours, or 24 hours, or 48 hours, or 72 hours, or 96 hours, or 120 hours, or 144 hours, or 7 days, or 14 days, or 21 days
when administered to a subject, wherein said subject is selected from human and factor ViliAon Willebrand factor double knock-out mouse. Further, in the aspects of this paragraph, the fusion protein exhibits reduced binding to
anti-factor VIIl antibody or greater retained procoagulant activity, or both as compared to a corresponding factor VIII not linked to XTEN. In one aspect, the p activity of the i factor V1l fusion protein is at least
30%, or 40%, 50%, 80%, 100%, 200%, 300%, 400%, or 500% greater procoagulant activity in the presence of the anti-FVIIl antibody compared to a corresponding factor VIIl not linked to XTEN when each are assayed by an in
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vitro coagulation assay. In one aspect, the reduced binding of the fusion protein to anti-factor VIIl antibody is i usinga assay using anti-factor VIIl antibody selected from the group consisting of the antibodies of
Table 10 and polyclonal antibody from a hemophilia A patient with factor VIII inhibitors, wherein the reduced binding and retained procoagulant activity of the fusion protein is evidenced by a lower Bethesda titer of at least about 2,
4,6,8,10, 12,15, 20, 30,40, 50, 60, 70, 80, 100, or 200 Bethesda units for the fusion protein compared to that for the factor VIl not linked to XTEN.

[0011] In one aspect, the recombinant factor VIIl fusion protein can, for example, comprise one or more XTEN wherein the XTEN has at least about 80% sequence identity, or about 90%, or about 91%, or about 92%, or about
93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100% sequence identity compared to one or more XTEN of comparable length selected from Table 4, Table 13, Table 14,
Table 15, Table 16, and Table 17, when optimally aligned.

[0012] In another aspect, the teaching relates to recombinant factor VIII fusion proteins comprising FVIII and one or more XTEN in specific N- to C-terminus configurations. In one aspect of the CFXTEN composition, the teaching
provides a recombinant factor VIII fusion protein of formula I:

(XTEN),-CF-(XTEN), 1

wherein independently for each occurrence, CF is a factor VIIl as defined herein, including sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least about 98%, or at least about 99% or 100% sequence identity with sequenced from Table 1; x is either 0 or 1 and y is either 0 or 1 wherein x+y 21; and XTEN is an extended p as i herein,
including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity
to sequences set forth in Table 4. Accordingly, the CFXTEN fusion composition can have XTEN-CF, XTEN-CF-XTEN, or CF-XTEN configurations.

[0013] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula I1:
(XTEN),-(8)y-(CF)-(XTEN) [

wherein independently for each occurrence, CF is a factor VIIl as defined herein, including sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 1; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or
amino acids compatible with restrictions sites; x is either 0 or 1 and y is either 0 or 1 wherein x+y 21; and XTEN is an extended r i as i herein including, but not limited to sequences having at least
about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%., or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4.

[0014] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein, wherein the fusion protein is of formula III:
(XTEN),~(S) (CF)-(8),~(XTEN),, mn

wherein independently for each occurrence, CF is a factor VIIl as defined herein, including sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least about 98%, or at least about 99% or 100% sequence identity to sequence set for in Table 1; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or
amino acids compatible with restrictions sites; x is either 0 or 1 and y is either 0 or 1 wherein x+y 21; and XTEN is an extended r i as i herein including, but not limited to sequences having at least
about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%., or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4.

[0015] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein of formula IV:
(A1)-(XTEN),,.(A2)-(XTEN),~(B)-(X TEN)5~(A3-(X TEN)~(C1)-(XTEN)y. (C2)- (X TEN), v

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; A3 is an A3 domain of FVIII; B is a B domain of FVIIl which can be a fragment or a splice variant of the B domain; C1is a C1

domain of FVIII; C2 is a C2 domain of FVIII; v is either 0 or 1; w is either 0 or 1; x is either 0 or 1; y is either 0 or 1; y is either 0 or 1 with the proviso that u +v + x + y+z 21; and XTEN is an extended recombinant polypeptide as
described herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100%
sequence identity to sequences set forth in Table 4.

[0016] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula V:
XTEN)(S)5 ~(AD-(S)a-(XTEN) (S) - (A2)~(S)c-(XTEN),~(8) c=(B)-(S) or KTEN)w(S) - (A3)- (S)e-(XTEN), (8)e~(C1)-(S)- (X TEN)y~(S)- (€2)-(S) - (X TEN) v

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; A3 is an A3 domain of FVIII; B is a B domain of FVIIl which can be a fragment or a splice variant of the B domain; C1is a C1

domain of FVIII; C2 is a C2 domain of FVIII; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is either 0
or 1; b is either 0 or 1; c is either 0 or 1; d is either 0 or 1; e is either 0 or 1; fis either 0 or 1; g is either 0 or 1;tis either 0 or 1; uiis either 0 or 1; v is either 0 or 1; wis 0 or 1, x is either 0 or 1;y is either 0 or 1; z is either 0 or 1 with
the proviso that t + u +v + w+x +y +z 21; and XTEN is an extended i as i herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or
at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4. In another aspect of formula V, the spacer sequence is glycine or a sequence
selected from Tables 11 and 12.

[0017] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein of formula VI:
(XTEN),r ()& (A1)-(S)r (XTEN)~(S)1(A2)- (S)c-(XTEN) () (A3)- (S)- X TEN)- (S)i-(C1)-(S) - KTEN) - (S)e- (C2)-(S)-(XTEN) . vi

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; A3 is an A3 domain of FVIII; C1is a C1 domain of FVIII; C2 is a C2 domain of FVIII; S is a spacer sequence having between 1
to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is either 0 or 1; b is either 0 or 1; c is either 0 or 1; d is either 0 or 1; e is either 0 or 1; f is either 0
or 1; uis either 0 or 1; vis either 0 or 1; wis 0 or 1, x is either 0 or 1; y is either 0 or 1; z is either 0 or 1 with the proviso that u +v +w+x +y +z 21; and XTEN is an extended recombinant polypeptide as described herein including,
but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity to
sequences set forth in Table 4. In another aspect of formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12.

[0018] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula VII:
(SPY-(XTEN),-(CS)-(S)-(FVIII_1-745)-(S),-(XTEN),~(S),~(FVIII_1640-2332)-(S) ~ (CS)-(XTEN), il

wherein independently for each occurrence, SP is a signal peptide, preferably with sequence MQIELSTCFFLCLLRFCFS (SEQ ID NO: 1611), CS is a cleavage sequence listed in Table 12, S is a spacer sequence having between 1
to about 50 amino acid residues that can optionally include amino acids compatible with restrictions sites, "FVIII_1-745" is residues 1-745 of Factor FVIIl and "FVIII_1640-2332" is residues 1640-2332 of FVIII, x is either 0 or 1, y is
either 0 or 1, and z is either 0 or 1, wherein x+y+z >2; and XTEN is an extended recombinant polypeptide as described herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least
about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity sequences set forth in Table 4. In one aspect of formula VI, the spacer sequence is GPEGPS (SEQ
ID NO: 1612). In another aspect of formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12.

[0019] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula VIII:
AD-(S) (XTEN)y-(S) & (A2)-(B1)- (S)r (XTEN)~(S) - (B2)-(A3)- (S)c- (X TEN)-(S)c-(C1)-(8) or KTEN) - (8)-(C2)-(8) -(XTEN) . Vil

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; B1 is a fragment of the B domain that can have from residue 741 to 743-750 of FVIII or alternatively from about residue 741 to
about residues 745 of FVIII; B2 is a fragment of the B domain that can have from residues 1635-1686 to 1689 of FVIII or alternatively from about residue 1640 to about residues 1689 of FVIII; A3 is an A3 domain of FVIII; C1is a
C1 domain of FVIII; C2 is a C2 domain of FVIII; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is
either 0 or 1; b is either 0 or 1; c is either 0 or 1; d is either 0 or 1; e is either 0 or 1; fis either 0 or 1; uis either 0 or 1; v is either 0 or 1; w is 0 or 1, x is either 0 or 1; y is either 0 or 1; z is either 0 or 1 with the proviso that u +v +w+
X +y+z21; and XTEN is an extended recombinant polypeptide as described herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least
about 97%, or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4. In one aspect of formula VIII, the spacer sequence is GPEGPS (SEQ ID NO: 1612). In another aspect of
formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12.

[0020] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein of formula IX:
AT () XTEN)- (S)-(A10)-(A20)-(S)c- RTEN) - (8)4-(A20)-(Br)- (S)e-(XTEN)~(S)-(Be)-(A3n)- (S)g-(XTEN)w~(S)ir- (A30)-(CTn)-(S)i- (X TEN)~(8);-(C10)-(C20)-(S)- (XTEN)y-(8) 1-(C20)-(S)rmr (XTEN) X

wherein independently for each occurrence, A1y is a fragment of the A1 domain from at least residue number 1 (numbered relative to native, mature FVIIl) to no more than residue number 371, A1_ is a fragment of the A1 domain
from at least residue number 2 to no more than residue number 372, with the priviso that no sequence of the A1), fragment is duplicated in the A1_ is a fragment; A2}, is a fragment of the A2 domain from at least residue number
373 to no more than residue number 739, A2 is a fragment of the A2 domain from at least residue number 374 to no more than residue number 740, with the priviso that no sequence of the A2), fragment is duplicated in the A2; is
a fragment; By, is a fragment of the B domain from at least residue number 741 to no more than residue number 1647, B: is a fragment of the B domain from at least residue number 742 to no more than residue number 1648, with
the priviso that no sequence of the By fragment is duplicated in the B is a fragment; A3y, is a fragment of the A3 domain from at least residue number 1649 to no more than residue number 2019, A3 is a fragment of the A3
domain from at least residue number 1650 to no more than residue number 2019, with the priviso that no sequence of the A3, fragment is duplicated in the A3 is a fragment; C1yy is a fragment of the C1 domain from at least
residue number 2020 to no more than residue number 2171, C1_ is a fragment of the C1 domain from at least residue number 2021 to no more than residue number 2172, with the priviso that no sequence of the C1y, fragment is
duplicated in the C1. is a fragment; C2, is a fragment of the C2 domain from at least residue number 2173 to no more than residue number 2331, C2 is a fragment of the C2 domain from at least residue number 2174 to no more
than residue number 2332, with the priviso that no sequence of the C2y fragment is duplicated in the C2. is a fragment; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a
cleavage sequence or amino acids compatible with restrictions sites; a is either 0 or 1; b is either 0 or 1; ¢ is either 0 or 1; d is either 0 or 1; e is either 0 or 1; fis either 0 or 1; g is either 0 or 1; h is either 0 or 1; i is either 0 or 1;jis
either 0 or 1; k is either 0 or 1; 1 is either 0 or 1; m is either 0 or 1; tis either 0 or 1; u is either 0 or 1; v is either 0 or 1; wis 0 or 1, x is either 0 or 1; y is either 0 or 1; z is either 0 or 1 with the proviso thatt +u +v +w+x +y+z 2
and XTEN is an extended recombinant polypeptide as described herein including, but not limited to sequences having at least about 80% sequence identity, or about 90%, or about 91%, or about 92%, or about 93%, or about 94 %,
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or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100% sequence identity compared to one or more XTEN of comparable length selected from Table 4. In one aspect of formula IX, the spacer
sequence is GPEGPS (SEQ ID NO: 1612). In another aspect of formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12. In another aspect of formula IX, Z is 1. In another aspect of the fusion
protein of formula IX V is 1 and the XTEN is linked to the C-terminal end of about amino acid residue number 741 to about 750 and to the N-terminal end of amino acid residue numbers 1635 to about 1648 with reference to full-
length human factor VIIl sequence as set forth in FIG. 3. In another aspect of the fusion protein of formula IX, the sum of t, u, v, w, x, y, and z equals 2, 3, 4, 5, or 6. In another aspect of formula IX, the sum oft, u, v, w,x, y, and z
equals 2, and vis 1and zis 1.In another aspect of the fusion protein of formula 1X, the sum of t, u, v, w, X, y, and z equals 3, v and z each equal 1, and either t, u, w, x or y is 1. In another aspect of formula IX, the sum of t, u, v, w,
X, Y. and z equals 4, v and w and z each equal 1, and two of t, u, x or y is 1. In another aspect of the fusion protein of formula IX, the cumulative length of the XTENSs is between about 84 to about 3000 amino acid residues. In
another aspect of formula IX, at least one XTEN is inserted immediately downstream of an amino acid which corresponds to an amino acid in mature native human factor VIl selected from the group consisting of amino acid
residue number 32, 220, 224, 336, 339, 399, 416, 603, 1656, 1711, 1725, 1905 and 1910. In another aspect of the fusion protein formula IX, each XTEN is linked to said fusion protein at sites selected from Table 5, Table 6, Table
7, Table 8, and Table 9. In another aspect of the fusion protein formula IX, each XTEN has at least about 80%, or about 90%, or at least about 91%, or at least about 92%, or at least about 93%, or at least about 94%, or at least
about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99%, or about 100% sequence identity compared to an XTEN of comparable length selected from the group consisting of the
sequences in Table 4, Table 13, Table 14, Table 15, Table 16, and Table 17, when optimally aligned.

[0021] In another aspect of the CFXTEN composition, the teaching provides a first recombinant factor VIl polypeptide of formula X:
(AD-al-(A2)-a2-1B] X
and a second polypeptide comprising Formula XI:

a3 - (A3 - (C1)-(C2) |

wherein the first polypeptide and the second polypeptide are fused or exist as a heterodimer; wherein, A1 is an A1 domain of factor VIII; A2 is an A2 domain of factor VIII; [B] is a B domain of factor VI, a fragment thereof, or is
deleted; A3 is an A3 domain of factor VIII; C1is a C1 domain of factor VIII; C2 is a C2 domain of factor VIII; a1, a2, and a3 are acidic spacer regions; wherein the A1 domain comprises an XTEN permissive loop-1 (A1-1) region and
an XTEN permissive loop-2 (A1-2) region; wherein the A2 domain comprises an XTEN permissive loop-1 (A2-1) region and an XTEN permissive loop-2 (A2-2) region; wherein the A3 domain comprises an XTEN permissive loop-1
(A3-1) region and an XTEN permissive loop-2 (A3-2) region; wherein an XTEN sequence is inserted into at least one of the regions A1-1, A1-2, A2-1, A2-2, A3-1, or A3-2; and wherein the recombinant factor VIII protein exhibits
procoagulant activity. In one aspect of the heterodimer, the first polypeptide and the second ide form a single polypeptide chain ising the formula (A1) - a1 - (A2) - a2 - [B] - [a3] - (A3) - (C1) - (C2). In one aspect of
the foregoing, "fused" means a peptidic bond.

[0022] In another aspect of the CFXTEN composition, the teaching provides a first recombinant factor VIII polypeptide of formula X:

(Aly-al —(A2)-a2-[B| X

and a second polypeptide comprising Formula XI:

a3 (AN - (1) - (€ N

wherein the first polypeptide and the second polypeptide are fused or exist as a heterodimer; wherein, A1 is an A1 domain of factor VIII; A2 is an A2 domain of factor VIII; [B] is a B domain of factor VI, a fragment thereof, or is
deleted; A3 is an A3 domain of factor VIII; C1is a C1 domain of factor VIII; C2 is a C2 domain of factor VIII; a1, a2, and a3 are acidic spacer regions; wherein an XTEN sequence is inserted into a3; and wherein the recombinant
factor VIIl protein exhibits procoagulant activity. In one aspect of the heterodimer, the first polypeptide and the second polypeptide form a single ide chain comprising the formula (A1) - a1- (A2) - a2 - [B] - [a3] - (A3) - (C1)
- (C2).In one aspect of the foregoing, "fused" means a peptidic bond.

[0023] In aspects of the foregoing formulae X and XI i the XTEN p issive loops are i within surf: posed, flexible loop structures, and wherein A1-1 is located between beta strand 1 and beta strand 2,
A1-2is located between beta strand 11 and beta strand 12, A2-1 is located between beta strand 22 and beta strand 23, A2-2 is located between beta strand 32 and beta strand 33, A3-1 is located between beta strand 38 and beta
strand 39 and A3-2 is located between beta strand 45 and beta strand 46, according to the secondary structure of mature factor VIl stored as Accession Number 2R7E of the DSSP database. In other aspects of the foregoing
formulae X and XI polypeptides, the surface-exposed, flexible loop structure comprising A1-1 corresponds to a region in native mature human factor VIl from about amino acid 15 to about amino acid 45. In other aspects of the
foregoing formulae X and Xl polypeptides the A1-1 corresponds to a region in native mature human factor Vill from about amino acid 18 to about amino acid 41. In other aspects of the foregoing formulae X and XI polypeptides,
the surface-exposed, flexible loop structure comprising A1-2 corresponds to a region in native mature human factor VIl from about amino acid 201 to about amino acid 232. In other aspects of the foregoing formulae X and XI
polypeptides the A1-2 corresponds to a region in native mature human factor VIl from about amino acid 218 to about amino acid 229. In other aspects of the foregoing formulae X and XI polypeptides, the surface-exposed, flexible
loop structure comprising A2-1 corresponds to a region in native mature human factor VIl from about amino acid 395 to about amino acid 421. In other aspects of the foregoing formulae X and Xl polypeptides, the A2-1
corresponds to a region in native mature human factor VIIl from about amino acid 397 to about amino acid 418. In other aspects of the foregoing formulae X and Xl polypeptides, the surface-exposed, flexible loop structure
comprising A2-2 corresponds to a region in native mature human factor VIl from about amino acid 577 to about amino acid 635. In other aspects of the foregoing formulae X and XI polypeptides, the A2-2 corresponds to a region
in native mature human factor VIIl from about amino acid 595 to about amino acid 607. In other aspects of the foregoing formulae X and XI polypeptides, the surface-exposed, flexible loop structure comprising A3-1 corresponds to
a region in native mature human factor VIIl from about amino acid 1705 to about amino acid 1732. In other aspects of the foregoing formulae X and XI polypeptides, the A3-1 corresponds to a region in native mature human factor
VIII from about amino acid 1711 to about amino acid 1725. In other aspects of the foregoing formulae X and XI polypeptides, the the surfe posed, flexible loop structure comprising A3-2 corresponds to a region in native
mature human factor VIIl from about amino acid 1884 to about amino acid 1917. In other aspects of the foregoing formulae X and XI polypeptides, the A3-2 corresponds to a region in native mature human factor VIIl from about
amino acid 1899 to about amino acid 1911. In other aspects of the foregoing formulae X and XI polypeptides, an XTEN sequence is inserted into at least two of the regions A1-1, A1-2, A2-1, A2-2, A3-1, or A3-2. In other aspects of

the foregoing formulae X and Xl polypeptides, an XTEN is inserted i i downstream of an amino acid which corresponds to an amino acid in mature native human factor VIll selected from the group consisting of
amino acid residue number 32, 220, 224, 336, 339, 399, 416, 603, 1656, 1711, 1725, 1905 and 1910. In other aspects of the foregoing formulae X and XI| i an i XTEN seq| is inserted into the a3 acidic
spacer region. In other aspects of the foregoing formulae X and Xl p i an i XTEN is inserted into the a3 acide spacer immediately downstream of an amino acid which corresponds to amino acid 1656.
In other aspects of the foregoing formulae X and Xl p i the A1 domain i an XTEN p issive loop-1 (A1-1) region and an XTEN permissive loop-2 (A1-2) region wherein the A2 domain comprises an XTEN
permissive loop-1 (A2-1) region and an XTEN permissive loop-2 (A2-2) region, and wherein the A3 domain comprises an XTEN permissive loop-1 (A3-1) region and an XTEN permissive loop-2 (A3-2) region, and wherein an
additional XTEN sequence is inserted into at least one of the regions A1-1, A1-2, A2-1, A2-2, A3-1, or A3-2. In other aspects of the foregoing formulae X and XI polypeptides, an itic XTEN is inserted il

downstream of an amino acid which corresponds to an amino acid in mature native human factor VIIl selected from the group consisting of amino acid residue number 32, 220, 224, 336, 339, 390, 399, 416, 603, 1656, 1711, 1725,
1905 and 1910. In the foregoing aspects of formulae X and XI polypeptides, the fusion protein exhibits at least about 30%, 40%, 50%, 60%, 70%, or 80%, or 90% of the procoagulant activity of the corresponding factor VIIl not
linked to XTEN, wherein the procoagulant activity is assayed by an in vitro coagulation assay.

[0024] In all aspects, the polypeptide can, for example, exhibit an in vitro procoagulant activity exceeding 0.5 IU/ml, or 1.0, or 1.5, or 2.0 [U/m| when expressed in cell-culture medium and assayed by an in vitro coagulation assay.
The procoagulant activity can be measured by a chromogenic assay, a one stage clotting assay (e.g., a aPTT) or both.

[0025] In some aspects, wherein the recombinant factor VIII fusion protein comprises a factor VIl and at least a first and a second XTEN, the at least first XTEN is separated from the at least second XTEN by at least 10 amino
acids, at least 50 amino acids, at least 100 amino acids, at least 200 amino acids, at least 300 amino acids, or at least 400 amino acids.

[0026] In preferred aspects, the recombinant factor VIII fusion protein comprising a factor VIIl and at least a first XTEN and, optionally, at least a second, or optionally at least a third, or optionally at least a fourth XTEN, the fusion
protein exhibits reduced binding to an anti-factor VIIl antibody as compared to the corresponding factor VIl not linked to XTEN. The reduced binding can be assessed either in vivo or by an in vitro assay. In one aspect, the in vitro
assay is an ELISA assay, wherein the binding of an anti-FVIIl antibody to the fusion protein is reduced at least about 5%, 10%, 15%, 20%, 25%, 30%, 35% or at least about 40% or more compared to a FVIII not linked to XTEN. In
another aspect, the in vitro assay is a Bethesda assay wherein the reduced binding of the fusion protein is evidenced by a lower Bethesda titer of at least about 2, 4, 6, 8, 10, 12, 15, 20, 30, 40, 50, 60, 70, 80, 100, or 200 Bethesda
units for the fusion protein compared to that for a factor VIIl not linked to XTEN. In the in vitro assays, the anti-factor VIIl antibody is selected from an antibody of Table 10 and polyclonal antibody from a hemophilia A patient with
factor VIll inhibitors. In particular aspects of a recombinant factor VlII fusion protein comprising a factor VIIl and at least a first and a second XTEN exhibiting reduced binding to a factor VIIl inhibitor antibody, the first XTEN is linked
to said factor VIIl polypeptide within a C2 domain of said factor VIl polypeptide, and the second XTEN is linked to said factor VIII polypeptide within an A1 or A2 domain of said factor VIIl polypeptide, wherein said fusion protein
exhibits reduced binding to a factor VIII inhibitor antibody as compared to the corresponding factor ViII not linked to XTEN, wherein the factor VIII inhibitor antibody is capable of binding to an epitope located within the A1, A2 or C2
domain, and further wherein the fusion protein exhibits procoagulant activity. In one aspect of the foregoing fusion protein, the second XTEN is linked to said factor VIl polypeptide within the A2 domain of the factor VIIl polypeptide
and the factor VIIl inhibitor antibody binds to the A2 domain of the factor VIII polypeptide. In another aspect of the foregoing fusion protein, the second XTEN is linked to said factor VIl polypeptide within the C2 domain of the factor
VIII polypeptide and the factor Vill inhibitor antibody binds to the C2 domain of the factor VIIl polypeptide. The binding of an anti-factor VIIl antibody to the fusion protein is reduced by at least about 5%, 10%, 15%, 20%, 25%, 30%,
35% or 40% compared to the corresponding factor VIII not linked to XTEN when assayed by an ELISA assay, wherein the anti-factor VIl antibody is selected from the group consisting of the antibodies in Table 10 and a polyclonal
antibody from a hemophilia A subject with factor VIII inhibitors. The foregoing fusion proteins can further comprise at least three XTENSs, wherein the at least third XTEN is linked to the factor VIIl at a site selected from within or
replacing the B domain, at the C-terminus, and at or within 1, 2, 3, 4, 5, or 6 amino acids of an insertion site selected from Table 7 or Table 9. In the aspects with reduced binding to anti-factor VIIl antibodies, the fusion protein has
greater procoagulant activity in the presence of the anti-FVIIl antibody of at least 10%, 20%, 30%, 40%, 50%, 80%, 100%, 200%, 300%, 400%, or 500% or more compared to a corresponding factor VIII not linked to XTEN when
assayed by an in vitro coagulation assay (e.g., a chromogenic or one-stage clotting assay).

[0027] In all aspects, the XTEN of the fusion protein can, for example, be characterized in that the XTEN comprise at least 36, or at least 42, or at least 72, or at least 96, or at least 144, or at least 288, or at least 400, or at least
500, or at least 576, or at least 600, or at least 700, or at least 800, or at least 864, or at least 900, or at least 1000, or at least 2000, to about 3000 amino acid residues or even more residues; the sum of glycine (G), alanine (A),
serine (S), threonine (T), glutamate (E) and proline (P) residues constitutes at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about
99% of the total amino acid residues of the XTEN; the XTEN is substantially non-repetitive such that (i) the XTEN contains no three contiguous amino acids that are identical unless the amino acids are serine; (ii) at least about 80%
of the XTEN consists of ppil motifs, each of the sequence motifs comprising about 9 to about 14, or about 12 amino acid residues consisting of four to six amino acids selected from glycine (G),
alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), wherein any two contiguous amino acid residues do not occur more than twice in each of the non-overlapping sequence motifs; or (jii) the XTEN sequence has a
subsequence score of less than 10; the XTEN has greater than 90%, or greater than 95%, or greater than 99% random coil formation as determined by GOR algorithm; the XTEN has less than 2% alpha helices and 2% beta-
sheets as determined by Chou-Fasman algorithm; the XTEN lacks a predicted T-cell epitope when analyzed by TEPITOPE algorithm, wherein the TEPITOPE threshold score for said prediction by said algorithm has a threshold of
-9, and wherein said fusion protein exhibits a terminal half-life that is longer than at least about 12 h, or at least about 24 h, or at least about 48 h, or at least about 72 h, or at least about 96 h, or at least about 120 h, or at least
about 144 h, or at least about 21 days or greater. In one aspect, the recombinant factor VIII fusion protein comprises at least a second, or at least a third, or at least a fourth XTEN, which can be identical or different to the other
XTEN. According to a different approach, the at least one, at least a second, or at least a third, or at least a fourth XTEN of the CFXTEN fusion protein each have at least about 80% sequence identity, or about 90%, or about 91%,
or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100% sequence identity compared to one or more XTEN of comparable length selected from Table 4,
Table 13, Table 14, Table 15, Table 16, and Table 17, when optimally aligned. In yet another different approach, the at least one, at least a second, or at least a third, or at least a fourth XTEN of the CFXTEN fusion protein each
have at least 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100% seq| identity p toa selected from
AE42_1, AE42 2, AE42_3, AG42_1, AG42_2, AG42_3, AG42_4, AE144_1A, AE144_2A, AE144_2B, AE144_3A, AE1443B, AE144_4A, AE144_4B, AE144_5A, AE144_6B, AG144_1, AG144_2, AG144_A, AG144_B, AG144_C,
AG144_F, AG144_3, AG144_4, AE288_1, AE288_2, AG288_1, and AG288_2.

[0028] In one aspect, the factor VIIl component of the CFXTEN recombinant factor VIII fusion protein comprisies one, two or three amino acid substitutions selected from residues R1648, Y1680, and R1689, numbered relative to
mature human factor VIII, wherein the substitutions are selected from alanine, glycine, and ine. Non-limiting of said ituti include R1648A, Y1680F, and R1689A.

[0029] In another aspect, the CFXTEN fusion protein exhibits an apparent molecular weight factor of at least about 1.3, or at least about two, or at least about three, or at least about four, or at least about five, or at least about six,
or at least about seven, or at least about eight, or at least about nine, or at least about 10, when measured by size exclusion chromatography or comparable method.

[0030] In some aspects of the CFXTEN fusion proteins, one or more of the XTEN is to the FVIIl via one or two cleavage seq that each is cl ble by a ian protease selected from the group consisting of factor Xla,
factor Xlla, kallikrein, factor Vlla, factor 1Xa, factor Xa, factor lla (thrombin), Elastase-2, MMP-12, MMP13, MMP-17 and MMP-20, wherein cleavage at the cleavage sequence by the mammalian protease releases the factor VIII
sequence from the XTEN sequence, and wherein the released factor VIl sequence exhibits an increase in procoagulant activity compared to the uncleaved fusion protein. In one aspect, the cleavage sequence(s) are cleavable by
factor Xla.
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[0031] According to a different approach, the CFXTEN fusion proteins comprise at least three XTENSs located at different locations of the factor VIl polypeptide, wherein said different locations are selected from: an insertion
location at or within 1 to 6 amino acids from a site selected from Table 5, Table 6, Table 7 Table 8, and Table 9; a location at or within 1 to 6 amino acids of amino acid residue 32, 220, 224, 336, 339, 390, 399, 416, 603, 1656,
1711, 1725, 1905 and 1910 of mature factor VIII; a location between any two adjacent domains in the factor VIl sequence, wherein said two adjacent domains are selected from the group consisting of A1 and A2, A2 and B, B and
A3,A3 and C1, and C1 and C2; a location within an internal B domain deletion starting from a first position at about amino acid residue number 741 to about 750 and ending at a second position at amino acid residue number 1635
to about 1648 with reference to full-length human factor VIl sequence as set forth in FIG. 3 and the C-terminus of the factor VIIl sequence, wherein the cumulative length of the multiple XTENSs is at least about 100 to about 3000
amino acid residues and wherein the fusion protein retains at least about 30%, or about 40%, or about 50%, or about 60%, or about 70%, or about 80%, or about 90% of the procoagulant activity compared to the corresponding
factor VIIl not linked to XTEN, wherein the procoagulant activity is assayed by an in vitro coagulation assay. In one aspect of the foregoing, the fusion protein exhibits a prolonged terminal half-life when administered to a subject as

p factor VIII polypeptide lacking said XTEN, wherein said fusion protein exhibits a terminal half-life at least about 3 hours, or 4 hours, or 6 hours, or 12 hours, or 13 hours, or 14 hours, or 16 hours, or 24
hours, or 48 hours, or 72 hours, or 96 hours, or 120 hours, or 144 hours, or 7 days, or 14 days, or 21 days when administered to a subject. In one aspect, the subject is selected from the group consisting of human and a factor
VlllAvon Willebrand factor double knock-out mouse. In one aspect of the foregoing, the fusion protein does not comprise a sequence selected from GTPGSGTASSSP (SEQ ID NO: 31), GSSTPSGATGSP

to a corr

(SEQ ID NO: 32), GSSPSASTGTGP (SEQ ID NO: 33), GASPGTSSTGSP (SEQ ID NO: 34), and GSEPATSGSETPGTSESATI TSGSETI TSTEEGTST TSG
SETPGSEPATSGSETPGSEPATSGSETPGTST TSESAT TSGSETPGTST EPSEGSAP (SEQ ID NO: 59). In another aspect of the foregoing, the fusion protein does not contain an XTEN sequence
consisting of

GSEPATSGSETPGTSESAT TSGSET! TSTEEGTST TSG SETPGSEPATSGSETPGSEPATSGSETPGTST TSESATI TSGSETPGTST (SEQID NO: 59),
PGSSPSASTGTGPGSSPSASTGTGPGTPGSGT/ TPSGAT TG T TS STGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGASPGTSSTGSPGASPGTSSTGSPGTP GSGTASSS (SEQ ID
NO: 71), or

PGASPGTSST GA! TSSTGSPGTPGSGT/ TPSGATGSPGTPGSGTASSSPGSSTPSG ATGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGA
SPGTSSTGSPGTPGSGT! TPSGAT! TG T TGT TSSTG SPGASPGTSSTGSPGSSTPSGAT! TGT TSST TGTGPGTPGSG

TASSSPGSSTPSGATGS (SEQ ID NO: 80).

[0032] In a further aspect, the teaching concerns CFXTEN fusion proteins with enhanced pharmacokinetic properties, including enhanced parameters compared to FVIII not linked to XTEN, wherein the enhanced properties
include but are not limited to longer terminal half-life, larger area under the curve, increased time in which the blood concentration remains within the therapeutic window, increased time between consecutive doses results in blood
concentrations within the therapeutic window, and decreased dose in IU over time that can be administered compared to a FVIII not linked to XTEN, yet still result in a blood concentration above a threshold concentration needed
for a procoagulant effect. In some aspects, a CFXTEN fusion proteins exhibit a prolonged terminal half-life when administered to a subject as compared to a corresponding factor VIII polypeptide lacking said XTEN. The subject can
be a human or a mouse, such as a factor VlliAvon Willebrand factor double knock-out mouse. In one aspect of the foregoing, the CFXTEN exhibits a terminal half-life that is at least about two-fold, or about three fold, or about four-
fold, or about five-fold, or about 10-fold, or about 20-fold longer when administered to a subject compared to the corresponding factor VIII not linked to XTEN. In one aspect, the CFXTEN fusion protein exhibits a terminal half-life at
least about 3 hours, or 4 hours, or 6 hours, or 12 hours, or 13 hours, or 14 hours, or 16 hours, or 24 hours, or 48 hours, or 72 hours, or 96 hours, or 120 hours, or 144 hours, or 7 days, or 14 days, or 21 days when administered to
the subject. In other aspects, the enhanced pharmacokinetic property of the fusion proteins of the aspects is the property of maintaining a circulating blood concentration of procoagulant fusion protein in a subject in need thereof
above a threshold concentration of 0.01 IU/ml, or 0.05 |U/ml, or 0.1 IU/ml, or 0.2 IU/ml, or 0.3 1U/ml, or 0.4 I1U/ml or 0.5 IU/ml for a period that is at least about two fold, or at least about three-fold, or at least about four-fold, or at
least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about ten-fold, or at least about 20-fold, or at least about 40-fold, or at least about 60-fold longer compared to the corresponding FVIII not linked
to XTEN and administered to a subject at a comparable dose. The increase in half-life and time spent above the threshold concentration permits less frequent dosing and decreased amounts of the fusion protein (in moles

) that are inistered to a subject, p to the cor ing FVIII not linked to XTEN. In one aspect, administration of a subject fusion protein to a subject using a therapeutically-effective dose regimen results in a
gain in time of at least two-fold, or at least three-fold, or at least four-fold, or at least five-fold, or at least six-fold, or at least eight-fold, or at least 10-fold, or at least about 20-fold, or at least about 40-fold, or at least about 60-fold or
higher between at least two consecutive Cmax peaks and/or Cmin troughs for blood levels of the fusion protein compared to the corresponding FVIII not linked to the XTEN and administered using a comparable dose regimen to a
subject.

[0033] In preferred aspects, the CFXTEN fusion proteins retain at least about 30%, or about 40%, or about 50%, or about 60%, or about 70%, or about 80%, or about 90% of the procoagulant activity compared to the
corresponding factor VIl not linked to XTEN, wherein the procoagulant activity is assayed by an in vitro coagulation assay such as, but not limited to a chromogenic assay or a one- or two-stage clotting assay.

[0034] According to a different approach, the teaching provides recombinant factor VIII fusion proteins comprising a factor VIl polypeptide and at least one extended recombinant polypeptide (XTEN), wherein said factor VIII
polypeptide comprises A1 domain, A2 domain, A3 domain, C1 domain, C2 domain and optionally all or a portion of B domain, and wherein said at least one XTEN is linked to said factor VIIl polypeptide at an insertion site selected
form residue numbers 18-32, or 40, or 211-224, or 336-403, or 599, or 745-1640, or 1656-1728, or 1796-1804, or 1900-1912, or 2171-2332; and wherein the fusion protein retains at least about 30%, or about 40%, or about 50%,
or about 60%, or about 70%, or about 80%, or about 90% of the pr activity p to the corresp ing factor VIII not linked to XTEN. In one aspect of the foregoing, the fusion protein comprises at least a second
XTEN, or at least a third, or at least a fourth XTEN wherein the XTEN are linked to the factor VlIl at a site at or within 1 to 6 amino acids of a site selected from Table 5, Table 6, Table 7, Table 8, and Table 9. In another aspect, the
teaching provides an recombinant factor VIII fusion protein further comprising at least a second XTEN, or at least a third, or at least a fourth XTEN linked to said FVIII polypeptide at an insertion site selected from Table 5, Table 6,
Table 7, Table 8, Table 9, at or within 6 amino acids to the N- or C-terminus side of an insertion location at one or more insertion locations from Figure 8 and within one or more insertion ranges from Figure 9 wherein at least two
XTEN are separated by an amino acid sequence of at least 100 to about 400 amino acids.

[0035] The teaching provides CFXTEN wherein the XTEN have a Ratio XTEN Radii of at least 2.3 or at least 2.5, and are separated by an amino acid sequence of at least about 20 amino acid residues, or at least about 50, or at
least about 100, or at least about 200, or at least about 300, or at least about 400 amino acid residues. In other aspects, the CFXTEN comprise at least four XTEN wherein the XTEN have a Ratio XTEN Radii of at least 2.3, or at
least 2.5, or at least 2.8, and wherein at least three of the four of the XTEN linked to the fusion protein are separated by an amino acid sequence of at least about 20 amino acid residues, or at least about 50, or at least about 100,
or at least about 200, or at least about 300, or at least about 400 amino acid residues, and the fourth XTEN is linked within the B domain (or a fragment thereof) or within the C domain (or the terminus thereof).

[0036] In some aspects, the subject compositions are configured to have reduced binding affinity for a clearance receptor in a subject as compared to the corresponding FVIII not linked to the XTEN. In one aspect, the CFXTEN
fusion protein exhibits binding affinity for a clearance receptor of the FVIII in the range of about 0.01%-30%, or about 0.1% to about 20%, or about 1% to about 15%, or about 2% to about 10% of the binding affinity of the
corresponding FVIII not linked to the XTEN. In another aspect, a fusion protein with reduced affinity for a clearance receptor has reduced active clearance and a corresponding increase in half-life of at least about 2-fold, or 3-fold,
or at least 4-fold, or at least about 5-fold, or at least about 6-fold, or at least about 7-fold, or at least about 8-fold,or at least about 9-fold, or at least about 10-fold, or at least about 12-fold, or at least about 15-fold, or at least about
17-fold, or at least about 20-fold longer compared to the corresponding FVIII that is not linked to the XTEN.

[0037] In an aspect, the teaching provides a recombinant factor VIII fusion protein comprising FVIIl and one or more XTEN wherein the fusion protein exhibits increased solubility of at least three-fold, or at least about four-fold, or
at least about five-fold, or at least about six-fold, or at least about seven-fold, or at least about eight-fold, or at least about nine-fold, or at least about ten-fold, or at least about 15-fold, or at least a 20-fold, or at least 40-fold, or at
least 60-fold at physiologic conditions compared to the FVIII not linked to XTEN.

[0038] In a further aspect, the teaching provides a phar i iti ising the fusion protein of any of the aspects i herein and a phar i carrier.

[0039] In another aspect, the teaching provides a method of treating a coagulopathy in a subject, comprising administering to said subject a composition comprising a clotting effective amount of the pharmaceutical composition. In
one aspect of the method, after said administration, a blood concentration of p factor VI is maintail at about 0.05, or 1, or 1.5 IU/ml or more for at least 48 hours after said administration. In another aspect, the
teaching provides a method of clotting blood in a subject, comprising contacting a clotting effective amount of the pharmaceutical composition with the blood.

[0040] In another aspect, the teaching provides a method of treating a coagulopathy in a subject with circulating inhibitors of factor VIII, comprising administering to said subject a positi ising a ther i effective
amount of the pharmaceutical composition of CFXTEN, wherein the composition exhibits greater procoagulant activity in said subject p toa ition comprising the corr ing factor VIII not linked to XTEN and
administered using a comparable amount. In one aspect of the method, the coagulopathy is hemophilia A. In another aspect, the coagulopathy is the result of trauma or surgery or infection.

[0041] The teaching provides a method of treating a bleeding episode in a subject, comprising administering to said subject a composition comprising a clotting effective amount of the CFXTEN pharmaceutical composition,
wherein the clotting effective amount of the fusion protein arrests a bleeding episode for a period that is at least three-fold, or at least four-fold, or at least five-fold longer compared to a corresponding factor VIII not linked to XTEN

and administered using a comparable amount to said subject. Non-limiting of a cor ing factor VIl not linked to XTEN include native FVIII, the sequences of Table 1, BDD-FVIII, and the pCB0114 FVIII.

[0042] In another aspect, the teaching provides a CFXTEN recombinant factor VI fusion protein for use in a pharmaceutical regimen for treating a hemophilia A patient, said reglmen ising a phar

comprising a CFXTEN fusion protein. In one aspect of the pharmaceutical regimen, the regimen further comprises the step of delermlnlng the amount of phar i ising the CFXTEN needed to achieve
hemostasis in the hemophilia A patient. In another aspect, the pharmaceutical regimen for treating a philia A subject i the i position in two or more ive doses to the subject at

an effective amount, wherein the administration results in at least a 10%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70%, or 80%, or 90% greater improvement of at least one, two, or three parameters associated with the
hemophilia A disease compared to the factor VIIl not linked to XTEN and administered using a comparable dose. Non-limited examples of parameters improved include blood concentration of procoagulant FVIIl, a reduced
activated partial prothrombin (aPTT) assay time, a reduced one-stage or two-stage clotting assay time, delayed onset of a bleeding episode, a reduced chromogenic assay time, a reduced bleeding assay time, resolution of a
bleeding event, or a reduced Bethesda titer to native FVIII.

[0043] In another aspect, the teaching provides isolated nucleic acid sequences encoding the fusion proteins of any one of the aspects of the CFXTEN fusion protein. In one aspect, the isolated nucleic acid is the complement of a
sequence encoding a CFXTEN fusion protein of the aspects. In one aspect, the isolated nucleic acid further comprises a sequence encoding a signal peptide, wherein said sequence is
ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGT (SEQ ID NO: 1613), or the complement thereof. In another aspect, the teaching provides an expression vector comprising the nucleic acid
encoding the fusion protein, or the complement thereof. In another aspect, the teaching provides an isolated host cell comprising the foregoing expression vector. In another aspect, the teaching provides a method of producing the
fusion protein of any of the aspects, comprising providing a host cell comprising the expression vector; culturing the host cell to effect production of the fusion protein; and recovering the fusion protein.

[0044] In one aspect, the teaching provides an isolated fusion protein comprising a polypeptide having at least about 80% sequence identity, or about 90%, or about 91%, or about 92%, or about 93%, or about 94 %, or about 95%,
or about 96%, or about 97%, or about 98%, or about 99%, to about 100% sequence identity compared to a sequence of comparable length selected from Table 21, when optimally aligned.

[0045] In another aspect, the teaching provides an isolated nucleic acid isil i selected from (a) a sequence having at least about 80% sequence identity, or about 90%, or about 91%, or about
92%, or about 93%, or about 94 %, or about 95%, or about 96%, or about 97%, or aboul 98%, or about 99%, to about 100% seq| identity p to a seq of comparable length selected from Table 21, when optimally
aligned, or (b) the complement of the polynucleotide of (a). In another aspect, the isolated nucleic acid comprises the sequence ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGT (SEQ ID NO:
1613) linked to the 5' end of the nucleic acid of (a) or the complement of the sequence linked to the 3' end of (b).

[0046] It is specif that the i factor VIIl fusion proteins can exhibit one or more or any combination of the properties disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0047] The features and advantages of the teaching may be further explained by reference to the following detailed description and accompanying drawings that sets forth illustrative aspects.

FIG. 1 shows a ic rep ion of the FVIII archi and spatial arrangement of the domains during processing and clotting, and is intended to represent both native FVIIl and B domain deleted variants. The A1
domain ranges from residue 1 to 372 (numbering relative to the mature form of FVIIl sequence NCBI Protein RefSeq NP_000123 and encompassing a1 residues), A2 domain ranges from residue 373 to 740, B domain ranges from
residue 741 to 1648, A3 domain ranges from residue 1649 to 2019 (encompassing a3 acidic region), C1 domain ranges from 2020 to 2172, and the C2 domain ranges from residue 2173 to 2332. BDD variants include deletions
between the range 741 to 1648, leaving some or no remnant residues, with a non-limiting BDD remnant sequence being SFSQNPPVLKRHQR (SEQ ID NO: 1614). FIG. 1A shows the domain architecture of a single chain FVIII prior
to processing. Arrows indicate the sites at residues R372, R740, R1648, and R1689 that are cleaved in the processing and conversion of FVIIl to FVlla. FIG. 1B shows the FVIII molecule that has been processed into the
heterodimer by the cleavage at the R1648 residue, with the a3 acidic region of the A3 domain indicated on the N-terminus of the A3. FIG. 1C shows the FVIIl molecule p into the FVilla i by the cleavage at the
R372, R740, and R1689 residues.

FIG. 2 is a schematic of the coagulation cascade, showing the intrinsic and extrinsic arms leading to the common pathway.
FIG. 3 depicts the amino acid sequence of mature human factor VIIl (SEQ ID NO: 1592).
FIG. 4 depicts a factor VIl sequence with a deletion of a portion of the B domain (SEQ ID NO: 1593).

FIG. 5 illustrates several examples of CFXTEN configurations of FVIII linked to XTEN (the latter shown as thick, wavy lines). In all cases, the FVIII can be either native or a BDD form of FVIII, or a single chain form in which the
entire B domain, including the native cleavage sites are removed. FIG. 5A shows, left to right, three variations of single chain factor VIl with XTEN linked to the N-terminus, the C-terminus, and two XTEN linked to the N- and C-
terminus. FIG. 5B shows six variations of mature heterodimer FVIII with, left to right, an XTEN linked to the N-terminus of the A1 domain; an XTEN linked to the C-terminus of the C2 domain; an XTEN linked to the N-terminus of the
A1 domain and the C-terminus of the C2 domain; an XTEN linked to the N-terminus of the A1 domain and to the N-terminus of the A3 domain; an XTEN linked to the C-terminus of the C2 domain and to the N-terminus of the A3
domain via residual B domain amino acids; and an XTEN linked to the N-terminus of the A1 domain, the C-terminus of the A2 domain via residual B domain amino acids, and to the C-terminus of the C2 domain. FIG. 5C shows, left
to right, three variations of single chain factor VIII: an XTEN linked to the N-terminus of the A1 domain, an XTEN linked within a surface loop of the A1 domain and an XTEN linked within a surface loop of the A3 domain; an XTEN
linked within a surface loop of the A2 domain, an XTEN linked within a surface loop of the C2 domain and an XTEN linked to the C terminus of the C2 domain; an XTEN linked to the N-terminus of the A1 domain and within a
surface loop of the C1 domain and to the C-terminus of the C domain. FIG. 5D shows six variations of mature heterodimer FVIII with, left to right, an XTEN linked to the N-terminus of the A1 domain, an XTEN linked within a surface
loop of the A1 domain, and an XTEN linked within a surface loop of the A3 domain; an XTEN linked within a surface loop of the A2 domain, and an XTEN linked within a surface loop of the C1 domain, and an XTEN linked to the C-
terminus of the C2 domain; an XTEN linked to the N-terminus of the A1 domain, an XTEN linked within a surface loop of the A1 domain, an XTEN linked within a surface loop of the A3 domain, and an XTEN linked to the C-terminus
of the C2 domain; an XTEN linked to the N-terminus of the A1 domain, an XTEN linked to the N-terminus of the A3 domain via residual amino acids of the B domain, and an XTEN linked within a surface loop of the C2 domain; an
XTEN linked within a surface loop of the A2 domain, an XTEN linked to the N-terminus of the A3 domain via residual amino acids of the B domain, an XTEN linked within a surface loop of the C1 domain, and an XTEN linked to the
C-terminus of the C2 domain; and an XTEN linked within the B domain or between the residual B domain residues of the BDD variant (and the teaching also contemplates a variation in which the XTEN replaces the entirety of the B
domain, including all native cleavage sites, linking the A2 and A3 domains, resulting in a single chain form of factor VIIl). This figure also embodies all variations in which one or more XTEN sequences are inserted within the B
domain and the resulting fusions are cleaved at one or more sites (e.g., at R1648 site) during intracellular processing.

FIG. 6 is a graphic portrayal of a CFXTEN construct with an XTEN inserted within the B domain and linked to the C-terminus of the C2 domain illustrating the unstructured characteristic of the XTEN leading to random coil formation
that can cover portions of the factor VIl proximal to the XTEN. In the lower panel, the drawing depicts that when XTEN is in random coil, it can adopt a conformation resulting in steric hindrance that blocks binding of factor VIl
inhibitor antibodies that would otherwise have affinity for epitopes proximal to the XTEN site of insertion.

FI1G. 7 is a graphic portrayal of the various analyses p on a FVIIl B-ds in deleted to identify insertion sites for XTEN within the FVIIl sequence. Each of lines A-H are on an arbitrary scale of Y axis values across
the FVIII BDD sequence such that low values represent areas with a high predicted tolerance for XTEN insertion, with the residue numbers on the X axis. Line A shows the domain boundaries; all discontinuities in this line represent
boundaries that are likely to accept XTEN. Line B shows exon boundaries; i.e., each step in the line represents a new exon. Line C shown regions that were not visible in the X-ray structure due to a lack of order in the crystal. Lines
labeled D represents multiple predictions of order that were using the respective p Foldindex found on the World-Wide web site bip.wei; ac.i i (last February 23, 2011) (see Jaime
Prilusky, Clifford E. Felder, Tzviya Zeev-Ben-Mordehai, Edwin Rydberg, Orna Man, Jacques S. Beckmann, Israel Silman, and Joel L. Sussman, 2005, Bioinformatics based on the Kyte & Doolitlle algorithm, as well as RONN found
on the World-Wide web site strubi.ox.ac.uk/RONN (last accessed February 23, 2011) (see Yang.Z.R., Thomson, R., McMeil, P. and Esnouf, R.M. (2005) RONN: the bio-basis function neural network technique applied to the
detection of natively disordered regions in proteins Bioinformatics 21: 3369-3376. Lines E and F were calculated based on multiple sequence alignments of FVIIl genes from 11 mammals available in GenBank. Line E represents
the conservation of individual residues. Line F represent the conservation of 3 amino acid segments of FVIIl. Lines G and H represent gaps and insertions observed in the multiple seq I of 11 ian FVIII
genes. Line J lists the XTEN insertion points by amino acid number that were obtained based by combining the multiple measurements above.

FIG. 8 depicts the sites in a FVIII B-domain deleted sequence (SEQ ID NO: 1594) identified as active insertion points for XTEN using the information depicted in FIG. 8 and as confirmed in the assays of Example 34.

FIG. 9 depicts the range of sites in a FVIIl B-domain deleted sequence (SEQ ID NO: 1595) identified for insertion of XTEN using the information depicted in FIG. 8 and or Example 34 plus a span of amino acids around each
insertion point that are considered suitable for insertion of XTEN.

FIG. 10 is a schematic of the assembly of a CFXTEN library created by identifying insertion points as described for FIGS. 7 followed by insertion of single XTEN (black bars) at the various insertion points using molecular biology
techniques. The constructs are expressed and recovered, then evaluated for FVIIl activity and pharmacokinetic properties to identify those CFXTEN configurations that result in enhanced properties.

FIG. 11 is a schematic of the assembly of a CFXTEN component library in which segments of FVIII BDD domains, either singly or linked to various lengths of XTEN (black bars) are assembled in a combinatorial fashion into libraries
of genes encoding the CFXTEN, which can then be evaluated for FVIII activity and pharmacokinetic properties to identify those CFXTEN i that result in properties.

FIG. 12 illustrates several examples of CFXTEN configurations with XTEN (shown as thick, wavy lines), with certain XTEN releasable by inserting cleavage sequences (indicated by black triangles) that are cleavable by
procoagulant proteases. FIG. 12A illustrates a scFVIIl with two terminal releasable XTENS. FIG. 12B illustrates the same configuration as FIG. 12A but with an additional non-releasable XTEN linking the A3 and C1 domains. FIG.
12C illustrates a mature heterodimer FVIII with two terminal releasable XTEN. FIG. 12D illustrates the same configuration as 10C but with an additional non-releasable XTEN linking the A3 and C1 domains.

FIG.13isa ic flowchart of rep ive steps in the p ion and the ion of an XTEN.

FIG. 14isa ic flowchart of repr ive steps in the of a CFXTEN polynucleotide construct encoding a fusion protein. Individual oligonucleotides 501 are annealed into sequence motifs 502 such as a 12 amino
acid motif ("12-mer"), which is ligated to additional sequence motifs from a library to create a pool that encompasses the desired length of the XTEN 504, as well as ligated to a smaller concentration of an oligo containing Bbsl, and
Kpnl restriction sites 503. The resulting pool of ligation products is gel-purified and the band with the desired length of XTEN is cut, resulting in an isolated XTEN gene with a stopper sequence 505. The XTEN gene is cloned into a
stuffer vector. In this case, the vector encodes an optional CBD sequence 506 and a GFP gene 508. Digestion is then performed with Bbsl/Hindlll to remove 507 and 508 and place the stop codon. The resulting product is then
cloned into a Bsal/Hindlll digested vector containing a gene encoding the FVIII, resulting in the gene 500 encoding an FVIII-XTEN fusion protein.

FIG.15is a ic flowchart of rep ive steps in the of a gene encoding fusion protein comprising a CF and XTEN, its expression and recovery as a fusion protein, and its evaluation as a candidate CFXTEN
product.

FIG. 16 illustrates the use of donor XTEN sequences to produce truncated XTENS. FIG. 16A provides the sequence of AG864 (SEQ ID NO: 1596), with the underlined sequence used to generate a sequence length of 576 (SEQ ID
NO: 1597). FIG. 16B provides the sequence of AG864 (SEQ ID NO: 1598), with the underlined sequence used to generate a sequence length of 288 (SEQ ID NO: 1599). FIG. 16C provides the sequence of AG864 (SEQ ID NO:
1600), with the underlined sequence used to generate a sequence length of 144 (SEQ ID NO: 1601). FIG. 16D provides the sequence of AE864 (SEQ ID NO: 1602), with the underlined sequence used to generate a sequence
length of 576 (SEQ ID NO: 1603). FIG. 16E provides the sequence of AE864 (SEQ ID NO: 1604), with the underlined sequence used to generate a sequence length of 288 (SEQ ID NO: 1605). FIG. 16F provides the sequence of
AE864 (SEQ ID NO: 1606) used to generate four sequences of 144 length (SEQ ID NOS 1607-1610, respectively, in order of appearance) (the double underline indicates the first amino acid in the 144 sequence with the single
underline representing the balance of that sequence).

FIG. 17 is a schematic representation of the design of Factor VIII-XTEN expression vectors with different strategies introducing XTEN elements into the FVIII coding sequence. FIG. 17A shows an expression vector encoding XTEN
fused to the 3' end of the sequence encoding FVIII. FIG. 17B depicts an expression vector encoding an XTEN element inserted into the middle of the coding sequence encoding a single FVIII. FIG. 17C depicts an expression vector
encoding two XTEN elements: one inserted internal to the FVIII coding sequence, and the other fused to the 3' end of the FVIII coding sequence.

FIG. 18 illustrates the process of combinatorial gene assembly of genes encoding XTEN. In this case, the genes are assembled from 6 base fragments and each fragment is available in 4 different codon versions (A, B, C and D).
This allows for a theoretical diversity of 4096 in the assembly of a 12 amino acid motif.

FIG. 19 shows the pharmacokinetic profile (plasma concentrations) in cynomolgus monkeys after single doses of different compositions of GFP linked to unstructured polypeptides of varying length, administered either
subcutaneously or intravenously, as described in Example 41. The compositions were GFP-L288, GFP-L576, GFP-XTEN AF576, GFP-Y576 and XTEN AD836-GFP. Blood samples were analyzed at various times after injection and
the concentration of GFP in plasma was measured by ELISA using a polyclonal antibody against GFP for capture and a biotinylated preparation of the same polyclonal antibody for detection. Results are presented as the plasma
concentration versus time (h) after dosing and show, in particular, a considerable increase in half-life for the XTEN_AD836-GFP, the composition with the longest sequence length of XTEN. The construct with the shortest sequence
length, the GFP-L288 had the shortest half-life.

FIG. 20 shows an SDS-PAGE gel of samples from a stability study of the fusion protein of XTEN_AE864 fused to the N-terminus of GFP (see Example 42). The GFP-XTEN was incubated in cynomolgus plasma and rat kidney
lysate for up to 7 days at 37°C. In addition, GFP-XTEN administered to cynomolgus monkeys was also assessed. Samples were withdrawn at 0, 1 and 7 days and analyzed by SDS PAGE followed by detection using Western
analysis with antibodies against GFP.

FIG. 21 shows results of a size exclusion aphy analysis of glucagon-XTEN construct samples measured against protein standards of known molecular weight, with the graph output as absorbance versus retention
volume, as described in Example 40. The glucagon-XTEN constructs are 1) glucagon-Y288; 2) glucagonY-144; 3) glucagon-Y72; and 4) glucagon-Y36. The results indicate an increase in apparent molecular weight with increasing
length of XTEN moiety (see Example 40 for data).

FIG. 22 shows results of a Western blot of proteins expressed by cell culture of cells transformed with constructs as designated (Example 25). The samples in lanes 1-12 were: MW Standards, FVIII (42.5 ng), pBC0100B,
pBCO114A, pBC0100, pBCO114, pBC0135, pBCO136, pBCO137, pBC0145, pBC0149, and pBC0146, respectively. Lanes 8, 9 and 12 show bands consistent with a FVIIl with a C-terminal XTEN288, with an estimated MW of 95 kDa.
Lanes 7 and 11 show bands consistent with a FVIIl with a C-terminal XTEN42, with an estimated MW of 175 kDa. Lanes 2-6 show bands consistent with FVIIl and heavy chain. Lanes 10 and 23 show bands consistent with heavy
chain. Lane 7 shows a band consistent with heavy chain and an attached XTEN42.

FIG. 23 shows the results of FVIIl assay on samples obtained from FVIII and von Willebrand factor double knock-out mice with hydrodynamic plasmid DNA injection, as detailed in Example 36.

FIG. 24 is a graphic and tabular portrayal of the pharmacokinetic properties of rBDD-FVIII and the purified CFXTEN fusion proteins pBC0145 and pBC0146 (with C-terminal XTEN) administered to either HemA or FVIIIA'WF double
knock-out mice as described in Example 30, showing the enhanced half-life of the CFXTEN in both strains of mice.

FIG. 25 is a graphic and tabular portrayal of the pharmacokinetic properties of rBDD-FVIIl and the CFXTEN fusion proteins pSD0050 and pSD0062 (with internal inserted XTEN) administered to either HemA (FIG. 25A) or
FVIIIAVWF double knock-out mice (FIG. 25B) using a cell culture PK assay in HemA mice. Dose, 5-minute recovery, and half-life (T1/2) are shown, as described in Example 32, underscoring the enhanced recovery and half-life of
the CFXTEN compared to the positive control FVIII in both strains of mice.
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FIG. 26 is a graphic depiction of a titration of GMA8021 FVIII inhibitor using the pBC0114 BDD-FVIIIl AND CFXTEN construct LSD0049.002 with three 144 amino acid XTEN insertions at residues 18, 745 and 2332. The data
indicate a right-shift of approximately 0.7 order of magnitude in the amount of antibody in ug/ml required to inhibit the CFXTEN to the 50% level, compared to FVIII positive control.

FIG. 27 is a schematic of the logic flow chart of the algorithm SegScore. In the figure the following legend applies: i, j - counters used in the control loops that run through the entire sequence; HitCount- this variable is a counter that
keeps track of how many times a subsequence encounters an identical subsequence in a block; SubSeqgX - this variable holds the subsequence that is being checked for redundancy; SubSeqY - this variable holds the
subsequence that the SubSeqgX is checked against; BlockLen - this variable holds the user determined length of the block; SegLen - this variable holds the length of a segment. The program is hardcoded to generate scores for
subsequences of lengths 3,4, 5, 6, 7, 8, 9, and 10; Block - this variable holds a string of length BlockLen. The string is composed of letters from an input XTEN sequence and is determined by the position of the i counter;
SubSeqList - this is a list that holds all of the generated subsequence scores.

FIG. 28 depicts the application of the algorithm SegScore to a hypothetical XTEN of 11 amino acids (SEQ ID NO: 1591) in order to determine the repetiti . An XTEN isting of N amino acids is divided into N-S+1
subsequences of length S (S=3 in this case). A pair-wise comparison of all subsequences is performed and the average number of identical is to result in the score of 1.89.

FIG. 29 is a graph of the individual construct values of the ratio of FVIII activity in the assayed CFXTEN to that of the pBC114 FVIII positive control after exposure to the GMA8021 antibody to FVIII, grouped according to the
number of XTEN in the construct fusion protein (see Example 28). The results show an essentially linear relationship in the ability of the CFXTEN to retain FVIII activity with increasing number of incorporated XTEN.

FIG. 30 depicts the primary sequence and domain structure of mature B-domain deleted (BDD) human FVIII construct (Example 46). The location of the introduced Ahef and Ciaf restriction sites is shown. Note that the amino acid
numbering corresponds to the amino acid positions in the primary sequence of mature FVIII (FIG. 30). Individual domains are bounded by gray lines/boxes with domain identification in gray text. Acidic regions (a1, a2, a3) are
indicated with dashed boxes. Solid wedgesAriangles indicate sites of thrombin cleavage in the activation of FVIII to FVllla. Unfilled wedges#riangle indicates the site of i p icp ing to the b hained form of
FVIII. Hexagons indicate sites of N-linked glycosylation. Circles indicate sites of Tyr sulfation. Unique non-native restriction sites (Mhe/, GCTAG; Cla/, ATCGAT) introduced into cDNA to facilitate XTEN insertion/recombination are
highlighted in gray with double underline.

FI1G. 31 provides graphical representation of the FVIII construct described in FIG. 30, indicating the domain organization and the location of native and non-native restriction sites.

FIG. 32 shows the graphical ASAView outputs for structural datasets 2R7E, 3CDZ, and PM0076106. Accessible Solvent Areas (ASA) for the amino acids in domains A1, A2, A3, C1 and C2 are shown. Analyses were performed on
X-ray crystallographic coordinates 3CDZ (Ngo et al., Structure 16: 597-606 (2008)) and 2R7E (Shen et al., Blood 111:1240-1247 (2008)) deposited in the Protein Data Bank maintained by the Research Collaboratory for Structural
Bioinformatics (RCSB; http:/Avww.resb.org/pdb), as well as on atomic coordinates PM0076106 for the predicted refined FVIII structure derived from a i i ion study (\ BMC Struct. Biol. 10:7
(2010)) deposited in the Protein Model Database (http:/mi.caspur.t/PMDB/main.php) maintained by Consorzio Interuniversitario per le Applicazioni di Supercalcolo per Universita e Riserca (CASPUR) and the Department of
Biochemical Sciences of the University of Rome.

FI1G. 33 shows a structural representation of the location of XTEN insertion sites. The central drawing corresponding to the crystal structure of FVIII (PDB: 2R7E) is surrounded by detailed view of domains A1, A2, A3, C1 and C2.
Beta strands and alpha helices are shown as ribbon representation. Loops are shown as alpha carbon pipes. The amino acids at XTEN insertion sites are shown as CPK sphere representation. The number in each graph indicate
the location of the XTEN insertion sites according to the numbering in FIG. 30.

FIG. 34 shows a structural representation of the location of XTEN insertion sites shown in FIG. 33 wherein the resulting recombinant FVIII protein displays FVIII activity.
FI1G. 35 shows a structural representation of the location of XTEN insertion sites shown in FIG. 34 wherein the resulting recombinant FVIII protein displays FVIII activity.
F1G. 36 shows a structural representation of the location of XTEN insertion sites shown in FIG. 35 wherein the resulting recombinant FVIII protein displays FVIII activity.

FIG. 37 shows a ClustalWW multiple sequence alignment of domains A1, A2, A3, C1 and C2 of FVIII showing the location of XTEN i i resulting in r i FVIII proteins di ing FVIII activity (black box, white text) or
displaying no FVIIl activity (grey box, bold text).

FI1G. 38 shows a DSSP graphical representation of the secondary structure of the two polypeptide chains in a native active human FVIII crystal structure deposited under the identifier 2R7E at the Protein Data Bank (see Example
47). Amino acid sequence numbering is the same as in the protein sequence in FIG. 30. The beta sheet regions are shown as filled arrows and are designated 1 to $66. The location of the XTEN permissive loops is denoted by
crosshatched boxes. Domain A1 XTEN permissive loops are designated Loop A1-1 and Loop A1-2. Domain A2 XTEN permissive loops are designated Loop A2-1 and Loop A2-2. Domain A3 XTEN permissive loops are designated
Loop A3-1 and Loop A3-2.

FIG. 39 shows a DSSP graphical representation of the secondary structure of the two polypeptide chains in a native active human FVIII crystal structure deposited under the identifier 2R7E at the Protein Data Bank (see Example
47). Amino acid sequence numbering is the same as in the protein sequence in FIG. 30. The beta sheet regions are shown as filled arrows and are designated 1 to $66. The location of the XTEN permissive loops is denoted by
crosshatched boxes. Domain A1 XTEN permissive loops are designated Loop A1-1 and Loop A1-2. Domain A2 XTEN permissive loops are designated Loop A2-1 and Loop A2-2. Domain A3 XTEN permissive loops are designated
Loop A3-1 and Loop A3-2.

FIG. 40 shows a ClustalW multiple sequence alignment of domains A1, A2, A3, C1 and C2 of FVIII showing the location of XTEN i i resulting in r i FVIII proteins di ing FVIII activity (black box, white text) or
displaying no FVIIl activity (grey box, bold text). The locations of the XTEN permissive loops are indicated by dashed rectangles (see Example 47).

FIG.41. FIG. 41Apresents a front view structural representation of human FVIII (PDB:2R7E) showing the location of domains A1, A2, A3, C1 and C2 (circled in dashed lined) and the locations of XTEN permissive loops A1-1,A1-2,
A2-1,A2-2, A3-1 and A3-2 highlighted as CPK sphere representations. FIG. 41B presents a side view structural representation of human FVIII (PDB:2R7E) showing the location of domains A1, A2, A3, C1 and C2 (circled in dashed
lined) and the locations of XTEN permissive loops A1-1, A1-2, A2-1, A2-2, A3-1 and A3-2 highlighted as CPK sphere representations.

FIG. 42 shows the top view structural representations of isolated human FVIII (PDB:2R7E) A domains showing the location of XTEN permissive loops highlighted as CPK sphere representations. FIG. 42B, 42D and 42F show side
view structural representations of isolated human FVIII (PDB:2R7E) A domains showing the location of XTEN permissive loops highlighted as CPK sphere representations.

FIG. 43 shows sequences of various factor VIl B-domain deletions and individual mutations. Lines 4-10 show various B-domain deletions with indicated XTEN linking the flanking B-domain residual or A3 domain residues. The
R1648A mutation is indicated by arrow in line 5 and 8, while the Y1680F mutation is indicated by arrow in lines 8-10.

FI1G. 44 is a bar graph of chromogenic and aPTT assay activity of various CFXTEN with single XTEN insertions (Example 49).
FI1G. 45 is a bar graph of chromogenic and aPTT assay activity of various CFXTEN with 2 XTEN insertions (Example 49).
FIG 46 is a bar graph of chromogenic and aPTT assay activity of various CFXTEN with 3 XTEN insertions (Example 49).

FIG. 47 is a graph of plasma levels in DKO mice of various administered CFXTEN with single XTEN insertions compared to a BDD-FVIII control, demonstrating the 10- to 20-fold longer half-life achieved by the XTEN insertions at
various locations (Example 50).

FIG. 48 is a graph of plasma levels in DKO mice of various administered CFXTEN with one, two, and three XTEN insertions compared to a BDD-FVIII control, demonstrating the increases in half-life achieved by the inclusion of
XTENi p to single or two insertions (Example 51).

FIG. 49 are graphs of the plotted inhbition curves for remaining factor VIl procoagulant activity in samples assayed in the Bethesda assay with three hemophilia patient sera (FIGS. 49A-C) or sheep anti-FVII (FIG. 49D) described
in Example 52, demonstrating a clear left-shift of the inhibition curve for the two CFXTEN molecules compared to the FVIII not linked to XTEN.

DETAILED DESCRIPTION

[0048] Before the aspects of the teaching are described, it is to be understood that such aspects are provided by way of example only, and that various alternatives to the aspects of the teaching described herein may be employed
in practicing the teaching.

[0049] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly understood by one of ordinary skill in the art to which this teaching belongs. Although methods and materials
similar or equivalent to those described herein can be used in the practice or testing of the present teaching, suitable methods and materials are described below. In case of conflict, the patent specification, including definitions, will

control. In addition, the materials, methods, and examples are illustrative only and not intended to be limiting.

DEFINITIONS

[0050] In the context of the present specification, the following terms have the meanings ascribed to them unless specified otherwise:

[0051] As used in the specification and claims, the singular forms n" and "the" include plural references unless the context clearly dictates otherwise. For example, the term "a cell" includes a plurality of cells, including
mixtures thereof.

[0052] The terms "polypeptide", "peptide”, and "protein” are used interchangeably herein to refer to polymers of amino acids of any length. The polymer may be linear or branched, it may comprise modified amino acids, and it may
be interrupted by non-amino acids. The terms also encompass an amino acid polymer that has been modified, for example, by disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any other
manipulation, such as conjugation with a labeling component.

[0053] As used herein, the term "amino acid" refers to either natural and/or unnatural or synthetic amino acids, including but not limited to both the D or L optical isomers, and amino acid analogs and peptidomimetics. Standard
single or three letter codes are used to designate amino acids.

[0054] The term "domain," when used in reference to a factor VIIl polypeptide refers to either a full length domain or a functional fragment thereof, for example, full length or functional fragments of the A1 domain, A2 domain, A3
domain, B domain, C1 domain, and/or C2 domain of factor VIII.

[0055] The term "natural L-amino acid" means the L optical isomer forms of glycine (G), proline (P), alanine (A), valine (V), leucine (L), isoleucine (1), methionine (M), cysteine (C), phenylalanine (F), tyrosine (Y), tryptophan (W),
histidine (H), lysine (K), arginine (R), glutamine (Q), asparagine (N), glutamic acid (E), aspartic acid (D), serine (S), and threonine (T).

[0056] The term "non-naturally occurring," as applied to sequences and as used herein, means polypeptide or p i that do not have a tto, are not pl y to, or do not have a high degree
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of homology with a wild-type or naturally-occurring sequence found in a mammal. For example, a non-naturally occurring polypeptide or fragment may share no more than 99%, 98%, 95%, 90%, 80%, 70%, 60%, 50% or even less
amino acid sequence identity as compared to a natural sequence when suitably aligned.

[0057] The terms "hydrophilic" and "hydrophobic” refer to the degree of affinity that a substance has with water. A hydrophilic substance has a strong affinity for water, tending to dissolve in, mix with, or be wetted by water, while a
hydrophobic substance substantially lacks affinity for water, tending to repel and not absorb water and tending not to dissolve in or mix with or be wetted by water. Amino acids can be characterized based on their hydrophobicity. A
number of scales have been developed. An example is a scale developed by Levitt, M, et al., J Mol Biol (1976) 104:59, which is listed in Hopp, TP, et al., Proc Natl Acad Sci USA (1981) 78:3824 . Examples of "hydrophilic amino
acids" are arginine, Iyslne threonine, alanine, asparagine, and glutamine. Of particular interest are the hydrophilic amino acids aspartate, glutamate, and serine, and glycine. Examples of "hydrophobic amino acids" are tryptophan,
tyrosine, p 3 ionine, leucine, i ine, and valine.

[0058] A "fragment" when applied to a protein, is a truncated form of a native biologically active protein that retains at least a portion of the therapeutic and/or biological activity. A "variant", when applied to a protein is a protein with

gy to the native bir i active protein that retains at least a portion of the therapeutic and/or biological activity of the biologically active protein. For example, a variant protein may share at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% amino acid identity p with the i i active protein. As used herein, the term "biologically active protein moiety" includes proteins modified
deliberately, as for example, by site directed mutagenesis, synthesis of the encoding gene, insertions, or accidentally through mutations.

[0059] The term "sequence variant" means polypeptides that have been modified compared to their native or original sequence by one or more amino acid il i deletions, or ituti i may be located at either
or both termini of the protein, and/or may be positioned within internal regions of the amino acid sequence. A non-limiting example is insertion of an XTEN seq! within the seq of the bit i tive payload protein. In
deletion variants, one or more amino acid residues in a polypeptide as described herein are removed. Deletion variants, therefore, include all fragments of a payload p i . In itution variants, one or more

amino acid residues of a polypeptide are removed and replaced with alternative residues. In one aspect, the substitutions are conservative in nature and conservative substitutions oflhls type are well known in the art.

[0060] As used herein, "internal XTEN" refers to XTEN sequences that have been inserted into the sequence of the coagulation factor. Internal XTENSs can be constructed by insertion of an XTEN sequence into the sequence of a
coagulation factor such as FVIII, either by insertion between two adjacent amino acids within a domain (“intradomain”) or between two domains ("interdomain") of the coagulation factor or wherein XTEN replaces a partial, internal
sequence of the coagulation factor.

[0061] As used herein, "terminal XTEN" refers to XTEN sequences that have been fused to or in the N- or C-terminus of the coagulation factor or to a proteolytic cleavage sequence or linker at the N- or C-terminus of the
coagulation factor. Terminal XTENs can be fused to the native termini of the coagulation factor. Alternatively, terminal XTENs can replace a portion of a terminal sequence of the coagulation factor.

[0062] The term "XTEN release site" refers to a cleavage sequence in CFXTEN fusion proteins that can be recognized and cleaved by a mammalian protease, effecting release of an XTEN or a portion of an XTEN from the
CFXTEN fusion protein. As used herein, "mammalian protease" means a protease that normally exists in the body fluids, cells or tissues of a mammal. XTEN release sites can be engineered to be cleaved by various mammalian
proleases (a.k.a. "XTEN release proteases") such as FXla, FXlla, kallikrein, FVllla, FVllla, FXa, Flla (thrombin), Elastase-2, MMP-12, MMP13, MMP-17, MMP-20, or any protease that is present during a clotting event. Other
or that are capable of recognizing a defined cleavage site can be utiized. The cleavage sites can be adjusted and tailored to the protease utilized.

[0063] The term "within", when referring to a first polypeptide being linked to a second polypeptide, encompasses linking that connects the N-terminus of the first or second polypeptide to the C-terminus of the second or first
polypeptide, respectively, as well as insertion of the first polypeptide into the sequence of the second polypeptide. For example, when an XTEN is linked "within" a domain of a factor V1Il polypeptide, the XTEN may be linked to the
N-terminus, the C-terminus, or may be inserted in said domain.

[0064] As used herein, the term "site," when used to refer to an insertion site of an XTEN within or to a biological polypeptide such as a factor VIII, represents the amino acid position at which the XTEN is linked. When numbered
sites are described, such as a first, second, third, fourth, fifth, or sixth site for the insertion of an XTEN within or to the factor VIlI, each site will be understood to represent a distinct site in the factor VIII; e.g., the second site is a
different factor VIIl location from the first site, the third site is different from the second and the first, etc.

[0065] "Activity" or "procoagulant activity" as applied to form(s) of a CFXTEN polypeptide provided herein, refers to the ability to bind to a target coagulation protein substrate or cofactor and promote a clotting event, whether
measured by an in vitro, ex vivo or in vivo assay. Such assays include, but are not limited to, one-stage clotting assays, two-stage clotting assays, chromogenic assays, and ELISA assays. "Biological activity" refers to an in vitro or
in vivo biological function or effect, including but not limited to either receptor or ligand binding, or an effect on coagulation generally known in the art for the FVIII coagulation factor, or a cellular, physiologic, or clinical response,
including arrest of a bleeding episode.

[0066] As used herein, the term "ELISA" refers to an enzyme-linked immunosorbent assay as described herein or as otherwise known in the art.

[0067] A "host cell" includes an individual cell or cell culture which can be or has been a recipient for the subject vectors. Host cells include progeny of a single host cell. The progeny may not necessarily be completely identical (in
morphology or in genomic of total DNA complement) to the original parent cell due to natural, accidental, or deliberate mutation. A host cell includes cells transfected in vivo with a vector of this teaching.

[0068] "Isolated" when used to describe the various polypeptides disclosed herein, means polypeptide that has been identified and separated and/or from a of its natural i . Ci
components of its natural environment are materials that would typically interfere with di; ic or peutic uses for the polypeptide, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous
solutes. As is apparent to those of skill in the art, a non-naturally occurring polynucleotide, peptide, polypeptide, protein, antibody, or fragments thereof, does not require "isolation" to distinguish it from its naturally occurring

counterpart. In addition, a "concentrate " or "diluted” p: ide, peptide, polypeptide, protein, antibody, or fragments thereof, is distinguishable from its naturally occurring counterpart in that the concentration or
number of molecules per volume is generally greater than that of its naturally occurring counterpart. In general, a polypeptide made by recombinant means and expressed in a host cell is considered to be "isolated."

[0069] An "isolated" ide or i ding nucleic acid or other polypeptide-encoding nucleic acid is a nucleic acid molecule that is identified and separated from at least one contaminant nucleic acid molecule
with which it is ordinarily associated in the natural source of the polypeptide-encoding nucleic acid. An isolated polypeptide-encoding nucleic acid molecule is other than in the form or setting in which it is found in nature. Isolated

ding nucleic acid therefore are distingui from the specific polypeptide-encoding nucleic acid molecule as it exists in natural cells. However, an isolated polypeptide-encoding nucleic acid molecule
includes polypeptit ding nucleic acid i in cells that ordinarily express the polypeptide where, for example, the nucleic acid molecule is in a chromosomal or extra-chromosomal location different from that of
natural cells.

[0070] A “"chimeric" protein contains at least one fusion polypeptide comprising at least one region in a different position in the sequence than that which occurs in nature. The regions may normally exist in separate proteins and
are brought together in the fusion polypeptide; or they may normally exist in the same protein but are placed in a new arr in the fusion p ide. A chimeric protein may be created, for example, by chemical synthesis,
or by creating and translating a polynucleotide in which the peptide regions are encoded in the desired relationship.

[0071] "Conjugated", "linked," "fused," and "fusion" are used interchangeably herein. These terms refer to the joining together of two or more chemical elements, sequences or components, by whatever means including chemical
conjugation or recombinant means. For example, a promoter or enhancer is operably linked to a coding sequence if it affects the transcription of the sequence. Generally, "operably linked" means that the DNA sequences being
linked are contiguous, and in reading phase or in-frame. An "in-frame fusion" refers to the joining of two or more open reading frames (ORFs) to form a continuous longer ORF, in @ manner that maintains the correct reading frame
of the original ORFs. Thus, the resulting recombinant fusion protein is a single protein containing two or more segments that correspond to polypeptides encoded by the original ORFs (which segments are not normally so joined in
nature).

[0072] In the context of polypeptides, a "linear ora is an order of amino acids in a polypeptide in an amino to carboxyl terminus direction in which residues that neighbor each other in the sequence are
contiguous in the primary structure of the p ide. A "partial is a linear of part of a polypeptide that is known to comprise additional residues in one or both directions.

[0073] "Heterologous" means derived from a genotypically distinct entity from the rest of the entity to which it is being compared. For example, a glycine rich sequence removed from its native coding sequence and operatively
linked to a coding sequence other than the native isa glycine rich The term 't " as applied to a polynucleotide, a polypeptide, means that the polynucleotide or polypeptide is derived
from a genotypically distinct entity from that of the rest of the entity to which it is being compared.

[0074] The terms "polynucleotides"”, "nucleic acids", " ides" and "ol i are used inter They refer to a p ic form of i of any length, either deoxyril i or ril i or

analogs thereof. i may have any th i i structure, and may perform any function, known or unknown. The following are limiting of p ides: coding or ding regions of a gene

or gene fragment, loci (locus) defined from linkage analysis, exons, introns, messenger RNA (mRNA), transfer RNA, ril RNA, ri . CDNA, i p { branched i plasmids, vectors,

isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise modified ides, such as y i and ide analogs. If present,

modifications to the nucleotide structure may be imparted before or after assembly of the polymer. The sequence of nucleotides may be interrupted by i p LAp ide may be further modified after
such as by j ion with a labeling component.

[0075] The term ofa i denotes a p ide molecule having a complementary base sequence and reverse orientation as compared to a reference sequence, such that it could hybridize with a

reference sequence with complete fidelity.

[0076] "Recombinant" as applied to a polynucleotide means that the polynucleotide is the product of various combinations of in vitro cloning, restriction and/or ligation steps, and other procedures that result in a construct that can
be exp asar i protein in a host cell.

[0077] The terms "gene" and "gene fragment" are used interchangeably herein. They refer to a polynucleotide containing at least one open reading frame that is capable of encoding a particular protein after being transcribed and
translated. A gene or gene fragment may be genomic or cDNA, as long as the polynucleotide contains at least one open reading frame, which may cover the entire coding region or a segment thereof. A "fusion gene" is a gene
composed of at least two heterologous polynucleotides that are linked together.

[0078] "t or identity" refers to similarity or i ility between two or more polynucleotide sequences or between two or more polypeptide sequences. When using a program
such as BestFit to determine sequence identity, similarity or homology between two different amino acid sequences, the default settings may be used, or an appropriate scoring matrix, such as blosum45 or blosum80, may be
selected to optimize identity, similarity or homology scores. Preferably, p i that are are those which hybridize under stringent conditions as defined herein and have at least 70%, preferably at least 80%,
more preferably at least 90%, more preferably 95%, more preferably 97%, more preferably 98%, and even more preferably 99% sequence identity compared to those seq 3 i that are p have
sequence identities that are at least 70%, preferably at least 80%, even more preferably at least 90%, even more preferably at least 95-99%, and most preferably 100% identical.

[0079] "Ligation" refers to the process of forming phosphodiester bonds between two nucleic acid fragments or genes, linking them together. To ligate the DNA fragments or genes together, the ends of the DNA must be compatible
with each other. In some cases, the ends will be directly compatible after endonuclease digestion. However, it may be necessary to first convert the staggered ends p after digestion to blunt ends
to make them compatible for ligation.

[0080] The terms "stringent i or "stringent idizati i includes reference to conditions under which a polynucleotide will hybridize to its target sequence, to a detectably greater degree than other sequences
(e.g., at least 2-fold over background). Generally, stringency of hybridization is expressed, in part, with reference to the temperature and salt concentration under which the wash step is carried out. Typically, stringent conditions will
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be those in which the salt concentration is less than about 1.5 M Na ion, typically about 0.01 to 1.0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short polynucleotides (e.g.,
10 to 50 nucleotides) and at least about 60°C for long polynucleotides (e.g., greater than 50 nucleotides)-for example, "stringent i can include idization in 50% i 1 M NaCl, 1% SDS at 37°C, and three
washes for 15 min each in 0.1xSSC/1% SDS at 60°C to 65°C. Alternatively, temperatures of about 65°C, 60°C, 55°C, or 42°C may be used. SSC concentration may be varied from about 0.1 to 2xSSC, with SDS being present at
about 0.1%. Such wash temperatures are typically selected to be about 5°C to 20°C lower than the thermal melting point for the specific sequence at a defined ionic strength and pH. The Tm is the temperature (under defined ionic
strength and pH) at which 50% of the target sequence hybridizes to a perfectly matched probe. An equation for calculating Tm and conditions for nucleic acid hybridization are well known and can be found in Sambrook, J. et al.,

"Molecular Cloning: A Laboratory Manual," 37 edition, Cold Spring Harbor Laboratory Press, 2001. Typically, blocking reagents are used to block non-specific hybridization. Such blocking reagents include, for instance, sheared
and denatured salmon sperm DNA at about 100-200 ug/ml. Organic solvent, such as formamide at a concentration of about 35-50% v/, may also be used under particular circumstances, such as for RNA:DNA hybridizations.
Useful variations on these wash conditions will be readily apparent to those of ordinary skill in the art.

[0081] The terms "percent identity," percentage of sequence identity," and "% identity," as applied to polynucleotide sequences, refer to the percentage of residue matches between at least two polynucleotide sequences aligned
using a standardized algorithm. Such an algorthm may insert, in a standardized and reproducible way, gaps in the sequences being compared in order to optimize alignment between two sequences, and therefore achieve a more
meaningful comparison of the two sequences. Percent identity may be measured over the length of an entire defined i or may be over a shorter length, for example, over the length of a fragment
taken from a larger, defined polynucleotide sequence, for instance, a fragment of at least 45, at least 60, at least 90, at least 120, at least 150, at least 210 or at least 450 contiguous residues. Such lengths are exemplary only, and
it is understood that any fragment length supported by the sequences shown herein, in the tables, figures or Sequence Listing, may be used to describe a length over which percentage identity may be measured. The percentage
of identity is by ing two optimally aligned sequences over the window of comparison, determining the number of matched positions (at which identical residues occur in both polypeptide sequences),
dividing the number of matched positions by the total number of positions in the window of comparison (i.e., the window size), and multiplying the result by 100 to yield the p: of identity. When seq| of
different length are to be compared, the shortest sequence defines the length of the window of comparison. Conservative substitutions are not considered when calculating sequence identity.

[0082] "Percent (%) sequence identity," with respect to the polypeptide sequences identified herein, is defined as the percentage of amino acid residues in a query sequence that are identical with the amino acid residues of a
second, reference polypeptide sequence or a portion thereof, after aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not i any

as part of the sequence identity. Alignment for purposes of determining percent amino acid sequence identity can be achieved in various ways that are within the skill in the ar, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled in the art can determine appropriate p for i including any i needed to achieve maximal alignment
over the full length of the sequences being compared. Percent identity may be measured over the length of an entire defined polypepti ., or may be over a shorter length, for example, over the length of a
fragment taken from a larger, defined polypeptide sequence, for instance, a fragment of at least 15, at least 20, at least 30, at least 40, at least 50, at least 70 or at least 150 contiguous residues. Such lengths are exemplary only,
and it is understood that any fragment length supported by the sequences shown herein, in the tables, figures or Sequence Listing, may be used to describe a length over which percentage identity may be measured.

[0083] The term "non-repetitiveness" as used herein in the context of a polypeptide refers to a lack or limited degree of internal homology in a peptide or p i The term i petitive" can mean, for
example, that there are few or no instances of four contiguous amino acids in the sequence that are identical amino acid types or that the polypeptide has a subsequence score (defined infra) of 10 or less or that there isno a
pattern in the order, from N- to C-terminus, of the seq| motifs that i the q . The term "repetiti " as used herein in the context of a polypeptide refers to the degree of internal homology in a
peptide or polypeptide sequence. In contrast, a "repetitive" sequence may contain multiple identical copies of short amino acid sequences. For instance, a polypeptide sequence of interest may be divided into n-mer sequences and
the number of identical sequences can be counted. Highly repetitive sequences contain a large fraction of identical sequences while non-repetitive sequences contain few identical sequences. In the context of a polypeptide, a

sequence can contain multiple copies of shorter sequences of defined or variable length, or motifs, in which the motifs have petiti rendering the fulklength p i non-repetitive.
The length of polypeptide within which the non-repetitiveness is measured can vary from 3 amino acids to about 200 amino acids, about from 6 to about 50 amino acids, or from about 9 to about 14 amino acids. "Repetitiveness"
used in the context of polynucleotide sequences refers to the degree of internal homology in the sequence such as, for example, the freq| of identical i of a given length. Repetitiveness can, for example,

be measured by analyzing the frequency of identical sequences.

[0084] A "vector" is a nucleic acid molecule, preferably self-replicating in an appropriate host, which transfers an inserted nucleic acid molecule into and/or between host cells. The term includes vectors that function primarily for
insertion of DNA or RNA into a cell, replication of vectors that function primarily for the replication of DNA or RNA, and expression vectors that function for transcription and/or translation of the DNA or RNA. Also included are
vectors that provide more than one of the above functions. An "expression vector" is a polynucleotide which, when introduced into an appropriate host cell, can be transcribed and translated into a polypeptide(s). An "expression
system" usually connotes a suitable host cell comprised of an expression vector that can function to yield a desired expression product.

[0085] "Serum degradanon resistance " as applied to a polypeptide, refers to the ability of the polypeptides to withstand degradation in blood or components thereof, which typically involves proteases in the serum or plasma. The
serum resi can be by ining the protein with human (or mouse, rat, monkey, as appropriate) serum or plasma, typically for a range of days (e.g. 0.25, 0.5, 1, 2, 4, 8, 16 days), typically at about
37°C. The samples for these time points can be run on a Western blot assay and the protein is detected with an antibody. The antibody can be to a tag in the protein. If the protein shows a single band on the western, where the
protein's size is identical to that of the injected protein, then no degradation has occurred. In this exemplary method, the time point where 50% of the protein is degraded, as judged by Western blots or equivalent techniques, is the
serum degradation half-life or "serum half-life" of the protein.

[0086] The term "t;;" as used herein means the terminal half-life calculated as In(2)/K:1. K1 is the terminal elimination rate constant calculated by linear regression of the terminal linear portion of the log concentration vs. time

curve. Half-life typically refers to the time required for half the quantity of an administered substance deposited in a living organism to be i or elimi by normal bi ical processes. The terms "t,;", "terminal half-
life", "elimination half-life" and "circulating half-life" are used interchangeably herein.

[0087] "Active clearance" means the mechanisms by which a protein is removed from the circulation other than by filtration or coagulation, and which includes removal from the circulation mediated by cells, receptors, metabolism,
or degradation of the protein.

[0088] "Apparent molecular weight factor" and "apparent molecular weight" are related terms referring to a measure of the relative increase or decrease in apparent molecular weight exhibited by a particular amino acid sequence.

The apparent molecular weight is determined using size exclusion chromatography (SEC) or similar methods by comparing to globular protein standards, and is measured in "apparent kD" units. The apparent molecular weight

factor is the ratio between the apparenl molecular weight and the actual molecular weight; the latter predicted by adding, based on amino acid the weight of each type of amino acid in the
or by estimation from to weight inan SDS electropl is gel.

[0089] The terms "hydrodynamic radius" or "Stokes radius" is the effective radius (R, in nm) of a molecule in a solution measured by assuming that it is a body moving through the solution and resisted by the solution's viscosity. In
the aspects of the teaching, the hydrodynamic radius measurements of the XTEN fusion proteins correlate with the 'apparent molecular weight factor', which is a more intuitive measure. The "hydrodynamic radius" of a protein
affects its rate of diffusion in aqueous solution as well as its ability to migrate in gels of macromolecules. The hydrodynamic radius of a protein is determined by its molecular weight as well as by its structure, including shape and
compactness. Methods for determining the hydrodynamic radius are well known in the art, such as by the use of size exclusion chr (SEC), as i in U.S. Patent Nos. 6,406,632 and 7,294,513. Most proteins
have globular structure, which is the most compact three-dimensional structure a protein can have with the smallest hydrodynamic radius. Some proteins adopt a random and open, unstructured, or 'linear' conformation and as a
result have a much larger hydrodynamic radius compared to typical globular proteins of similar molecular weight.

[0090] "Physiological conditions” refers to a set of conditions in a living host as well as in vitro conditions, including temperature, salt concentration, pH, that mimic those conditions of a living subject. A host of physiologically
relevant conditions for use in ir vitro assays have been I a i ical buffer contains a physiological concentration of salt and is adjusted to a neutral pH ranging from about 6.5 to about 7.8, and preferably
from about 7.0 to about 7.5. A variety of physiological buffers are listed in Sambrook et al. (2001). Physiologically relevant temperature ranges from about 25°C to about 38°C, and preferably from about 35°C to about 37°C.

[0091] A “reactive group” is a chemical structure that can be coupled to a second reactive group. Examples for reactive groups are amino groups, carboxyl groups, sulfhydryl groups, hydroxyl groups, aldehyde groups, azide
groups. Some reactive groups can be activated to facilitate coupling with a second reactive group. Non-limiting examples for activation are the reaction of a carboxyl group with carbodiimide, the conversion of a carboxyl group into
an activated ester, or the conversion of a carboxyl group into an azide function.

[0092] "Controlled release agent”, "slow release agent", "depot formulation" and "sustained release agent" are used interchangeably to refer to an agent capable of extending the duration of release of a polypeptide of the teaching
relative to the duration of release when the polypeptide is administered in the absence of agent. Different aspects of the present teaching may have different release rates, resulting in different therapeutic amounts.

[0093] The terms "antigen”, "target antigen" and "i are used inter herein to refer to the structure or binding determinant that an antibody fragment or an antibody fragment-based therapeutic binds to or has
specificity against.

[0094] The term "payload" as used herein refers to a protein or peptide sequence that has biological or therapeutic activity; the to the phar of small 3 of payloads include, but are not
limited to, coagulation factors, cytokines, enzymes, hormones, and blood and growth factors.

[0095] The term "antagonist’, as used herein, includes any molecule that partially or fully blocks, inhibits, or neutralizes a biological activity of a native polypeptide disclosed herein. Methods for identifying antagonists of a
polypeptide may comprise ing a native p ide with a i ist molecule and measuring a detectable change in one or more biological activities normally i with the native p ide. In the context
of the present teaching, antagonists may include proteins, nucleic acids, carbohydrates, antibodies or any other molecules that decrease the effect of a biologically active protein.

[0096] The term "agonist" is used in the broadest sense and includes any molecule that mimics a biological activity of a native polypeptide disclosed herein. Suitable agonist molecules specifically include agonist antibodies or
antibody fragments, fragments or amino acid sequence variants of native polypeptides, peptides, small organic molecules, etc. Methods for identifying agonists of a native polypeptide may comprise contacting a native polypeptide
with a candidate agonist molecule and measuring a detectable change in one or more biological activities normally associated with the native polypeptide.

[0097] As used herein, "treat" or "treating," or "palliating" or "ameliorating" are used inter and mean inistering a drug or a biologic to achieve a therapeutic benefit, to cure or reduce the severity of an existing
condition, or to achieve a prophylacnc benefit, prevent or reduce the likelihood of onset or severity the occurrence of a condition. By therapeutic benefit is meant ication or ioration of the ing condition being treated
or one or more of the physi i with the ing condition such that an improvement is observed in the subject, notwithstanding that the subject may still be afflicted with the underlying condition.

[0098] A "therapeutic effect" or "therapeutic benefit," as used herein, refers to a physiologic effect, including but not limited to the mitigation, amelioration, or prevention of disease in humans or other animals, or to otherwise
enhance physical or mental wellbeing of humans or animals, resulting from administration of a fusion protein of the teaching other than the ability to induce the production of an antibody against an antigenic epitope possessed by
the biologically active protein. For p ic benefit, the iti may be inis to a subject at risk of developing a particular disease, condition or symptom of the disease (e.g., a bleed in a diagnosed hemophilia A
subject), or to a subject reporting one or more of the physiological symptoms of a disease, even though a diagnosis of this disease may not have been made.

[0099] The terms "therapeutically effective amount" and "therapeutically effective dose", as used herein, refer to an amount of a drug or a biologically active protein, either alone or as a part of a fusion protein composition, that is
capable of having any detectable, beneficial effect on any symptom, aspect, measured parameter or characteristics of a disease state or condition when administered in one or repeated doses to a subject. Such effect need not be
absolute to be beneficial. Determination of a therapeutically effective amount is well within the capability of those skilled in the art, especially in light of the detailed disclosure provided herein.

[0100] The term "therapeutically effective dose regimen", as used herein, refers to a schedule for consecutively administered multiple doses (i.e., at least two or more) of a biologically active protein, either alone or as a part of a
fusion protein composition, wherein the doses are given in therapeutically effective amounts to result in sustained beneficial effect on any symptom, aspect, measured parameter or characteristics of a disease state or condition.
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1). GENERAL TECHNIQUES

[0101] The practice of the present teaching employs, unless ise indicated, i i of i i istry, chemistry, biology, mi i y, cell biology, genomics and recombinant DNA,
which are within the skill of the art. See Sambrook, J. et al., "Molecular Cloning: A Laboratory Manual," 3rd edition, Cold Spring Harbor Laboratory Press, 2001; "Current protocols in molecular biology", F. M. Ausubel, et al.
eds.,1987; the series "Methods in Enzymology," Academic Press, San Diego, CA.; "PCR 2: a practical approach”, M.J. MacPherson, B.D. Hames and G.R. Taylor eds., Oxford University Press, 1995; "Antibodies, a laboratory
manual" Harlow, E. and Lane, D. eds., Cold Spring Harbor Laboratory, 1988; "Goodman & Gilman's The Phar ical Basis of T| ics," 11th Edition, M Hill, 2005; and Freshney, R.l., "Culture of Animal Cells: A
Manual of Basic Technique," 4th edition, John Wiley & Sons, Somerset, NJ, 2000.

1l). COAGULATION FACTOR VIl

[0102] The present teaching relates, in part, to positi ising factor VIII ion factor (CF) linked to one or more extended recombinant proteins (XTEN), resulting in a CFXTEN fusion protein composition. As used
herein, "CF" refers to factor VIl (FVIII) or mimetics, sequence variants and truncated versions of FVIII, as described below.

[0103] "Factor VIII" or "FVIII" or "FVIII protein" means a blood coagulation factor protein and species (including human, porcine, canine, rat or murine FVIII proteins) and sequence variants thereof that includes, but is not limited to
the 2351 amino acid single-chain precursor protein (with a 19-amino acid hydrophobic signal peptide), the mature 2332 amino acid factor VIl cofactor protein of approximately 270-330 kDa with the domain structure A1-A2-B-A3-
C1-C2, as well as the nonenzymatic "active" or cofactor form of FVIII (FVIlla) that is a circulating heterodimer of two chains that form as a result of proteolytic cleavage after R1648 of a heavy chain form composed of A1-A2-B (in
the range of 90-220 kD) of amino acids 1-1648 (numbered relative to the mature FVIII form) and a light chain A3-C1-C2 of 80 kDa of amino acids 1649-2232, each of which is depicted schematically in FIG. 1. Further, and as used
herein, each of A1, A2 and the A3 domain encompasses acidic spacer regions; a1, a2, and a3 acidic regions, respectively. Thus, it will be understood that CFXTEN constructs described as having A1, A2, A3, B, C1 and C2 domains
include the a1, a2 and a3 acidic regions. As used herein, "Factor VIII" or "FVIII" or "FVIII polypeptide" also includes variant forms, including proteins with substitutions, additions and/or deletions so long as the variant retains a
desired biological activity such as procoagulant activity. Myriad functional FVIII variants have been constructed and can be used as recombinant FVIII proteins as described herein. See PCT Publication Nos. WO 2011/069164 A2,
WO 2012/006623 A2, WO 2012/006635 A2, or WO 2012/006633 A2. A great many functional FVIII variants are known. In addition, hundreds of nonfunctional mutations in FVIIl have been identified in hemophilia patients. See,
e.g., Cutler et al., Hum. Mutat. 19:274-8 (2002). In addition, comparisons between FVIIl from humans and other species have identified conserved residues that are likely to be required for function. See, e.g., Cameron et al.,
Thromb. Haemost. 79:317-22 (1998) and US 6,251,632.

[0104] In one aspect, the human factor VIIl domains are defined by the following amino acid residues: A1, residues Ala1-Arg372; A2, residues Ser373-Arg740; B, residues Ser741-Arg1648; A3, residues Ser1649-Asn2019; C1,
residues Lys2020-Asn2172; C2, residues Ser2173-Tyr2332. The A3-C1-C2 sequence includes residues Ser1649-Tyr2332. In another aspect, residues Arg336-Arg372 is usually referred to as the a1 region, and the Arg372 is
cleaved by thrombin. In certain aspects, the a2 region is part of the A1 domain. In another aspect, residues Glu1649-Arg1689, is referred to as the a3 acidic region. In certain aspects, the a3 acidic region is a part of the A3 domain.
In another aspect, a native FVIII protein has the following formula: A1-a1-A2-a2-B-a3-A3-C1-C2, where A1, A2, and A3 are the structurally-related "A domains," B is the "B domain," C1 and C2 are the structurally-related "C
domains," and a1, a2 and a3 are acidic spacer regions. In the foregoing formula and referring to the primary amino acid sequence position in FIG. 30, the A1 domain of human FVIIl extends from Ala1 to about Arg336, the a1
spacer region extends from about Met337 to about Arg372, the A2 domain extends from about Ser373 to about Tyr719, the a2 spacer region extends from about Glu720 to about Arg740, the B domain extends from about Ser741
to about Arg 1648, the a3 spacer region extends from about Glu1649 to about Arg 1689, the A3 domain extends from about Ser1690 to about Asn2019, the C1 domain extends from about Lys2020 to about Asn2172, and the C2
domain extends from about Ser2173 to Tyr2332 (Saenko et al., 2005, J Thromb Hemostasis, 1, 922-930). Other than specific proteolytic cleavage sites, designation of the locations of the boundaries between the domains and
regions of FVIII can vary in different literature references. The boundaries noted herein are therefore designated as approximate by use of the term "about."

[0105] Such factor VIIl include such as B-d in deleted "BDD" sequences in which a portion or the majority of the B domain sequence is deleted (such as BDD sequences disclosed or referenced in US Pat
Nos. 6,818,439 and 7,632,921). An example of a BDD FVIIl is REFACTO® or XYNTHA® (recombinant BDD FVIII), which comprises a first polypeptide corresponding to amino acids 1 to 743 of FIG. 30, fused to a second
polypeptide corresponding to amino acids 1638 to 2332 of FIG. 30. Exemplary BDD FVIII constructs which can be used to produce recombinant proteins of the teaching include, but are not limited to FVIII with a deletion of amino
acids corresponding to amino acids 747-1638 of mature human FVIII (FIG. 30) (Hoeben R.C., et al. J. Biol. Chem. 265 (13): 7318-7323 (1990)), and FVIII with a deletion of amino acids corresponding to amino acids 771-1666 or
amino acids 868-1562 of mature human FVIII (FIG. 30) (Meulien P., et al. Protein Eng. 2(4): 301-6 (1988)).

[0106] In addition, that include amino acid insertions or substitutions (such as aspartic acid substituted for valine at position 75), or single chain FVIII (scFVIIl) in which the heavy and light chains are
covalently connected by a linker. As used herein, "FVIII" shall be any functional form of factor VIl molecule with the typical characteristics of blood coagulation factor VIl capable of correcting human factor VIIl deficiencies when
administered to such a subject, e.g., a subject with hemophilia A. FVIII or sequence variants have been isolated, characterized, and cloned, as described in U.S. Patent or Application Nos. 4,757,006; 4,965,199; 5,004,804;
5,198,349, 5,250,421, 5,919,766, 6,228,620; 6,818,439; 7,138,505; 7,632,921; and 20100081615.

[0107] Human factor VIl is encoded by a single-copy gene residing at the tip of the long arm of the X chromosome (q28). It comprises nearly 186,000 base pairs (bp) and i pproxi 0.1% of the
(White, G.C. and Shoemaker, C.B., Blood (1989) 73:1-12). The human FVIIl amino acid sequence was deduced from cDNA as shown in U.S. Pat. No. 4,965,199. Native mature human FVIIl derived from the cDNA sequence (i.e.,
without the secretory signal peptide but prior to other post-translational processing) is presented as FIG. 3.

[0108] The DNA encoding the mature factor VIl mRNA is found in 26 separate exons ranging in size from 69 to 3,106 bp. The 25 intervening intron regions that separate the exons range in size from 207 to 32,400 bp. The
complete gene consists of approximately 9 kb of exon and 177 kb of intron. The three repeat A domains have approxi 30% The B domain contains 19 of the approximately 25 predicted glycosylation
sites, and the A3 domain is believed to contain a binding site for the von Willebrand factor. The tandem C domains follow the A3 domain and have approximately 37% homology to each other (White, G.C. and Shoemaker, C.B.,
Blood (1989) 73:1-12).

[0109] The B domain separates the A2 and A3 domains of native factor FVIII in the newly synthesized precursor single-chain molecule. The precise boundaries of the B domain have been variously reported as extending from
amino acids 712 to 1648 of the precursor sequence (Wood et al., Nature (1984) 312:330-337) or amino acids 741-1648 (Pipe, SW, Haemophilia (2009) 15:1187-1196 and US Pat. No. 7,560,107) or amino acids 740-1689 (Toole,
JJ. Proc. Natl. Acad. Sci. USA (1986) 83:5939-5942). As used herein, "B domain" means amino acids 741-1648 of mature factor VIIl. As used herein, "FVIII B domain deletion" or "FVIIl BDD" means a FVIIl sequence with any, a
fragment of, or all of amino acids 741 to 1648 deleted. In one aspect, FVII| BDD variants retain remnant amino acids of the B domain from the N-terminal end ("B1" as used herein) and C-terminal end ("B2" as used herein). In one
FVIII BDD variant, the B domain remnant amino acids are SFSQNPPVLKRHQR (SEQ ID NO: 1614). In one FVIII BDD variant, the B1 remnant is SFS and the B2 remnant is QNPPVLKRHQR (SEQ ID NO: 1615). In another FVIII
BDD variant, the B1 remnant is SFSQN (SEQ ID NO: 1616) and the B2 remnant is PPYLKRHQR (SEQ ID NO: 1617). A "B-domain-deleted factor VIII," "FVIIl BDD," or "BDD FVIII" may have the full or partial deletions disclosed in
U.S. Pat. Nos. 6,316,226, 6,346,513, 7,041,635, 5,789,203, 6,060,447, 5,595,886, 6,228,620, 5,972,885, 6,048,720, 5,543,502, 5,610,278, 5,171,844, 5,112,950, 4,868,112, and 6,458,563. In some aspects, a B-domain-deleted
factor VIl sequence of the present teaching comprises any one of the deletions disclosed at col. 4, line 4 to col. 5, line 28 and examples 1-5 of U.S. Pat. No. 6,316,226 (also in US 6,346,513). In another aspect, a B-domain deleted
factor Vlll is the $743/Q1638 B-domain deleted factor VIII (SQ version factor VIII) (e.g., factor VIIl having a deletion from amino acid 744 to amino acid 1637, e.g., factor VIl having amino acids 1-743 and amino acids 1638-2332 of
full-length factor VIll). In some aspects, a B-domain-deleted factor VIII of the present teaching has a deletion disclosed at col. 2, lines 26-51 and examples 5-8 of U.S. Patent No. 5,789,203 (also US 6,060,447, US 5,595,886, and
US 6,228,620). In some aspects, a B-domain-deleted factor VlII has a deletion described in col. 1, lines 25 to col. 2, line 40 of US Patent No. 5,972,885; col. 6, lines 1-22 and example 1 of U.S. Patent no. 6,048,720; col. 2, lines 17-
46 of U.S. Patent No. 5,543,502; col. 4, line 22 to col. 5, line 36 of U.S. Patent no. 5,171,844; col. 2, lines 55-68, figure 2, and example 1 of U.S. Patent No. 5,112,950; col. 2, line 2 to col. 19, line 21 and table 2 of U.S. Patent No.
4,868,112; col. 2, line 1 to col. 3, line 19, col. 3, line 40 to col. 4, line 67, col. 7, line 43 to col. 8, line 26, and col. 11, line 5 to col. 13, line 39 of U.S. Patent no. 7,041,635; or col. 4, lines 25-53, of U.S. Patent No. 6,458,563. In some
aspects, a B-domain-deleted factor VIII has a deletion of most of the B domain, but still contains amino-terminal sequences of the B domain that are essential for in vivo proteolytic processing of the primary translation product into
two polypeptide chain, as disclosed in WO 91/09122. In some aspects, a B-domain-deleted factor VIl is constructed with a deletion of amino acids 747-1638, ie., virtually a complete deletion of the B domain. Hoeben R.C., et al. J.
Biol. Chem. 265 (13): 7318-7323 (1990). A B-domain-deleted factor VIll may also contain a deletion of amino acids 771-1666 or amino acids 868-1562 of factor VIIl. Meulien P., et al. Protein Eng. 2(4): 301-6 (1988). Additional B
domain deletions that are part of the teaching include: deletion of amino acids 982 through 1562 or 760 through 1639 (Toole et al., Proc. Natl. Acad. Sci. U.S.A. (1986) 83, 5939-5942)), 797 through 1562 (Eaton, et al. Biochemistry
(1986) 25:8343-8347)), 741 through 1646 (Kaufman (PCT published application No. WO 87/04187)), 747-1560 (Sarver, et al., DNA (1987) 6:553-564)), 741 though 1648 (Pasek (PCT application No.88/00831)), or 816 through
1598 or 741 through 1648 (Lagner (Behring Inst. Mitt. (1988) No 82:16-25, EP 295597)). Each of the foregoing deletions may be made in any factor VIIl sequence utilized in the aspects of the present teaching.

[0110] Proteins involved in clotting include factor I, factor Il, factor I, factor IV, factor V, factor VI, factor VII, factor VIII, factor IX, factor X, factor XI, factor XII, factor XIlI, Protein C, and tissue factor (collectively or individually
“clotting protein(s)"). The interaction of the major clotting proteins in the intrinsic and extrinsic clotting pathways is showed in FIG. 2. The majority of the clotting proteins are present in zymogen form, but when activated, exhibit a
procoagulant protease activity in which they activate another of the clotting proteins, contributing to the intrinsic or extrinsic coagulation pathway and clot formation. In the intrinsic pathway of the coagulation cascade, FVIII
associates with a complex of activated factor IX, factor X, calcium, and phospholipid. The factor VIl heterodimer has no enzymatic activity, but the heterodimer becomes active as a cofactor of the enzyme factor 1Xa after proteolytic
activation by thrombin or factor Xa, with the activity of factor Vllla characterized by its ability to form a membrane binding site for factors 1Xa and X in a conformation suitable for activation of the factor X by factor IXa. Upon
cleavage by thrombin, activated FVIII (FVllla) dissociates from von Willebrand factor and binds to negatively charged phospholipid PL, and the resulting complex participates as a cofactor to factor IXa in the factor X activating
(tenase) complex. Within the C2 domain and amino acid residues 1649 through 1689 in the A3 domain are von Willebrand factor (vWF) binding sites that act to complex with von Willebrand factor, the resulting circulating complex
protects FVIII from rapid degradation in the blood (Weiss HJ, et al. Stabilization of factor VIIl in plasma by the von Willebrand factor. Studies on posttransfusion and dissociated factor VIIl and in patients with von Willebrand's
disease. J Clin Invest (1977) 60:390).

[0111] Activated factor VIII is a heterotrimer comprised of the A1 domain and the A2 domain and the light chain including domains A3-C1-C2. The activation of factor IX is achieved by a two-step removal of the activation peptide
(Ala 146-Arg 180) from the molecule (Bajaj et al., Human factor IX and factor IXa, in METHODS IN ENZYMOLOGY. 1993). The first cleavage is made at the Arg 145-Ala 146 site by either factor Xla or factor Vilafissue factor. The
second, and rate limiting cleavage is made at Arg 180-Val 181. The activation removes 35 residues. Activated human factor IX exists as a heterodimer of the C-terminal heavy chain (28 kDa) and an N-terminal light chain (18 kDa),
which are held together by one disulfide bridge attaching the enzyme to the Gla domain. Factor |Xa in turn activates factor X in concert with activated factor VIII. Alternatively, factors IX and X can both be activated by factor Vila
complexed with lipidated tissue factor, generated via the extrinsic pathway. Factor Xa then participates in the final common pathway whereby prothrombin is converted to thrombin, and thrombin, in turn converts fibrinogen to fibrin
to form the clot.

[0112] Defects in the coagulation process can lead to bleeding disorders (coagulopathies) in which the time taken for clot formation is prolonged. Such defects can be congenital or acquired. For example, hemophilia A and B are
inherited diseases characterized by deficiencies in FVIII and FIX, respectively. Stated differently, biologically active factor VIl corrects the coagulation defect in plasma derived from individuals afflicted with hemophilia A.
Recombinant FVIIl has been shown to be effective and has been approved for the treatment of hemophilia A in adult and pediatric patients, and also is used to stop bleeding episodes or prevent bleeding associated with trauma
and/or surgery. Current therapeutic uses of factor VIl can be problematic in the treatment of individuals exhibiting a deficiency in factor VIII, as well as those individuals with Von Willebrand's disease. In addition, individuals
receiving factor VIl in r therapy freq develop ibodies to these proteins that often reduce or eliminate the procoagulant activity of the bound FVIII. Continuing treatment is exceedingly difficult because of the
presence of these antibodies that reduce or negate the efficacy of the treatment.

[0113] In one aspect, the teaching contemplates inclusion of FVIII sequences in the CFXTEN fusion protein compositions that are identical to human FVIIl, that have to FVIII that are
natural, such as from humans, h primates, i ing domestic animals), or truncated version of FVIII; all of which retain at least a portion of the procoagulant activity of native FVIIl and that are useful for
preventing, treating, iatil or i i ilia A or bleeding episodes related to trauma, surgery, or iency of ion factor VIII. with to FVIIl may be found by standard homology
searching techniques, such as NCBI BLAST, or in public databases such as Chemical Abstracts Services Databases (e.g., the CAS Registry), GenBank, The Universal Protein (UniProt) and iption provided
databases such as GenSeq (e.g., Derwent).




[0114] In one aspect, the FVIIl incorporated into the subject CFXTEN iti isar
sequence variant, fragment, homolog, or a mimetic of a natural sequence that retains at least a portion of the procoagulant activity of the corresponding native FVIII. In another aspect, the FVIIl is a truncated variant with all or a

portion of the B domain deleted ("FVIIIl BDD"), which can be in either heterodimeric form or can remain as a single chain ("

with a cor

cFVII"), the latter described in Meulien et al
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to a FVIIl protein found in nature. In another aspect, the FVIIl is a non-natural FVIII

., Protein Eng. (1988) 2(4):301-306. Non-limiting examples of

FVIII BDD are factor VIIl sequences in which the amino acids are deleted between residue number 741 and residue number 1640 (numbered relative to native, mature FVIII), or between residue number 745 and residue number
1640, or between residue number 745 and residue number 1640, or between residue number 741 and residue number 1690, or between residue number 745 and residue number 1667, or between residue number 745 and

residue number 1657, or between residue number 747 and residue number 1642, or between residue number 751 and residue number 1667.

[0115] In another aspect, heterologous sequences are incorporated into the FVIII, which may include XTEN, as described more fully below. Table 1 provides a non-limiting list of amino acid sequences of FVIII that are
encompassed by the CFXTEN fusion proteins of the teaching. In some aspects, FVIIl incorporated into CFXTEN fusion proteins include proteins that have at least about 70% sequence identity, or alternatively 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to an amino acid sequence of comparable length selected from Table 1.

Table 1: F\II amino acid

Name (source)

Amino Acid Sequence

SEQID NO:

FVIII precursor
polypeptide (human)

MQITLSTCITT (11 RFCTSATRRVYT.GAVIT.SWDYMQSTT.GIT PYDARTPPRVPK
SFPTNTSVVYRKTI FYEFTIHT TNIAKPRPPWMGT TGPTIQATVYDTVVTTI RNM
ASHPVSLHAVGVSY WKASEGAEYDDQTSQUEKHDDKVFPGGSHLY YWQVLKEN

GEMASDPLCLTYSYLSHVDLVKDLASGLIGALLYCREGSLAKEKTQILHKFILLE
AVEDEGKSWHSETKNSLMQDRDAASARAWPKMHTYNGY VNRSLPGLIGCHRKS
VYWHVIGMGTTPEYHSIFLEGHTFLVRNHRQASLEISPITFLTAQTLLMDLGQFLL
FCHISSHGHDGMTAYVKVDSCPEIPQLRMK NNTT ATDYTIDDTTDSTMDVVRFT
DDNSPSIIQIRSYAKKHPKTW VHYIA ALEEDWDY APLVLAPDDRSYKSQYLNNG
PORIGRKYKK VRFMAY TDETFK TREAIQHESGILGPLLY GEVGDTLLIEKNQASR
PYNIYPLGITDVRPLYSRRLPKGVKLILKDFPILPGEIFK YKWTVTVEDGPTKSDER
SSEVAMERDLASGLIGPLLICYKESVDQRGNQIMSDKRNVILFS VFDENR
SWYLTENQRFLPNPAGYQLEDPEFQASNIMHSING Y VEDSLQLSVCLHEVAY WY
ILSIGAQTDFLSYFFSGY TPKIIKMYYEDTLTLFPFSGETVFMSMENPGLWILGCTIN
SDIRYRGYITATLKVSSCORNTGRY YEDSYTDISA VI T SKNN ATPRSTSQNSRHPS
TRORQFNATTIPENDITK THPWFAHRTPMPRIGNVSSSDLIMIT RQSPTPHGTSLS
DLQUAKYTITFSDIPSPG ATDSNNSI STVTHFREQI HHSGDMVTTPTISGLQLRTNTIZ
KLGTTARTELKKLDFKVSS TSNNLISTIBSDNLAAGID N ISSLGIPS MEVHY 3SO1
DTILFGKESSPLTESGGPLSLSEENNDSKLLESGLMNSQESSWGKNVSS [ESGRLE
KOKRALIGPALLTKDNALFKVSISLLKINKTSNNSATNRK T lHU(.PSLLIi:NSP\\rW
QNILESDTEFKK VTPLIIDRMLMDKKATALRLKIIMSNKT MVQQKKE
GPIPPDAQRPDMSFFKMLILPES ARWIQR THGK] LNSGQGPSPI\QL\, SLGPOKSY
EGUNFLSEK NK VY VGKGEFTKDVGLKEMVFPSSRKLELTNLDNLIEENNTHNOEK
KIQEEIEKKETLIQENVVLPOIITYTGTKNFMKNLFLLSTRONVEGS Y DGAY APYL
QDFRSLNDSTNRTKKITANFSKKGEEENLEGLGRQTROQIVEK YACTTRISPNTSQ
OQNTVTQRSKRALKQIRLPLITTILEKRIVDDTSTQW KHLTPSTLTQIDYNE
KEKGALIQSPLSDCLTRSHSIPQANRSPLPIAK VSSEPSIRPIYL IRVLFQDRSSHLPA
ASYRKKDSGYQESSHFLQGAKKNNLSL AL TLEMTGDQREYGSLGTS ATNSVTY
KKVENTVLPKPDLPK TSGK VELLPK VI YOKDLFPTETSNGSPGIILDL VEGSLLQ
[XWNEANRPCK VPFLRVATESSAKTPSKLLDPLAWDNIIY (TQIPKEEWK
SCEKSPEKTAFKKKDTILSLNACESNIAIAAINEGQNKPEIEVTWAKQURTERLES
QNPPVLERHQRLILR I TLOSDQLEIDY DD TISYLMKKLDIDIY DLDENQSPRSFQK
KTRIIYFIAAVERLWDY GMSSSPITVLRNR AQSGSVPOFKKVVFOEFTDGSFTOPL
YRGELNEHLGLLGPYIRAEVEDNIMYTFRNQASRPY SFYSSLISYEEDQRQGAEPR
KNFVKPNETKT'YFWKVQHHMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIGPLL,
VCUTNTLNPALIGROVTVQEF ALFFTIFDETKS WYFTENMERNCRAPCNIQMEDPT
FKENYRFUAINGYIMDTLPGLYMAGDORIRWYLLSMGSNENIISIIFSGIIVFTVR
KKEEYKMALYNLYPGVFETYEMLPSK AGIWRVECLIGEINILUAGMSTLFLYYSNK
COIPLGMASGHIRDIONASGOYGOWAPKIARLHYSGSINAWS TKIPESWIK VDI
LAPMUHGLK TQGARQKFSSL YISOFIIMYSLUGKK WOT Y RGNSTGILMYFFGNYVD
SSGIKHNIFNPPUARYIRLHPTHYSIRSTLRVMELMGCDLNSCSMELGMESKAISDA
QITASSYFINMFAT wspsy.Amm_nGRSN AWRPQVNNPKEWLQVDFQKIMK YT
GVTTQGYKSLLTSMY VKEFLIS HOWTLFFONGK VK VFQGNQDSFTPVYN
SLDFPLLTRYLRITPOSWVIIOQ] —\LRME\’L(.( EAQDLY

SSKI

1

FVIIl mature

ATRRYYLCAVELSWDYMOQSDLCELPVDARFPPRVPK SFPFNTSVVYRKKTLEVEFT
DHLENIAKPRPPWMGLLGPTIQALY Y DIV VITLKNMASHEVSLHAVGVS YWKAS

(human)

EGAEYDDOTSOREKEBDK YFPGGSITIY VIVOVLKENGPMASDPLCLTYSYLSLIY
DLVKDLNSGLIGALLVCREGSLAKERTQTLIKFILLE AYFDEGKSWIISETKNSLM
QDRDAASARAWPKMHTYNGYYNRSLPGLIGCHRKSVYWHYIGMGTTPEVHSIFL
TGHTTT.VRNHRQAST FTSPTTFT TAQTLLMDT.GQTT I FCHISSHOFTIGMEAYVRY
DSCPREEPQIRVIKNNERARDYDDRLTRSFMDVYRFODDNSPSFIQIRSVAKKIIPKT
WVHYIAALLTDWIY APLVLAPDDRSYK SQYI ANGPORIGRIK YKK VRIMAY DI
IFKIREAIQHESGILGPLLY GEVGDTLLIFKNQASRPY NIY PHGLIDVRILY SRRLP
KGVKHLKDEFPILPGEIFKY KW IVIVEDGEPIKSDPRCLIRY YSSFVNMERDLASGL
JGPLLICYKESVDQRGNQIMSDKRNVILFSVFDENRSWYLTENIQRFLENPAGVOQL
TIPEFQASNTMHSING Y VIDSLQLSVCT HTVAY WYTLSIGAQTDTTSVIFSGYTIK
HRMVYTDTLT] FPRSGETYTMSMIRPGLWITLGC) Hmr)rkmzowrm 1XVSSCDK
NTGDYYTIDSYTDISAVIT SKNNATFPRSTSQNSRHPSTR NTITKTD
PWEAHRIPMPKIQNYSSSDLLMLLRGSPIPHGL! SLaDLQ},A}\X EIFSDDPSPGALD
SNNSLSEMTHERPOLHHSGOMYFITPESGLOLRLNEKLG UIAATELKKLDFK VSST
SNNLISTIPSDNLAAGTDNTSSLGPPSMPVI[YDSQLDTTLFGKKSSPLTESGGPLSL
SEERNDSKLLESGLMNSQESSWGKN VSSTESGRLFK GKRAHGPALLTRDNALFK
VSISLLKTNKTSNNSATNRK TUIDGPSLLIENSPSY WONILESDTEFKKVTPLI DR
MLVIDKNATALRLNIMSNK TTSSKNVEMVQOKKEGPIPPDAONPDMSFFRMLFL
PESARWIGRTHGKNSI NSGQGPSPROI VS GPEKSVEGONFT STKNK VVVGKGER
IKDVGLKEMYFPSSRNLFL TNLDNLHEN NTHNQEKKIQEEIEKKE TLIQENV VLI
QIHTYIGIKNFMKNLFLLSTRONYEGS YDGAYAPVLODFRSLNDSTNR TKKHTA
HESKKGEEENLEGLGNQTKQIVEKY ACT TRISPH TSQQNFVIQRSKRALK QFRLPL
EETELEKRIVDDTSTOWSKNMKHLTPSTLTQIDY NEKEKGAITOSPLSDCLTRSHS
IPQANRSPLPIAKVSSFPSIRPLYLTRVLFQDNSSHLPAASYRKKDSGVQESSHFLQG
AKKNNLSLAILTLEMIGDOREVGSLGTSATNSVTYKK VENTYLIKPDLPK TSGK Y
ELLPKVHIYOKDLFPTETSNGSPGHLDLVEGSLLQGTEGAICWNEANRPGK VPFL
RVATESSAKTPSKLLDPLAWDNI[YGTQIPKEEWKSQERSPEKTAFKKKDTILSLN
ACESNIAIAAINEGONKPEIEV IWAKQGR TERLCSON PPYLKRUGRELTRTTLOSD
QBEIDYDDTISVEMKKEDFDIYDEDENOSPRSFQRKTRIIYFIAAVERLWDYGMSS
SPHVLRNR AQSGSVPQFKKVVIQUF TDGSF TQFLYRGELNEHLGLLGPYTRALVE
DNIVUTTRNQASRPYSTYSSTISTTTDORQGATPRRNFVKPNETKTYTWR VOHH
MAPTKDITTCK AWAYFSDVDI FKDVHSGT IGPT 1. VCHTNTLNPAHGROVTVQIT
ALFFTIFDETKSWYFTENMERNCRAPCNIOMEDPTFKENYRFUAINGYIMDTLPGL
VMAQDORIRWYLLSMGSNENIHISHIFSGHVFTVRKKEEYKMALYNLY PGVFETY
EMLPSKAGIWRVECLIGETILIAGMSTLFLYY SNKCQTPLGMASGHIRDFQITASG
QYGQWAPKLARLHYSGSINAWS TKEPFSWIK VDLLAPMITHGIK TQGARQKFSSL
YISQFIIMY SLDGKKWOQTYRGNST GTLMVFFGRVDSS GIKHNIENFFILARYIRLHP
THYSIRSTLRMELMGCILNSCSMPLGMESK AISDAQITASS YFINMIEATWSPSKA.
RTHLQGRSNAWRPQUNNPRTIWTLQVIFQR TMK VTGV TTQGVK ST T TSMYVRIT
LISSSQDGHOW ILFFONGK VK VFQGNOUSFIPY VASLDPPLLIRYLIIHPQSW VH
QIALRMEVLGCEAQDLY

FVIII (Canine)

MOQVELYTCCFLOLLPFSLSATRKY Y LGAVELSWDYMOSDLLSALUADTSFSSRVP
GSLPLTTSVTYRKTVFYEFTDD]FNIAKPRPPWMGHLGPTIOARY YDTVVIVEKN
MASHUVSLHAVGVSY WKASEGAEYEDQTSQKEKEDDN VIPGESHT Y VWOV
NCGPMASDPPCLTYSYFSIVDLVKDLNSGLIGALLVOKEGSLAKERTQTLOEFVLL
FAVHDEGKSWHSKTNASE TQARAQHKI HTINGY VRS PGLTVCHKIRSVY WHYI
GMEGTTPEVIISIFLEGHTFLVRNIIRQASLEISPITFLTAQTFLMDLGQFLLFCHIPS]
QHDGMPAYVIKVDSCPEEPQLRVIKNNEDKDYDRGLYDSDMDY
QIRSVAKKHUKTWVEYLAAREEDWDY APSGELPNDRSHK\L YL NN
KKVRFVAYTDETFKTREAIQYESGILGPLLY GEVGIBTLLIFKNQASRPYNIVPL
NYVTPLHTGRLPKGVKHLEKDMPILPGEIFK YK WTVTVEDGPTKSDPRCLTRYYSS
FINLTRDT.ASGLIGPLLICYKESVDQRGNOQMVISDKR VT FSVFDENRSWYT TN
MOQRFLPNADVYQPHDPEFQLSNIMHSINGY VFDNLOLSYCLHEVAYWYILSVGA
QTDFLSYFFSGYTFRIIKMVYFDTLTIFPFSGRTVFVISMENPGLW VY1 GCTINSDFR
NRGMTALLKVSSCNRNIDDYYTEDTYTDTPTPLI NTNNVIK PR SPSQNSRAPSTRER
QLKATTTPENDIERIDLOSGERTQLIKAOS VSSSDLLMLLGONPTPRGLFLSDLREA
TDRADDIISRGAIERNKGPPEVASLRPELRIISEDREFTPEPELQLRLNENLGTNTTY
T1KKLDLUKISSSSDSTMTSPTIPSDKT AA ATTKTGST GPPNMSVHINSHT GTTVRGN
NSSHLIQSGYPLELSEEDNDSKLLEAPLMNIQESSLREN VLSMESNRLFKEERIRGP
ASLIKDNALFKYNISSVKTNRAPVNLTTNRKTRVAIPTLLIENSTSVWQDIMLERN

TEFKEVTSLIHNETFMDRNTTAL GLNEYSNKTTLSKNVEMAHQKKEDIVPLRAE
SSSKIPFLPDWIKTIIGKNSLSSEQRPSPKOL TSLGSEKS VKDONFLSEEK VY
GEDEFTKDTELQEIFPNNK SIFEANLANVOENDTYNGEKKSPEEIERKEKLTOENV
ALPQAHTMIGTKNFTRNTIT 1 STRONVAGI TEQPYTPILQDTRSLNDSPHSEGTHM
ANTSKIRT.TIART TiGTGRQTNOMVTRTPSTTRMSSVASQHVTTORGKRSTKQPRLS
QGTIKTTREVIANDTSTQWSKNMNYT AQGTLTQIEYNERERR AITOSPLSDCSVR
NHVTIQMNDSALPY AKESASPSVRHTDLTKIPSOHNSSHLPASACK YTFRERTIGY
QEGSIIFLOEAKRNNLSLAFVTLGITEGOGKFSSLGKSATNOPMYKKLENTYLLOP
GLSETSDKVELLSQVIIVDQEDSFPTKTSNDSPGI ILDLMGKIFLQKTQGPYKMNK
INSPGKVPFLKWATESSHKIPSKLLGVLAWDNH YD TQIPSEEWKSOKESQTNLAF
KRKIIILPLGPCENNDSLAANEGODK PQREAMWAKQGEPGRLCSONPPYSKHH
QUEITVITLOPEEDK EEYDD I FSIEMKREDEDIY GDY ENQGLRSFQKK I RHYFIAL
VTIRLWDYGMSRSPHIRNR AQSGIVQQPKK YVTOTTTRGSFTQPLYRGIT NTHL.
GI.1 GPYIRATYEDNIVYTTRNG ASRPY SFYSSTIS YT DGOGATPRRKFVNPNTT
KIVFWRVQHIMAPTKDEFDCK AWAYTSDVDT FRDVHSGEIGPLT TCRSNTI KPA
HGROVTVOEFALVFTIFDETKSWYFTENLERNCRAPCNYOQKEDPTLKENFRFILA]
NGYVKDILPGLYMAQDOK VRW YLLSMGSNENIHSIHFSGHVET VIRKKEEYK VA
VYNLYPGVFETVEMLPSOVGIWRIECLIGEHLQAGMSTLFLYY SKKCQIPLGMAS
GHIRDFQITASGUYGQWAPKT ARLHYSGSTA WSTKIPTSWIK VDI TAPMITHGH
MTOGARQKTSSLYVSQUIMYST.DGNK WHSYRGNSTGTIMVTTGNYDSSGIKHNI
FNPPUAGYIRLHETHY SIRSTLRMELLGCDENSCSMPLGMESK AISDAQIIASSYLS
SMLATWSPSQARLILQGRTR. —\\\ RP()ANM’I\E\\ LOVDFRKTMK VTGITTQGVKS
TIISVYVKRFTTSSSQDGITNWTI FT.GRGK VK VFQGNRDSSTPVRNRLEPPT VARY
VIR LHPQSWAHHIALRLEV] LGCD 1QQrA

FVIIi (Pig)

ATRRYYLGAVELSWDYMQSDLGELPVDARFPPRVPK SFPFNTSVVYKKTLFVEFT
DILENIAKPRFPWMGLLGPTIOAEVYDTVVITLKNMASIIPYSLIIAVGVSY WKAS




DK/EP 3564260 T5

Name (source)

Amino Acid Sequence

SEQID NO:

EGAHYDDQTSQREKEDDK VFPGGSHTY VWOYLKENGIMASDPLCLTYSYLSHY
DLVKDLNSGLIGALLVECREGSLAKEK TQTLIIKFILLEAVFDEGK SWIISETKNSLM
QDRDAASSRAWPKMHTVNGY VNRSLPGLIGCHRKS VY WHVIGMGTTPEVHSIFL
FGITFLVRNIRQASLFISFITFLTAQTLLMDLGQFLLFCITISSTIONDGMEAY YKV
DSCPITPQI RVMENKNEFATDYDDD. TDSFMDVYRTDDINSPSFIQIRSVAKKHPKT
WYHYTA ATETDWIY APT V1 APDDRS YR SQYT NNGPQRIGRK YKKVRFMAYTIT
IFI [REAIQNESGILGPLLYGEVGDTLLIFKNQASRPY NIYPUGITDVRPLYSRRLP
KGVKIILKDFPILPGEIFKY KW TVTVEDGPTKSDPRCLTRY VSSFYNMERDLASGL
IGPLLICYKESVDQRGNQIMSDKR N VILFSVFDERRSWYLTENIORFLPNPAGVOL
EDPEFQASNMHSINGY VFDSLQLSVCLHEVAY WYILSIGAQTDFLSWFFSGY THK.
HEMYYEDILILEPESGETVEMSMENPGLWILGCHNSDFRNRGM TALLKVSSCDE.
NTGDY YEDSYEDISAYLLSK UNAIEPRSESONSRHPS TROKQENATTIPENDLEK TD
PWFAHRTPMPRIQNVSSSDLLMLLRQSPTPHGL SLSDLQE AKYETFSDDPSPGATT
SNNSLSEMTIFRPOLIISGDMVFTPESGLQLRLNEKLGTTAAT
SNNLISTIPSDNI.AAGTDNTSSL.GPPSMPVIIVDSQLDTTUFGK KSSPLTRSGUPLSI
srrmnsm 1TiSGI MNSQESSWGKNVSSTISGRLIKGRR AHGPALLTRDNAT TR
SISLLKINKISNNSATNRE THIDGESLLIENSUS VWONLESDTEFKK VIPLLHDR.
MLMU}\\J ATALRLNIIMSNK TTSSKNMEMVOOKKEGPIPPDAQNPDMSFFKMLEL
PESARWIQRTHGKNSLNSGOQGPSPKOLVSLGPEKSVEGONFLSEKNK VVVGRKGEF
IKDVGLKEMVFPSSRNLFLTNLDNLHENNTHNQERKIQEEIEE K ETLIGENY VLI
QIUTVTGTKNFMKNLFLLSTRONVEGS YDGAY APYLQDFRSLNDSTNRTKKIITA
KGEEENLEGLGNQTKQIVEKY ACTTRISPNTSQQNFYTQRSKRALKQFRLPL
EETELERRITVDDTSTOWSKNMKCHL TPSTLTQIDYNEKEKGATTOSPLSDCL TRSHS
IPOANRSPLPIAK VSSFPSIRPLYLTRVLEQDNSSHLPAASYRKEISGVORSSHFLQG
AKKNNLSLAILILEMIGDOREVGSLGISATNSVIYKKVENIVLIKPDLPKISGKY
CLLPKVHIYQRDLIFTETSNGSPGHLDL VEGSLLOGTEGAIK WNEANRPGE VPIL
RVATESSAK TPSKLLDPLAWDNIIYGTQIPKEEWKSQEK SPEKTAFKKKDTILSLN
ACESNIIAIAAINEGONKPEIEVTWAKOQUR TERLCSQNPPYLKRIIQRETRTTLOSD
QRRIDYDDTISVAMKKRDFDIYDEDANQSPRSFOKKTRAYFIAAVERLWDYGMSS
SPHYLRNRAQSGS VPQFIE N VFQEFIDGSFTOPLYRGELNHHLGLLGPYIRARVE
DNIMVIFRNQASRPYSFYSSLISYEEDQRQGAEPRK NEVKPNETK 1Y EWK VQHH.
MAPIKDEFDCRAWA YFSDVDLERDVIISGLIGPLLVCLTNTLNPALGROVTVORF
ALFFTIFDETKSWYFTENMERNCR APCNIQMEDPTFKENYRFHAINGYIMDTLPGL
VMAQDQRIRWVYTLSMGSNERTHSTHT S GHVT TYRKKETVRMATL YNT.YPGVITTY
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EMLPSKAGIWRVECLIGEIILIAGMSTLFLY Y SNKCQTPLGMASGHIRDFQITASG
QYGQWAPKLARLEYSGSINAWSTKEPFS WIK VDLLAPMIHGIKTQGARQKFSSL
VISQFIMYSLDGKK WOTY RGNSTGTLMVFFGNVDSSGIKIINIENPPI ARY IRLIIP
THYSIRSTLRMELMGCDLNSCSMPLGMISK AISDAQITASSYFTNMFATWSPSK A
RLHLQGRSNAWRPQVNNPKEWLQVDFQK TMK VTGVTTQGVESLLTSMYVKEF
TISSSONGIIQWTLFFONGR VK YRQGNQDSFTPYYNSLDPPLL TRYTRITPOSWVTT
QIALRMEVLGCEAQULY

FVIII (Mouse)

AIRRYYLGAVELSWNYIQSDLLSVLIITDSRFLPRMSTSFPFNTSIMYKKTVFVEYK
DQLFNIAKPRPPWMGLLGPTIW TEVHD TVVITLKNMASHPVSLHAVOVSYWRAS
TGDTYTDOTSOMEREDDK VIPGTISHTY VWOV KINGPMASDPPCLTYS Y MSHY
DLYKD NSGUIGALT.VOKEGSTSKERTOMLY QTVT T TAVEDIGKSWHSETRDSY
TOSMDSASARDWPKMHTVNGYVNRSIPGI TGCHR? VYWHVIGMGTTPTITHSIT
LEGHTFFYRNIROASLEISPITFLTAQTLLIDLGOFLLFCINSSHIKIDGMEA Y VKNV
DSCPEESQWOKKNNNEEMED Y DDDLY SEVDMFTLDY DSSPRIQIRS VAKKYPKT
WIIYISAEEEDWDYAPSVPTSDNGSYRKSQYLSNGPHRIGRKYKKVRFIAYTDETF
KTRETIQHESGLLGPLLY GEVGDTLLITFKNQASRPYNIYPHGITD VSPLHARRLPR.
GIKHVKDI PTHPGRITKYK WTVTVEDGPTK SDPRCLTRYY SSTINPER DI ASGT TGP
LHICYRKESVDOQRGNGMMSDKRNVILFSIFDENQSWY ITENMORFLPMNAAKTQPQD
PGPQASNIMHESTNGYVIDSTTT. TVCT HEVAYWHILSVGADTDFT SIFFSGYTTRHK
MVYEDILTLFPESGETVEMSMENPGLW VLGCHNSDERKRGMLALLIVSSCDK ST
SDY YEELYEDIPTQL VNENN VIDPRSEFON INHPN TRK KKK DS TIPKNDMEKIELP
FEELAEMLKVQSY SVSDMLMLLGQSHPLPHGLELSDGOEAIYEAHDDHSENALDS
NEGPSKVTQLRPESHHSEKIVETPQPGLOLRSNKSLETTIEVKWKKLGLQVSSLPS
NLMUTHLSDNLKATFEK LDSSGFEDMPVHSSSKLS TTAFGKKAY SLVGSHVELN
ASHENSDSNLDSILMYSQESLERDNILSIENDRLLREK RFHGIALLTK DN TLFKDN

VSLMKTNKTYNHS VINEKLHTESPTSIENS IIDLQRALLKYNSEIQEV IALIHDG !
LLGKNSTYLRLNIIMLNRTTSTK NKDIFIIRKDEDPIPODEENTIMPFSKMLFLSESS
NWFKKTNGNNSLNSEGEIISPROLYYLMFKKY VKNOSFLSERNKVTVEQDUFTK
NIGLKDMAFPURNMSIFLTTLSNVIENGRIINQEKNIQEEIEKEALIEERVVLPQVIIE
ATGSKNFLKDILILGTRONISLY EVIIVPVLONITSINNSTNTVOIIMENIFFKRRKDK
LTNSEGLYVNKTREMVKNYPSQKKTTTQRSKRALGOIRLS TQWLKTINCSTQCTIKQ
TDHSKEMKKTITISST SDSSVIKSTTQTNSSDSHIVK TSATPPINI KR SPTONKTSHV
d PR TK SSRIQESNNTLETTRINNPSLAT PWNMTIDQGKTTSPGKSNTNS

"TYKKRENIIFLKPTLPEES GKIELLPQVSIQEEEILPTETSHGSPGHLNLMKEVFLQ
KIQGPTKWNKAKRIIGESIKGKTESSKNTRSKLLNIIHAWDYIY AAQIPKDMWKS
KEKSPENSIKQEDTILSLRPUGNSHSIGANEKONWPORETTW VKOQUQTQRTUSQIP
PYLKRIIQRELSAFQSEQEATDYDDATIETIEDFDIYSEDIKQGPRSFOOKTRIYFL
A A\'ERL\VDYGMSTSH\'LRN'RYQSD\W’PQFKKVVFQEFTDOSFSQPLVRGELT\'EH
LGLLGPYIRALVEDNIMVITKNQASRPY SFYSSLISYKEDQRC KPNET
KIVTWRKVOHHMAPTEDTTIDCK AW, AVT\DVTJI l' DMHSGTTGPTTTCHANTLNPA
HGROVSVQTPALT FTTFDETRSWYTTINYKRNCK TPCNTQMIDPTLRTNYRTHAT
NGY VMDILPGLVMAQDQRIRW YLLSMGNNEMQSIHESGHVE TVRKKEEYKMA
VYNLYPGVEETLEMIPSRAGIWRVECLIGEHLQAGMS ILFLV YSKQCQIPLGMAS
GSIRDFOLTASGHY GOWALNLARLEY SGSINAWSIKEPFS WIKVDLLAPMIVEGIK
TQGARQKFSSLYISQFITMYSLDGKKWLSYQGNSTGTLMVFFGNVDSSGIKHNSF
NEPLARY LRLHETHSSIRS TLRMELMGCDLNSCSIPLGMESK WIS TQITASSYFIN
MFATWSPSQARLHLQGRINAWRLQVNDPKQWLOVDLOK IMKV IGLIQGVKSL
FTSMFVKEFLISSSQDGHH WTQILYNGK VK VFQGNQDSSTPMMNSLDPPLLTRYL
RINPQIWENIOQIALRLEILGCEAQOQQY

FVIII BDD variant (US
Pat No. 7632921, SEQ
ID NO: 3)

MQIELSTCFFLCLLRFCFSATRRYYLGA VELSWDYMQSDLGELPVD ARFPPRYPK
SFPTNTSVVYKKTI FVITTVHLINTAKPRPPW! MGT T (vP'TIQ ATVYDTYVITIRNM
ASHPVST HAVGVSYWK ASEGATTYDDQTSQREK DD VIPGGSHTYVWOVT KT
GPMASDPLCLTYSYLSI[VDLVKDLNSGLIGALLV ( RE(.SLAKEKTOTL! IKFILLF
AVTDE.GRSWHSTITKNST MQDRD AASAR AWPKMHTYNGYVNRS] PGTTGCHRKS
VY WHVIGMGLIPEVHSIFLEGHIEL VRNHROASLEISPITFLTAQTLLMDLGOFLL
FCHISSHQOHDGMEAY VK VDSCPEEPQLRMICNNEEAEDY DDDLTDSEMD Y VRFD
SFIQIRSVAKKIIPKTW VI YIAAEEEDWDY APLVLAPDDRSYKSQYLNMG
PORIGRKYKKVREMAY TDETFKTREAI)IESGILGPLLY GEVGDTLLIFKNOASR
PYNIYPIIGITDVRPL YSRRLPKGVKIILK DFPILPGEIFK YK WTVTVEDGPTKSDPR

CLTRYYSSFVNMERDLASGLIGPLLICYKES VDORGNQIMSDERN VILFSVFDENR
SWYLTENQRFLPNPAGYQLEDPEFQASNIMHSING Y VEDSLOLSVCLHEVAY WY
ILSIGAQIDELSVFFSGY IEK HKMVY ED'TL ILFPFSGET VEMSMENPGLWILGCHN
SDFRNRGMTALLKVSSCDKNTGDY YEDSYEDISAYLLSKNNAIEPRSFSQNIPYL
KRHORETTRTTLQSDQEEIDY DIFTISVIMKKEDFDIY DEDINQSPRSIFQKK TRHY |
JAAVERLWDYGMSSSPHVLRNRAQSGS VPQFKK VVFQEFTDGSFTOPLY RGELNE
HLGLLGPYIRAEVEDNIMYTFRNOASRPYSFY SSLISYEEDQROGAEPRKNFVKPN
ETRKTYFWKVQIIIMAPTKDEFDCK AW AYFSDVDLEK DVIISGLIGPLLVCIITNTL
NPATIGROVTVQEFALFFTIFDETKSWY FTENMERKCRAPCNIOMEDPTRKENYRF
HAIKGYIMDTLPGLYMAQDQRIRWYLLSMGSNENHSTHFSGHVFTYRKKEEYK
MALYNLYPGVFTITY GMSTLFLVYSNKCQTPLG
MASGHIRDFQITASGOYGQWAPKLARLHY SGSIKAWSTKEPFSWIKVDLLAPMII
HGIKIQGAROKFSSLYISQFIIMY SLDGKKWQT YRONSIGILAVE GNVDSSGIN
HNIFNPPIARY [RLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKAISDAQITASS
YFTNMFATWSPSKARLHLOGRSN 5WRPOVNNPKEWLQVDFOKTMK VIGVITQ
GVKSLLTSMY VKEFLISSSQDGHQWTLFFONGK VK VFOGNQDSFTPY VNSLDPPL
LIRYLRIHPQSWVHQIALRMEVLGCEAQDLY
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FVIll BDD-2

ATRRYYLGAVELSWDYMOSDLGELPYDARFPPRVPKSFPFNTSVVYKKTLEVEFT
VILENIAKPRPPWMGLLGPTIQAEV YDTVVITLKNMASIIPVSLIIAVOVSYWKAS
EGAEYDDQT rs')PEKEDDKvFP(.(.sl ITY VWQVLKENGPMASDPLCLTYSYLSHV
DLYKTNSGLIGATT, Y KT FAVIDRGK SWHSTTKNST M
QDRDAASARAWEKMH I N m vNRSwGJ.lGCmm>\ Y WHYIGMGT IPEVHSIFL
EGHTFLVRNHRQASLEISPITFLTAQTLLVIDLGQFLLFCHISSHQHDGMEAY VKV
DSCPTTPQLRMKNREEAFDYDDDI TDSFMDVVRITDINSPSTIQRSVAKKHPKT
WYHYIAACLEDWDY APLVL APDDRSYKSQYLNNGPQRIGRK YRKVRFMAYTDL
TFKTREAIQLESGILGPLLY GEVGDTLLIFKNQASRPYNIY PLIGITDVRPLY SRRLP
KGVKIILKDFPILPGEIFK YK WTVTVEDGPTKSDPRCLTRY YSSFVNMERDL
IGPLLICY KESVDQRGNQIMSDKRNVILES VYLTENIQRFLPKPAGVQL
EDPEFQASNIMHSINGY VFDSLOLS VCLHEVAYWYILSIGAQTDFLSVFFSGYTFK
HRMYYTDTLTLFPFSGRTVIMSMTINPGLWIT.GCHNSDFRNRGMTATT T(\ ssmk
NTGDY¥TIDSYEDISAYILSKNNATTPRSFSQNPPYT KRHQREITRTTT. v
DDTISVEMKKEDEDLY DEDENQSPRSFOKK TRHY FIAAVERL. \\’DYGMSSM’H\ LR
NRAQSGSVPORKKVVFQHF [DGSFTQPLYRGELNENLGLLGPY IR AEVEDNIVIVT
FRNQASRPY SFYSSLISY EEDQRQGAEPRKNFVKPNETKTYFWKVQINIMAPTKD
TFDCKAWAYFSDVDLEKDYHSGLIGPLL VCHTNTUNPAHGROVTVQEFALFTTIR
DITKSWYFTENMTRNCRAPCNIQMEDPTFKENYRIHANGY VDT PGLVMAQD
QRIRWYLLSMGSNEN FTVRKKEEYKMAL YNLYPGVFETVEMLPSK
AGIWRVECLIGENLILAGMSTLFLVYSNKCOTPLGMAS GHIRDFQITASGOYGQW
APKLARLIIYSGSINAWSTKEPESWIK VDLLAPMIINGIKTQUARQKFSSLY SQFT
MYSLDGKKWQTYRGNSTGILMVEFGNVDSSGLKHNLENEPLLARY IRLHIIHY SIR
STIRMITMGCDT NSCSMPT.GMTSK ATSD AQITASSYFTNMPATWSPSK ARTHI.Q
GRSNAWRPQVNNPKITWT QVDFQK VK VTGVTTQG VK SLLTSMY VKT ISSSQ
DGHOWTI TFQNGK VR VTQGNQDSFTPYVNST DIPPTLTRYT RTHPQSWVHQIATR
MEVLGCEAQDLY

FVIIl BDD-3 (G1648)

ATRRYYLGAVELSWDYMQSDLUELPVDARFPPRVPKSFPENTSVVYKKTLFVEFT
VHLENIAKPRPPWMGLLGPIIQAEV YD IV VIILKNMASHPVSLHAVGYSY WKAS
TGATYIDQTSQRIKEDDKVIPGGSHTY VWQYT KTINGPMASDEL.CL.TYSYL.SHV
DLVKDLNSGLIGALLVCREGSLAKEK TQUTLHKFILLEAVFDEGKSWHSETKNSLM
ODRDAASARAWPKMHTVNGY YNRSLPGLIGCHRK SVYWHVIGMGTTPE VHSIFL
EGHIELVRNHROASLEISPITEL TAQTLLMDLGOFLLFCHISSHQHDGMEAY VKV
DSCPEEPQLRMKNNEEAEDVDDDLTDSEMD Y VRFDDDNSPSFIQIRS YAKKHPKT
WVHYLAAEEEDWDY APLVLAPDDRS Y KSQY LMK GPORIGRK Y KK VREMAY LDE
TFKTREAIQHESGILGPLLY GEYGDTLLUFKNQASRPYNIYPHGITDVRPLY SRRLP
KGVKHI. W\TJI'PI'I PGETFRYKWTYTYTTIGPTKSDPRCT. TRYYSSTVNMERDLASGT.
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Name (source)

Amino Acid Sequence

SEQID NO:

T S e A R OO R O O RS YT TP P A e
EDPEFQASNIMHSINGY VEDSLQLSVCLEEVAY WY LLSIGAQLDFLSVEFSGY TFK.
HKMVYTDTLT FPFSGETVIMSMERPGL WL GCHNSDTRVRGMTALLK VSSCDR
NTGDYYEDSYEDISAYLLSKNN AIEPRSESQNPE VLK RHQGEITR TTLOSDQEELD Y
PDTISYIMKKEDTDTY DRITNQSPRSFOKK TRHYTTAA VIIRT WD Y GMSSSPHVI R

NRAOSGSVPOFKK Y VFOEFTDGSETOPLY RGELNELILGLLGPYRAEVEDNIMY T
FRNQASRPY SFYSSLISYEEDQRQGAEPRKNFVKPNETKTY FWKVOIIIMAPTKD
TIDCKAWAYTSDVDITRDVHSGLIG TVCHTRTLNPARGRGVT VLT AT TFTIT
DITKSWYFTENMVTRNCR APCNIQMTDPTIRENYRTHATNGYTMITLPGT VMAQT
QRIRWYTT.SMGSNFNTHSTHISGHVT TYRKKEEYKMALYRT. YPGYTTTVEMLPSK
AGIWR VECLIGEHLHAGMS TLIL VY S\KCOTPLGMASGHIRDIQITASGOY GOW
APKLARLIIYSGSINAWSTK EPFSWIK VDLLAPMII[GIKTOGARQKFSSLY [SQFII
MYSLDGKKWOQTYRGNSTGTLMVFFGN VDSSGIKIINIFNPPIARYIRLIIPTIIY SIR
STERMILMGCDI NSCSMPLGMISK ATSTIAQIT ASSYFTNMF ATWSFSK ARTHLG
GRSNAWRPQVNNPKEWLQVIFOK TMKVTGVTTQGVRSTLTSMY VKTFT ISSSQ
DGHQWTLFFQNGK VK VFQGNQDSFTPY VNSLDPPLLTRYLRIHPQSWVHQIALR
MEVLGCEAQDLY

ATRRYYLGAVELSWDYMOQSDLGELPVDARFPPRVPKSFPRNTSVVYKKTLEVEFT
VHT TNIAKPRPEWMGLLGPTIQATVYITVVITL K MMASHPVSI HAVGVS Y
TGATYDDOTSORTKT DD VIPGGSHTYVWQVIKENGPMASDPTCT TYSYTSHY
DLVKDLNSGLIGALLVCREGSLAKEKTOTLHKFILLF AVFDEGKSWHSETKNSLM
QDRDAASARAWPKMIITVNGY VNRSLEGLIGCUIRKS VY WIIVIGVMGTTPEVISIFL
EGHTFLVRNHROASLEISPIIFLTAQILLMBLGGFLLFCHISSHOHDGMEAY YKV
DSCPEEPQLRVKNNEEAEDYDDDLTDSEMDVYRFDDDNSPSFIQIRSVAKKHPKT
WYRYTAATIREDWIY APLVTAPDDRSYKSQYT NKGPQRIGRK VKR VR PMAYTIN
TFRTREAIQHT.SGIGPLI VGV GITLLTFRNOASRPYNIYPHGITIVRPTYSRRI P
KGVKHT KDTPILPGETFKYK WTVTVIDGPTRSDPRCT TRYVSSTYNMIRT] ASGE
IGPLLICYKRSVDORGNOIVISIKR NYILFSVFDENRSWYLTRENIQRFI PNPAGVQ!
TIPEFQASNTMASING TVIDSLOLSVCUHIYAY WYTLSIGAGTDT SYFTSGYTIK
HIMYYEITLTLKPESGETVEMSMEN PGLWILGCHNSDERNRGM TALLKVSSCIIK
NTGDYYEDSYEDISAYLLSKNNAIEPRSFSQQSPRSFOKKTRIYFIAAVERLWEY
GMSSSPIIVLRNRAQSGS VPOFKK VYFQEFTDGSFTQPLYRGELNENILGLLGPYIR
AEVEDNIMVTFRNQASRPYSFYSSLISYEEDGRQGAEPRKNFVKPNETKTYFWRY
QHHMAPTRDEFDCK AWAVESDYDLEKDVHSGLIGPLL VCHTNTLNPAHGROVT
VOQETALTFTIDETRSWYT TR NMERKCR APCNIQUITPTFRENYR FHATNGYTMD
ILPGLYMAQDQRIRW Y LLSMGSNENIHSIHFSGH VFI'VRKKEEYKMALYNL YPG
VEEIVEMLPSK AGIWRVECLIGEHLH. A(.ms TLELYYSNKOQTPLGMASGHIRDFEQ
ITASGQYGOWAPKLARLL M(

RLHPTHY: DIRSTLR\[ELMG( DLNSCSMIPLG\[ES}\A]SD AQITASSYFTNMTATWS
PSKARLHLQGRSNAWRPQVANPKEWLQVDFQK TMK VIGVITQGVKSLLISMY

VKEFLISSSODGHOWTLFFQNGK VK VRQGNQDSFTPYVNSLDPPLLTRY LRIIPQS
WVHOIALRMEVLGCEAQDLY

ATRRYLGAVTT ST YMOSDT GITLPYDARTPPRYPKSTPTNTS VYR LYY
VHFNTAKPRPPWMGL T.GPTIQATVYDTVVITLE NMASHPVST HAVGVSYWK.
EGAEYDDOTSQREKEDDKVFPGGSHI'Y VWOYLKENGIMASDPLCLTYSY uu
DLVKDLNSGLIGALLVCREGSLAKEK Q' ILHKFILLFAVFDEGKSWHSE KNSLM
QDRDAASARAWPKMITVYNGYVNRSLPGLIGCIIRKSVY WIVIGMGTTPEVIISIFL
HrELmN}moAsLHsPnFLTAQnLMDLGQFLLFCHlssHQHDGI\EA\\m'
DSCPEEPQLEMKNKEEAEDYDDDL TDSENMDYYRFDDDNSPSFIQURSY AKKH
WVYHYIAAEEHDWDY APLYLAPDDRSYKSQYLNNGPORIGRK YKKVRIMAY | B
IFKIREAIQHESGILGPLLY GEVGLYILLUFKNQASREYNIY PHGITDVRPL YSRRLE
KGVKIILKDFPILPGEIFKYKW TV TVEDGPTKSDPRCLTRY VSSFVNMERDLASGL
1GPLLICYKESVDQRGNQIMSDKRNVILFSVFDENRS WYL TERIQRFLPKPAGVOQL
EDPEFQASNIMHSINGY VEDSLOLSVCLHEVAY WYILSIGAQIDELSVEESGY TFK
HKMVYEDTLILEPFSGETVFMSMENPCLWILGCI N SDFRNRGMUALLK VSSCDR.
QSPRSFORKTRHYTIA AVERL#DYGMSSSPHYTRNR AQSGSVPOTKKVVFQRRT
DGSTTOPLYRGRLNTHLGLLGPYRATYTHNIMUTFRNQASRPYSTYSSLISYT T
QROGATIPRKNFVKPNIITK TYTWR YOHHMAPTKDIFDCK AWAYPSDVDT ERDY
HSGLIGPLLYCITNTLNPAIIGRQVTVOEFALFFTIFDETKSW Y FTENMERNCRAP
CNIQVIRDPTFKRNYRFHAINGY MDTIPGLYMAQDORIRWY1LLSMGSNENIISIT
FSGHVITIYRKKJLYKMALYLYPGVITEIVIMLPSKAGIWR VECLIGEHLHAGYS
TLFLYYSNKCOTPLGMASGLIRDFOITASGOYGOWAPKLARLILYSGSINAWS IKE
PFSWIKVDLLAPMIIIGINTQUARQKFSSLYISQFIIMYSLDGKKWOTYRGNSTGT

LMVFFGNVDSSGIKITNIFNPPIIARYTRLITPTITY STRSTL RMEU\IC(‘DLNSCSMPLC
MESKAISDAQITASSYFINMFATWSPSKARLHLQGRSN AWRPQVNNPKEWL
FOKTMRVTGVTTQGVRSLLTSMY VKEFLISSSQDGHQWTL] FFQ\IGKW\VFQ[‘\'
QDSFIPVVNSLDPPLLIRYLRIHPOSWYHOIALRMEYLGCEAQDLY

ATRRYYLGAVIT.SWDYMQSDLGTI PVDARFPPR VPKSTPTNTSVVYKKTLFVIFT
DHLFNIAKPRPFWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKAS
TGATYDDQTSQRIKTDDKVIPGGSHTY VWQVI KENGPMASDPLCT TYSYTL.SHY.
DLVKDLNSGLIGALLVCREGSLAKEK TQTLHKFILLF AVFDEGK SWHSETKNSLM
QDRDAASARAWPKMIITYNGY VNRSLPGLIGCHRKSVY WIIVIGMGTTPEVIISIFL
EGHTFLVRNIRQASLEISPITFLTAQTLLVIDLGQFLLFCISSTIQUDGMEAY VKV
DSCPEEPQLRVIKNNEEAEDYDDDLTDSEMDYVRFDDDNSPSFIQIRSVAKKIIPKT
WVHYLAAEEEDWDY APLVLAPDDRSYKSQYLNNGPORIGRK Y KK YRFMAY TDE
IFKIREAIQHESGILGPLLY GEVGDLLLUFKNQASRIYNIY PHGIIDVRPLYSRRLP
KGVKHLKDFPILPGEIFK YKWTYTVEDGPTKSDPRCLTRY YSSFVNMERDLASGL
1GPLL] T(‘vr(rwr;QkoNnrwm(RN\"n FSVITIINRSWYT.TFRTQRTT PRPAGVQT.
TDEFFQASNTMHSIKG YYD VCTHTIVAYWYTTLSIGAQTDF SVITSGYTIR
HEMYYTDTL T FPRSGTY TvrM%n‘N'PCW WITGCRNSDIRNRGMTATT KVSSCIK
NTGDYYEDSYEDISAYLLSKNNALPRSFSONSRHPSTROKQENATTIPERDIZK TD
LISVEMKKEDFDIYDEDENQSPRSFQKK TRHY FIAAVERLWDY GMSSSEHVLRNR
AQSGSV PQFKKVVFQEFTDGSFTQPL YR GELNEHLGLLGPYIRAEVEDNIMVTFR
LISYEEDQRQGAEPRKNFVKPNETK TY FWKVQUIIMAPTKDEF
nm\ AWAYTSDVDTEKDVHSGLIGRTT YCHTNTI NPAHGRQVTVOTFAT FFTITTT
TESWYFIENMERN CRAPCNQMEDFLFKEN Y RFHAINGY MUYTLPGLVMAQDOR
IRWYLLSMGSNENIIIS0IFSGHVFTVRKKEEYKMALY NLYPGYFETVEMLPSKAG
TWRVICLIGITHT HAGMSTLFLVYSNKCQTPLGMASGHIRDTQITASGQYGOW AP
KLARLHYSGSINAWS IKEPESWIK VDLLAPMIHGIK IQGARQKFSSLY ISQFLMY
SLDGKKWQLYRGNSTGILMVEFGNVDSSGIKHNIFN RPUARY IRLHPTHY SIRSTL
RMELMGCDLNSCSMPLGMESK AISDAQITASSYFINMEATWSPSK ARLHLQGRS
NAWRPQVNNPKEWLOVDFQKTMK VTGYTTOG VRSLLTSMY VKEFLISSSQDGI
QWTLEFONGKVKVFQGNODSFTPYYNSLDPPLLTRYLRII [POSWVIIQIALRMEY
LGCEAQDLY

YSFY

ATRRYYLGAVIT SWDYMQSDT GIT PVDARFPPRVPK STPTNTSYVYKK TLFVTIT
VHLENIAKPRPEWMGLLGITIQAEY YDV VITLENMASHIVSLHAVGVSY WKAS
EGAEYDDOTSQREKEDDK VFPGGSHTY VWOVLKENGIMASDPLCLTY SYLSHV
DLYKDLNSGLIGALLYCREGSLAKERK TQILIKFILLFAVFDEGKSWIISETKNSLM
QDRDAASARAWPKMHTVNGYYNRSLPGLIGCHRKS VY WHVIGMGTTPE VHSIFL
TGHTTT VRNHRQAS FISPTTFL TAQTLI MM GOFLT FCHISSHOHDGMITAYVKY.
DSCPLLPQLRVKNNEL ALDYDDDLTDSEMDY VRIDDDNSPSIIQIR SV AKKHPKT
WVI[YIAAEEEDWDY APLVLAPDDRSYKSQYLNNGPORIGRKYKK VRFMAYTDE
TFKTREAIGIESGILGPLLY GEVGDTLLIIFKNQASRPYNIY PIGITDVRPLYSRRLP

KDEPILPGEIFKYKW I'VIVEDGP IKSDPRCLIRY Y S5EVNMERDLASGL
IGPLLICYKESYDQRGNQPMSDKRNVILFSVFDENRSWYLTEKIQRFLPKPAGVQL
TDPEFQASNTMHSIKGYVIDSLQLSVCLHIYAYWYTLSIGAQTDTT SVITSGYTIK
HRMVYTDTLT] TPPSGRTYTMSMENPGT WITGCHNSDIRNRGMTATTKVSSCIK
NTGDYYEDSYEDISAYLLSKNNAIEPRSFSQSPRSFORKTRIIYFIAAVERLWDY G
MSSSPHVT RNR AQSGSVPQFKK VVTQITTDGSITQPT YRGILNEHT GT T.GPYIRA
TVEDNTMVTIRNQASRPYSTYSSI ISYREIMOROGATPRENFVRPNITI TYFWK VO
HHIMAPTKDEFDCK AWAYFSDVDLEKDVIISGLIGPLLYCI TTNILIPALIGROY Y
QEFALFFTIFDETKS WY FTENMERNCRAPCNIQMEDPTFKENYRFIAINGY IMDTL
PGLYMAQDGRIRWYLLSMGSNENTHSHESGHVFTYRKKEE YKMALYNLYPGYF
ETVEMLPSKAGIWRVECLIGEHL HAGMSTLIL VY SNKCQTPLGMASGHIRDIQIT
ASGQYGQWAPKLARLHYSGSINAWSTKEPFSWIK VDLLAPMIHG IS TQGARQKF
SSTYISQPITVY SLDGKRWQTYRGNSTGTT MVTRGRVDSSGTKHNIPNPPITARYTRT
HPTHYSIRSTLRVELMGCDLNSCSMPLGMESK AISDAQITASSY FINMEATWSL'S
KARLIILQGRSN AWRPQVKNPKEWLGYDFQKTMK VTGVTTQGVKSLLTSMY VK
EFLISSSQDGHQWTLFFONGK VK VFQGNQDSFTPVYNSLDPPLLTRYLRIHPQSW
VHQTALRMEVLGCTAGNTY
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MQIELSTCFELCLLRECKSATRRY YLGAVELSWYMOSDLGELPVDARFEPRVPK
SFPINTSYVYKKTLFVEFTDHLENIAK PREPWMGLLGPTIOATVYDTVVITLKNM

precursor (US Pat. No.

6818439 SEQ ID NO:
47)

ASHPYSI HAVGVSY WK ASTGARYDDQTSQREKEDDK VIPGGSHTY VWOVLIK TN
GIMASDPLCLTYS YLSHVDLVEDLNSGLIGALLVCREGSLAKEK LQTLHEFILLE
AVEDEGKSWHSETK\SLMODRDAASARAWPKMHTYNGY VNRSLPGLIGCHRKS
VYWHVIGMGTTPEVHSIFLEGHTFLVRNARQASLEISPITFLTAQTLLMDLGQFLL

“1I5S11QHDGMEAY VK VDSCPEEPQLRMKNNEEAEDY DDDLTDSEMDV VRFD
FIQIRSYAKKITPKTWYVIIYIAAEEEDWDY APLVL APDDRSYKSQYLNNG

PQRIGRKYKK VRIMAYTDETARTRIAIQHESGILGPLLY GIVGDTLLIIFKNQASR
PYNIYPHGIIDVRILY SRRLPKGVKHLEDEPILPGELFK YK WTVIVEDGITKSDPR
CLIRY YSSFYAMERDLASGLIGELLIC YKESVIQRGNQIMSDK RN VILES VEDERR
SWYLTENIQRFLPNPAGVQLEDPEFOASNIVIISINGY VFDSLOLS VCLIEVAYWY
T SIGAQTDTLSYIFSGY TIKHK TLTLIPFSGITVIVISMENPGLWIT.GCHN
SHFRNRGMTAT 1K VS SCORNTGDY YIS TS A1 1 SKNNATFPR. SFSQNPPYT.
KRHQREITRTTLQSDOEEDYLDTISVEMKKEDIDIYDEDENQSPRSFORK TRHYF
1AAVERLWDYGMSSSPIIVLRNRAQSGSVPQFKK VVFQEFTDGSFTOPLYRGELNE
HLGLLGPYIRAEVEDNIMYTFRNQASRPYSEY SSLISYEEDQROGAEPRKNFVKPN
FTKTYFWKVQIIIMAPTKDRFDCK AWAYFSDYDLEKDVISGLIGPLLVCIITNTL
NPAHGROVTYQET ALTFTIIDETRSWYFTINMERNCR APCNIQMTTPTIKENYRF
HATNGYTVDTI PGLVMAQDQRIRWYT LSMGSNENTASTHTS GHVFTVRKKER YK
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Name (source)

Amino Acid Sequence

SEQID NO:

MALYNLYPGVFETVEMLPSK AGIWRVECLIGE ILI AGVISTLFLVYSNKCQTPLG
MASGHIRDTQITASGQY GQW APKLART HY SGSTNAWSTKEPTSWIKYDLLAPMI
HGIKTQGARQKFSSLY ISQFIMY SLDGRK WOTYRGNS TG MVKEGNVDSSGIK
HNLENPPUARYLRLHPTHYSIRSILRMEL MGCDLNSCSMPLGMHESKALSDAQITASS
YFTNMFATWSPSK ARLIILQGRSNAWRPQUNNPR AW QVDFQKTVIK VTGVTTQ
GVKSLLTSMY VKEFLISSSODGHQW ILFFONGK VK VFQGNQDSE 1TV VNSLDITL
LIRYLIIHPQSWVHQIALRMEVLGCEAQDLY

FVIIl BDD-9 mature
(US Pat. No. 6818439)

ATRRYYLGAVELSWDYMOSDLGELPYDARFPPRVPKSFPENTSVVYKKTLEVEFT
DILENIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASIIPYSLITAVGVSY WK AS
EGAEYDDQTSQREKEDDKVFPGGSHTY VWQVLKEN GPMASDFLCLTYSYLSHY
DLYKDINSGLIGALLVCREGSLAKRKTOTLHKFILFAVFDRGK SWHSRTKNS|M
QURDAASAR AWPRVHTVNGYYNRSLPGLIGCHRKSVYWHVIGVGT TP VHSITT
EGHTHLVRNHROQASLEISIITFLTAQTLLMDGOFLLECHISSHOHDGMHAY VKY
DSCPEEPOLEVKNNEEAEDY DDDLIDSEMIY VRFDDDNSPSFIQIRS YAKKHPK T
WVIIYIAAEEEDWDYAPLVLAPDDRSYRSQYLNNGPQRIGRKYKKVRFMAYTDE
TFRTREAIGHESGILGPLLY GEVGDTLLITFKNOASRPYNIYPHGITDVRPLYSRRLP
KGVKHT KDTPILPGETFKYK WTVTVTDGPTRSDPRCTTRY VSSTYNMIRDTASGE
IGPLLICY KESVDORGNQIMSDKRNVILFSVFDENRSWYLTENIQRFLENPAGVQL
EDPEFQASNIMIISINGY VFDSLOLSVCLIEVAYWYILSIGAQTDFLSVFESGY
HEMVYEDTLTLFPFSGETVFMSMENPGLWILGETINSDFRNRGMTALLK V.
3DV YRDSYRDISAYLLSKNNAIEPRSFSQNPPYLKRIQRFITRTTLOSDQFEINY
VEMKKEDFDIYDEDENGSPRSFQRK TRHYTTAAVERL WDY GMSSSPHYLR
\m AQSGSVPQIKKVVTQNFTDGSTTOPLYRGRT NFHLGLLGPYTRATVTDNIVVT
RPYSFYSSLISYTTDORQGATPRKNIVKPNTITR TYFWR VQRHMAPTRT)
AWAYFSDYDLEKDVIISGLIGPLLVCUTNTLNPAIIGRQVTVQEFALFFTIF
DETKSWYFTENMERNCRAPCNIGMEDPTFKENYRFIAINGYIMDTLPGLYMAGD
QRIRWYLLSMGSNENHISHIFSGIVFTVRKKEEYKMALYNLYPGVFETVEMLESK.
AGIWRYECLIGEILIAGMSILFLY YSNKCOTPLGMASGHIRDEQITASGQY GQW
APKLARLIIYSGSINAWSTKEPFSWIK VDLLAPMIINGIKTQGARQKFSSLY ISQFI
MYSLDGKKWQTYRGNSTGTLMYFFGNVDSSGTKHNIFNPPITARYTRLHPTHYSIR
STLRMELMGCDLNSCSMPLGMESKAISDAQITASSYFTNMFATWSPSKARLHLO
GRSNAWRPQVNAPKEWLOQVDFOK TMK VIGY TIQGYKSLLISMY YKEFLISSSGQ
DGLQWTLFFQNGK VK VFOGNQDSFTPYYNSLDPPLLTRYLRILIPOSWVIIQLALR
60

ATRRY YLGAVELSWDY MOSDLGELPYD ARFPPRVPKSFPFNTS VVYKKTLFVEFT
DHLENIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKAS
EGAEYDDQTSQREKEDDK VFPGGSHTY VWQVLKENGPMASDPLCLTYSYLSHY
DLVKDLNSGLIGALLVCRIGSLAKEK TQTLHKIILLTAVFDEGK SWHSETKNSLM
DRDAASARAWPKMIITYNGY VNRSLPGLIGCTIRKSVY WIIVIGMGTTPEVIISIFL
CGHTFLVRNHRQASLEISPITFL TAQTLLMDLGQILLFCHISSHQHDGMIAY VKV
DSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVRFDDDNSPSFIQIRSVAKKHPKT

WVHYIAAEEEDWDY APLVL APDDRSYKSQYLKNGPQRIGRK YKK VRFMAYTDE
TFRTREAIQIESGILGP] LY GFVGDTLUIFKNQASRPY NIYPIGITDYRPLYSRRIP
KGVKHLKDIPILPGEIFK VKW TVTSENGPTK SDPRCLTRYYSSTYNMIRDLASG
IGPLLICYKESVDQRGNQIMSDKRNVILFSYFDENRSWYLTENIQRFLPNPAGYQL
EDPEFQASNIMHSINGY VFDSLOLSVCLHEVAY WY ILSIGAQIDFLS V¥
KMV YEDTLTLEPFSGE TYFMSMENPGLWILGCHNSDFRNRGMTALLK
NTGDYVRDSYEDISAVLLSKNK ATEPRSFSONPPVT KRHQARITRTTL Qmorwrhv
DDTISVEVIKKEDFDLY DEDENOSPRSEQK K TRHYFLAAVERLWDY GMSSSPHVLR
NRAQSGSYPOFKKVVFQEFTDGSFTQPLYRGELNENLGLLGPYIRAEVEDNIMVT
FRKQASRPYSFYSSLISYEEDORQGAEPRENFVKPNETKTYF WK VOHEMAPTED
EFDCKAWAYFSDVDLEKDVHSGLIGELLYCHINTLNPAHGRQVIVQEFALEF LI
DETKSWYFTENMERNCRAPCNIQMEDPTRK ENYRFITAING Y IMDTLPGLVMAQD
QRIRWYLLSMGSNENIHSIHFS GHVFT VRKKEEYKMAL YNLYPGVFETVEMLISK:
AGIWRVECLIGEHLHAGMSTLELY Y SNK CQIPLGMASGHIRDFQITAS GQY GQW
APKLARLAYSGSINAWSTKEPFSWIKVDLLAPMITHGIK TQGARQKFSSLVISQRIT
MYSLDGKKWQTYRGKSTGTLMVEEGNVDSSGIKHIIFNPPIIARYIRLHPTHY SIR
STLRMITMGCDTNSCSMPTLGMESK ATSNAQIT ASS YT TNMTATW SPSK ARLHLQ
GRSNAWRPQVNNPKEWLQVDFOKTMK NV TGVTTQGVKSLLTSMY VKEFLISSSQ
DGHOWTIFRONGK VK YFQGNQDSFTPY YNSTDPPLLTRYLRIHPOSWYHOIALR
MEVLGORAQDLY

ATRALRRY YLGAVELSWDY MOSDLGELPVIARFPPRYPKSEPENLSVY Y KKLLE
VEFTDHLENIAKPRPPWMGLLGPTIQAEVYDTY VITLKNMASHPVSLHAVGYSY
WKASFGARYDDOTSORFKEDDK VFPGUSTITYVWQVLKENGPMASDPLCLTY SY
TSHVDLVKDILNSGLIGATT VCREGST AKERTQTTHKFT.T FAVIDEGR SWHSTTTK
NSLMQDRDAASARAWPEMHI VNGY VNRSLPGLIGCHRKS v Y WHVIGMGLIPEY
HSIFLEGHTFLVRNI [RQASLEISPITFLTAQTLLMDLGOFLLFCHISSHONDGMEAY
VKVDSCPEEPQLRMKNRNEEAEDY DDDLTDSEMDY VRFDDDNSPSFIQIRSVAKK
HPKTWVHYTAAEEEDWDY APLVLAPDDRSYKSQYLNNGPORIGRKYKKYRFMA
YTDETFKTREAIQNESGILGPLLY GEVGDTLLIFKNOQASRPY \!‘1 PIGITDY RPL‘: &
RRLPKGVKHILKDFPTT PGETFK YRWTVTYTNIGPTKSDPRCT.TR
ASGLIGPLLIC YKLC\ VDQRGNQIMSDKRNVILFSVEDHENRSW L lk \lQRl‘Ll’\l’ ’\
GVOLEDPEY AHSINGY VEDSLOLSVCLHEVAY WYILSIGAGIDELSVEFSG
YIFKHKMVY Y EDTLUILEPESGE L VEMSYENPGLWILGCHI SDFRNRGM TALLKVS
SCDKNTGDY YEDSYEDISAY LLSKNNAIEPRSFSQNPPVLKRIQAEITRTTLQSDQ
TEMYDDTISVIMKKEDIDIYDEDTENQSPRSFOKK TRHYTTA AVTRT WY GMSSS
PHVLRNRAQIGSVPQIKK VVTQETTDGSFTOPLYRGEI NTTRTL.GLT.GPYTRARVTIY
NIMVIERNOASRPYSEY SSLISY EEDQROGAEPRKNE VKENETKTYFWE VOHHM.
ALTKDEFDCKAWAY FSDVDLEKDVHSGLIGPLLVCHIN ILNPAHGRQVIVOEFA
LFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTEKENYRFIAINGY IMDTLPGLY
MAQDOQRIRWYLLSMGSNENIISHIFSGIVFTVRKKEEYKMALY NLYPGVFETVE
MLPSKAGIWRVECLIGENLIIAGMSTLFLYY SNKCQTPLGMASGH RDFQITASGE
YOQWAPKLARLIIYSGSINAWSTKEPFSWIKVDLLAPMIINGIKTQGARQKFSSLY |
SQFIMYSLDGKKWQTYRGNSTGTLMYFTGX VDSSGIKHNIFNPPIIARYIRLHPTH
YIRS ILIRMELMGCDLNSCSMELGMESK ASIAQITASS Y FINMFATWSPSKARL
HLQGRSNAWRPQVNNPKEWLQYDFOK TMK VTGV TTQGVKSLLTSMY VKEFLIS
SSODGHOWTT FFONGRVK VEQGNQDSTTPVVNSLDPPLT TRYTRIHPOSWVHOTA
TRMTVLGCTAQDLY

ATRRY YLGAVELSWDYMOQSDLGELPYDARFLPRYPKSFPENTSVVYKKTLEVEF !
HLENLAK PRPPWMGLLGEILQAEY YLV VITLK NNASHUVELHAVGYS Y WKAS
EGAEYDDOTRQRENEDDK VFPGGRIITY VWQVLKENGPMASDPLCLTYSYLSHY
DLVKDINSGIGATT. VCRFEGSLAKFRTQTI HKFTLT FAVFDEGK SWHSFETKNST A
QDRDAASARAWEEMH T VNGY VNRSLPGLIGCHRKS VY WHYIGMG T LPE VHSIFL
EGHTELVRNHROASLEISPITFLTAQTLLMDLGQFLLFCHISSHOHDGMEAYVKY
DSCPEEPOLRMKNKEEAEDY DDDLTDSEMDY VRFDDDNSPSFIQIRS VAKKHPK |
WVIIYIAAEEEDWDY APLVLAPDDRSYRKSQYLNNGPQR(GRKYKKVRFMAYTDE
TFKTREAIQNUESGILGPLL YGEVGDTLLIIFRNQASRPYNIYPHGITDVRPLYSRRIP
KGVKHLKDEPILPGEIFKY KW TV TVHEDGPTKSDPRCLTIRY Y SSEVNMHRDLASGE
JGPLLICY KESVDORGNOIMSDKRNVILFS VFIIENRSWY L TENQRELPNPAGVOL
EDPEFQASNIMISINGY VFDSLOLS VOLHEVAYWYILS IGAQTDFLSVFFSGYTEK

HEMVYEDTLTLFPFSGETVFMSMENPGLWILGCHNSDFRNRGMTALLKVSSCDK
NTGDYYEDSYEDISAYLLSKNNAIEPRSFRONPPVLKRIIQAEITRTTLQSDQEEIDY
DDTISVEMKKEDERIFDEDENQSPRSFOKK IRHY FIAAVERL WD Y GMSSSPHVLR
NRAQSGSVPOFKKVVFQEFTDGSFTOPLYRGELNENLGLLGPYIRAEVEDNIMVT
TFRNQASRPYSTYSSLISYTEDQRQGATPRENFVKPRETRTYTWRVOQHHMAPTRT
EFDCKAWAYFSDVDLEKDVHSGLIGPLLYCHINILNPAHGROV IVQEFALFF LIF
DETKSWYFTENMERNCRAPCKIQMEDPTFKENYRFHATNGYTMD TLPGLVMAQD
QRIRW YLLSMGSNENIHSIHFSGHYEL VRKKEEY KMALYNLY PGV FETVEMLISK.
AGIWRVECLIGEHLHAGMSTLFLVY3INKCQTPLGMASGHIRDFQITASGOYGQW
APKLARLHYSGSINAWSTKEPFS WIS VDLLAPMILEGLK LQGARQKFSSL Y ISQELL
MYSLDGKKWQTYRGNSTGTLMVFFGNVDSSGIKHRIFNPPITARY IRLHPTHY STR
FILRMELMGCDLNSCSMILGMESKASDAQITASSYE INMEATW SPSKARLHLQ
GRSNAWRPQVNNPKEWLQVDFQRTMKVTGVTTQGVKSLLTSMYVKEFLISSSQ
DGHOWILFFQNGKVKVEQGNODSF LY YNSLDPPLL IR YLRIHPQS W VHQIALR
MEVLGCEAQDLY

FvIIl BDD-10
FVIIl BDD-11
FVIII BDD-12
FVIII BDD-13

ATRRYYTGAVIT.SWDYMQSDLGT PYDARFPPR VPKSTPTNTSVVYEKTLFVIFT
DHLENIAKPRPPWMGLLGITIQAEY YD IV VIILKNMASHIVSLHAVGYSY WKAS
TGATYDDQTSQRIKEDDKVIPGGSHTYVWQVI KENGPMASDFLCTTYSYLSHY.
DLVKDLNSGLIGALLVCREGSLAKEK TQTL HKFILLFAVFDEGK SWHSETKNSLM
QDRDAASARAWPKMITYNGY VNRSLPGLIGCURKSVY W VIGVIGTTPEVHSIFL
EGHTFLVRNIRQASLEISPITFLTAQTLLVIDLGQFLLFCLISSTIQUDGMEAY VKV
DSCPEEFQLRMKNNEEAEDYDDDLTDSEMDYVRFDDDNSPSFIQIRSVAKKIPKT
WYHYLAAEEEDWDY APLVLAPDDRSYKSQY LNNGPORIGRK Y KK VRFMAY TDE
TFKTREAIQUESGILGPLLY GEVGDTLLIIFKNQASRPYNIYPIGITDVRPLYSRRLP
KGVKHLKDFPILFGEIFKYKWTYTVEDGPTKSDPRCLTRYYSSFVXMERDLASGL
IGLLLICY KESVDORGNQIMSDERNVILES VFDENRS WY LTENQRFLPAPAGVQL
EDPEFQASNIMHSINGY VEDSLOLSVCLHEVAY WYILSIGAQTDFLSVEFSGY TFK
HKMVYEDTLTLFPFSGETVFMSMENPGL WILGCHNSDFRNRGMTALLK VSSCDK.
NIGDY YHDSYEDISAYLLSKNNAIEPRSFSONPPVLKRHQREITR TILOSDOEEIDY
DDTISVEMKKEDFDIFDEDENQSPRSFQKKTRI[YFIAAVERLWDYGMSSSPUVLR
NRAQSGSVPQFKKVYFQEFTDGSFTQPLYRGELNEHLGLLGPYTRAEVEDNIMYT
FRNQASRPYSFYSSLISYTIFDQRQGATPRENTVKPNITTRTYFWK VQHHMAPTRI)
EFDCKAWAYFSDVDLEKDVHSGLIGPLLVCH INILNEAHGRQVIVQEFALEFLIF
DETKSWYFTENMERNCRAPCNIQMEDPTFKENY RFIIAINGYIMDTLPGLVMAQD
QRIRWYLLSMGSNENIISIHIESGHIVFTVRKKEE YKMAL YNLYPGVFETVEMLPSK.
AGIWRVECLIGEHLHAGVISTIFLVYSNKCQTPLGMASGHIRDFQITASGQY GOW
AUKLARLHYSGSINAWSTKEPESWIK VDLLAPMUHGIK IQGARQKFSSL YISOFLL
MYSLDGKKWQTYRGNSTGILMVFFGN VDSSGIKHN LENPPLARY LRLHEIHYSIR
STLRMELMGCDLNSCSMPLGMESKAISDAQITASSYFTNMFATWSPSKARLHLQ

GRSNAWRPOVNNPKEWLQVDFOK TVK VTGVTTOGVKSLLTSMY VKEFLISSSQ)
DUHQWTLFFQNGK VK VFOGNODSFTPVYNSLDPPLLTRYLRILIPQSWVIIQIALR
MEVLGCEAQDLY
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H Name (source) 1 Amino Acid Sequence lSEQ ID NO:E

[0116] The present teaching also contemplates CFXTEN comprising FVIII with various amino acid deletions, insertions and substitutions made in the FVIII sequences of Table 1 that retain procoagulant activity. Examples of
conservative substitutions for amino acids in polypeptide sequences are shown in Table 2. In aspects of the CFXTEN in which the sequence identity of the FVIII is less than 100% compared to a specific sequence disclosed herein,
the teaching contemplates substitution of any of the other 19 natural L-amino acids for a given amino acid residue of the given FVIII, which may be at any position within the sequence of the FVIII, including adjacent amino acid
residues. If any one itution results in an i change in p activity, then one of the alternative amino acids can be employed and the construct protein evaluated by the methods described herein (e.g., the
assays of Table 49), or using any of the i and guideli for ive and vative { set forth, for instance, in U.S. Pat. No. 5,364,934, or using methods generally known in the art. In a preferred
substitution, the FVIII component of the CFXTEN aspects is modified by replacing the R1648 residue (numbered relative to the native mature form of FVIIl) with glycine or alanine to prevent proteolytic processing to the
heterodimer form. In another substitution, the FVIIl component of the CFXTEN aspects is modified by replacing the Y1680 residue (numbered relative to the native mature form of FVIIl) with phenylalanine. In another aspect, the
FVIII component of the CFXTEN aspects is modified by replacing the Y1680 residue (numbered relative to the native mature form of FVIIl) with phenylalanine and the R1648 residue (numbered relative to the native mature form of
FVIII) with glycine or alanine.

[0117] In one aspect, the FVIII of the fusion protein composition has one or more amino acid substitutions designed to reduce the binding of FVIII inhibitors at epitopes recognized by the antibodies of Table 9, including but not
limited to substitutions at Lys(377), Lys(466), Lys(380), Ser(488), Arg(489), Arg(490), Leu(491), Lys(493), Lys(496), His(497), Lys(499), Lys(512), Lys(523), Lys(556), Met (2199), Phe(2200), Leu(2252), Val(2223), and Lys(2227).
In addition, variants can include, for instance, polypeptides wherein one or more amino acid residues are added or deleted at or near the N- or C-terminus of the full-length native amino acid sequence or of a domain of a FVIIl so
long as the variant retains some if not all of the procoagulant activity of the native peptide. The resulting FVIIl sequences that retain at least a portion (e.g., at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or at least 95%
or more) of the procoagulant activity in comparison to native circulating FVIII are considered useful for the fusion protein compositions of this teaching. Examples of FVIII variants are known in the art, including those described in
US Patent and Application Nos. 6,316,226; 6,818,439; 7,632,921; 20080227691. In one aspect, a FVIIl sequence variant has an aspartic acid substituted for valine at amino acid position 75 (numbered relative to the native mature
form of FVIII).

Table xemplary conservative amino acid substitutions

Original Residue Exemplary Substitutions
Ala (A) val; leu; ile

Arg (R) lys; gln; asn

Asn (N) gin; his; lys; arg

Asp (D) Glu

Cys (C) Ser

GIn (Q) Asn

Glu (E) Asp

Gly (G) Pro

His (H) asn: gin: lys: arg

lle (1) leu; val; met; ala; phe: norleucine
Leu (L) norleucine: ile: val; met; ala: phe
Lys (K) arg: gin: asn

Met (M) leu; phe; ile

Phe (F) leu: val: ile; ala

Pro (P) Gly

Ser (S) Thr

Thr(T) Ser

Trp (W) Tyr

Tyr(Y) Trp: phe: thr: ser

Val (V) lle; leu; met; phe; ala; norleucine

Ill). EXTENDED RECOMBINANT POLYPEPTIDES

[0118] In one aspect, the teaching provides XTEN polypeptide compositions that are useful as fusion protein partner(s) to link to and/or incorporate within a FVIII polypeptide, resulting in a CFXTEN fusion protein. XTEN are
generally polypepti with turally occurring, i non-repetitive having a low degree of or no secondary or tertiary structure under physiologic conditions. XTEN lyplcally have from about 36 to about
3000 amino acids of which the majority or the entirety are small hydrophilic amino acids. As used herein, "XTEN" specifically excludes whole antibodies or antibody fragments (e.g. singl ibodies and Fc . XTEN
polypeptides have utility as a fusion protein partners in that they serve various roles, conferring certain desirable phar i i phar ic, and ical properties when linked to a FVIII protein to a
create a CFXTEN fusion protein. Such CFXTEN fusion protein it have properties p to the corresp ing FVIII not linked to XTEN, making them useful in the treatment of certain conditions related to
FVIII deficiencies or bleeding disorders, as more fully described below.

[0119] The selection criteria for the XTEN to be fused to the FVIII proteins used to create the inventive fusion proteins compositions generally relate to attributes of physical/chemical properties and conformational structure of the
XTEN that is, in turn, used to confer phar and inetic properties to the FVIII fusion proteins compositions. The unstructured characteristic and physical/chemical properties of the
XTEN result, in part, from the overall amino acid position disproporti limited to 4-6 philic amino acids, the linking of the amino acids in a quantifiable non-repetitive design, and the length of the XTEN polypeptide. In
an advantageous feature common to XTEN but uncommon to polypeptides, the properties of XTEN disclosed herein are not tied to absolute primary amino acid sequences, as evidenced by the diversity of the exemplary
sequences of Table 4 that, within varying ranges of length, possess similar properties, many of which are documented in the Examples. The XTEN of the present teaching may exhibit one or more, or all of the following
advantageous properties: unstructured ion, i flexibility, aqueous solubility, high degree of protease resistance, low immunogenicity, low binding to mammalian receptors, a defined degree of
charge, and increased hydrodynamic (or Stokes) radii; properties that can make them particularly useful as fusion protein partners. Non-limiting of the properties that XTEN confer on the fusion proteins
comprising FVIII fused to XTEN, compared to FVIII not linked to XTEN, include increases in the overall solubility and/or metabolic slablllly, reduced suscepnblmy to proteolysis, reduced i icity, reduced rate of

when inistered ori ly, reduced binding to FVIII clearance receptors, reduced reactivity to anti-payload i with substrate, and/or prop:
when administered to a subject. The enhanced pharmacokinetic properties of the CFXTEN compositions compared to FVIII not linked to XTEN |nc|ude longer terminal haff-life (e.g., two-fold, three-fold, four-fold or more), increased
area under the curve (AUC) (e.g., 25%, 50%, 100% or more), lower volume of distribution, and enhanced absorption after or ir injection (an g p y-available forms of FVIII
that must be administered intravenously). In addition, it is believed that the CFXTEN compositions comprising cleavage sequences (described more fully, below) permit sustained release of biologically active FVIII, such that the
administered CFXTEN acts as a depot. It is specifically contemplated that the inventive CFXTEN fusion proteins can exhibit one or more or any combination of the improved properties disclosed herein. As a result of these
enhanced properties, it is believed that CFXTEN compositions permit less frequent dosing compared to FVIII not linked to XTEN when administered at comparable dosages. Such CFXTEN fusion protein compositions have utility to
treat certain factor Vll-related conditions, as described herein.

to col

[0120] A variety of methods and assays are known in the art for determining the physical/chemical properties of proteins such as the CFXTEN compositions comprising XTEN. Such properties include but are not limited to
secondary or tertiary structure, solubility, protein aggregation, stabilty, absolute and apparent molecular weight, purity and uniformity, melting properties, contamination and water content. Methods to assay these properties include
analytical centrifugation, EPR, HPLC-ion exchange, HPLC-size exclusion, HPLC-reverse phase, light scattering, capillary electrophoresis, circular dichroism, di ial scanning i Y. . HPLC-ion
HPLC-size exclusion, IR, NMR, Raman spectroscopy, y, and UVAVisible sp pY. itic methods are disclosed in Arnau, et al., Prot Expr and Purif (2006) 48, 1-13.

[0121] The XTEN component(s) of the CFXTEN are designed to behave like peptide seq under i i i despite the extended length of the polymer. "Denatured" describes the state of a peptide in
solution that is ( by a large i freedom of the peptide backbone. Most peptides and proteins adopt a denatured conformation in the presence of high concentrations of denaturants or at elevated
temperature. Peptides in denatured conformation have, for example, characteristic circular dichroism (CD) spectra and are characterized by a lack of long-range interactions as determined by NMR. "Denatured conformation" and
"unstructured conformation" are used synonymously herein. In some aspects, the teaching provides XTEN sequences that, under physiologic conditions, are largely devoid of secondary structure. In other cases, the XTEN
sequences are substantially devoid of secondary structure under physiologic conditions such that the XTEN can adopt random coil conformation. "Largely devoid," as used in this context, means that at least 50% of the XTEN
amino acid residues of the XTEN sequence do not contribute to secondary structure as measured or determined by the means described herein. "Substantially devoid," as used in this context, means that at least about 60%, or
about 70%, or about 80%, or about 90%, or about 95%, or at least about 99% of the XTEN amino acid residues of the XTEN sequence do not contribute to secondary structure, as measured or determined by the methods
described herein.

[0122] A variety of methods have been established in the art to discern the presence or absence of secondary and tertiary structures in a given polypeptide. In particular, secondary structure can be measured
spectrophotometrically, e.g., by circular dichroism spectroscopy in the “far-Uv" spectral region (190-250 nm). Secondary structure elements, such as alpha-helix and beta-sheet, each give rise to a characteristic shape and
magnitude of CD spectra, as does the lack of these structure elements. Secondary structure can also be predicted for a polypeptide sequence via certain computer p or i such as the well-ki Chou-Fasman
algorithm (Chou, P. Y., et al. (1974) Biochemistry, 13: 222-45) and the Garnier- Osgulhorpe Robson ("GOR") algorithm (Garnier J, Gibrat JF, Robson B. (1996), GOR method for predicting protein secondary structure from amino
acid sequence. Methods Enzymol 266:540-553), as described in US Patent icati No. 20030228309A1. For a given seq| . the i can predict whether there exists some or no secondary structure at all,
expressed as the total and/or percentage of residues of the sequence that form, for example, alpha-helices or beta-sheets or the percentage of residues of the sequence predicted to result in random coil formation (which lacks
secondary structure).

[0123] In one aspect, the XTEN sequences used in the subject fusion protein positi have an alpha-heli: ranging from 0% to less than about 5% as determined by the Chou-Fasman algorithm. In another aspect,
the XTEN sequences of the fusion protein iti have a beta-sheet p ranging from 0% to Iess than about 5% as determined by the Chou-Fasman algorithm. In some aspects, the XTEN sequences of the fusion
protein compositions have an alpha-helix percentage ranging from 0% to less than about 5% and a beta-sheet percentage ranging from 0% to less than about 5% as determined by the Chou-Fasman algorithm. In some aspects,
the XTEN sequences of the fusion protein compositions have an alpha-helix percentage less than about 2% and a beta-sheet percentage less than about 2%. The XTEN sequences of the fusion protein compositions have a high
degree of random coil percentage, as determined by the GOR algorithm. In some aspects, an XTEN sequence have at least about 80%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, and most preferably at least about 99% random coil, as determined by the GOR algorithm. In some aspects, the XTEN sequences of the
fusion protein positi have an alpha-helix p ranging from 0% to less than about 5% and a beta-sheet percentage ranging from 0% to less than about 5% as determined by the Chou-Fasman algorithm and at least
about 90% random coil, as determined by the GOR algorithm. In other aspects, the XTEN sequences of the fusion protein iti have an alpha-helix p: less than about 2% and a beta-sheet percentage less than
about 2% at least about 90% random coil, as determined by the GOR algorithm.




DK/EP 3564260 T5

1. Non-repetitive Sequences

[0124] It is contemplated that the XTEN sequences of the CFXTEN aspects are substantially non-repetitive. In general, repetitive amino acid sequences have a tendency to aggregate or form higher order structures, as exemplified
by natural repetitive sequences such as collagens and leucine zippers. These repetitive amino acids may also tend to form contacts resutting in crystalline or pseudocrystaline structures. In contrast, the low tendency of non-
repetitive sequences to aggregate enables the design of long-sequence XTENs with a relatively low frequency of charged amino acids that would otherwise be likely to aggregate if the sequences were repetitive. The non-
repetitiveness of a subject XTEN can be observed by assessing one or more of the following features. In one aspect, a "substantially non-repetitive" XTEN sequence has about 36, or at least 72, or at least 96, or at least 144, or at
least 288, or at least 400, or at least 500, or at least 600, or at least 700, or at least 800, or at least 864, or at least 900, or at least 1000, or at least 2000, to about 3000 or more amino acid residues, or has a length ranging from
about 36 to about 3000, about 100 to about 500, about 500 to about 1000, about 1000 to about 3000 amino acids and residues, in which no three contiguous amino acids in the sequence are identical amino acid types unless the
amino acid is serine, in which case no more than three contiguous amino acids are serine residues. In another aspect, as described more fully below, a petitive" XTEN i motifs of 9 to 14
amino acid residues wherein the motifs consist of 4 to 6 types of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the sequence of any two contiguous amino
acid residues in any one motif is not repeated more than twice in the sequence motif.

[0125] The degree of repetitiveness of a polypeptide or a gene can be measured by computer programs or algorithms or by other means known in the art. According to the current teaching, algorithms to be used in calculating the
degree of repetitiveness of a particular polypeptide, such as an XTEN, are disclosed herein, and of analyzed by i are provided (see Examples, below). In one aspect, the repetitiveness of a
polypeptide of a predetermined Ienglh can be score") according to the formula given by Equation 1:

Subsoquonce scors

wherein:

= (amino acid length of polypeptide) - (amino acid length of subsequence) +

1; and Count; = cumulative number of occurrences of each unique subsequence within sequence;

[0126] An algorithm termed "SegScore" was developed to apply the foregoing equation to i it of polypeptides, such as an XTEN, providing the subsequence score wherein sequences of a predetermined
amino acid length "n" are analyzed for repetitiveness by determining the number of times (a "count") a unlque subsequence of length "s" appears in the set length, divided by the absolute number of subsequences within the
predetermined length of the sequence. FIG. 27 depicts a logic flowchart of the SegScore algorithm, while FIG. 28 portrays a schematic of how a subsequence score is derived for a fictitious XTEN with 11 amino acids and a
subsequence length of 3 amino acid residues. For example, a predetermined polypeptide length of 200 amino acid residues has 192 overlapping 9-amino acid q and 198 3-mer but the
score of any given polypeptide will depend on the absolute number of unique and how freq| each unique (meaning a different amino acid sequence) appears in the predetermined length of the
sequence.

[0127] In the context of the present teaching, "subsequence score" means the sum of occurrences of each unique 3-mer frame across 200 consecutive amino acids of the cumulative XTEN polypeptide divided by the absolute
number of unique 3-mer subsequences within the 200 amino acid of such scores derived from 200 consecutive amino acids of repetitive and non-repetitive polypeptides are presented in
Example 45. In one aspect, the teaching provides a CFXTEN comprising one XTEN in which the XTEN has a subsequence score less than 12, more preferably less than 10, more preferably less than 9, more preferably less than
8, more preferably less than 7, more preferably less than 6, and most preferably less than 5. In another aspect, the teaching provides CFXTEN comprising at least two to about six XTEN in which 200 amino acids of the XTEN have
a subsequence score of less than 10, more preferably less than 9, more preferably less than 8, more preferably less than 7, more preferably less than 6, and most preferably less than 5. In the aspects of the CFXTEN fusion
protein compositions described herein, an XTEN component of a fusion protein with a subsequence score of 10 orless (i.e., 9, 8, 7, etc.) is also substantially non-repetitive.

[0128] It is believed that the non-repetitive characteristic of XTEN of the present teaching together with the particular types of amino acids that predominate in the XTEN, rather than the absolute primary sequence, confers many of
the enhanced physicochemical and biological properties of the CFXTEN fusion proteins. These enhanced properties include a higher degree of expression of the fusion protein in the host cell, greater genetic stability of the gene

encoding XTEN, a greater degree of solubility, less tendency to . and inetics of the resulting CFXTEN compared to fusion prolelns comprising polypeptides having repetitive sequences. These
enhanced properties permit more efficient manufacturing, lower cost of goods, and facilitate the formulation of XTEN- p 9 pr ining extremely high protein concentrations, in some cases
exceeding 100 mg/ml. Furthermore, the XTEN polypeptide sequences of the aspects are designed to have a low degree of internal repetitiveness in order to reduce or ially eliminate il icity when inistered to a

mammal. Polypeptide sequences composed of short, repeated motifs largely limited to only three amino acids, such as glycine, serine and glutamate, may result in relatively high antibody titers when administered to a mammal
despite the absence of predicted T-cell epitopes in these sequences. This may be caused by the repetitive nature of polypeptides, as it has been shown that immunogens with repeated epitopes, including protein aggregates,
cross-linked immunogens, and repetitive are highly il ic and can, for example, result in the cross-linking of B-cell receptors causing B-cell activation. (Johansson, J., et al. (2007) Vaccine, 25 :1676-82 ;
Yankali, Z., et al. (2006) Biochem Biophys Res Commun, 345 :1365-71 ; Hsu, C. T., et al. (2000) Cancer Res, 60:3701-5); Bachmann MF, et al. Eur J Immunol. (1995) 25(12):3445-3451).

2. Exemplary Sequence Motifs

[0129] The present teaching encompasses XTEN used as fusion partners that comprise multiple units of shorter sequences, or motifs, in which the amino acid sequences of the motifs are non-repetitive. The non-repetitive
property is met despite the use of a "building block" approach using a library of seq| motifs that are im eri; to create the XTEN sequences. Thus, while an XTEN sequence may consist of multiple units of as few as four
different types of sequence motifs, because the motifs themselves generally consist of non-repetitive amino acid sequences, the overall XTEN sequence is designed to render the sequence substantially non-repetitive.

[0130] In one aspect, an XTEN has a i tit of greater than about 36 to about 3000, or about 100 to about 2000, or about 144 to about 1000 amino acid residues, or even longer wherein at least
about 80%, or at least about 85%, or at least about 90%, or al least about 95%, or at least about 97%, or about 100% of the XTEN sequence consists of non-overlapping sequence motifs, and wherein each of the motifs has about
9 to 36 amino acid residues. In other aspects, at least about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or at least about 97%, or about 100% of the XTEN sequence consists of non-overlapping
sequence motifs wherein each of the motifs has 9 to 14 amino acid residues. In still other aspects, at least about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or at least about 97%, or about 100% of
the XTEN sequence consists of non-overlapping sequence motifs wherein each of the motifs has 12 amino acid residues. In these aspects, it is preferred that the seq motifs are p of i (e.g., 90% or more)
or exclusively small hydrophilic amino acids, such that the overall sequence has an unstructured, flexible characteristic. Examples of amino acids that are included in XTEN are, e.g., arginine, lysine, threonine, alanine, asparagine,
glutamine, aspartate, glutamate, serine, and glycine. As a result of testing variables such as codon imi; i encoding motifs, expression of protein, charge distribution and solubility of
expressed protein, and secondary and tertiary structure, it was discovered that XTEN compositions with the enhanced characteristics disclosed herein mainly or exclusively include glycine (G), alanine (A), serine (S), threonine (T),
glutamate (E) and proline (P) residues wherein the sequences are designed to be substantially non-repetitive. In one aspect, XTEN sequences have predominately four to six types of amino acids selected from glycine (G), alanine
(A), serine (S), threonine (T), glutamate (E) or proline (P) that are arranged in a i non-repetitive that is greater than about 36 to about 3000, or about 100 to about 2000, or about 144 to about 1000 amino
acid residues in length. In some aspect, an XTEN sequence is made of 4, 5, or 6 types of amino acids selected from the group consisting of glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) or proline (P). In some
aspects, XTEN have sequences of greater than about 36 to about 1000, or about 100 to about 2000, or about 400 to about 3000 amino acid residues wherein at least about 80% of the seq consists of pp
sequence motifs wherein each of the motifs has 9 to 36 amino acid residues and wherein at least 90%, or at least 91%, or at least 92%, or at least 93%, or at least 94%, or at least 95%, or at least 96%, or at least 97%, or 100% of
each of the motifs consists of 4 to 6 types of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the content of any one amino acid type in the full-length XTEN
does not exceed 30%. In other aspects, at least about 90% of the XTEN sequence consists of non-overlapping sequence motifs wherein each of the motifs has 9 to 36 amino acid residues wherein the motifs consist of 4 to 6 types
of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the content of any one amino acid type in the full-length XTEN does not exceed 40%, or about 30%, or
25%, or about 17%. In other aspects, at least about 90% of the XTEN sequence consists of non-overlapping sequence motifs wherein each of the motifs has 12 amino acid residues consisting of 4 to & types of amino acids
selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the content of any one amino acid type in the full-length XTEN does not exceed 40%, or 30%, or about 25%. In yet other
aspects, at least about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100% of the XTEN sequence consists of non-overlapping
sequence motifs wherein each of the motifs has 12 amino acid residues consisting of glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P).

[0131] In still other aspects, XTENs comprise substantially non-repetitive sequences of greater than about 36 to about 3000 amino acid residues wherein at least about 80%, or at least about 90%, or about 91%, or about 92%, or
about 93%, or about 94 %, or about 95%, or about 96%, or about 97%, or about 98%, or about 99% of the sequence consists of non-overlapping sequence motifs of 9 to 14 amino acid residues wherein the motifs consist of 4 to 6
types of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the sequence of any two contiguous amino acid residues in any one motif is not repeated more than
twice in the sequence motif. In other aspects, at least about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99% of an XTEN sequence consists
of non-overlapping sequence motifs of 12 amino acid residues wherein the motifs consist of four to six types of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and
wherein the sequence of any two contiguous amino acid residues in any one sequence motif is not repeated more than twice in the sequence motif. In other aspects, at least about 90%, or about 91%, or about 92%, or about 93%,
or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99% of an XTEN sequence consists of non-overlapping sequence motifs of 12 amino acid residues wherein the motifs consist of glycine (G),
alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the sequence of any two contiguous amino acid residues in any one sequence motif is not repeated more than twice in the sequence motif. In yet
other aspects, XTENs consist of 12 amino acid sequence motifs wherein the amino acids are selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), and wherein the sequence of any two
contiguous amino acid residues in any one sequence motif is not repeated more than twice in the sequence motif, and wherein the content of any one amino acid type in the full-length XTEN does not exceed 30%. The foregoing
aspects are examples of substantially non-repetitive XTEN sequences. Additional examples are detailed below.

[0132] In some aspects, the teaching provides CFXTEN compositions comprising one, or two, or three, or four, five, six or more non-repetitive XTEN sequence(s) of about 36 to about 1000 amino acid residues, or cumulatively
about 100 to about 3000 amino acid residues wherein at least about 80%, or at least about 90%, or about 91%, or about 92%, or about 93%, or about 94 %, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%
to about 100% of the sequence consists of mulnple units of four or more non-overlapping sequence motifs selected from the amino acid sequences of Table 3, wherein the overall sequence remains substantially non-repetitive. In
some aspects, the XTEN i motifs in which about 80%, or at least about 85%, or at least about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or
about 97%, or about 98%, or about 99% or aboul 100% of the sequence consists of multiple units of non-overlapping sequences selected from a single motif family selected from Table 3, resulting in a family sequence. As used
herein, "family" means that the XTEN has motifs selected only from a single motif category from Table 3; i.e., AD, AE, AF, AG, AM, AQ, BC, or BD XTEN, and that any other amino acids in the XTEN not from a family motif are
selected to achieve a needed property, such as to permit incorporation of a restriction site by the encoding nucleotides, incorporation of a cleavage sequence, or to achieve a better linkage to a FVIII coagulation factor component
of the CFXTEN. In some aspects of XTEN families, an XTEN sequence comprises multiple units of non-overlapping sequence motifs of the AD motif family, or of the AE motif family, or of the AF motif family, or of the AG motif
family, or of the AM motif family, or of the AQ motif family, or of the BC family, or of the BD family, with the resulting XTEN exhibiting the range of homology described above. In other aspects, the XTEN comprises multiple units of
motif sequences from two or more of the motif families of Table 3. These sequences can be selected to achieve desired physical/chemical characteristics, including such properties as net charge, hydrophilicity, lack of secondary
structure, or lack of repetitiveness that are conferred by the amino acid composition of the motifs, described more fully below. In the aspects i i in this the motifs incorporated into the XTEN can be
selected and assembled using the methods described herein to achieve an XTEN of about 36 to about 3000 amino acid residues.

by 3 XTEN S Motifs of 12 Amino Aci Motif Famili

Motif Family MOTIF SEQUENCE SEQID NO:
AD GESPGGSSGSES 19

AD GSEGSSGPGESS 20
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Motif Family MOTIF SEQUENCE SEQID NO:
AD GSSESGSSEGGP 21
AD GSGGEPSESGSS 22
AE, AM GSPAGSPTSTEE 23
AE, AM, AQ GSEPATSGSETP 24
AE, AM, AQ GTSESATPESGP 25
AE, AM, AQ GTSTEPSEGSAP 26
AF, AM GSTSESPSGTAP 27
AF, AM GTSTPESGSASP 28
AF, AM GTSPSGESSTAP 29
AF, AM GSTSSTAESPGP 30
AG, AM GTPGSGTASSSP 31
AG, AM GSSTPSGATGSP 32
AG, AM GSSPSASTGTGP 33
AG, AM GASPGTSSTGSP 34
AQ GEPAGSPTSTSE 35
AQ GTGEPSSTPASE 36
AQ GSGPSTESAPTE 37
AQ GSETPSGPSETA 38
AQ GPSETSTSEPGA 39
AQ GSPSEPTEGTSA 40
BC GSGASEPTSTEP 41
BC GSEPATSGTEPS 42
BC GTSEPSTSEPGA 43
BC GTSTEPSEPGSA 44
BD GSTAGSETSTEA 45
BD GSETATSGSETA 46
BD GTSESATSESGA 47
BD GTSTEASEGSAS 48
« Denotes individual motif sequences that, when used together in various permutations, results in a "family sequence"

[0133] In some aspects of XTEN families, an XTEN sequence comprises multiple units of non-overlapping sequence motifs of the AD motif family, the AE motif family, or the AF motif family, or the AG motif family, or the AM motif
family, or the AQ motif family, or the BC family, or the BD family, with the resulting XTEN exhibiting the range of homology described above. In other aspects, the XTEN comprises multiple units of motif sequences from two or more
of the motif families of Table 3, selected to achieve desired physicochemical characteristics, including such properties as net charge, lack of secondary structure, or lack of repetitiveness that may be conferred by the amino acid
composition of the motifs, described more fully below. In the aspects hereinabove described in this paragraph, the motifs or portions of the motifs incorporated into the XTEN can be selected and assembled using the methods
described herein to achieve an XTEN of about 36, about 42, about 72, about 144, about 288, about 576, about 864, about 1000, about 2000 to about 3000 amino acid residues, or any il iate length. Non-limiting of
XTEN family sequences useful for incorporation into the subject CFXTEN are presented in Table 4. It is intended that a specified sequence mentioned relative to Table 4 has that sequence set forth in Table 4, while a generalized
reference to an AE144 sequence, for example, is intended to encompass any AE sequence having 144 amino acid residues; e.g., AE144_1A, AE144_2A, etc., or a generalized reference to an AG144 sequence, for example, is

intended to encompass any AG sequence having 144 amino acid residues, e.g., AG144_1, AG144_2, AG144_A, AG144_B, AG144_C, etc.

Table 4; XTEN Polypeptides
XTEN Name Amino Acid Sequence SEQID NO:
AE42 GAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPASS 49
AE42_1 TEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGS 50
AE42_2 PAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSG 51
AE42_3 SEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSP 52
AG42_1 GAPSPSASTGTGPGTPGSGTASSSPGSSTPSGATGSPGPSGP 53
AG42_2 GPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGASP 54
AG42_3 SPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGA 55
AG42_4 SASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATG 56
AE48 MAEPAGSPTSTEEGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGS 57
AMA48 MAEPAGSPTSTEEGASPGTSSTGSPGSSTPSGATGSPGSSTPSGATGS 58
AE144 59
GSEPATSGSE [PGISESATPESGPGSEPATSGSE I PGSPAGSP I STEEG TS TEPSEGSAPGS
EPATSGSETPGSEPATSGSETPGSEPATSGSETPGTSTEPSEGSAPGTSESATPESGRGSEP
ATSGSEIPGISTHPSEGSAY
AE144_1A 60
SPAGSPTSTELGTSESATPESGPUTSTEPSEGS: PTSTELGTSTEPSLGSAPGTS
TEPSEGSAPGTERSATPESGPGSFPATSG! SFTP(JSFPA'T‘\UEFTPQ\PA(v\PTbTFFUT‘\Fs
ATPESGPGTSTEPSEGSAPG
AE144_2A 61
S APGSPAGSPTSTEEGTS TEPSEGS APGTSTEPSEGS APGTSESATPESGPGTS
SEGSAPGTSISATPESGPGSCPATSGSETPGTSTEPSEGSAPGTSTEPSEGS APGTSES
ATPESGPGTSESATPESGPG
AE144_2B 62
IS TEPSEGS APGSPAGSP IS TEEG IS TEPSEGSAPG IS TEPSEGSAPG ISESATPESGPGLS
SEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSES
ATPESGPGISESATPESGPG
AE144_3A 63
SPAGSPTSTERGTSFSATPESGPGSFPATSGSRTPGTSRSATPESGPGTSTRPSRUSAPGTS
APGTSTRPSEGSAPGTSTEPSEGS APGTSTFPSFGSAPGTSTEPSEGSAPGSPAG
GTSTEPSEGS APG
AE144_3B 64
SPAGSPTSTEEGTSESAT GSETPGTSESATPE SGPGTSTEPSEGSAPGTS
TEPSEGSAPGTS TEPSHGSAPGTSTELSEGS APG S TEPSEGS AP CTSTEPSEGSAGSPAG
SPTSTEEGTSTEPSEGSAPG
AE144_ 4A 65
TSESATPESGPGSEPATSGSETPGISESATPESGPGSEPATSGSETPG ISESATPESGPGTS
TEPSEGSAPGISESATPESCPGSPACSP IS TEEGSPAGSPTS TEEGSPAGSPISTEEGISES
ATPESGPGISTEPSEGSAPG
AE144_4B 66
TSESATPLSGPGSIPATSGSTTPGTSES ATPESGPGSEPATSGSITTPGTSDSATPLSGRGTS
SAPGTSESATPESGPGSP TSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSES
—\TPFSQP(‘TQTF”QFCSAP(‘
AE144 _5A 67
T SESAT ATSGSETPGTSESATP TSGSETPGTSESATPESGPGTS
SPAGSPTSTEEGTSESATPESGPGSEPATSGSE TP GTSESATPESGIGSPAG
snsmﬁosmssmma
AE144 _6B 68
TSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATI TSGSETPGSE
PATSGSETPCSPAGSPISIERGTS TEPSHGSAPG TSI EPS SAPGSHEPATSGSEIPGTSHS
ATPESGPGISTEPSEGSAPG
AF144 69
GTSTPESGS/\aPGTSPSGESSTAPGTSPSGEQSTAI" TSSTbePGPGaTSEbPSGT/\I‘GS
STAPGTSPS
AG144_1 70
SGIASSSIGSSTESGATGSPG I PGSGTASSSPGSS IPSGATGSPGSSTPSGATGSPGSSPSA
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XTEN Name

Amino Acid Sequence

SEQID NO:

TGT
GTGPGSSPSASTGTGRGASP

S TGRPUTPGAGTASIAPUSSTPSGATGRPIIEPSAST

AG144_2

"ASSSPGSSTPSGAT! TGTGP
SIS TGSPGIPGSGLIASSSPGSS LPSGALGSPGTRGIGTASSSPGASPGISS IGSPG
ASPGTSSTGSPGTRGSGTASS

7

AG144_A

GASPGISSIGS ASTGIGPGSSPSASTGLGPGTPGSGIASSSPGSS IPSGATGSPG
SSPS‘«SJQIG"G%PG SSIGSPGTPGSCTASSSPGSS IPSCATGSPGTPOSGIASSSPGA
SPGISSTGSPGASPGISSTGS®

72

AG144_B

GTPGSGTAS! PGASPGTSSTGSPGTPGSGTASSSFGSSTPSGATGSPG
ssPsAsT(JI(;P(J ASTGTGPGSSTPSGATGSPGSSTPSGATGSPGASPGTSSTGSPGA
PGTSSTGSPGASPGTSSTGSP

73

AG144_C

GTPGSGTASSSPGS T S X T ASTGTGPG
TPGSGT: SPGASPGTSSTGSPGASPGTSSTGSPGSS TPSGATGSPGSS
TPSGATGSPGASPGTSSTGSD

74

AG144_F

GRSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPG

75

SSPSASTGIGPGASPGY SSTGSPGSSPSASTGIGPGIPGSGTASSSPGSSTPSGATGEPGSS
TPSGATGSPGASPGTSSTGSP

AG144_3

GTPGSGTA PGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGRG
ASPGTSSTGSPGTEGSGTASSSPGSSTPSGATGSPUSSPSASTGTGPGSSPSASTGTGPGA
SPGTSSTGSPGASPGTSSTGSP

76

AG144_4

GTPGSGTASSSPGSSTPSGATGSPGSSPSA! GSPG
ASPGTSSTGSPGSSTPSGATC: SPGSSPSASTGTG"G/ SPGTSSTG <PGSSPSASTGTGPGTP
GSGTASSSPGSSTPSGATGSP

77

AE288_1

GTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT
STTPSTGSAPGSPAGSPTSTIFGTSESATPRESGPGSTPATSGSITPGTSESATPTSGPGSPA
GSPISTEEGSPAGSI LS TEEG IS IEPSEGSAPGISESATPESGPGISESATIESGPGISESA
TPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTS TEPSEGSAPGTSTEPSE
GSAPGSEPATSGSEIPGISESAIPESGPGLSTELSEGSAL

78

AE288_2

GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES ATPESGPGTSTEPSEGS APGT
STEPSTIGSAPGTSTIPSTGS ARG TsTl‘PiFGS APGTSTIPSEGSAPGTSTRPST.GSAPGSP. A
GSPISTEEGISTELSEGSAPG TSGSELPGISES AL
S(mETPGTbESATPESGPGTSTEPSEGS APGTSESATPESGPGSPA GSPT\TEEGSPAGSPT
SIEEGSPAGSPISTEEGISESATPESGIGISTELSEGSAL

79

AG288_1

PGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSP
GSSTPSGATGSPGTPGSGT ASSSPGSSTPSG ATGSPGSSTRSGATGSPGSSPSASTGTGRG
SSPSASTGTGPGASPGTSSTGSPGTPGSGT ASSSPGSSTPSGATGSPGSSPS ASTGTGRGSS
PSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGAT AT
GTSSTGSPGSSPSASTGTGPGTPGSGTASSSPGSSIPSGATGS

80

AG288_2

GSSPSASTGT GPGSSPSASTGTGPGTPGSCIASSSPGS>TPSGArGSPCSSPSASIGTGPG
ASPGTSSTGSPGTP AS3SPGSSTPSGATGSPGTPGSGTASSSPGASPGTSSTGSPGA
SPGISSIGSPGLIY %m PGSSTPSGA TGSIGAS LGSLGTLGSGTASSSIGSS T
PSGATGSPGSSPSASTGTGPGSSPSASTGTGRGSSTPSGATGSPGSSTPSGATGSPGASPG
ISSLGSPGASPGSSIGSPGASIG LSS TGS LG IPGSGIASSSE

81

AF504

GASPGTISTGS ASTGTGPGSSPSASTGTGPGTPG! uAASSSPGSSTPSGATGSPG
TG Pm‘ssr SPGTPG! S rpsu

POSGT) AT
<(vTA<SS GCSTPSGAT u<PGS‘(‘PSAiT(‘T(‘P(‘SsPSAST(vTL.PﬂibTPS(‘A'\ GSl
GAl SSIGEPGIPGSGIASSSPGASPGIS
SIGSPGASEGISS IGSPGASPGLSS IGSTGSSESAS G GPG L PGSGTASSSIGASPGLSS T
GSPGASPGISS IGSPGASPGISSIGSPGSS 1 PSGA IGSIGSS IPSGALGSPGASPGISSIG
SPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSTPSGATGSPGSIPSASTATGR
GASPG i

82

AF540

GSTSSTAESPGPUSTSSTABSPGPGE TSESPSGTAPGSTSSTAESPGPGSTSSTAESPGPGT
STPE: TSESPSGTAPGTSPSGESSTAPGSTSESPSGTAPGSTSESPSUTAPGTSPS
GESSTAPGSTSESPSGTAPGSTSESPSGTAFGTSPSGESSTAPGS TSISPSGTAPGSTSESPS
GTAPGSTSTSPSGTAPGTSTPESGSASPGSTSTISPSGT APGTSTPTSGSASPGSTSSTATISP
GPGSTSSTANSPGPGTSTPESGSASPGTSTPFSGSASPGSTSESPSGT APGTSTPRSGSASP
SIS TPISGSASPGSTSISPSG IAPGS TSI ISPSGT ARG 1S1SPSGTAFGS TSS TAIISPGPGT
SIPHSGS. >1’LrlautSGSASPGSl:I:Sl’ﬁ(_vlm’(xﬁlbhsl’s(rlr\l’(;l\ll’t:LrS ASPGSTSE
SUSGTAPGSISESPSGIAPGIST s GESS TAPGSTSS |
S3TAPGSTSSTABSPGPUTSTPESC hP(i%TSE\PSUTAP

83

AD576

GSSTISGSSTIGGPGSGGTPSTISGSSGH 5 wrisrsc. STGAPGSSTSGSSIGAnG
ESGSSE GG PGS SESCSSEGUPCESPUGSSGSESGSEC GSSESGSSEGGPGSS

ESGSSEGGPGSSESGSSEGGPUSGGEPSESGSSGESPGURSGSESGESPGGSSGSES GSGU

EPSESGSSC GGLPSESGSSGSGOEPSESGSSGSEX GESSGESPGG
GRTSCSCGTPST RSGSSGSGGTPST GSSTISGSSRUGPGISFGGS

GRGSGGEPSESGSSGSEC SSGSSESGSSEGGPGSGGEPSESG ESGSSEGC
PGSGUEPSESGSSGESPGUS SUSES GESPGGSSGSESGSSE SGSSEGUPCGSGGEPSESGS
GSSESGSSEGUPUSGGEPSESGSSUSGUEPSES GSSGESPGSSUSE! IPGESS
SSESGSSEGGPGSEGSSGPGESS

84

AE576

GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSOGSAPGTSOSATPESGPGSIPATSGSETPGSIPATSGSOTPGSPAGSPTSTEEGTSE
SATPESGPGTSTEPSEGSAPGTSTEPSEGSATPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP

85

SEGSAPGISESAIPESCPGISTEPSEGSAPGISESA TPESGPOSEPATSOSE TPG TS TEPSE
GSAPUTSTEPSEGSAPGTSESATPESGPGTSESATPESGPUSPAGSPTST S
GPGSHEATSGSE PG ISESATPESGPG IS THPSEGSALG IS THISHGSAPG ST
GISTEPSEGSA EPSEGSAPGTS IHPSEGSAPGSPAGSP I STEEG TS THP
SESALPESGPGSEPATSGSEILGTSESAT ISGSELPGISESALPESGPGLST
EPSEGSAPGTSESATPESGPGSPAGSPTSTEECSPAGSPTSTEEGSPAGSPTSTEEGTSES
TPESGPGTSTEPSEGSAP

AF576

GSTSSTARSPGPGSTSSTATISPGPGSTSTISPSGTAPGS TSSTATISPGPGSTSSTANSPGPGT
§ wtsmmmsmr_wsm APGISPSGESST Al*(.s ISESPSGTAPGS ISESPSGUAPGTSPS

GISTPESGSASPGS ISESPSGIAPGSTSESPSCY APGS 5L P@(‘Mprsmsmhwcp(‘l
SIPESGSASPGTSIPHSGS ASPGSTSESPSGIAPGS I SHSPSGI ARG S I PESGSASPGSTSE
SPSGTAPGSTSESPSGTAPGTSTPRSGSASPUTSPSGRSSTAPUSTSSTARSPGPGTSPSGE.
SSTAPGSTSSTAESPGPGT STPESGSASPGSTSESPSGTAPGSTSS TAESPGPGTS TPESGS
ASPGTSTP! P

86

AGS576

P(vTPGS(‘TAisiP(‘iST‘PiC‘AT(‘iPGﬁPSABTGT(vPFNSP\ASTGT(‘PGSS’T‘PsGATG&’
GSSTPSGATGS SPGTSS TGSPG PGSGTASSSIX
ASPUTSSTGSPGASPC Tnmwu ASPG T;sTL.sPLMW\aTrJToP( TPOSGTASSSPGA
SPGISST A 1 SIGSPGSTIPSGATGSPGSSIPSGATGSPGASE
r”r:,i"rrspm‘vosrTA<<sPG<sw<rAT(&PGS;TP;QAT( SPGSSTPSGATGSPGSSPSA
SIGIGPGASPGL A3 TGSPGTPGSG IASSSPGAL ASPGTS
STGSPGASPGTSSTGSPGASFGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTA
SSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPSASTGT
GPGSSPSASTGTGD TGSPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTG
PGSSPSASTGTGPGASPGTSSTGS

87

AE624

MAEPAGSPTSTEEGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGSPGSPAGSPTSTER
GISHESATPESGPG IS THPSE KRGS TEPSEGS APGI S TEPSEGS APCH

88
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XTEN Name

Sequence

SE Mmﬁmmu’:\mmml’ﬁsu*rxlSmup(mwnsmm—,rm\tv\l
EPSEGSAPGTSIEPSEGSAPGSPAGSPISTERG TS [EPSEGSAPG | STEPSEGSAPGISESA
TPWS(JPLvaTI'PbW(vsAPQT\FSATPF\LvPL. “PATSGSTTPGTSTIPST S
GSAPGTSESATPESGPGISESAT TSGSE
TPGTSLSATPLSGPGTS TEPSEGSAPGTSTEFSIGS APGTS TEFSEGS APGTS TEFSLGS AP
GISTEPSEGSAPG IS TEPSEGSAPGSPAGSE IS TEEGIS I EPSEGSAPG I SESATPESGPGS
TPATSGSETPGTSTSATPRESGPGSTPATSGSE TRGTSESATPRSGPGTSTEPSEGSAPGTSTE
SATPESCPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTER
STGSAP

AD836 89
GSSTISGSSTIGGPGSSTSGSSEGGPGTISPGGSSGSFSGSGGTPSNSGSSGNSPGGSSGSTSG
ESPGGSSGSESC 1 SGSSECGPOSSESGSSEOGPGESPGGSSGSESCES
GGSSGSESGESPG ESGSSEGUPGSSESGSSEGGPGSSESGSSEGUPGS SES
GSSTIGGPGSSTSGSSTGGPGSSISGSST GGPGSGOTPSTISGSSGTSPOGSSGSTSGRSPGG
SGSTSGSUATPSFSGSSGINGSSGPGTSSGESTSGSSTGEPGSGGPSESUSSGSPGSSGP
GLSSGSSLSGSSLOGPOSGOLPSESGSSGLSPGGSSGSLSGSGGLPSLSGSSGSGOLPSLS
GSSUSSESGSSEGGPGSGUEPSESGSSGSGGEPSESGSSGSEGSSUPGESSGESPGUSSGS

GESPGGSSGSESGSCGEPSESGSSGSEGSSCPGESSGESPGOSSG SESGSEGISGPUSSES
GSSEGGPGSGGEPSESGSSGSEGSSGPGESSGSEGSSGP B

GESSGESPGGSSGSESGSSESGSSEGOPUSSESGSSEGURGSSESGSSEGGPGSGGEPSES
GSSGSSRSUSSEGGPGRSPGGSSGSFSGSGGRPSFSUSSGSSFSGSSFGGPGRSPGLSSG!

AE864 90
GSPAGSIISIEEGLSESATPESGPGLSTESEGSAPGIPAGSPIS IEEG IS IEPSEGSAPGL
SIEPSEGSAPGISESA IPESGPGSEPATSGSETPGSEPATSGSE I PGSPAGSP IS TEEGISE
TPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGS APGTSTEP
SOGSAPGTSESATPLSGPGTSTEPSEGS APGTSESATPESGPGSEPATSGSETPGTSTEPST
GSAPGISTEPSEGIAPGISESAIPESGPGISESATPESGPGSPAGSI IS TEEG I SESAIPES
GPGSEPATSGSE LPGTSES ATPESGPGIST HSAPGS TEPSEGSAPG IS TEPSEGSAP

SGPGSEPATSGSETPGTSESAT »ATSGSETPGTSESATPESGPGTST
SAPGISESAT 151 SETSTEEGSPAGEE TS EEGISESA
TPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSCSETPGTSES ATPESGPGSEPATSG
SETPGTSESATPESGPGTSTEPSEGSAPGSPAGSFTSTEEGTSESATPESGPGSEPATSGSE
TPGTSTSATPESGPGSPAGSPTSTTITGSPAGSPTSTIRGTSTIIPSTIGS APGTSISATPESGP
GLSESAIPESGPGLSESATPESGPGSEPATSGSE LPGSEPATSGSE LPGSPAGSPISIEEG
STEISEGSAPGISTEPSEGSALGSEPATSGSEI G I SES ALPESGEG S IEPSEGS AP

AF864 91
GSTSESPSGTAPGTSPSGESSTAPGS Anr_.l.l.l»\}'l.. TSESPSGTAPGTSTPESG
STPESGSASPGSTSPSPSGT APGSTSFSPSGTAPGTSPSGRSST APGSTSFSPSGT Al
GTSSTAPGTSPSGES! STAH):T;xTArsPCPGTW;QWss TAPGTSPSGTSSTAPGSTSSTA
ESPGPGTSTPESGS ASPGTSTPESGS ASPGS TSESPSGT APGS TSESPSGTAPGTSTPESGS
ASPUSTSST ARSPCPGTSTPFSGSA SPSTSFSPSTAPGTSPSGRSSTAPGSTSST ATSPG
PGTSPSGT.SSTAPGTSTPISGS ASPGSTSSTARSPGPGSTSST ATSPGPGS TSSTATSPGPG
SISSTAESPGPGISPSGESSLAPGSTSESPSGTAPGS I SESPSGLAPG IS IPESGP x
ASGAPSTX APGSTSESPSGTAPGSTSESPSGTAPGSTSESPSGTAPGSTSES
PSGTAPGSTSTISPSGT APGTSTRTSGSASPGTSPSGISSTAPG TSPSGRSSTAPGSTSSTAN
SPGLGISPSGESSTAPGTSIPESGSASPGS ISESPSGTAPGS ISESPEGTALG TSPSGESS
APGSTSESPSGTAPGTSIT! STPESGSASPGSTSESPSGTAPGTSTPESGSASP
GSTSSTAESPGPGSTSESPSGT APGSTSESPSGTAPGTSPSGESSTAPGSTSSTAESPGPGT
SPSGT.SSTAPGTSTPIISGSASPGTSPSGT.SSTAPGTSPSGTSST APGTSPSGISSTAPGSTSS
TAESPGPGSTSSTAESPGPGTSPSGESSTAPGSSISASTGTGPGSSTPSGATGSIGSSTISG
ATGSP

AGS864_2 92
GASPGTSSTGSPGSSPSASTGTGPGSSPSASTGTGRPGTPGSGTASSSPGSSTPSGATGSRG
SSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTAS
SPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGISTP SGATGSIGASPGTSSTGSPGTPG
SGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGRPGSSTPSGATGSPGSSTPS
GATGSPG: AiP(‘TsiT(‘iP(v A:Pr"rwrrspm\sv(; SSTGSPGTPGSGTASSSPGASPGTS
SIGSEG! A SPSASTGIGPGLPGSGIASSSIGASPGLSST
3 qim. PGSSTT uATGQI"(‘quPqGATG%FG;-\qP(:TQQT(‘
SPUTPGSGTASSSPOSSTPSGATGSPG GSSPSASTGTGR
(Jx5P(rr\s‘mxpmspmswmw,TP(@(,TAs\sm,\s%T\sTmeASPL TSSTGSPG
ASPGTSSTGSPGASPGTSSTGSPGTPGSGT ASSSPGSSTPSGATGSPGTFGSGTASSSPGSS
TPSGATGSPGTHGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTGIGSSPS
ASTGTGFGASPGTSSTGSPGTPGSGTABSSPGSSTPSGATGSPGSSPSASTGTGPGSSPS A
STGTGPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSPSASTGTGPGASPGTS
TGSPGSSPSASTGTGPGTPGIGTASS STPSGATGSPGSSTPSGAT ASPGTSST
asp

AM875 93
STEPSEGSAPGSEPATSGSETPGSPAGS PTSTEEGSTSSTAESPGPGTS TPESGSASPGS

TSFSPSGTAPGSTSESPSGTAPGTSTPRSUSASPGTSTPRSGSASPUSFPATSUSETPGTSE.
SATPESGPGSPAGSPTSTITIGTSTEPSTGS APGTSESATPISGPGTSTIPSEGS APGTSTTP
SEGSAPGSPAGSPISTEEGISIEPSEGSAPGTSIEPSEGSAPGISHSA IPESGPGISES A TR
ESGPGISTEPSEGSAPG LS EPSHGS APGISHSALPESGPG TS IELSEGS APGSEPAT \Gah
TPGSPAGS TPSGATGSPGTRC PGSSTPSGATGSPG
GTSTRPSRUSAPGSFPATSUSFTPGSPACSPTS (N’A(mP’TsTFF(‘(T;TFPSFLmAPL\
SASGAPSIGIISESATPESGRGSPAGSF IS TERGSPAGS! IS THEGS 1SS TAESPGIGS TSE.
SPSGTAPGTSPSGLSSTAPGTPGSGTASSSPGSSTPSGATGSPGSSPS ASTGTGPGSEPATS.
GSFTPGTSTSATPLSCPGSTPATSGSETPGSTSST ATISPGPGSTSSTARSPGPGTSPSGTISS
TAPGSEPATSGSETPGSEPATSGSETPGTSTEPSEGSS A?GSISSTAESPGPGTGTPESGSAS
PGSTSFSPSGTAPGTSTRPSEGSAPG TSTRPSFGSAPGTSTRPSFUSAPGSSTPSGA TGS
3PS, A\TGTGPGASP(‘TiSTGSP(‘SI’PAT<(v5F’T'PGT3TNATPT;GPGSPM;SPTSTW(‘;S
TPSGATGSPGSSPSAS’ TSESATPESGPGTSTEPSEGSAPGTSTE
PSEGSAP

EPSEGS:

AE912 94
MAEPAGSPTSTEEGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGSPGSPAGSPTSTER
GTSTSATPESGPGTSTIPSEGSAPGSPAGSPTSTINGTSTEPSTEGS APGTS TEPSFGS APGT
SESATPESGPGSEPATSGSETPUSERATSGSETPGSPAGSPTSTEEGTSES ATPESGPGTST
EPSEGSAPGS EPSHGS, STEHGUS EPSHGSAPG IS THPSHGSARGTSESA
PESGPUTSTEPSECS APGTSESATPESGPUSEPATSUSETPGTSTEPSEGSAPGTSTERSE
GSAPGTSFSATPFSGPUTSESATPESGPGSPAGS) FUTSRSATPRSGPGSFPATSGSE.
TRGTSTSATPTSGROTSTRRSTGS APGTSTERSIGS APGTS TIPS GS APGTS TERSEGS AP

IS TEPSEGSARG IS TEPSEGS APGSPACGSPIS THEG IS TEPSEGS APG ISESATPESGPGS
EPA\TS(]S[TPGTQE%A\TPE%(]P(iSEPAT‘S(HETP(]T%ES—’\TPE‘.(}P(ZTSTEP%E( APGTSE
SATPRSGPGSPAGSPTSTREGSPAGSPTSTREGSP AGSPTSTEFGTSFSATPRSGPGTSTRP
SEGSALGTSESAIPESGPGSEPATSGSEILGLSESA UPLQ(rL’Ga»’PMSGS}_lPGl SESALT
TSGPGTSTTPS] G\W( SPAGSPTSTIT.GTSTSATPIISGPGSTPATSGSTTTPGT SESATPES
GPGSPAGSPTST STEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGD
GT%ESAIPESGPGSEPATGGSETPGSEPATSGSLTPGSPAGSPTSTEEGTSTEPSEGSArr'r
SEGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP

AMO23 95
MAEPAGSPTSTEEGASPGTS STGSPGSSTPSGATGSPGSSTPSGATGSPGTSTEPSEGS AP
GSFPATSGSETPGSPAGSPTSTREGSTSSTARSPOPGTSTPRSGSASPUSTSFSPSGTAPGS
ISHSPSGIARG 15T PHSGSASPGT S TIESGSASIGSHPATSGSE IPGTSESAT
GSPTS THEG TS TEPSEGSAPG I SESATPES! STEPSEGSAPGTS EPSEGSAPCSPAGS
PTSTEEGTSTEPSEGSAPGTSTEPSEGS APGTSES ATPESGPGTSES ATPESCPUTSTEPSE
GSAPGTSTIPSNGS APGTSESATPTSGPGTSTIPSEGSAPGSTPATSGSITPGSPAGSPTST
EEGSSIPSGATGSIGIPGSGL GSSIPSGA LGSPGLS IHPSHGSAPG IS TELSEGS AP
GSEPATSGSETPUSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGASASGAPSTGGT
STSATPRSGPGSPAGSPTSTIL.GSPAGSPTSTINGSTSSTARSPG s
SGESSTAPGTPGSGTASSSPUSSTPSGATUSPGSSPSASTGTGPGSEPATSGSETPGTS
IPHSGIGSHIATSGSEIPGS 1SS TAESPGLGS 158 TABSPGUG TSPSGESSTAPGSEPATSG
SETPGRELATSGSE 1 PGS EPSEGSAPGSISSTAESPGPG S IPESGSASPGS T SESPSU
STEPSEGSAPGTSTEPSEGSAPG PUSSTPSUATGSPASSPSASTGTGR
GASPGTSSTGSPGSIPATSGSTTPGTSESATPISGPGSPAGSPTS TIRGSSTPSGATGSPGS
SPSASTGIGPGASIGISS TGSPGISESATIESGUG I STHPSHGSAPG IS TEPSEGS AL

830

TAPGTSP

AM1318 96
GTSTEPSEGSAPGSEPATSGSETPGSPAGSPTSTEEG
ESPAC STSESPSGTAPGTSTPESGSASPG

SATPESGPGSPAGSPTSTEEGTSTEPSEGS APGTSESATPI
SCGSAPGSPAGSPTSTELGTSTEPSLGSAPGTS B
ESGPGISIEPSEGSAPGISLEPSEGSAPGLSESAIPESGRG IS IEPSEGSAPGSELA1SGSE

TSTEEGSSTPSGATGSPGIPGSGTASSSPGSSIPSGATGSPG IS IEPSEGSAP
GTSTIPSTIGS APGSTPATSGSETPGSPAGSPTSTRERGSPAGSPTSTIMGTSTRPSTGS APGP
EPTGPAPSGGSEPATSGSE PG SESATPESGPGSPAGSPIS EEG I SESATPESGPGSPA
GSPTSTEEGSPAGSPTSTEEGTSESATPESCGPGSPAGSPTSTEEGSPAGSPTSTEEGSTSST
AESPGPGITSESPSGT APGTSPSUESSTAPG STSESPSUTAPGSTSESPSGTAPGTSPSGES
APGTSTEPSEGSAPUTSESATPESGPUTSESATPESGPGSEPATSGSETPGTSESATPES
GPGLSHSALPESGPG TSI EPSHGSAPGISESATUESGIGLST TAP
GLSPSGESSIAPGISPSGHSEIAPGISTELSEGSAPGSLAGSPIS EEGIS IEUSHGSAPGS
SPSASTGIGLGSSIPSGALGSIGSS IPSGAI GIPGSSIPSGATGSLOSSTESGATGSPGAS
PGISSIGSIGASASGALS | GGTSPSGESSTAPGSTSSTAESPGPGISPSGESS TAPGTSESA
TPES(,PQT;TEPM-_GS\P(,TSTEP;EG»-\PGSSP;ASTGTOPGSSTPSGATGSPGASPGTSS
TGSPGTSTPTSGSASPGTSPSGRSSTAPGTSPSGNSSTAPG
TPGTSTEPSEGS AP APUSTSESPSGTAPGTS
GTSTSATPLSGPGTSTRPSIGSAPGSPAGSPTSTRIGTSSATPRSGPGSTPATSGSITRGS
STPSGATGSPGASPGTSSTGSPGSSTPSGATGSPGSTSTSPSGTAPGTSPSGESSTAPGSTS
STAESPGLGSS I PSGALGSPGASPGTSS I GS LG IPGSGLASSSEGSPAGSEISIEKGSPAG
SPISTHEGISLEPSEGSAP




DK/EP

3564260 T5

XTEN Name

Amino Acid Sequence

SEQID NO:

BC 864

GTSTEPSEPGSAGTSTEPSEPUSAGSEPATSGTEPSGSGASEPTSTEPGSEPATSGTEPSGS
rP/\‘mGTrPirsrP\TsUTrN;sr PTSTIFGTSTEPSTPGSAGSTPATSGTEPSGTST
EPSEPGSAGIS EPSEPGSAGSEPA]
ITS S GAGSEPATSG
Trvsr‘:rPA"rg(rrerrsrrvswru(,rs'rr STPGSAGSGASTPTSTERGSTPATSGTE
PSGSEPATSGTEPSGSEPATSGTEPSGSEPATSGTEPSGISTEPSEFGSAGSEPATSGTEPS
GSGASTPTSTPGTSTAPSFPUSAGSEPATSGTEPSGSGASTPTSTERGTS TEPSEPGSAGS
GASTPTSTEPGSEPATSGTIPSGSGASEPTS TEPGSEPATSGTEPSGSGASEPTSTIPGTST
TPSTPGSAGSTPATSGTTPSGSGAS] P"rsrrpr'rs"rrvswm.«(&rPATSUTrwcTWrP
TSGTEPSGTST! 'SAGTSTEPSEPGSAGTSTEPSE
PGSAG bTEPSEPGSAGTSTEPSEPGSAGTSEPSTSEPGAGSO PTSTCPGTSTEPSOPG
SAGTSTEPSEPGSAGTSTEPSEPGSAGSEPATSGT A‘ TSTEPGSEPATSG
GSEPATSGIEPSGIELATSGTEPSGSEPA TSGTERSGISEPS ISGIEPSG!
GASEPTSTEPGTSTEPSEPGSAGSEPATSGTEPSGSGA A\\EP’T\TEP( TTSTEPSEPGSA

97

BD864

GSETATSGSETAGTSESATSESGAGSTAGSETSTEAGTSESATSESGAGSETATSGSETA

GSTAGSTITS T AGTSTSATSTSGAGTSTIAST GS ASGSIT ATSGSTTAGST AGSFTSTE A
GSTAGSEISIEAGSELAISGSETAGISESATSESGAGISESATSESGAGSELATSGSELA
GTSESATSESGAGTSESATSESGAGSETATSGSETAGSETATSGSETAGTSTEASEGSAS
GSTAGSETSTEAGSETATSGSETAGTSESATSESGAGSTAGSETSTEAGSTAGSETSTEA
GSTAGSETSTEAGTSTEASEGSASGSTAGSETSTEAGSTAGSETSTEAGTSTEASEGSAS
GSTAGSEISIEAGSELAISGSETAGLSL SASGISESATSESGAGSETATSGSETA
G <EiATiE<GA(.T§E§AT\E§(‘—\(.\ET iTSESATSESGAGSETATS

SASGSTAGSETSTEAGSTAGSETSTEAGSETATSGSETA
GISESATSESGA I ATSGSEIAGSETAISGRETASLTAISCRE LA
IS IEASEGSASGISESATSESGAGSE TATSGIETAGSE TATSGSETAG TSESATSESGA
SATSESCIAGSETATSGSETA

98

AE948

GTSTIPST.GSAPGTSTSATPESGPGSTPATSGST TPGTSTSATPESGPGTSTIIPST.GS APGS
PAGSPTSTILGTS ILPSEGSAPGSEPATSGSETPGTSESATPESGPGTSESATPESG
ATSGSTITPGTSTRPSTIGS APGTSTISATPIISGPGTSTEPSFGSAPGTSTEPSTGSAPGSTTPAT
SGSETPGTSTEPSEGS APGSEPATSGSETPGSEPATSGSE TPGTSTEPSEGS APGSEPATSG
sETPL.sLPAT ETRCTSTERSEC SEPATSCSETPGSPAGSPTSTEEGTSESATPES

SESAT ISTERGTSESAT 5
SESATPESGPGTS mp%t(ﬁmm TEPSEGS APGSI’AGSI’HIENH TEPS S
SAT S1 17T TEFGTSKSATPESGPGTSHOA IIHSGRGIS |
SEGSAPGSPAGSI) r_x—_m. ATPESGPGIS TEPSHGSAPGSEPA | SPAGSPT
STEEGTSES 5GP SEGSAPGSEPATSGSETPGS! PGS
TP(&PA(vsPTSTFTG SESATPRSGPGSTPATSGEITRGSTPATSGSITTRGEPAGSPTSTIT.
GSPAGSPTSTELGSPAGSPTSTIEGTSESATPESGPGSTPATSGSETPGTSTOPSEGSAPGT
STHISEGSAPGSPAGSPTS HEGSPAGSI IS THEGSPAGSI I STERGTS IHISEGSAPGISE
SESAIP ‘(.P(‘IQJI:PQL APGTSTEPRECSA 'EPSECSAPGISES?

99

AE1044

APGTS! <ATPE5GPGTsEbATPEsoV(,;EPATsGSEW(, Em‘rsosETPGrsE
SALPESGPGISESAL ISTEEGIST 35 ISGSEIPGISTED
GIPAGSPTS L] AGSPISIEEGIS TEPSEGSAPGISESALY
ESGPGSEPATSGSETPCISESATPESGPG I SESATPESGPGSPAGSPISTEEG TS TEPSEGS
APGSEPATSGSETPGTSTEPSEGSAPGTSES ATPESGPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGS \PGBES ATPESGPGSPAGSPTSTEEGT
SESALPESGPGSEPATSGSEILGTSTEPSEGSALGS TSESALPESGPGLST
EPSEGSAPGISESATPESGPG ISTEPSEGSAPGIS ] LP\EGSAPG\I:P!\ ISGSETPGSPAGS
PISIEEGISESATPESGLGISLEDS ISTEEGIS IEPSEGSAPGTSESATL
ESGPOTSTEPSEGSAPGSEPATSGSETPGSEPATSGSETPGTSES. ATPESGPGT5ESATPFS
GPGTSTIS ATPTISGPGTSTTRSTIGSAPGTSTRPSTIGSARGSP AGSPTS TTTGSPAGSPTSTTT:
GTSESATPESGPGSPAGSPTSTIRGSPAG FTSESATPES G"d}EP'\TSGSETPGT
STEPSEGSAPGSEPATSGSE 1 IEEGISESATFESGPGISES X IPESGPOSED
ATSGSETPGTSTEPSEGSAPGTS APGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SEGSAPGSEPATSGSELPGSPAGSPISTHEGISESAIPESGPG IS IEPSEGSAPGSPAGSPT
STHEGISESAIPESGPGLSESATPESGPGS]

100

AE1140

GSEPATSGSETPGSEPATSGSETPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESGPGS
EPATSGSETPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSE
SATPESGPGISESATPESGPGISTEPSEGSAPGISTEPSEGSAPGSELATSG 5P

PTSTEEGTSTPSEGSAPGSEPATSUSFTPGSPAGSPTSTRRGTSTEPSFGSAPGTSI
ESGPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEP ATSGSETPGTSESATPES
GPGSEPATSGSETPGTSTEPSEGSAPGTS EGSAPGSPAGSPTSTEE
AGSPTSTELGTSLSA' APGSPAGSPTSTLL(
PAGSPISIEEGSPAGSP ISTEEGTSESA IPESGPGSEFATSGSE TG ISESATPESGIGSPA
GSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATS GSETPGSP AGSPTSTEEGTSTER
SEGSAPGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSTEPSEGS APGSPACSPT
STITGSPAGSPTS TG TSNS ATPESGPGSTP A TSGSTTTPGTS TEPST.GSAPGSTPATSGST

101

STEPSEGSAPGISESATPESGPG SESATPESG

(GSAPGSFPATSGSFTPGTSFSATPESGPUTSTRPSRGSAPGSRPATSGSFETRGS
P\rsPTW‘rr(‘Tvs\wwsrP(‘sP\u PTSTIMGTSTIPSTGSAPGSFPATSGSTTPGSTP
ATSGSETPGSEPATSGSE TPGTSESATPESGPUGTSES ATPESCPGTSTEPSEGSAPGTSTEP
SEGSAPGSEPATSGSEIPG SEGSAPGISESATPESGPGSPAGSPISTEEGSPAGSP )
STEEGTSTEPSEGSAPGSPAGSPTSTEEGSPA

ISIEPSEGSAP

AE1236

GSPAGSPTSTRRGTSTEPSIG m(,s}:,uv PT mmm -\TWSGPQSWAT

STARGTSTRPSI »\Posrpwsr FTRGSPAGSPTSTRRGTSTSATPISGRGSTPATSGST
TPGSFPATSGSTTPGTST.SATPRESGPGSPAGSPTSTRFGTSTSATPISGPGSFPATSGSTTP
GSEL'ATSGSETPGTSESATPESGPGTSESATPES TEPSEGSAPGT
SESATPESGPGSPAGSPTSTEEGTSTEPSEGS APGSEPATSGSETPGSPAGSPTSTEEGTST
FPSEGS APGTSTRPSRGSAPGSPAGSPTS TREGSPAGSPTSTRFGSPAGSPTSTFEGTSFSA
TPTISGPGSTPATSGSTTPGTSISATPT SGPG TSTSATPESGPGTSTIPST.GS APGTSTSATP
LSGPGSPAGSPTSTLEGTSESATPESGPGTSESATPLSGPGTSTIPSIGSAPGSLPATSGSE
TPGTSTIPSIGSAPGSPAGSPTSTITGTSTSATPTSGPGTSTIPSTIGS APGTSTIPSEGSAP
GEEPATSGSETPGSEPATSGSETHG | SES N PESGRGSEPATSGSE [PGSPAGS IS TEEG)
sEsATP P

S PGSPAGSPTSTEEGSPAGSPTSTEEGTSESA
A TSOSTTPGSP ACGSPTSTITOSPAGSPTSTRTGTSTS ATPWSFPG<TPATSG
SLTPGLSTLPSLGSAPGIS ILPSIIGSAPGSLP

102

AE1332

GSPAGSPTSTEEGTSTEPSEGSAPGTSES ATPESGPUTSES
STEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGTSTEPSEGSA PA
GSPTSTREEGTSTTPSEGS APGTSISATPTSGPGTSTRPSTIGS APGSTTP. ‘xT<(‘<l"T‘PCSTP/\T
SGSHIPGSEPATSGSEIPGISESAL
SETPGTSESATPESGPGTSESATPES AGSPTS
GPUTSTEPSFGSAPGTSTRPSEGSAPUTSTRPSEGSAPG FPAT\(JSFTPL\TbTFP\F[ AP
GTSES. S SESATPESGPGTSTEPSEGSAPGTSESATPE: 3 3
TEPSFGSAPGTSRSATPESGPG! »«-\(,\ T TERGSPAGSPTSTREGTST
EPAISGSETEGSEP A P ATSGSEIVGSPAGS
Pmu»_( GLSAwm(.P(. _PAJ
ESGPGTSTEPS
TPGSPAGSPT!

AR

n A TPAIG

APGSPAGSITSTHLGISSAT AIPESGPGISTKPSEGSAPGS
EPATSGSETPGSEPATSGSETPGTSTERS PGTSESATPESGPGSPAGSPTS TEEGTST
EPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGS APGSEPAT
SGSTITPGSPAGSPTSTINGTSISATPESGPGSIP ATSGSETPGSTPATSGSETPGTSTSATP
ESGIGISESATPESGIGISTEPSEGSAPG ST

103

AE1428

GSELATSGSEIPGSPAGSP TS IEEG 1S IEPSEGS APGSEPATSG!
STIPST.GSAPGTST.SATPTSGPGSPAGSPTS TRREGTSTT APGTSTTPST
GSPTSIEEGLS I EPSEGSAPGISESAIPESGPGSEL ATSGSELPGISESAT AT
SGYETPGTSTEPSEGS APGTSTEPSEGS APGSEPATSGSETPGTST 2 S
GSAPGSPAGSPTSTITGTSTTPSTGS APGTST SATPESGFGTSTIS ATPESGPGTSTIPSIGS
APGISTEPSEGEAPGSPAGSP TS TEEGSPAGSPTS TEEG IS TEPSEGSALGSEPATSGRETP
GSPAGSPTSTEEGTSTEPSEGSAPGSPAGSPTSTEEGSPAGSPTS TEEGTSESATPESGPGS
FPATSGSFTPGSFPATSGSFTPGTSTFPSFGSAPGSPAGSPTSTERGSPAGSPTSTEEGTSE
SAIPESGPGSEPAISGSE IPGSKPATSGSEIPGSES! \u)uam*(nhm15G5ﬁ11*6<u g
IPESGPG ISESATPESGPG ISESA TPESGPGSPAGSP
PGTSTEPSEGSAPGTSTEPSEGS APGTSESATPES
GPGTSTIPSEGSA A PGSPAGSPTSTINGTSTIPSTGSAPGSTPATSGSETP
GISIEPSEGSAPGSEPA LSS TEG IS IEPSEGS ALG TS IEPSEGSAPGSPAGS IS EEG T
SESAIPESGPGISTHPSEGSALGSEPATSGSEI PG I SESALPESGEGTSESAIPESGPGLSE
SALLE l’GlS\u’ShGSM’GSu‘USGS]:U’G PAGSPISIHEGISESATPESGLG I SLEP
SEGSAPGTSTE SESATPESGPGTSTEFSEGSAPGTSTEPSE
(‘iAP(‘iPA(‘%PT\TEEGT\EiATPE GRS

104

AE1524

GTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGS APGTSTEPSEGSATG!
PAGSPTSTELGTSCSATPESGPGSEPATSGSETPGTS TEPSEGS APGT

SPAGSPTSTEEGS
ATPLSGPGTST

106




DK/EP 3564260 T5

XTEN Name

Sequence

EPSEGSAPGTSESATPES SESAT] AGSPTSTEEGTSTED EPAT
SGSETPGTSTEPSEGSAPGSPAUSPTSTEEGTSTEPSEGSAPGSPAGSPTSTEEGSPAGSPT
STITGSPAGSPTSTITGTSTS ATPESGPGSTPATSGSTTPGTSESA TPRSGPGTSTSATPES
GPGSTAGSPTSTEEGTSTEPSEGSAPGSEPATSGSE IPGTSTEPSEGSAPGSPAGSPTSTEE
GSPAGSPTSTIT.GTSTREPSIIGS APGSTPATSGSETPGSPAGSPTSTIT.GTSISATPESGPGS
ATSGS g TERCTS iy SCPCTSTEPSEGSAPGSED
ATSGSFTPGSFPATSGSFETPGTSRSATPRSG PGSFPATSGSETPGTITFPSFGSAPGSPAGS
PTSTIT.GTSTFPSEGS APGSTPATSGSETPGSTTPATSGSFTPGSPAGSPTSTITGTST.SATP
TEEGSPAGSPTSTEEGTSESAT mGSPTST
GSEPA TPGSEPATS GSETPGTS|
GTSTSATPTSGPGTSTERSIGS APGTS TIPS ;-\PGSWATS(‘WTPGTSTFPSTNAPrT
SCSATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSLGSAPGTSESATPLSGPGSPA
GSPTSTEEGTSTEPSEGSAPGSEPATSGSETPGTSESAT TSGSETPGTSESS,
TPISGPGSTPATSGSETPGSTPATSGSITPGTSTRPSEGS APGTSRS ATPESGPGTSTRPSE
GSAPGTSTTPST.GSAPGTSTSATP

SPGSPA

AE1620

GSFPATSGSFTPGTSTRPSIIGS ARGSTPATSGSETPGTSTIPSEGSAPGTSIISATPESGPGT
SHESA I’F,SGI’GSFP/\'\ SGSHIIGTS IEPSEGSARGTS IFPSEGSAPGISHSA I PESGIGIST
EPSEGSAPGISTER ALGSHPATSGSE IPGSPAGSEIS IEEGISESATPESGLGLISESA
wtsm*&mm&tes APGISESA [ PESGUGSEPATSGSEIPG ISESALPESGPGLSESA LY
ESGPGTSTEPSEGS APGTSTEPSEGS SGSETPGSPAGSPTSTEEGTSESATPES
GPGSAPATSGSRTPGSFEPATSGSETPGTSHS ATPFSGPCTSRS ATPRSCPGSPAGSPTSTER
GLSTEPSEGSAPGISESALPESGEG S LEPSHGS APG IS IEPSEGSALGISHSATIESGIG L
STHISEGSAPGSPAGSPTSIHEGS AGS! IS TFEG ISESA'TPESGPGSFPATSGSE PGSR
ATSGSTITPGTSTEPSTIGS APGTSTISATPIISGPGSPAGSPTSTITGSPAGSPTSTIEGTSTIR

EGSAPGSPAGSPTST AGSPTSTEEGTSESAT ATSGSETPGTSTEPSE
GSAPGTSTEPSEGSAPGSEPATSGSETPUSPAG 5 Pl

GPGSPAGSPTST

TPATSOSTTPGSTPATSGSTTPGTSFSATPRSGRGTSTS ATPESGPGTS TIPS O APGTST
SATPISGRGSIPATSGSITPGISISATRUSGRGISESATPISGRGISTIPSIGSAPGISESA

106

AE1716

GTSESATPESGPG 'TEPQE(‘%APUTQESATPE\'(‘
ISPTSTERG TPESGPGSEPATSGSETPGSEPATS
SALPESGPGIS u—,vsuGs APGSEPATSGSELPGSED K TSGSEIPGISHS *\umscvmsts A
IPESGPGSEPATSGSEIPGLSESATPESGPGSPAGSL TS TEEGSPAGSE IS IEEG TS LEPSE
SAPGSEPAISGSE IPGIPAGSP IS TEEG TSESATPESG PGS IEPSEGS
APGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGSPAGSPTSTEEG SPAGSPTSTEE
GTSTEPSEGSAPGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGS
PAGSIISTHEGISESAT GSETEGISIEPSEGS ISTHEGISL
TPSLGS APGTSESATPLSGPGTSTSATPESGPGTSTEPSEGSAPGTSTIPSIGS APGSEPAT
SGSELPGISESALPESGLGISESA I PESGPGLS TEPSEGSALGT S TEPSEGSAPGSEAGSIL
STEEGSPAGSPTSTEEGTSTEPSEGSAPGSEPATSGSETPGSEPATSGSETPGTSESATPES
GPG SPAGSPTSTCLGTSES ATPESGPG TSTEPSEGSAPGTSTUPSTGSAPGSPAGSPTSTEE

LGTSLSATPOSGPGSPAGSPISTEIGTSTEPSEGSAPGSIPATSGSETRGS
PA(; PTSTEEGSPAGSPTSTEEGTSTEPSEGS APGTSESATPESGPGTSESATPESGPGSPA
GSPTSTEEGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGLSTEPSEGSAPGSEPATSGSEIPGSPAGSE IS IHEGISESATPHSGPGSEPATSG
SETPGSPAGSP ISIERGISES AIPHSGPG LS

107

AE1812

GLSESAT AGSPIS Y SSPISTEEGISESAT ISGSEIPGL
STEPSEGSAPGTSTEPSEGSAPGT
SATPESGPGTSESATPESGP
TPESGPY SETPGTSES 3
GSAPGTSTEPSEGS APGTSESATPESGPGSP AGSPTSTEEGTSES A TPESGPGTSTEPSEGS
APGSPAGSPTSTFEGTSES ATPTISGPGSTPATSGSTTPGTSTRPSTGSAPGSTTPATSGSE TP
GSFPATSGSFTPGTSTSATPISGRGTSFSATPT.SGPGTS TIIPST.GSAPGTSTSATPRSGPGS
PAGSPTSTITGTSTTPSTIGSAPGSIP ATSGSRTPGTSTSATPESGPGSTPATSGSETRGTST
EPSEGSAPGLISESAL AGSL'LSL 1511 ISTEEGISESA
[t ATSGSEIPGISESAT SHESATPES ATSGSELPGLSTEPSE

108

GSAPGTSTEPSEGS APGTSTEPSEGSAPGTSES ATPESGPGSEPATSGSETPGTSESATPES
GPGSTPATSGSOIPGTSTEPSIGSAPGSLPATSGSETPGSPAGSPTSTEEGTSESATPESGP
GLSESAIPESGPGISESAT GSPISTEEGLS EPSEGSAPGISESATPESGEGT
SESATRESGPGISTEPSEGS ARG S IEPSEGSAPGSPAGSPTS TEEG I SESATPESGRGSER
ATSGSETPGTSESATPESGPGTSESATPE SGPGTSTEPSEGSAPGSEPATSGSETPGTSESA
TPOSGPGSPAGSPTSTECGTSTEPSIGSAPGSLPATSGSETPGSPAGSPTSTELGTSESATP
TSGPGSPAGSPTSTIRGTSTTPSEGSAPGSTP

AE1908

GSTPATSGSFTPGTSTEPSIIGS APGTSTS ATPESGPGSITPATSGSTETPGTSTIPSEGS APGS
PAGSPIS TEEG ISESATPISGPGSPAGSPTS TENGTSTIPSIGSAPGSIPATSGSICIPGTS |
EPSEGSAPGTSESATPESGPGSEPATSG SETPGSEPATSGSETPGTSESATPESGPGTS TEP
GSAPGTSES ATPESGPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSESATP

PGTSESATPESGPGTSTIPSEGSAPGTSTIPSEGSAPGSPAGSPTS TENGTSTEPSFGS
APGSTPATSGSTTTPGSTPATSGSTTPGSTPATSGSTTPGSTPATSGSFTPGTSTSATPTISGP
SHSATPESGPGISESATPESGPG IS THPSEGSAPG TSESA TPESGPGISESATPESGPG
EPSEGSAPGSPAGSPTSTEEGTSTEPSEGS APGSEPATSGSETPGSPAGSPTSTEEGTSE,
TPFSGPGTSTEPSRUS APGSRPATS (SFTPGTSRSATPRSGPGTSRSATPESGPGTSTEP
STGSAPGSTPATSGST TPGSPAGSPTSTIFGTSTSATPRSGPGTSTSATPTSGPGTSTIPST.
GSAPGSFPATSGSRTPGSPAGSPTSTRRGTSFSATPESGRGSFPATSGSFTRPGTSTRPSFGS
PGSHEATSGSHLPGSPAGSP IS TEEGISES ALPES GG TS EPSEGSALGSEPATSGSE TP
GISESATPESGPGISESATPESGPGSBAGS L S THEG TS TKPSEGSAPGSPAGSE TS TEEGS

SPTSTES ISPTSTEEGTSESATP] ITSTEPSEGSAPGTST
EPSECS APGTSESATPESGPGTSTEPSEG ISES SEPATSGSETPGTSTEP
SEGSAPGTSESATPES SPS | ISTEEGTSESATY
ESGPGSPAGSPTSTEEG

109

AE2004 A

GTSTEPSEUSAPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGS APGSEPATSGSETPGS
PAGSPTSTEEGSPAGSPTSTEEGTSES A TPESGPGSEPATSGSETPGTSTEPSEGSAPGTST
EPSEGSAPGSPAGSPISIEEGISESATPESGLGISES ALPHSGPGSPAGSI TS IHEG IS TP
SEGSAPGISESATPESCGPG IS EPSEGSAPGSEPATSGSETPGISESATPESGPGSEPATSG
PGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGSPAGSPTS
GPGSPAGSPTSTEEGTSTEPSEGSAPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSESATPESGPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGS
PAGSLISTEHGISESAL A IPESGPGSEPALSGSE IPGLSHSAIPESGPGISE
SATPESGPGTSESA [PESGPGISTEPSEGS APGSESA TPESGPGSEPA TSGSETRGISTER
SEGSAPGSPAGSPTSTEEGTSTEPSEGS APGSEPATSGSETPGSPAGSPTS TEEGTSESATP
ESGIG ISESATPESGPG TS THISKGSATMG I SESA ITESGPG TS INISEGS APGTSHSATPES
GPGSHPATSGSEIPGTSTHISEGSAPGLSLEPSHGSALGSPAGSE LS THEGS PAGSPISIEE.
GTSESATPESGPUTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGS
PAGSPTSTRRGTS TEPSFGSAPUSPAGSPTSTRRGSPAGSPTSTERGTSESATPRSGPGSFP
ATSGSFTPGSTRATSGSITPGTSESATPTSGPGSTPATSGSETPGTSTISATPESGPGTSTEP
SEGSAPGTSTEPSEGS APCISPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGSPAGSPT
STHEGISTESEGSAPGTSESAIPESGEGLSE

110

AGO48

Gﬁ?l‘l’SGALGSP(JlL’(:SGLASSSPGASPGLSS1GSI’GSSPSAS‘LGLGPGM’GSGLASSSPG
TPGSGTASSSPGTIGSGT, ASTGTGPGTPGSGTASSS ASTGTGPGSS
TPSGATGSPGSSTPSGATGSPGSSPSASTGTGPGSSTPSGATGSPGASPGTSSTGSPGASP
GTSSTGSPGSSPSAS: STGSPGSSPSASTGTGPGASPG
TESTGSPGSSPSASTGTCGPGASPGTSSTGSPGTPUS TASSSPGTPGSGTASSSPUSSTRSG
ATGSPGSSTPSGATGSPGSSTPSGATGSPGASPOTSSTGSPG) TGTGPGASPGTSS
TGSPGASPGISS TGSPOSSTPSGATGSPGSSFSAS IGTGPGSSPS AS TG IGPGIPGSGTAS
SSPGASPGTSSTGSPGTPGSGTASSSPUSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTG
PGSSPSASTGTGPUSSTPSGATGSPGASPUTSSTGSPGTPGSGTASSSPGSSPSASTGTGR
GSSTPSGATGSPGASPGTSSTGSPGSSTPSGATGSPGTRGSGTASSSPGSSPSASTGTGPG
SSTPSGATGSPGASFGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGTPGSGTASSSPGSS
STUTGPGASPUTSSTGSPGAS TGSPGTPGSGTASSSPGTPGSGTASSSPGSSTP
sr.m(.sv(. y SPOSSPSAS TGIGRGSSPSASIGIGPGIPGSG
e ISGTASSSPGSSTPSGA
STPSGATGSPGSSTRSGATGSPGTRGSGTAS

STPS SPGASPUTSS
msm'rprsm,\s SPGASPGTSSTOSP
SSPGSSTPSGATGSPGSSTPSGATGSP

m

AG1044

GIPGSG IASSSPGTPOSCTASSSPUSSPSAS IGTGPG T POSGTASSSPUASP I SSTCSPG
TPGSGTASSS SASTGTGPGSSTPSGATGSPGASPGTSS ASPGTSSTGSPGSS

112

PSASTUTGPGSSTPSGATGSPGSIPEASTGTGPGSSPSASTGTGPGTPGSGTASSSPGTPG
SGUASSSPGASPGIS u LGSEGSSTESGATGSGSSPSAS T GIGIGIPGSGTASSSPGASPG

i 5, 2
5T(,sPLssTPsL,ATmP(sx'rps(y\"rr,sPoTP(M}T-\sstm\PsAxnm.w(ssTPs(,AT
GSPGASPGTSSTGSPGSSTPSGATGSPGSSTPSGATGSPGSSPS ASTGTGPGASPGTSSTG
SPGITGSGL ASIGIGPGLIGSGL 1GSP
GASPG IS TGSPGSS IPSGATGSPGTPGSGIASSSPGSSTPSGATGSPGASPG IS TGSPG
TPGSGTASSSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGA TGSPGTPGSGTASSSPUSS
TPSGATGSPGSSTPSGATGSPGASPGTSSTGSPGSSPSASTGTGPGSSPSASTGTGPGASP

1 LGSIGIPGSGL: LGIGPG I PGSGLASSSIGSS 1L
GATGSPUSSTRSGATGSPOGASPGTSSTGSPOSIPSASTOTGPGASPGTSSTGSPUSSPSAS
TGTGPGSSPSASTGTUPG ASPGTSSTUSPGASPUTSSTGSPGSSTPSGATUSPGASPGTSS
TGSPGASPGISYIGSPGIPGSGTASSSPGTPGSG IASSSPGTPGSGIASSSPGSSTRSGAT
GSPGSSIPSGATGSPGSSPRAS G GPGSSPRASTGTGPG PGS TARSSPGSSPSAS G
GPGASPGTSS TUSPGSSTPSGATGSPUTPGSGTASSSPGSST

AG1140

GASPGTSSTGSPGSSPSASTGTGPGSSTPSGATGSPGASPGTSSTGSPGASPGTSSTGSPG

13
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SSTPSGATGSPGIIGSGLABSSPGASPGSSIGSEG IPGSGLASSSPG I
TPSGATGSPGSS IPSGATGSIGIPGIGLASSSPGSSTLSGATGS PGS IS G:
ASTGTGPGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGASPGTSSTGIPGSSTPS
GATGSPGTPGSGTASSSPGSSPSASTGTGPGSSTPSGATGSPGSSPSASTGTGPGSSTPSG
ATGSPG, -\sPGTSsmWGSsPS ASTGTGPGTPGSGTASSSPGASPOTSSTGSPGSSTPSGA
SSPIASTGIGPGIPGSGLASSSPGLPGSGIASSSEGH
GSPGTPGSGTASSSPGTPGSGT i
SPCASPGL

ITPGSGTASSSPG
PGASPGTSSTGSPGTPG
PGSGIASSSPGSS LIPS
smsenmpesswsu
ASPGISSIGSPGSSPS

T,
STUTGPGTPG M AS
ASSSPGASPGISSIGSPGSSIISGAL
GATGSPGSS LPSGATGSIGASPGISS T
SPOSSPSASIGLGPGSSES

PGSSLPSGAT
PGSSPSASTGIGD
SSIPSGALGSLG,

ST

AG1236

GSSPSASTGTGPGTPGSGTASSSPGSSPSASTGTGPGSSPSASTGTGPGTPGSGTASSSPG
ASPGTSSTGSPGSSTPSGATGSPGTPGSGTASSSPGASPUTSSTGSPGTRGSGTASSSPGTP

< 1 ASTGIGPGSSLPSGA IGSPGAS) LGIPGSSL
ASTGTGPGTPGSGTASSSPGTPGSGT. 2 x SSPSA
STGTGPGTPGSGT ASSSPGTPGSGTASSSPGASPGTSSTGSPGSSTPSGATGSPGSSTPSG
SSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGSSPSASTGTGRY
TGSPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSISASTGTGPGASPGTSST
GSSTPSGATGSPGASFGTSSTGSPGSSTPSGATG
SIPSCATGSPGIPGSGLASSSPGSSTFSGALGSP
SASTGTGPGSSPS GTSSTG
SSPSASTUTGPGTPGSGTASSSPGTPUSGT ASSSPGASPUTSSTGSPGTPUSGTASSSPGA
SPGTSSTGSPGTPGSGT ASSSPGASPGTSSTGSPGSSTPSGATGSFGASPGTSSTGSPGSSP
SASTGTGPGTPGSGTASS SPGTPGSGTASSSPGSSPSASTGTGPGTPGSGTASSSPGASPG
TSSTGSRGSSTPSGATGSPGTPGSGTASSSPGASPGTSSTGSPGTPGSGTASSSPGTPGSG
TASSSPGSSTPSGATGSPGTPGSGT ASSSPGSSPSASTGTGPGSSTPSGATGSPGTPGSGT
ASSSPGSSIPSGAIGSIGSSIESGATGSPGISLSASIGTGPGASPGISSIGIPGLPGSGIA

ASTG PSASTGTGPGASPGTSS

114

AG1332

STGTGPGTPGSGTASSS STCSPOTRGSGTASSSPGASPGTSSTG ¥
STGSPGTPGSGTASSSPGTPGSGT \s<svcs<w<c ATGSPGSSTPSGATGSPGSSTPSGAT

7 1 IGLGPGSS IPSGALG
SPGIPGSGIASSSIGSSIS: *\5 L(J L m’Gss 1 L‘SGA I GSL’GASP(JI SSIGSPGASPGLSSIGSE
GSSPSASTGL GA' LGSPGIPGSGLASSSPG
TPGSGT S ASSSPCSSPSASTCTGPGTPGSGT ASSSPGSSTPSGATGSPGSSPS ASTGTGRGSS

115

TPSGATGSPGTPGSGTASSSPGTPGSUT ASSSPGSSPS ASTGTGPUSSTPSGATGSPGSSTP
>GATGSPGSSPSASTGTGPGSSPS ASTGTGPGASPGTSSTGSPGASPGTSSTGSPGSSTRS

s ATG
SPGTPGSGTASSSPGSSPSASTTGRGSSPSASTGTGRGASPGT: PGSSPSASTGTGP

GSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTRG

AG1428

GLPGSGIASSSEGSS 1L u\msl’m SSLGSPGSSIPSGALGSPGIPGSGIASSSLG
TPSGALG! u LGSPGAS TGIGLGE

v TriP(,TPG«‘TAsiwrwrioni PGASPGTSSTGSPGASPGTSSTGSPG
GTASSSPGTPGSGTASSSPGSSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGSSPSAS
GSSPSASI GLGLGASPGLSS ) LGSPGLPGSGIASSSLGIPGSGLA
v SMASP( Ssmw(s%mA TG
IATGS PSASTGTG
P(JSaPS ASTGTGIG? *\SPGT:STGSPGAsPGTSSTG:PGS:PS \STuT(‘PGTPGSGT SSP
SSTLSH y

SPGISSIGSPESSTPSGATGSPGTPGIGLASSS
GTSSTGSPGSSTPSGATGSPGSSTPSGATGSPGASPGTSSTGSPGISPIASTGTGPGTRGS
GTASSSPGTPGSGTASSSPGSSTPSGATGSPGTRGSGTASSSPGASPGTSSTGSPGSSTPSG
ATGSPGTPGSGTASSSPGSSPS ASTGTGPGSSTPSGATGSPGSS TPSGATGSPGSSPSAST

GIGPGSS IPSGATGSPGTPGSGIASSS ASTGUGPGTRGRGIASSSPGSSTPSGAT
SASTGTGPG TGTGPGTPGSGTASSSPGASP

116

AG1524

GSSTPSGATGSPGTPGSGTASSSPGTPGSGT ASSSPGASPGTSSTGSPGSSTPSGATGSPG

TPGSGTASSSPGSSTPSGATGSEGSSPSASTGTGPGSSTPSGATGSPGTPGSGTASSSPGTP
GSG1L. LGIGPGSSIPSGA. SASIGIGPGIPGSGTASSSPGASE
GTSSTGSPGSSTPSGATGSPGASPGTSSTGSPGTRGSGTASSSPGSSTRIGATGSPGTRGS

GTASSSPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSG
ATGSPGSSTPSGATGSPGSSPS ASTGTGPGSSPSASTGT GPGASPGTSSTGSPGTPGSGTA
SSSPGTPGSGT AS3SPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTPGSIGTASS,
3PGSSPSASTGTGIGASIGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSPSASTGIGD
GSSPSASTGTGPGTPGSGTASSSPGTPGSGT ASSSPGAS TGSPGSSTPSGATGSPG

TPGSGTASSSPGASPGT SSTGSPGTPGSGTASSSPGTPGSCGTASSSPGSSTPSGATGSPGSS
IPSGATGSIOIPGSGLASSSPOSSPS AT GLGPGSSIPSGATGSPGSS IESGATGSPGISPS

iTASSSPGSSTPRGA

TGSPGASPGTSSTGSFGTPGSGT TTPG
TGSPGTPGSGTASSSEGASPGTSSTGSPGSSTPSGY SPGSSTYSGATGSPGSSTPSGAI
GSPGLLGSGY ASL SPSASIGLGIGSSISAS
QPCAqPCT@QTC\PMQP%A%T(‘TCP(‘TPL\(‘TA\%%FL‘A\P(‘T#%T(‘%PPQ\TPQ(‘ATCW
GASPGTSSTGSPGASPGTSSTGSIGSSTPSGATGSEGTIG

17

AG1620

GSPGSSTPSGATGSPGSSPSASTGTGPGSSTP
SPGSSTPSGATGSPGASPGT
GSSPSASTGTGRGSSPSAS
STGTGPGASPGTSSTGSPGASPGTSST
GSPGT“GS&TASSS[’GSSPSASTGTGPGSSPS ASTGTGPGASPGTSS TGSPGSSPSASTGT
GPGTPGSGT. GATGS
PGTPGSGTAS 5Pu>sP5A5TbTuPbA5P(ﬂ SSTGSPGSSTRSGATGSPGASPGTSSTGSP
GASPGTSSTGSPGTPGSGTASSSPGASPGTS STGSPGASPGTSSTGSPGSSTPSGATGSPG
TPGSGTASSSPGSSPSASTGTGPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGSS
TPSGAT ASIGLGPGSSIPSGATGSLG, SSIGIPGSSPS
ASTGTGPGTPGSGTASSSPGASPGTSSTGSPGSSPSASTGTGRGSSTPSGATGSPGSSPSA
STGTGPGSSTPSGATGSPGSSPSASTCTGEG TPGSGTASSSPCTPGSGTASSSPGSSTPSG
ATGSFGSSTPSGATGSPGTPGSGTASSSPUSSPSASTGTGR SPUSSPSAST
GTGPGSSPSASTGTGPGSSTPSGATGSPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTAS
SSPGTPGSGTASSSPGTPGSGTASSSPGSSTPSGATASPGSST

118

AG1716

GASPGTSSTGSPGSSPSASTGTGPGS STPSGATGSPGSSPSASTGTGPGTPGSGTASSSPG

119

SSTPSGATGSPGSSTPSGA' SSPSASTGTGPGSSTPSGATGSPGTPGSGTASSSPGSS
PSASTGLGPGSS IS bAl(vSPG\ IGSLGSSPSASIGIGPGSSISASIGIGLGTLG

S SAS S ASPGTSSTGSPGSSTPS
SSPSASTTGPGSSPSASTGTGRGSS PbASTGTGP(vWGS(‘T
STPSGATGSPGTPGSGTASSSPGSSPSASTGTGPGASPGTSST

GATGSPGT!
ASSSPGTPR
ASPGTSSTGSPGTPGSGT SPSASTGTGPGASPGTSSTGSPGTPGS
SPGSSTLSGALIGSPGSSIPSGALGEPGAS SUGIPGSGLASISPGSSPSASTGLGE
SSSPG TUSPGSSTPSGATGSPGAS STGSPGASPGTSSTUSPG
TPGSGTASSSPGTPGSGTASSSPGSSPSASTGTGR
35 PSS TPSGALGSLG:
\wmm’m.un

AG1812

GSSTPSGATGSPGSSPSASTGTGPGASPCTSSTGSPGASPGTSSTCGSPGTPG
SSPSASTGTGPGA
PSASTGTGPGTPGSGTASSSPGTPGSGTASSSPGASPGTSSTGSPG
SGATGSPGSSPSASTGTGPGTRGSGT ASSSPGASPGTSSTGSPG)
TASSSPGSSPSASIGIGLGSS IPSGATGSPGLPGSGTA ASIGLGPGILGSGL
ASSSPGASPGTSSTGSPGSSTPSGATASPGSSTPSGATGSPGTP 3 STPSGAT
GSPGSSTPSGATGSPGASPGTSSTGSPGASPATSSTGSPGASPGTSSTGSPGSSTPSGATG
SPGIPGSGIAS SSPSASIGTGPGIIGSG 2 SEIGRPGIPGSG

GASPGTSSTGSPUSSTPSGATUSPGS: PUSSPSASTGTGPGTPGSGTAS
ASPGTSSTGEPGASPGTSSTGSPGTPUSGT ASSSPGASPGTSSTGSPOSSTPSGATGSPGSS
IPSGAL STGIGPGA IGSPGASIGISSTGSPGLPGSGIASSSPGILG
SGIASISPOSS TPSGATGSPOSSPSASICHIGRTGRSPSAS STGSPGASPG

ASIGLGPG,

PSGATGSPGSSTP
TPSGATGSPGTPGSG

§

58 STPSGA.
TPSGATGSPGRSPSASTGTG TFSGAT
GLCPGSS IPSGA TGS GASIG LSS I GSPGASPEISSIT
TGSPGSSIPSGATGIPGASE

Gal’GSSPS ASIGLGIGS
SPGIPGSGLASSSPGASPGT:

120

AG1908

121
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PSANI G TGRPUSSPSAST GTGPGESHSSS TGTUPGIFUSG T PGSSPSAYIGTLMG
<SP\A>T(‘T(‘PGABPGT%TGW("SP;AsT(‘T(vPLvTPGsGTASSW(vTP(‘iGTA<fiP(vA
GISSTGSPGIPGIGLASISPGIPGSGLAS! ASIGIGEGSSIPSGALGSIGSSE
SASTGTGPGASPGT S8 ASTGTGPGASPm TGSPGASPGTSSTGSPGTRG
GTASSSPGTEGSUTASSSPGASP SGTASSSPGTPGSGTASSSPGSSPSAS
’T‘G'\(‘PG':“TPBGATFW(‘ASP(‘T%T(SPGQSTPB(AT(SP( SPSASTGTGPGSSPSAST
GTGFGSSTPSGATGSPG/ SS’ STGTGPGTPGSGTAS <
GSPGASPGTSSTGSPGTPG QTA<s<P("ﬂ>oscTA<ssPGs<T‘PSGATCSPCTPCSCTASS
SPGASPGI IGSPGSSIPSGALGSPGLPGSC2 SIGIGP

S STGTGH G G5S
TPSGATGSPGATPOTSSTSPGASPGTSS TGSPUTPGRGTASSSPGTPGSGT A SSSPOTPG
SATASSSPGSSTPSGATASPGISTPSGATGSPGISPSASTGTGPGSSPSASTATGPGSSTPS
GATGSPGTPGSGTASSSPGSSPSASTGTGPGASPGTSSTGSPGSSTPSGATGSPGSSPSAS.
TGTGPGSS I'PS(‘ ATr':Pr ASPGTSST SPSASTGTGPGTPGSGTASSSPGSSPSAST
GIGPGSSLP TGLGPGIPGSGLASSSIGSSIPSGAT
GSPGSSTPSGATGS[’C ASPGTSSTGSTGSSPSASTGTGRGSSP

AG2004 A

P (.TA w. (.AT( P(;

SPUTPOSGY AT
G4 SPGTSSTGSPGASPGTESTGSP G ASPGTSSTGSPGASPG
TS<T(‘SP(‘TPG<GTA SSSPGTPCSGTASSSPGSSPSASTGTGPGSSTPSGATGSPGASPGTS
STGSPGSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTGPGASPGTSSTGSPGTPGSGTA
E STGTGPG ASPGTSST ASPGTSSTGSPGTPGSGTASS

122

SSTPSGATGSPGASIGTSSTGSPGSSPSASTGTGPGTLGSGTASSSPGASPGTSSTGSPGSS
PSASIGLGPG IPGSGTAS ASTGIGPGIPGSGLASSSPGA SSIGSPGASLE
GISSTGSPGIPGSGI TPSGATTSP wsmmsmu’m
i GS: TSSTGSPGSSPSASTGTY
ASPGTSSTGSPGSSTPSGATGSPGASPGTSS
TG Pmm GTASSSPGTPGSGT ASSSPUSSPS AS TGTGRGASPGTSSTGSPGSSTPSGAT
GSPGSSPSASTGTGFGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATG
SPGTPGSGTASSSPGSSPSASTGTGPGSSPSASTGTGPGASP

SG

GPGS:

AE72B

SPAGSPISTRHGSPAGSPISTERGISESATPESGRC TS TEPSEGSAPG TSESATPHSGPGSK
PATSGSETPG

123

AE72C

TSESAT SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTS
LEPSEGSAPG

124

AE108A

TEECTSHSATPFSGPCTSTEPSECSAPGSPACSPTS IFEG IS TEPSEGSAPG IS TEPSEGSA
PGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTS

125

AE108B

GSPAG!
LPATSGSETPGS

PTSTEEGTSTEPSEGSAPG GPGTSESATPESGPGTSESATPESGI
[P ATSGSITPGSPAGSPTSTELGTSIEPSEGSAP

126

AE144A

AGSPTSTEEGIST HSAPGISESATPESGPGIEPATSGSE I PGISE
SAwhsm’(,ahwxmcsuP(.Jstsmvr_swcJ51i:Psx»_CSAP(,|5|~_5Axvtscpcsp4(‘s
PISTEEGSPAGSPISIEEGS

127

AE144B

SEPATSGSLTPGTSLSATPBGPGSLP ATSGSETPGTSDSATPESGPGTSTEPSCGSAPGSP
AGSPTSTEEGTSE! *ATSGSETPGTSESATPES PTSTEEGSPAG
SPTSTFFGTSTFPQF('RAPG

128

AE180A

USTEEGTSESAT EPATSGSE PG ISHSA'T
EEGTSTEPSEGSAPGISHSATPESGPG ISESA TPESGPG LS
PGSEPATSGSETPGSPAGSP TS TEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATS

129

AE216A

PESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESAT TSGSETPGTSESATPE
SPTSTE! TEEGTST] SESATPESGPGTSESATPESG
FTPGSPAGSPTSTERGTSTRPSI

PTSFSATPRSC
IS TEPSECGS APGSEP A SGSE TP TSESAT

130

AE252A

ESUPGSEPATSGSETPGTSESATPESGPGTSTEPS L
m’r.swrw\|sosww(.\sws\|w yPﬁsP/\(.s»’IQH'l GSPAGS \su UGS TIPSIGSAP
GTSESATPESGPGTSESATP P GSEPATSGSETPGS
PA(‘SPT‘STFT‘GTQTI'PSWGBAPGTbT‘I‘PSTQ»AP(‘iI‘PAT;GWTPQTST‘RATPI‘SFP(‘TST

S APGSPAGSPTSTEEGTS

131

AE288A

TPESCPGTSTEPSEGSAP
SETPGTSESATPESGPG
TPGTSFSATPF:

SESATPESGPGSEPATS
TPSEGS. GSPAGSPTSTEEGTS]: ATPISGPGSEPATSCSE
P AGSPTSTRRGTSTRPSRGSAPGTSFSATPESGP
POTSES. ATPI"SGPGSWPATK(}\I’TPGSFPATSGKT,‘TPGSPAGSPTKTI’I’UT
GTSTEPSEGSAPGSEPATSGSETPGTSESA

132

AE324A

PGS IEPSEGSAPGSPAGSL I SIEEGISESAL ISGSETPGLSHSA L
SPAGSIISTEEGSPAGSI LS 1EEG IS TEISEGS APG ISES A TPESGPGTSESA IESGIOTS
E$ATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTE
PSEGSAPGSEPATS

133

AE360A

PESGPGTST APGTSESA ST AGSPTST TS
TEEGTSESATPRSGPGTSTT Pm»u APGTSPSATPIISGPGSTPATSGSTTRGTSIS ATPESG
PGSEPATSGSETPGTSESATPESGEGTST] 2 AGSPTSTEEGTSE

SEPATSGSRTPGTSRSATPESGPGSP AGSPTSTREGSPAGSPTSTREGTSTRPSFGSAPGTS
LSATPESGPGTSESATPISGPGTSESATPESGPGSIPATSGSETPGSLPATSGSETPGSPAG
SPTSTEFGTSTIPSTGS APGTSTRPSEGSAPGSTPATSGSFTPGTSESAT

134

AE396A

ELATSGSEIPGTSES PGISTEPSEGSALGLSESA GSPIS
TEEGSPAGSPTS [EEGSPAGSP IS TEEGISESA TPESGPG TS TEPSEGSAPG I SES A TPESG
PGSEPATSGSETPGTSESA TPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPG
SPAGSPTSIEEGLSESAIPESGUGSEP XTSGSE LPGTSESALPESGPGSIAGS PIS TEEGS?
AGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSES ATPESGPGTSESATPESGPGSEPA
TSGSETPGSTPATSGSITRGSPAGSPTSTITGTSTEPSEGSAPGTSTEPS

TPES

135

AE432A

EGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT TSGSETPGTSESATPE
SGPGSEPATSGSETPGTSESATPLSGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTE

136

TGSPAGSPTSTRNGSPAGSPTSTEEGTSMSATPESGPGTSTEPSFGSAPGTSESATPESGPG
SEPATSGSETPGTSESAT TSGSETPGTSESATPESGPGTSTEISEGSAIGS?
AGSPTSTTT.GTSTS ATPESGPGSFPATSGSTTPGTST.SATPT.SGPGSPAGSPTSTITGSPAG
SPISIEEGISLEPSEGSAPGLSESAIPESGIG I SESATLESGPGISESAIPESGEGSELATS
GSETPGSEPATSGSETPGSPAGSPTSTEEGTST ¥ TEPSEGSAPGSEPATS

AE468A

STEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPUTSESATPE
SATPESGPGSEPATSUSETPGTSESATPESGPGTSTEPS)
PTSFSATPESGPGSPACSPTSTERGSFAGS PTSTERGSPAGSPTSTREGTSFS ATPRSGRG
LSltl’Sﬁ(vS[L’GRNSAI ALSGSHTPGISESAT ALSGSEIPGLS

g SHEATSGSEIPGLSES
SESATPESGPGTSESAT
TSTEEGTSTEPSEC

SAPGTSTEPST.GSAPGSTPATSGSTTRGTSESAT

137

AE504A

FGSAPGTSTEPSEGS APGTS TTPSGSAPGTSTIPSTGS APGTSTIPSTIGS APGSPAGSPTS
TERGTSTEPSEGSAPGTSTISA PGSTPATSGSTTT
IS I SEGSM’GlShﬁAlPhb(A’ EG
ESATPESGPG PGTSESATPS 5
ESAIPESGPGSEPATSGSEIPG, sx—ﬂAu’x—,sm’G SIEPSEGSAPGSPAGSPLISIEEGISES
T TSGSETPGT: T TSTEEGTSTEPS
TGSAPGTSTSATPISGRGTSES, ATPr:rPrTbr\ ATPTSGPGSTPATSGSTTPGSFPATSGS
TTPGSPAGSPTSTIEGTS TTPST.GSAPGTSTRPSFGSAPGSTPATSGSHTPGTSTSATPTSG

138
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MITS1EM

AE540A

TPRSGPGSPAGSPTSTRRGTSRSATPRSGPGSFPATSGSRTPGTSRSATPRSGPGTSTRPSR
GSAPGISTHPSEGSALGISTEPSEGS APG TS IEPSEGS APG ISTEPSEGSAPG IS THESEGS
SPLSIEEGISIEPSEGS I ISGSELPGL >-‘ lm-‘m'
GSEPATSGSEIPGISES41PESGPGTSIEPSEGS ALGTSESAT
PAbsPT)TEE(.sPAusPTsTEEUT\ESATPES(:P(,T_STEP_SE(._SAP(:TSESATPEE(:P(-SEP
ATSGSTITPGTSFSATPT.SGPGSTPATSGSITPGTSESATPSGPGTSTRPSTIGSAPGRPAGS
PTSTIT.GTSESATPRSGPGSTPATSGSETPGTSIS ATPESGPGSPAGSPTSTIT.GSPAGSPT
STITGTSTTPSEGSAPGTSIS ATPISGPGTSTSATPISGPGTSISA TPTSGPGSFPATSGSTE
TPGSEPATSGSETPGSPAGSPTSTELGTS TEPSEGSAPGTSTEP

139

AES76A

TPMISGPGTSESATPISGPGSPAGSPTSTTTGTSTIS ATPESGPGSTPATSGSFTPGTSTSATP
SO GTS TEPSBGS AP TS TESEGS AL GTS TEPSEGSAPGTSTEP SIS APCTS TEPSEGS
,’\I’Gth:l"b TEEGTSTEPSEGSAPGTSE
PUTSESATPESCGPUTSTEP!
PAGSPT:TLEGSPAGSP TENGSPAGSPTSTIIGTSESATPI
SATPESGP EPATQ(‘ ETPGTSESATRESGRGSSPATSGSETPGTSESATPESGPATSTEP
STHEG TSGSHITGISESATPESGEGSPAGS T
STRROSPAGSPTSTRRGTSTRPSEGSAPGTSFSATPESGRGTSESA TPRS GPGTSFSATPES
GPGSEPATSGSETPGSEPATSGSETPGSP AGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESA

140

AEB12A

rsr‘rP(‘"m'rPsr(;s,\P(‘Twerrq-\Pr'rsrsATPrs(mGTswsATPrs(;PGsP-\G<PTS
TEEGISESATPES ISGSETPGTSESA T PESGIGS STEPSEGSA
P(‘T%TEP@EMAPCTQTEPQE(‘%-\PCT@TEP%ECQAP(‘.T%TEWECQAPCQPA(‘ PTSTEEG
IS TEPSEGSAPG ISESA TPESGEGSERA ISGSETPEGISESATPES GSETPGTS
LSATPLSGPGTSTIPSIGSAPGTSISATPESGPGSPAGSPTSTIEGSPAGSPTSTIIGSPAG
SPISTHEGISESATPESGPG IS TEPSEGS ALG I SESATPESGPGSERA TSCSHIPGISHSAT
PESGPIISEPATSGSETPGISESATPHSGPG S THISHGSAIGSIAGSF IS THEGTSE w»
SGPGSFPATSGSFTPGTSFSATPESGPUSPAGSPTSTRRGSPAUSPTSTRRGTSTE
PGTSESATPESGPGTSESATPESGPGTSESAT 'ATSGSETPGSED: \TsGSETPG
SPAGSPTSTEEGTSTEPSEGS APGTSTEPSEGS APGSEPATSCSETPGTSESAT

141

AEB48A

PESGPGTSTIPSTGSAPGTSIS ATPESGPGSTPATSGSNTPGTSTIPSEGS APGTSTTPSIG
SAPGTSTSATPT.SGPGTST.SATPTSGPGSPAGSPTSTENG TSISATPTISGPGSFPATSGSIT
PGTSESATPESGPGTST

T(‘S/\PCTS’%\TPI‘H‘P(‘H‘P \"rscsrTPcTsr: ATPESGRGSTP \WG)TTPCTSW\/\TPI‘

SGPGISI AGSPISTEEGISESAT ISGSE1PGISHSAIIESG

142

P(SPACSP\SIH»G‘PACQP\5\H(J\QIH’SrCS»\PG\SNAIPD—SCPC\;FSAIPMGPG
TSESAT SEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGT
[EPSEGSAPGSEPATSCSK PG

AEB84A

PG TSTEPSE(.

S APGTSESATPES

P
TSTEPSEGS APGTSTEPSEGSAPGTS

: A A
IR
AGSPTSTEEGSPAGSPTS TEEGTSESATPESGPGTSTEPSEGS APGTSESATPE
SGPGSTPATSGSITPGTSHSATPESGPGSTPATSGSETRGTSES A TPESGPGTSTIPSEGSA
PGSPAGSPTSTILGTSISA TPESGPGSFPATSGSETPGTSTSATPTSGPGSPAGSPTSTIT.G
SPAGSPTSTREGTSTTPSEGSAPGTSTSATPTISGPGTSTISATPESGPGTSIS ATPTISGPGST.
PATSGSETPGSEPATSGSHTPGSPAGSI IS IHEGISTEPSEGS ARG IS TEPSEGSAPGSHIA
15

143

AE720A

PGSPAGSPISTEEGISESA TPESGPGT S TEPSEGSAPGISIEPS
EGSAPGSPAS TSTEPSEGSAPGTSTEPSEGSAPGTSESATPESCPGTSTEPSEG
;,\P(,Tsﬁs‘TPESGP(,sEPATsGsETPoT;TEPsE(, APGTSTEPSEGSAPGTSESATPESG
PGLSESAT AGSIPISTHEGISESAT "AISGSELPGISESALPESGIG

STEPSE(;S APGTSTERSEGS APGTSTEPSEGSAPGTSTEPSEGS APGTSTEPSEC
TI'T’SWCSAPG<PA(‘ PI TENGTSTIPSTGS APGTSE.SATPTSGPGSTPATSGSETPGTSFS

TPGTSESATPESGPGTSTEPSEGSAPGTSES ATPESGPGS]

TiTJ:]:GxPAGsPr?TEEGSP AGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSISATPE
SGPGYEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTILGTSISA TPE.SGPGSFPATSGSETPGTSTSATPTSGPGSPAGSPTSTITG
SPAGSPTSTEEGTSTEISEGSAFGTSESAT TPESGPGTSESATPESGPGSE
PATSGSETPGSEPATSGSE TPGSPAGSPTSTEEGTSTE

144

AE756A

TSGSETPGSTPATSGSITPGSPAGSPTSTITGTSTSA TPESGPGTSTEPSEGSAPGTSTIPS
EGSAPGSPAGSPI S IEEGL SIEPSEGSALGLS IEPSEGSAPGISESALPESGEGISTEPSEG
SAPGTSESATPESGPGSEPATSCSETPGTSTEPSEG S APGTS TEPSECSAPGTSESATPESG
PGTSESATPESGPGSP AGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPG
TSTEPSEGSAPGTSTEPSEGSAPGTS TEPSEGSAPGTSTEPSEGS APGTSTEPSEGSAPG'
TEPSEGSAPGSPAS 5 SESATPESGP 2
ATPRSGPGSFPATSGSFTPGTSES ATPRSGPGTSTRPSFGSAPGTSRS ATPES G P
ISTEHG LS AGSEISTEEGTSESALPHSGPGLSTEPSEGS APGLSHSATPE
GSEPATSGSFTPGTSRSATPESGPGSFPATSGSFTPGTSFSATPRSGPGTSTRPSFGSA
PGSFAGSPTSTELGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSFAGSPTSTELG
SPAGSPISIEEG IS TEPSEGSALG I RESATPESGPGTSES A TPESGPG I SESA TPESGPGSE
ATSGSETFGSEPATSGSETPGSP AGSPTSTEEGTSTEPSEGSAPGTSTEPSEGS APGSEPA
ISGSETPGISES

145

AE792A

EGSAPGISESAT AL SGSE TPGSEPALSGSEI PGSPAGSI LS TEEGISESATLE
SGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGTSESATPESGPGTSTEPSEGSAPGTSESATPES GPGSEPATSGSETPGTSTEPSEGSAPG
TSTEPSOGSAPGTSESATPLSGPGTSESATPLSGPGSPAGSPTSTREIGTSESATPLSGPGSE
PATSGSEIPGTSESA TPESGPGTS TEPSEGSAPGISTEPSEGSAPG IS TEPSEGSAPGISTE
PSGSAPGTSTEPSTIGS APGTSTIPSEGS APGSPAGSPTSTRIIGTSTEPSFGSAPGTSASAT
ATSGSETPGTSESAT TSGSETPGTSESATPESGPGTSTEPSEG
SAPGTSRSATPESGRGSPAGSPTSTITGSPAGSPTSTIIGSPAGSPTS TIIGTSTSATRTSG
PGTSTEPSEGSAPGTSESAT TSGSETPGTSESAT TSGSETPG
ISESATPESCPG IS TEPSES PA P’l%ltt(.l\I:\A‘LP}S(P(.SEPAN SETPGLS
FSATPRSGPGSPAGSPTSTRRGSP AGSPTSTERGTSTRPSFGSAPGTSRSATPRSGPGTSFS
ATPESGIGISESA IPESGPGSE \ISGSI:JI’GSLP,\ISGSEII’(:SJ’\(SJ’ISH:E(:IMI:J’<
EGSAPGTSTEPSEGS ESATPESGPGTSTEPS

146

AE828A

PESGPGTSTEPSEGSAPGSPAGSPTSTERGTSTEPSEGS APGTSTEPSEGS APGTSESATPE
SGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSI TS TEEGTS TEPSEGSAPGTS TEPSEGS APGTSESATPESGPG
TSTEPSEGSAPGTSESAT TSGSETPGTST GSAl S
LSATPESGPGTSTSATPISGPOSPAGSPTSTEEGTSESATPISCGPGSEPATSGSTTPGTSES
AIPESGPGIS TEPSEGSANGISTEPSHGS APG IS TEPSEGS APGLS TEPSHGS APG TS IEPS

147

FGSAPGTSTIPSEGSAPGSPAGSPTSTERGTSTEPSEGS APGTSESATPRSGPGSTPATSGS
TTFGTSTSATPESGPGSTPATSGSRTPGTSESATPTSGPGTSTEPSEGS APGTSISATPTISG
PGSPAGSPTSTELGSPAGSPTSTELGSPAGSPTSTTIGTSISATPISGPGTSTEPSEGSAPG
ATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
[HPSEGSAPGSPAGSPTSEEGLSHS AL (ISGSEIPG1SESAL
SPI\I]:I:(.SPA(‘ |§ x»_ IS IEPSEGSAPGISESATPESGPGTSESATPESCPG TSESA'T

SE| ATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEG
;AP(,SEPAT;GSETP(,TSLSA T

AG72A

SSPSASTGTGPGTPGSGTASSSPGISTPSGATGSPGSSPSASTGTGPGASPG
SOTASS

148

AG72B

GSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTGPISSPSASTGTGPGASPUTSSTGSPG
IPGSCTASSSP

149

AG72C

SPSASTGTGPG: TGSPGSSPSASTGTGPGTPGSGTASSSPGSSTPSGATGSPGSST
PSGATGSPGA

150

AG108A

SASTUTGPGSSPSASTUTGPGTPGSGTASSSPGSSTPSGATGSPUSSPSASTGTGPGASPG
1SS TGSPITPGSG T ASSSPASSTPSGA TGSPCTPGSGTASSSRGASE

151

AG108B

PCIPGSGIASSSPGSSTPSGA TGSPGTPGSGTASSSPGSS I PSGATGSPGSSTPSGATGSP
GSSISASTGTGPGSSPSASTGTGPGASIGTSSTGSPGTPGSGTASSS

152
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AG144A

PGSSPSASTGTGPGSSPS ASTGTGPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGP
GASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPOSGTASSSPGASPATSSTGSPG
ASPGTSSTGSPGTPGSGTASSS

153

AG144B

PSGATGSPGTPGSGIASSSPGSSTPSGATGSIGSSTPSGATGSPGSSPSASTGTGPGSSPS
ASTC SSTGSPGTPGSGTASSSPGSSTPSGA’ SAST
STGTGPGASPGTSSTGSPGASP

154

AG180A

ISSTGSPGSSPSAS SASTGIGPGIPGSGTASSSPGSSIPSG
JQJG"GASPGX\SICSPGH’GEG ASSSPGSSIP’CMCSPGWGSC\ASSSPCA‘PCISS
IGSPGASPGISSIGEPGIPGIG T ASSSPGSSIPSGA T GSPGASP ST IGSPG PGS

155

AG216A

TGTGPGSSPIASTGTGRGTPGSCTASSSPGSSTPSGATGSPGSSPSASTGTGPGASPGTSS
TGIPGIPGSGTASSSPGSS TPSGATGSPGIPGSG T ARSSPGASPG IS IGSPGASPG
GSPGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGSPGTPGSGTASSSPGSS TP
SPGSSPSASTGTGPGSSPSASTGTGPGSSTPS

156

AG252A

TSSTGSPGSSPSASTGTGPGSSPSASTGTGRGTPGSGTASSSPGSSTPSGATGSPGSSPSAS
LGLGPGASPGLSSIGSPGLEGSG PSGATGSLGIP SSSPOASPGLES
TGSPGASPG TSiT(‘*P(‘T‘P(‘S(‘TAgSSP SSTPSGATGSPGASPGTSSTGSPGTPGSGTAS
SSLGSSILSGA A SASIGIGPGSS IPSGALGIPGSSISGATGS
PGASPG

g

157

AG288A

Ts<Tr<P(,ssP<A<'rr'r(m(swsA:TrTrP(,TPr;L.TA<sgv(,wrps(,»\"rrsms;?sAi
STGSUGIPGSGTASSSPGSS IPRGATGS G TGS stmw(v 5
STGSPGTPGSGTASSSPGSSTRSGATGSPGASPGTSSTGRPGT
TGTGPGSIPSASTGTGPGSSTPS uATGSPGSxTP:G\TGs
STGSPGASPGTSSTGSPGTPGS

158

AG324A

TSSTGSPGTPGSGTASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTS
STGSP(‘T‘P(‘SGTA%SPGSBW;Q ATG stvaT ASSSPGSSTPSGATGSPGTPGSGTA
5 ASTGTGRGASPC i

159

AG360A

ITPUSUTAS! i (TS
STGSP! xSPGTSSTGSPGTPCSGTASsCPGSSTPSGATGSPGT’GSGTASSSPGSSING T
GSPGTPGAG T ASSSPGESTPSGATGSPGSS IPSGATGSPGSSPSAS I GIGPCSSPSAS TG
PGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGIG
PGASPGTSSTGSPGASPGTSSTGSFGSSTPSGATGSPGSSPSASTGTGPGASPGTSSTGSP
GSSUSASIGIGLGTLGSGLASSSPGSS TISGATGSPGSS 1ISGALGS

160

AG396A

ASSSPOASPUTSSTGSPUASPUTSSTCSPGASPCTSSTGSPGAS
)SSP SSTPSGATGSP TP(‘;(‘T\sswrssTrsGAT(‘sPCTP(‘iGT\s<<Prs TPSG#\T(‘

JATGSPOSSP A;'m'r(,% sP\A\T(JT(JPLvAsP(vT\ T( PL.A\PLst TG L<
SSIPSGALGIEGSSESASI GG GASPGI SSGSLGSSPSASIGI GPGIGSGIASSSIGSS

161

TPSGATGSPGSSTPSGATGSPGASPGT

AG432A

TG<PG§5TP5CATFSP(‘AtPCT;i"rr,sPCTP(‘:rTAssiP(SSTPs(‘AT(‘SPGS\T‘PSC
ATGSPGSSTPSGAT GSPGSSPSASIGIGIGASPI GSPGASPGISS IGSPG TGS

ITSS
SSTPSGATGSPG;SP;%ST(,T(,PG»PSASTGTGPGASPGTS;TG;P ;.
IPSGA SPSASTGLGPG, E SASIGIGLGIPGSGIASSSPGSS 1T
i

162

AG468A

usm SPSASTGTGPGTPGSGTASSSPGASPOTSSTGSPGASPGTSSTUSES As?m's

g SPGTSSTGSPGTPGS
CSPSTRSUATOSP ORI TP ATCSP OSSP AS TGTOPGASPTS: TCSPGASPG TSSTG
SPGTPGSGTASSSPGASPGTSSTGSPGASPGTSSTOSPGASPGTSSTGSPGASPGTSSTGSP
GIPGSGIASSSIGSS IPSGATGSPGIFGSGLASSSIG GSPGIGSGIASSSIG
SSIPSOAIGHGSS| shass 3PS ASPCISS

s

163

AG504A

T<gTGW(,;SPSASTGT(}PCTPGSFTMSWGA:Pmswrwo«:PQTSST(&W«P(‘TS
SGATUSPGSSTPSUATUSPUASPUTSSTGSPGTPUSUTA

SPGTPGSGTASSSPG AP UTSSTGIPGA POTSSTGSPGASPGTSS TG SPGASPGTSSTGSP
GTPGSGTASSSPGSSTPSGATGSPGTFGSGTASSSPGSSTPSGATGSPGTPGSGTASSSP
3§ IPSGATGSPGSS IPSGATGSPGSSPS AR TGIGPGSSPSAS TG IGPGASPG ISS TGS
GSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGT GPGASPGTSSTGSPGAS]
GTSSTGSPGSSTPSGATGSPGSSPSASTGTGPGASPGTSSTGSFGSSPSASTGTGRGTRGS
GTASSSPGSSTP

164

AG540A

SEG1SSTGSEGSSPSAS G GPGIPGSGIASSSPGASI

SSTGIPGSSTPSGATGSPGSSLISGATGSPGASPGISSIGSPGLEGSGIA
SSSPGSSIISGATGEEGSS LPSGA TGP G IPSGATGEPGSSISAS IGIGRGASG
SPGASPGTSSTGSPGTPGSGT ASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTCSP
GASPGTSSTGSPUTPGSGTASSSPGSSTRSGATGSPGTPGSGTASSSPASSTPSGATGSPG
TPGSUTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPS, i STGTGPGA
sPrT<sTCsP<"rP(‘<rT ‘\SSQP(‘SSTPS(‘ ATGSPGSSPSASTGTGPGSSPSASTGTGPGASP

SIGLGPGASPGIS

GALGSPGASLG

>J GIGLGLPGSTT «5<SPGS>1PSG ‘\lGSL’GSSU‘:

165

AG576A

YGTSST aP(;ASPGTSSTGSPGASFGTSaTGSPGSSTPSG-\
IGSPGSSIPSGATGSP GSPGIPGSGIASSSPGSSIPSGATGSP

GSPGSSTPSGATG P(‘ss‘PsMTrTnmMPQTSWQ SPGASPGTSSTGSPG m, g
SPGASPGTSSTGS ASPGTSSTGSPGTPGSGTASSS!
GSSTESG: TGSPGTPGSGT\ SPGSSTP \:\A\: SPGTPGSGT. TPSGATGSPG

TSSTGSPGTPGSGT:
TGTGPGTPGSGT.

s SPUTSSTGSPGTRC
GSsPSASIGTGPGaSPS, TGTGPGASPGTSSTGSPGASPGTSSTGSPGSSTR
TGTGPGTPGSGTASSSPGSSTPS

SGAT! 58
OATGSPGSSI‘PSGATGSPGASPG

166

AGE12A

SIGSEGIPGIGTASSSPOSSTPSGA TGS GASPGISSIGIPGIPGIGIASSSPGSSIPSGAT
GSPGSSPSASTGTCPGSSPSASTGTOPGSSTPSGATCSPGSSTPSGATGSPGASPGTSSTG
SPGASPG 3 PGISSTGSPGIPGSGTASSSPGASPGTSS TGSPGASPGISSIGSP
GASPGTSSTGSPGSSPS ASTGTGPGTRGSGTASSSPGASPGTSSTGSPGASPGTSSTGSPG
ASPGISSIGRPGSS I PSGATGSLGSS IPSGATY SPGUSSIGSPGIPGSGIASSSPGSS
’T'PbG\TGQPGS)TT’:( GATGSRGSSPSASTGTGRGASPGTSSTGSPGASD
" SPGTPOSGT? PGASPG

GSSTPSGATGSPGTPGSGTASSSPGSSTESGATGSPGTRGSG
S PGSSTPSGA TGSPGSSPSASTGTGPGRSPSASTGTGPGASPGTSS
LGSPGIPGSGLASSSPGSSLESGA ASIGLIGIGASPG

167

AGBE48A

GTASSSPGSS I PSGATGSPGSSPSAST ASIGIGEGSS IPSGATGSPGSSTPSG
\TGSPG/\#PGTSSTGSPCU PGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGASPGTSS
TGSPGASPG SPGASPGISS IGSPGSSESAS TG TGRGTPGSGTASSEPGASPCTSS T
GSPGA? PGISSIGsPGA SSTGSPGSSTPSGATGSIGSSTFSGATGSPG: $8TG

168

SPGTPGSGTASSSPUSSTPSGATGSPUSSTPSGATGSPGSSTPSGATGSPGSSPSASTUTGP
GASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGASPGTSSTGSPGASPGTSSTGSPG
ASPGLSSIGSIGASPGISS IGSPGIPGSGIASSSPGS S IPSGATGSPG IPGSGLASSSRGSS
IPSGATGSPGIPGSGIASSSPGSSTPSGA TGS PG iws AIG
ASTGTG! s s
STGTGPGASPGTSSTGSPGASPATSSTGSPGSSTPSG AT( sP(vﬁPsr\sT(vT(vP(‘ ASPGTS
STGSPGSSPSASTGTGPGTPGSGTASSSPGSSTP

%A&l(‘ TGPGSSPS
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AGB84A 169
TSSTGSPGTPGSGTASSSPGSSTPSGATGSPGISPS. \Q’T‘(‘TGP"SWS ASTGTGPGSSTPSG
ATGSPGSSIISGALGSPGASPGL LGSPGLPGSGIA
S5, 1 1 S5 LGSEG nhAmmeu’omess
SPGASEGL ASPGISSTGSPGASPG1SS [GSPGSS IPSGATGSPGSS LSGAIGSD
GA [GSPGLPGSG LASSSPGSSIPSGAIGSPGSSIPSGATGSPGSSIPSGALGSPG

SPGASPG

AG720A 170

P
\uw(;sswssm
GTPGSGT.
GTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGTRG
>mA‘ PGS TISGATGSPGISTLSGALGSPGSSPSAST

¥ PGSSTPS(ATGSPC! G
STGSPGASPGTSSTGSPGSSTPSGATGSPG

AGT756A 171
ISSIGSPGSS) 3
TGTGPGASPGT:

g ISSTPSGATGSPGTR ASSSPC
TGSPGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGSPGTPGSGTAS
SSPGSSIPSGATGSPGSSPSASTGIGRPGSSPSAS IGIGPGSS I PSGATGSPGSSTPSGA TGS
PGASPGTSSTUSPGASPGTSSTHSPGASPGTSSTGSPGTPGSGTASSSPGASPLTSSTCUSP
GASPGTSSTGSPGASPGTSSTGSPGSSPSASTGTGPGTPGSGTASS#PGASPGTSSTGSPG
ASPG TPSGATGSPGASPGTSSTGSPGTP
GSGT \SSSPGSSTP)G \TGSP(;SSTP:GATG:PG SSTPSGATGSPGSSESASTGTGPGASP
GISS AP SPGTPGIGI ISS1GS I
TSSTGSPGASPGTSSTGSPGTPGSUTASSS! PSGATGSPOTPOSGTASSSPGSSTRSG
ATG3?0TPG=GTASSSFCSSTPSGATGSPGSBTFSGATGSPGSSPSABTQTCPGDSPS—\ST
GIGPGA; SSPGIPGSGLIASSSPGSSLESGA 5
r(.P(.Ast.TsaT(.st.As?(.

AGT792A 172
TSSTGSPGSSPSASTGTUPGSSPSASTGTGPGTPGSGTASSSPGSSTPSG. ATQ;PQ SSPSAS

TGTCPGASPGTSSTCSPCTPGSGTASSSPGSSTPSGATGSPGTPGSGTA

TGSPGASPGTSSTGSPGTPGSGTASSSPUSSTPSGATGSPGASPY ¥

SSPOSSTPSGATOSPCSSPS ASTGTGROSSPSASTATPOSSTRSC, \TGSPG:S‘[ PSG!

PGASPGISIIGS STGSPGIPGSGI

GASPGTSSTGSPG §PGT§§TG\PG§§ STGTGPGTPGSGTASSSPGASPGTSSTGSPG
! GSI TGSPGLP

(‘T;W‘GSPGASPGT<ST(‘SPGTPGS(‘TASSBP(‘ABP(‘TSBT(wP ASPGTSSTGSPGASPG
TSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGSSTRSG
AIGSPGIPGSGIAS! L*easwsmmsm lLhGAlG:l’(vh51’SA\SIGIGL’GSSI’SA51
GTGPGASPUTSSTGSPUTPUSGTA! ISPGESPSASTGTGPGSSPSASTG
TGRGASPGTSSTGSPGASPGTSSTG PFRSTP}(‘-\T(vSP(‘SSPQASTGTGPGASPG

AG828A 173
158 TGSPCSSPSAS I GIGPCSSPEASTGIGPG I PGSGTASSSPUSS IPSGATCSPGSS
TGTGPGASPGTSSTGSPGTPGSG PGSSTPSGATGSPUTPGSGTASSSPGASPGTSS

TGSPGASPGTSSTGSPOTPGSGTASSSPGSS TPSGATGSPGASPGTSSTGSPGTPGSGTAS
SPGSSTPSGATGSPGSSPSAS' ASTGTGIGSSTPSGATGSPGSSTPSGATGS
PGASPGTSSTGSPGASPGTSSTGPGASPGTSSTGSPGTPGSGTASSSPGASPGTSSTGSP
GASPGISSLGSPGASPGISSIGSPGSSPSASIGIGEG IPGSGLASSSPGASPGISSIGSPG
GALGSIGAS)
ATGSPUS ATGSPGSSPSA;
(‘"rsiw‘svc ASPGTSSTGSPGTROSGTASSSFOASPGTSSTGSPGASPGTSSTGSFGASPG
THSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGIGTASSSPGSSTRSG
ATGSPGTPGSGTASSSPGSSTRSGATGSPGSSTRSGATGSPGSPSASTGTGRGSSPSAST
GLGPGASPGISSIGSPGILGSGLY
TGPGASPGTSSTUSPGASPGTSSTGSPGSSTPSGATG:
SPGSSPSASTGTGPGTPGSGT ASSSPGSSTP

SASTGTGRGASPC

AG288_DE 1699
GLPGSGLAS: F1GH
ASPGTSSTC

SIGSPGLPGSG AL
PSGATGSPGTPGSGTASSSPGSSTPSG TP
ASTGTGPGASPGTSSTGSPGTPGSGT. ’\\VSPQSTF‘PSG ATGSP

[0134] In other aspects, the CFXTEN composition comprises one or more non-repetitive XTEN sequences of lengths ranging from about 36 to about 3000 amino acid residues, wherein at least about 80%, or at least about 90%, or
about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99% to about 100% of the consists of 36 amino acid motifs selected
from one or more of the polypeptide sequences of Tables 13-17, either as a family sequence, or where motifs are selected from two or more families of motifs.

[0135] In those aspects wherein the XTEN component of the CFXTEN fusion protein has less than 100% of its amino acids consisting of 4, 5, or 6 types of amino acid selected from glycine (G), alanine (A), serine (S), threonine (T),
glutamate (E) and proline (P), or less than 100% of the seq| isting of the motifs from Table 3 or the XTEN sequences of Tables 4, and 13-17, the other amino acid residues of the XTEN are selected from any of
the other 14 natural L-amino acids, but are preferentially selected from hydrophilic amino acids such that the XTEN sequence contains at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least about 99%
hydrophilic amino acids. The XTEN amino acids that are not glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P) are either interspersed throughout the XTEN sequence, are located within or between the
sequence motifs, or are concentrated in one or more short stretches of the XTEN sequence, e.g., to create a linker between the XTEN and the FVIIl components. In such cases where the XTEN component of the CFXTEN
comprises amino acids other than glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P), it is preferred that less than about 2% or less than about 1% of the amino acids be hydrophobic residues such that
the resulting sequences generally lack secondary structure, e.g., not having more than 2% alpha helices or 2% beta-sheets, as determined by the methods disclosed herein. Hydrophobic residues that are less favored in
construction of XTEN include tryptophan, phenylalanine, tyrosine, leucine, i ine, valine, and i i one can design the XTEN sequences to contain less than 5% or less than 4% or less than 3% or less than

2% or less than 1% or none of the following amino acids: cysteine (to avoid disulfide formation and oxidation), methionine (to avoid oxidation), asparagine and glutamine (to avoid desamidation). Thus, in some aspects, the XTEN
component of the CFXTEN fusion protein comprising other amino acids in addition to glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P) have a sequence with less than 5% of the residues contributing
to alpha-helices and beta-sheets as measured by the Chou-Fasman algorithm and have at least 90%, or at least about 95% or more random coil formation as measured by the GOR algorithm..

3. Length of Sequence

[0136] In another aspect, the teaching provides XTEN of varying lengths for i ion into CFXTEN iti wherein the length of the XTEN sequence(s) are chosen based on the property or function to be achieved in the
fusion protein. Depending on the intended property or function, the CFXTEN compositions comprise short or intermediate length XTEN located internal to the FVIII sequence or between FVIIl domains and/or longer XTEN
sequences that can serve as carriers, located in the fusion proteins as described herein. While not intended to be limiting, the XTEN or fragments of XTEN include short segments of about 6 to about 99 amino acid residues,
intermediate lengths of about 100 to about 399 amino acid residues, and longer lengths of about 400 to about 1000 and up to about 3000 amino acid residues. Thus, the XTEN for incorporation into the subject CFXTEN
encompass XTEN or fragments of XTEN with lengths of about 6, or about 12, or about 36, or about 40, or about 42, or about 72 or about 96, or about 144, or about 288, or about 400, or about 500, or about 576, or about 600, or
about 700, or about 800, or about 864, or about 900, or about 1000, or about 1500, or about 2000, or about 2500, or up to about 3000 amino acid residues in length. Alternatively, the XTEN sequences can be about 6 to about 50,
about 50 to about 100, about 100 to 150, about 150 to 250, about 250 to 400, about 400 to about 500, about 500 to about 900, about 900 to 1500, about 1500 to 2000, or about 2000 to about 3000 amino acid residues in length.
The precise length of an XTEN incorporated into the subject CFXTEN can vary without adversely affecting the activity of a CFXTEN composition. In one aspect, one or more of the XTEN used in the CFXTEN disclosed herein has
36 amino acids, 42 amino acids, 144 amino acids, 288 amino acids, 576 amino acids, or 864 amino acids in length and may be selected from one of the XTEN family sequences; i.e., AD, AE, AF, AG, AM, AQ, BC or BD. In another

aspect, two or more of the XTEN used in the CFXTEN disclosed herein has 36 amino acids, 42 amino acids, 144 amino acids, 288 amino acids, 576 amino acids, or 864 amino acids in length and may be selected from two of the
XTEN family sequences; i.e., AD, AE, AF, AG, AM, AQ, BC or BD, with combinations of AE and AG family sequences preferred. In some aspects, CFXTEN comprising one or more of the XTEN used herein contain XTEN selected

from any one of the sequences in Table 4, which may be linked to the FVIIIl component directly or via spacer sequences disclosed herein.

[0137] In particular CFXTEN configuration designs, where the XTEN serve as a flexible linker, or are inserted in external loops or unordered regions of the FVIIl sequence to increase the bulk, flexibility, or hydrophilicity of the
region, or are designed to interfere with clearance receptors for FVIIl to enhance pharmacokinetic properties, or to interfere with binding of FVIII inhibitors or other anti-FVIII antibodies, or where a short or intermediate length of
XTEN is used to facilitate tissue penetration or to vary the strength of interactions of the CFXTEN fusion protein with its target, or where it is desirable to distribute the cumulative length of XTEN in segments of short or intermediate
length at muttiple locations within the FVIII the teaching CFXTEN positi with one, two, three, four, five or more short or intermediate XTEN sequences inserted between or within one or more FVIII
domains or within external loops, or at other sites in the FVIIl sequence such as, but not limited to, locations at or proximal to the insertion sites identified in Table 5, Table 6, Table 7, Table 8, and Table 9 or as illustrated in FIGS. 8-
9. In one aspect of the foregoing, the CFXTEN fusion protein contains multiple XTEN segments, e.g., at least two, or at least three, or at least four, or at least five or more XTEN segments in which the XTEN segments can be
identical or they can be different and wherein the CFXTEN retains at least 10%, 20%, 30%, 40%, 50%, 60%, 70% or more of the procoagulant activity of native FVIIl when assayed by one of the assays disclosed herein. In other
particular CFXTEN configuration designs, where the XTEN serves as a carrier to increase the bulk of the fusion protein, or to vary the strength of interactions of the CFXTEN fusion protein with its target, or to enhance the
pharmacokinetic properties of the fusion protein, the teaching contemplates CFXTEN compositions with one or more intermediate or longer length XTEN inserted at the C- inus, within the B domain (or the residual
of the BDD sequence) between or within one or more FVIIl domains, within external loops, or at other sites in the FVIII sequence such as, but not limited to, insertion sites identified in Table 5, Table 6, Table 7, Table 8, and Table 9
or as illustrated in FIGS. 8-9. However, it is believed that the incorporation of multiple XTEN of short to intermediate lengths into CFXTEN compositions confers enhanced properties on the fusion proteins compared to CFXTEN
fusion proteins with the same number of amino acids in fewer but longer length XTEN, yet still results in compositions with procoagulant activity and extended half-life; the rationale of which is detailed herein regarding the derived
radii of multiple XTEN.
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[0138] In the aspects wherein the CFXTEN fusion proteins comprise multiple XTEN sequences, the cumulative length of the total residues in the XTEN sequences is greater than about 100 to about 3000, or about 200 to about
2000, or about 400 to about 1000 amino acid residues and the XTEN can be identical or they can be different in sequence, net charge, or in length. In one aspect of CFXTEN comprising multiple XTEN, the individual XTEN
sequences each exhibit at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to a
motif or an XTEN selected from Tables 3, 4, and 13-17 or a fragment thereof, when optimally aligned with a sequence of comparable length.

[0139] As described more fully below, methods are disclosed in which the CFXTEN are designed by selecting the length of the XTEN and its site of incorporation within the CFXTEN to confer a target half-life, retention of
procoagulant activity, reduced binding to FVIII inhibitors or an enhanced physicochemical property (e.g., stability or solubility) of a CFXTEN fusion protein, encoding constructs are created and expressed and the recombinant
CFXTEN fusion proteins are isolated and recovered. In general, XTEN cumulative lengths longer that about 400 residues incorporated into the CFXTEN compositions result in longer half-life compared to shorter cumulative
lengths, e.g., shorter than about 280 residues. In one aspect, CFXTEN fusion proteins designs are contemplated that comprise at least a single XTEN as a carrier, with a long sequence length of at least about 400, or at least about
600, or at least about 800, or at least about 900, or at least about 1000 or more amino acids. In another aspect, multiple XTEN are incorporated into the fusion protein to achieve cumulative lengths of at least about 400, or at least
about 600, or at least about 800, or at least about 900, or at least about 1000 or more amino acids, wherein the XTEN can be identical or they can be different in sequence or length. As used herein, "cumulative length" is intended
to encompass the total length, in amino acid residues, when more than one XTEN is incorporated into the CFXTEN fusion protein. Both of the foregoing aspects are designed to confer i ilability and/or i

terminal half-life after administration to a subject compared to CFXTEN comprising shorter cumulative XTEN lengths, yet still result in a p activity and is effect. When administered subcutaneously or
intramuscularly, the C,5, is reduced but the area under the curve (AUC) is increased in comparison to a comparable dose of a CFXTEN with shorter cumulative length XTEN or FVIII not linked to XTEN, thereby contributing to the

ability to maintain effective levels of the CFXTEN composition for a longer period of time and permitting increased periods of 2, 4, 7, 10, 14 or 21 days between dosing, as described more fully below. Thus, the XTEN confers the
property of a depot to the administered CFXTEN, in addition to the other physicochemical properties described herein.

[0140] When XTEN are used as a carrier, the teaching takes advantage of the discovery that increasing the length of the petitive, ed i the ed nature of the XTENs and
cor the p ical and phar inetic properties of fusion proteins comprising the XTEN carrier. As described more fully in the Examples, proportional increases in the length of the XTEN, even if
created by a repeated order of single family sequence motifs (e.g., the four AE motifs of Table 3), result in a sequence with a higher percentage (e.g., 90% or more) of random coil formation, as determined by GOR algorithm, or
reduced content of alpha-helices or beta-sheets (e.g., less than 2%), as determined by Chou-Fasman algorithm, compared to shorter XTEN lengths. In addition, increasing the length of the unstructured polypeptide fusion partner,
as described in the Examples, results in a fusion protein with a disproportionate increase in terminal half-life (e.g., as much as 50, 100, 200 or more hours) compared to fusion proteins with unstructured polypeptide partners with
shorter seq lengths. The inetic properties of the CFXTEN in comparison to FVIII not linked to XTEN are described more fully, below.

[0141] In another aspect, the teaching provides methods to create XTEN of short or intermediate lengths from longer "donor" XTEN sequences, wherein the longer donor XTEN sequence is truncated at the N-terminus, or the C-

terminus, or a fragment is created from the interior of a donor sequence, thereby resulting in a short or intermediate length XTEN. In limiting as i depicted in FIG. 16A-C, an AG sequence of 864 amino
acid residues can be truncated to yield an AG sequence with 144 residues, an AG sequence with 288 residues, an AG sequence with 576 residues, or other intermediate lengths, while the AE sequence of 864 residues (as
depicted in FIG. 16D, E) can be truncated to yield multiple AE sequences of 144 residues, an AE sequence with 288 or 576 residues or other shorter or intermediate lengths. It is specifi that such an appi

can be utilzed with any of the XTEN aspects described herein or with any of the sequences listed in Tables 4 or 13-17 to result in XTEN of a desired length. In preferred aspects, the CFXTEN comprising multiple XTEN have XTEN
exhibiting at least about 80%, or at least about 90%, or at least about 91%, or at least about 92%, or at least about 93%, or at least about 94%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about
98%, or at least about 99%, or 100% sequence identity to sequences selected from AE42_1, AE42_2, AE42_3, AG42_1, AG42_2, AG42_3, AG42_4, AE144_1A, AE144_2A, AE144_2B, AE144_3A, AE144_3B, AE144_4A,
AE144_4B, AE144_5A, AE144_6B, AG144_1,AG144_2, AG144_A, AG144_B,AG144_C, AG144_F,AG144_3, AG144_4, AE288_1, AE288_2, AG288_1, AG288_2, and AG288_DE.

4. Net charge

[0142] In other aspects, the istic of an XTEN p ide can be by i ion of amino acid residues with a net charge and/or reduction of the overall percentage (e.g. less than 5%, or 4%, or
3%, or 2%, or 1%) of hydrophobic amino acids in the XTEN sequence. The overall net charge and net charge density is controlled by modifying the content of charged amino acids in the XTEN sequences, either positive or
negative, with the net charge typically represented as the percentage of amino acids in the polypeptide contributing to a charged state beyond those residues that are cancelled by a residue with an opposite charge. In some
aspects, the net charge density of the XTEN of the compositions may be above +0.1 or below -0.1 chargesfresidue. By "net charge density" of a protein or peptide herein is meant the net charge divided by the total number of
amino acids in the protein or propeptide. In other aspects, the net charge of an XTEN can be about 0%, about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10% about 11%,
about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, or about 20% or more. Based on the net charge, some XTENs have an isoelectric point (pl) of 1.0, 1.5, 2.0, 2.5, 3.0,3.5,4.0, 4.5,
5.0,5.5,6.0, or even 6.5. In preferred aspects, the XTEN will have an isoelectric point between 1.5 and 4.5 and carry a net negative charge under physiologic conditions.

[0143] Since most tissues and surfaces in a human or animal have a net negative charge, in some aspects the XTEN sequences are designed to have a net negative charge to minimize non-specific interactions between the XTEN
containing compositions and various surfaces such as blood vessels, healthy tissues, or various receptors. Not to be bound by a particular theory, an XTEN can adopt open conformations due to electrostatic repulsion between
individual amino acids of the XTEN polypeptide that individually carry a net negative charge and that are distributed across the sequence of the XTEN polypeptide. In some aspects, the XTEN sequence is designed with at least
90% or 95% of the charged residues separated by other residues such as serine, alanine, threonine, proline or glycine, which leads to a more uniform distribution of charge, better expression or purification behavior. Such a
distribution of net negative charge in the extended sequence lengths of XTEN can lead to an unstructured conformation that, in turn, can result in an effective increase in hydrodynamic radius. In preferred aspects, the negative
charge of the subject XTEN is conferred by incorporation of glutamic acid residues. Generally, the glutamic residues are spaced uniformly across the XTEN sequence. In some cases, the XTEN can contain about 10-80, or about
15-60, or about 20-50 glutamic residues per 20kDa of XTEN that can result in an XTEN with charged residues that would have very similar pKa, which can increase the charge homogeneity of the product and sharpen its isoelectric
point, enhance the physicochemical properties of the resulting CFXTEN fusion protein for, and hence, simplifying purification procedures. For example, where an XTEN with a negative charge is desired, the XTEN can be selected
solely from an AE family sequence, which has approximately a 17% net charge due to incorporated glutamic acid, or can include varying proportions of glutamic acid-containing motifs of Table 3 to provide the desired degree of net
charge. Non-limiting examples of AE XTEN include, but are not limited to the 36, 42, 144, 288, 576, 624, 864, and 912 AE family sequences of Tables 4 and 14 or fragments thereof. In one aspect, an XTEN sequence of Tables 4,
or 13-17 can be modified to include additional glutamic acid residues to achieve the desired net negative charge. Accordingly, in one aspect the teaching provides XTEN in which the XTEN sequences contain about 1%, 2%, 4%,
8%, 10%, 15%, 17%, 20%, 25%, or even about 30% glutamic acid. In one aspect, the teaching contemplates incorporation of up to 5% aspartic acid residues into XTEN in addition to glutamic acid in order to achieve a net negative
charge.

[0144] In other aspects, where no net charge is desired, the XTEN can be selected from, for example, AG XTEN components, such as the AG motifs of Table 3, or those AM motifs of Table 3 that have no net charge. Non-limiting
examples of AG XTEN include, but are not limited to 36, 42, 144, 288, 576, and 864 AG family sequences of Tables 4 and 16, or fragments thereof. In another aspect, the XTEN can comprise varying proportions of AE and AG
motifs (in order to have a net charge that is deemed optimal for a given use or to maintain a given physicochemical property.

[0145] Not to be bound by a particular theory, the XTEN of the CFXTEN compositions with the higher net charge are expected to have less non-specific interactions with various negatively-charged surfaces such as blood vessels,
tissues, or various receptors, which would further contribute to reduced active clearance. Conversely, it is believed that the XTEN of the CFXTEN com positions with a low (or no) net charge would have a higher degree of interaction
with surfaces that can potentiate the activity of the associated coagulation factor, given the known contribution of cell (e.g., platelets) and vascular surfaces to the coagulation process and the intensity of activation of coagulation
factors (Zhou, R., et al., Biomaterials (2005) 26(16):2965-2973; London, F., et al. Biochemistry (2000) 39(32):9850-9858).

[0146] The XTEN of the compositions of the present teaching generally have no or a low content of positively charged amino acids. In some aspects, the XTEN may have less than about 10% amino acid residues with a positive
charge, or less than about 7%, or less than about 5%, or less than about 2%, or less than about 1% amino acid residues with a positive charge. However, the teaching contemplates constructs where a limited number of amino
acids with a positive charge, such as lysine, are incorporated into XTEN to permit conjugation between the epsilon amine of the lysine and a reactive group on a peptide, a linker bridge, or a reactive group on a drug or small
molecule to be conjugated to the XTEN backbone. In one aspect of the foregoing, the XTEN of the subject CFXTEN has between about 1 to about 100 lysine residues, or about 1 to about 70 lysine residues, or about 1 to about 50
lysine residues, or about 1 to about 30 lysine residues, or about 1 to about 20 lysine residues, or about 1 to about 10 lysine residues, or about 1 to about 5 lysine residues, or alternatively only a single lysine residue. Using the
foregoing lysine-containing XTEN, fusion proteins can be constructed that comprise XTEN, a FVIII coagulation factor, plus a chemotherapeutic agent or other coagulation factor or cofactor useful in the treatment of coagulopathy

wherein the { number of of the agent incorporated into the XTEN component is determined by the numbers of lysines or other amino acids with reactive side chains (e.g., cysteine) incorporated into
the XTEN.

[0147] As hydrophobic amino acids impart structure to a polypeptide, the teaching provides that the content of hydrophobic amino acids in the XTEN will typically be less than 5%, or less than 2%, or less than 1% hydrophobic
amino acid content. In one aspect, the amino acid content of methionine and tryptophan in the XTEN component of a CFXTEN fusion protein is typically less than 5%, or less than 2%, and most preferably less than 1%. In another
aspect, the XTEN of the subject CFXTEN compositions will have a sequence that has less than 10% amino acid residues with a positive charge, or less than about 7%, or less that about 5%, or less than about 2% amino acid
residues with a positive charge, the sum of methionine and tryptophan residues will be less than 2%, and the sum of asparagine and glutamine residues will be less than 5% of the total XTEN sequence.

5. Low immunogenicity

[0148] In another aspect, the XTEN sequences provided herein have a low degree of i icity or are i i ic. Several factors can i to the low ir icity of XTEN, e.g., the non-
repetitive sequence, the unstructured conformation, the high degree of solubility, the low degree or lack of self-aggregation, the low degree or lack of proteolytic sites within the sequence, and the low degree or lack of epitopes in
the XTEN sequence.

[0149] Conformational epitopes are formed by regions of the protein surface that are of multiple di i amino acid seq| of the protein antigen. The precise folding of the protein brings these sequences into
a well-defined, stable spatial configurations, or epitopes, that can be recognized as "foreign” by the host humoral inmune system, resulting in the production of antibodies to the protein or the activation of a cell-mediated immune
response. In the latter case, the immune response to a protein in an individual is heavily influenced by T-cell epitope recognition that is a function of the peptide binding specificity of that individual's HLA-DR allotype. Engagement of
a MHC Class Il peptide complex by a cognate T-cell receptor on the surface of the T-cell, together with the cross-binding of certain other co-receptors such as the CD4 molecule, can induce an activated state within the T-cell.
Activation leads to the release of cytokines further activating other lymphocytes such as B cells to produce antibodies or activating T killer cells as a full cellular immune response.

[0150] The ability of a peptide to bind a given MHC Class Il molecule for presentation on the surface of an APC (antigen presenting cell) is dependent on a number of factors; most notably its primary sequence. In one aspect, a
lower degree of immunogenicity is achieved by designing XTEN sequences that resist antigen processing in antigen presenting cells, and/or choosing sequences that do not bind MHC receptors well. The teaching provides

CFXTEN fusion prolelns with petitive XTEN polypepti designed to reduce binding with MHC Il receptors, as well as avoiding formation of epitopes for T-cell receptor or antibody binding, resulting in a low
degree of i i of il icity can anrlbule to, at least in part, a result of the conformational flexibility of XTEN sequences; i.e., the lack of secondary structure due to the selection and order of amino acid
residues. For example, of pamcular interest are sequences havlng a low tendency to adapt compactly folded conformations in aqueous solution or under physiologic conditions that could result in conformational epitopes. The
administration of fusion proteins ising XTEN, using peutic practices and dosing, would generally not result in the formation of neutralizing antibodies to the XTEN sequence, and also reduce the

immunogenicity of the FVIII fusion partner in the CFXTEN composttions.

[0151] In one aspect, the XTEN sequences utilized in the subject fusion proteins can be substantially free of epitopes recognized by human T cells. The elimination of such epitopes for the purpose of generating less inmunogenic
proteins has been disclosed previously; see for example WO 98/52976, WO 02/079232, and WO 00/3317. Assays for human T cell epitopes have been described (Stickler, M., et al. (2003) J Immunol Methods, 281: 95-108). Of
particular interest are peptide sequences that can be oligomerized without generating T cell epitopes or non-human sequences. This is achieved by testing direct repeats of these sequences for the presence of T-cell epitopes and
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for the occurrence of 6 to 15-mer and, in particular, 9-mer sequences that are not human, and then altering the design of the XTEN sequence to eliminate or disrupt the epitope sequence. In some aspects, the XTEN sequences
are ic by the iction of the numbers of epitopes of the XTEN predicted to bind MHC receptors. With a reduction in the numbers of epitopes capable of binding to MHC receptors, there is a
concomitant reduction in the potential for T cell activation as well as T cell helper function, reduced B cell activation or upregulation and reduced antibody production. The low degree of predicted T-cell epitopes can be determined
by epitope prediction algorithms such as, e.g., TEPITOPE (Sturniolo, T., et al. (1999) Nat Biotechnol, 17: 555-61), as shown in Example 46. The TEPITOPE score of a given peptide frame within a protein is the log of the Ky

(dissociation constant, affinity, off-rate) of the binding of that peptide frame to mutiple of the most common human MHC alleles, as disclosed in Sturniolo, T. et al. (1999) Nature Biotechnology 17:555). The score ranges over at
least 20 logs, from about 10 to about -10 (corresponding to binding constraints of 1080 Ky to 10e10 Ky, and can be reduced by avoiding hydrophobic amino acids that serve as anchor residues during peptide display on MHC,

suchas M, |, L, V, F.In some aspects, an XTEN component incorporated into a CFXTEN does not have a predicted T-cell epitope at a TEPITOPE threshold score of about -5, or -6, or -7, or -8, or -9, or at a TEPITOPE score of -10.
As used herein, a score of "-9" is a more stringent TEPITOPE threshold than a score of -5.

[0152] In another aspect, the inventive XTEN sequences, including those incorporated into the subject CFXTEN fusion proteins, are rendered substantially non-| |mmunogen|c by the restriction of known proteolytic sites from the
sequence of the XTEN, reducing the processing of XTEN into small peptides that can bind to MHC Il receptors. In another aspect, the XTEN seq is rendered ic by the use a seq that is
substantially devoid of secondary structure, conferring resistance to many proteases due to the high entropy of the structure. Accordingly, the reduced TEPITOPE score and elimination of known proteolytic sites from the XTEN
render the XTEN compositions, including the XTEN of the CFXTEN fusion protein compositions, substantially unable to be bound by mammalian receptors, including those of the immune system or active clearance receptors that
target FVIII. In one aspect, an XTEN of a CFXTEN fusion protein can have >100 nM K; binding to a mammalian receptor, or greater than 500 nM K, or greater than 1 uM K, towards a mammalian cell surface receptor or

circulating polypeptide receptor.

[0153] i the petiti q and corresp ing lack of epitopes of XTEN limit the ability of B cells to bind to or be activated by XTEN. A repetitive is i and can form i contacts with

even afew B cells and, as a consequence of the cross-linking of multiple T-cell independent receptors, can stimulate B cell proliferation and antibody production. In contrast, while an XTEN can make contacts with many different B

cells over its extended sequence, each individual B cell may only make one or a small number of contacts with an individual XTEN due to the lack of repetitiveness of the sequence. Not being to be bound by any theory, XTENs

typically have a much lower tendency to stimulate proliferation of B cells and thus an immune response. In one aspect, the CFXTEN have reduced immunogenicity as compared to the corresponding FVIII that is not fused to an

XTEN. In one aspect, the administration of up to three parenteral doses of a CFXTEN to a mammal result in detectable anti-CFXTEN IgG at a serum dilution of 1:100 but not at a dilution of 1:1000. In another aspect, the
of up to three p doses of a CFXTEN to a mammal result in detectable anti-FVIII IgG at a serum dilution of 1:100 but not at a dilution of 1:1000. In another aspect, the inis ion of up to three p

doses of a CFXTENto a mammal result in detectable anti-XTEN IgG at a serum dilution of 1:100 but not at a dilution of 1:1000. In the foregoing aspects, the mammal can be a mouse, a rat, a rabbit, or a cynomolgus monkey.

[0154] An additional feature of XTENs with petith relative to with a high degree of repetitiveness is non-repetitive XTENs form weaker contacts with antibodies. ibodies are
For instance, IgGs have two identical binding sites and IgMs contain 10 identical binding sites. Thus antibodies against repetitive sequences can form multivalent contacts with such repetitive sequences with high avidity, which can
affect the potency and/or elimination of such repetitive seq . In contrast, ibodies against petitive XTENs may yield monovalent interactions, resulting in less likelihood of immune clearance such that the CFXTEN

compositions can remain in circulation for an increased period of time. In addition, it is believed, as schematically portrayed in FIG. 6, the flexible unstructured nature of XTEN provides steric shielding of FVIII regions proximal to the
XTEN site of insertion and providing steric hindrance to binding by FVIIl inhibitors.

[0155] In another aspect, a subject XTEN useful as a fusion partner has a high hydrodynamic radius; a property that in some aspects confers a corresponding increased apparent molecular weight to the CFXTEN fusion protein
incorporating the XTEN, while in other aspects enhances steric hindrance to FVIII inhibitors and to anti-FVIIl antibodies, reducing their ability to bind to CFXTEN. As detailed in Example 26, the linking of XTEN to therapeutic protein
sequences results in CFXTEN composmons that can have increased hydrodynamic radii, increased apparent molecular weight, and increased apparent molecular weight factor compared to a therapeutic protein not linked to an
XTEN. For example, in p icati in which p half-life is desired, compositions in which an XTEN with a high hydrodynamic radius is incorporated into a fusion protein comprising a therapeutic protein can

enlarge the ic radius of the composmon beyond the glomerular pore size of approximately 3-5 nm (corresp ing to an apparent weight of about 70 kDa) (Caliceti. 2003. Pharmacokinetic and
biodistribution properties of poly(ethylene glycol)-protein conjugates. Adv Drug Deliv Rev 55:1261-1277), resulting in reduced renal clearance of circulating proteins with a corresponding increase in terminal half-life and other
enhanced pharmacokinetic properties. The hydrodynamic radius of a protein is conferred by its molecular weight as well as by its structure, including shape or compactness. Not to be bound by a particular theory, the XTEN can
adopt open conformations due to electrostatic repulsion between individual charges of the peptide or the inherent flexibility imparted by the particular amino acids in the sequence that lack potential to confer secondary structure.

The open, extended and unstructured conformation of the XTEN polypeptide can have a greater pi i ic radius p to polypepti ofa q length and/or weight that have
secondary and/or tertiary structure, such as typical globular proteins. Methods for determining the hydrodynamic radius are well known in the art, such as by the use of size exclusion aphy (SEC), as i inuUs.
Patent Nos. 6,406,632 and 7,294,513. Example 26 demonstrates that increases in XTEN length result in pr i increase in the hydr ic radius, apparent molecular weight, and/or apparent molecular weight factor, and

thus permit the tailoring of CFXTEN to desired cut-off values of apparent molecular weights or hydrodynamic radii. Accordingly, in certain aspects, the CFXTEN fusion protein can be configured with an XTEN such that the fusion
protein can have a hydrodynamic radius of at least about 5 nm, or at least about 8 nm, or at least about 10 nm, or about 12 nm, or about 15 nm, or about 20 nm, or about 30 nm or more. In the foregoing aspects, the large
hydrodynamic radius conferred by the XTEN in a CFXTEN fusion protein can lead to reduced clearance of the resulting fusion protein, an increase in terminal half-life, and an increase in mean residence time.

[0156] Generally, the actual molecular weight of the mature form of FVIIl component is about 265 kDa, while in the case of a FVIII BDD, it is about 165 kDa. The actual molecular weight of a CFXTEN fusion protein for comprising a
FVIII BDD plus one or more XTEN ranges from about 200 to about 270 kDa, depending on the length of the XTEN p . As i in the when the weights of the CFXTEN fusion proteins are
derived from size exclusion chromatography analyses, the open conformation of the XTEN due to the low degree of secondary structure results in an increase in the apparent molecular weight of the fusion proteins into which they
are incorporated. In some aspects, the CFXTEN comprising a FVIII and at least one or more XTEN exhibits an apparent molecular weight of at least about 400 kD, or at least about 500 kD, or at least about 700 kD, or at least
about 1000 kD, or at least about 1400 kD, or at least about 1600 kD, or at least about 1800kD, or at least about 2000 kD. Accordingly, the CFXTEN fusion proteins comprising one or more XTEN exhibit an apparent molecular
weight that is about 1.3-fold greater, or about 2-fold greater, or about 3-fold greater or about 4-fold greater, or about 8-fold greater, or about 10-fold greater, or about 12-fold greater, or about 15-fold greater than the actual
molecular weight of the fusion protein. In one aspect, the isolated CFXTEN fusion protein of any of the aspects disclosed herein exhibit an apparent molecular weight factor under physiologic conditions that is greater than about

1.3, or about 2, or about 3, or about 4, or about 5, or about 6, or about 7, or about 8, or about 10, or greater than about 15. In another aspect, the CFXTEN fusion protein has, under physiologi i an apparent
weight factor that is about 3 to about 20, or is about 5 to about 15, or is about 8 to about 12, or is about 9 to about 10 relative to the actual molecular weight of the fusion protein. It is believed that the increased apparent molecular
weight of the subject CFXTEN iti the inetic properties of the fusion proteins by a combination of factors, which include reduced active clearance, reduced binding by FVIIl inhibitors, and reduced loss

in capillary and venous bleeding.

IV). CFXTEN COMPOSITIONS

[0157] The present teaching provides compositions comprising fusion proteins having factor VlII linked to one or more XTEN sequences, wherein the fusion protein acts to replace or augment the amount of existing FVIII in the
intrinsic or contact activated coagulation pathway when administered into a subject. The teaching addresses a long-felt need in increasing the terminal half-life of exogenously administered factor VIIl to a subject in need thereof.
One way to increase the circulation half-life of a therapeutic protein is to ensure that renal clearance or metabolism of the protein is reduced. Another way to increase the terminal half-life is to reduce the active clearance of the
therapeutic protein, whether mediated by receptors, active metabolism of the protein, or other endogenous mechanisms. Both may be achieved by conjugating the protein to a polymer, which, on one hand, is capable of conferring
an increased molecular size (or hydrodynamic radius) to the protein and, hence, reduced renal clearance, and, on the other hand, interferes with binding of the protein to clearance receptors or other proteins that contribute to
metabolism or clearance. Thus, certain objects of the present teaching include, but are not limited to, providing improved FVIII molecules with a longer circulation or terminal half-life, decreasing the number or frequency of
n ary ini i of FVIII iti retaining at least a portion of the activity compared to native coagulation factor VI, and/or enhancing the ability to treat coagulation deficiencies and uncontrolled bleedings more
efficiently, more effectively, more economically, and/or with greater safety compared to presently available factor VIll preparations.

[0158] Accordingly, the present teaching provides recombinant factor VIIl fusion protein positi ising an FVIII y linked to one or more extended recombinant polypeptides ("XTEN"), resulting in a CFXTEN
fusion protein composition. The term "CFXTEN", as used herein, is meant to encompass fusion polypeptides that comprise at least one payload region comprising a FVIII or a portion of a FVIII that is capable of procoagulant
activity associated with a FVIIl coagulation factor and at least one other region comprising one or more XTEN polypeptides that may be interspersed within the payload region and/or attached to the terminus. In one aspect, the
FVIIlis native FVIII. In another aspect, the FVIIl is a sequence variant, fragment, homolog, or mimetic of a natural sequence that retains at least a portion of the procoagulant activity of native FVIII, as disclosed herein. Non-limiting
examples of FVIII suitable for inclusion in the itic include the of Table 1 or having at least 80%, or at least 90%, or at least 91%, or at least 92%, or at least 93%, or at least 94%, or at least 95%, or
at least 96%, or at least 97%, or at least 98%, or at least 99% sequence identity to a sequence of Table 1. In a preferred aspect, the FVIIl is a B-domain deleted (BDD) FVIII sequence variant, such as those BDD sequences from
Table 1 or other such sequences known in the art. In another preferred aspect, the CFXTEN comprises a B-domain deleted (BDD) FVIIl sequence variant expressed with the native 19 amino acid signal sequence, which is cleaved
during the maturation of the protein.

[0159] The compositions of the teaching include fusion proteins that are useful, when administered to a subject in need thereof, for mediating or preventing or ameliorating a condition associated with factor VIIl deficiencies or
defects in endogenously produced FVIII, or bleeding disorders associated with trauma, surgery, factor VIl deficiencies or defects. Of particular interest are CFXTEN fusion protein compositions for which an increase in a
phar i solubility, increased stability, or some other ical property p to native FVIIl is sought, or for which increasing the terminal half-life would improve efficacy, safety,
or result in reduced dosing frequency and/or improve patient management. The CFXTEN fusion proteins of the aspects disclosed herein exhibit one or more or any combination of the improved properties and/or the aspects as
detailed herein. In some aspects, the CFXTEN fusion composition remains at a level above a threshold value of at least 0.01-0.05, or 0.05 to 0.1, or 0.1 to 0.4 IU/ml when administered to a subject, for a longer period of time when
compared to a FVIII not linked to XTEN and administered at a comparable dose to a subject in need thereof (e.g., a subject such as a human or mouse or monkey with hemophilia A).

[0160] The FVIII of the subject compositions, particularly those disclosed in Table 1, together with their corresponding nucleic acid and amino acid sequences, are available in public databases such as Chemical Abstracts Services
Databases (e.g., the CAS Registry), GenBank, The Universal Protein Resource (UniProt), subscription provided databases such as GenSeq (e.g., Derwent), as well as in the patent and primary literature. Polynucleotide sequences
appllcable for expressing the subject CFXTEN sequences may be a wild type polynucleotide sequence encoding a given FVIII (e.g., either full length or mature), or in some instances the sequence may be a variant of the wild type

q (e.g.,ap ide which encodes the wild type biologically active protein, wherein the DNA of the ide has been optimized, for example, for expression in a particular specles ora
polynucleonde encoding a varlanl of the wild type protein, such as a site directed mutant or an allelic variant. It is well within the ability of the skilled artisan to use a wild-type or cDNA or a cods i
variant of a FVIIl to create CFXTEN constructs contemplated by the teaching using methods known in the art and/or in conjunction with the guidance and methods provided herein, and described more fully in the Examples.

[0161] In one aspect, a CFXTEN fusion protein comprises a single FVIIl molecule exhibiting at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94 %,
95%, 96%, 97%, 98%, or at least about 99%, or 100% sequence identity to a sequence of Table 1 linked to a single XTEN (e.g., an XTEN as described above) including, but not limited to sequences of the AE or AG family with 42,
144, 288, 576, or 864 amino acids, as set forth in Table 4. In another aspect, the CFXTEN comprises a single FVIII linked to two XTEN, wherein the XTEN may be identical or they may be different. In another aspect, the CFXTEN
fusion protein comprises a single FVIIl molecule linked to one, two, three, four, five, six or more XTEN sequences, in which the FVIII is a sequence that has at least about 80% sequence identity, or alternatively 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., or at least about 99%, or 100% seq| identity p to a protein selected from Table 1, when optimally aligned, and the one
or more XTEN are each having at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least about 99%, or 100% sequence
identity compared to one or more sequences selected from any one of Tables 3, 4, and 13-17, when optimally aligned. In the foregoing aspect, where the CFXTEN has two or more XTEN, the XTEN may be identical or they may be
different sequences. In yet another aspect, the CFXTEN fusion protein comprises a single FVIII exhibiting at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or at least about 99%, or 100% sequence identity compared to sequences of comparable length selected from Table 1, when optimally aligned, with the portions interspersed with and linked by
three, four, five, six or more XTEN sequences that may be identical or may be different and wherein each has at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least about 99%, or 100% sequence identity compared to sequences selected from any one of Tables 3, 4, and 13-17, or fragments thereof, when optimally aligned. In yet another
aspect, the teaching provides a CFXTEN fusion protein comprising a sequence with at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or at least about 99%, or 100% sequence identity to a sequence from Table 21, when optimally aligned.
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[0162] The teaching provides CFXTEN fusion protein compositions with the CF and XTEN components linked in specific N- to C-terminus configurations.
[0163] In one aspect of the CFXTEN composition, the teaching provides a fusion protein of formula I:
(XTEN),-CF-(XTEN), 1
wherein independently for each occurrence, CF is a factor VIIl as defined herein, including sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least about 98%, or at least about 99% or 100% sequence identity with sequenced from Table 1; x is either 0 or 1 and y is either 0 or 1 wherein x+y 21; and XTEN is an extended p as i herein,

including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity
to sequences set forth in Table 4. Accordingly, the CFXTEN fusion composition can have XTEN-CF, XTEN-CF-XTEN, or CF-XTEN configurations.

[0164] In another aspect of the CFXTEN composition, the teaching provides a fusion protein of formula II:
(XTEN),~(S)y-(CF)-(XTEN),, [

wherein independently for each occurrence, CF is a factor VIIl as defined herein, including sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 1; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or
amino acids compatible with restrictions sites; x is either 0 or 1 and y is either 0 or 1 wherein x+y 21; and XTEN is an extended r i as i herein including, but not limited to sequences having at least
about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%., or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4.

[0165] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein, wherein the fusion protein is of formula III:
(XTEN)x~(8)x- (CF)-(S)y-(XTEN), mn

wherein independently for each occurrence, CF is a factor VIIl as defined herein, including sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least about 98%, or at least about 99% or 100% sequence identity to sequence set for in Table 1; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or
amino acids compatible with restrictions sites; x is either 0 or 1 and y is either 0 or 1 wherein x+y 21; and XTEN is an extended r i as i herein including, but not limited to sequences having at least
about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%., or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4.

[0166] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein of formula IV:
(AT)-(XTEN),~(A2)-(XTEN), - (B)- (X TEN)-(A3)- (KTEN)-(C1)- (XTEN), ~(C2)-(XTEN), v

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; A3 is an A3 domain of FVIII; B is a B domain of FVIIl which can be a fragment or a splice variant of the B domain; C1is a C1

domain of FVIII; C2 is a C2 domain of FVIII; v is either 0 or 1; w is either 0 or 1; x is either 0 or 1; y is either 0 or 1; y is either 0 or 1 with the proviso that u +v + x + y+z 21; and XTEN is an extended recombinant polypeptide as
described herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100%
sequence identity to sequences set forth in Table 4.

[0167] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula V:
XTEN)(S)5 ~(A)-(S)g-(XTEN) ~(S)-(A2)-(S)c-(XTEN),~(S) e (B)- (S)i- X TEN)~(8) ¢ (A3)-(8) e (XTEN),~(S)e (C1)- (S)- X TEN)~(S)-(C2)-(S) - (X TEN) v

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; A3 is an A3 domain of FVIII; B is a B domain of FVIIl which can be a fragment or a splice variant of the B domain; C1is a C1

domain of FVIII; C2 is a C2 domain of FVIII; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is either 0
or 1; b is either 0 or 1; c is either 0 or 1; d is either 0 or 1; e is either 0 or 1; fis either 0 or 1; g is either 0 or 1;tis either 0 or 1; u is either 0 or 1; v is either 0 or 1; wis 0 or 1, x is either 0 or 1;y is either 0 or 1; z is either 0 or 1 with
the proviso that t + u +v + w+x +y +z 21; and XTEN is an extended i as i herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or
at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4. In another aspect of formula V, the spacer sequence is glycine or a sequence
selected from Tables 11 and 12.

[0168] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein of formula VI:
(XTEN)(S) & (A1)-(S)p-(XTEN)~(S) - (A2)-(S) - (X TEN) (S)c-(A3)-(S)- X TEN)- (S)-(C1)-(S) - XTEN) () (C2)-(S)-(XTEN) . vi

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; A3 is an A3 domain of FVIII; C1is a C1 domain of FVIII; C2 is a C2 domain of FVIII; S is a spacer sequence having between 1
to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is either 0 or 1; b is either 0 or 1; c is either 0 or 1; d is either 0 or 1; e is either 0 or 1; f is either 0
or 1; uis either 0 or 1; vis either 0 or 1; wis 0 or 1, x is either 0 or 1; y is either 0 or 1; z is either 0 or 1 with the proviso that u +v +w+x +y +z 21; and XTEN is an extended recombinant polypeptide as described herein including,
but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity to
sequences set forth in Table 4. In another aspect of formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12.

[0169] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula VII:
(SPY-(XTEN),-(CS)-(S)-(FVIII_1-745)-(S),-(X TEN) (S}, ~(FVIII_1635-2332)~(S) {CS) -(XTEN); Vil

wherein independently for each occurrence, SP is a signal peptide, preferably with sequence MQIELSTCFFLCLLRFCFS (SEQ ID NO: 1611), CS is a cleavage sequence listed in Table 12, S is a spacer sequence having between 1
to about 50 amino acid residues that can optionally include amino acids compatible with restrictions sites, "FVIII_1-745" is residues 1-745 of Factor FVIIl and "FVIII_1635-2332" is residues 1635-2332 of FVIII, x is either 0 or 1, y is
either 0 or 1, and z is either 0 or 1, wherein x+y+z >2; and XTEN is an extended recombinant polypeptide as described herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least
about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% sequence identity sequences set forth in Table 4. In one aspect of formula VI, the spacer sequence is GPEGPS (SEQ
ID NO: 1612). In another aspect of formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12.

[0170] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIII fusion protein of formula VIII:
AD-(S) (XTEN)y(8)a-(A2)-(B1)- (S)r (XTEN)~(8)-(B2)-(A3)- (S)c- XTEN)-(S)c-(C1)~(S)or KTEN)~(8) 1 (C2)-(S)e-(XTEN), Vil

wherein independently for each occurrence, A1 is an A1 domain of FVIII; A2 is an A2 domain of FVIII; B1 is a fragment of the B domain that can have from residue 741 to 743-750 of FVIII or alternatively from about residue 741 to
about residues 745 of FVIII; B2 is a fragment of the B domain that can have from residues 1635-1686 to 1689 of FVIII or alternatively from about residue 1640 to about residues 1689 of FVIII; A3 is an A3 domain of FVIII; C1is a
C1 domain of FVIII; C2 is a C2 domain of FVIII; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is
either 0 or 1; b is either 0 or 1; c is either 0 or 1; d is either 0 or 1; e is either 0 or 1; f is either 0 or 1; uis either 0 or 1; v is either 0 or 1; w is 0 or 1, x is either 0 or 1; y is either 0 or 1; z is either 0 or 1 with the proviso that u +v +w+
X +y +2z 21; and XTEN is an extended recombinant polypeptide as described herein including, but not limited to sequences having at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least
about 97%, or at least about 98%, or at least about 99% or 100% sequence identity to sequences set forth in Table 4. In one aspect of formula VIII, the spacer sequence is GPEGPS (SEQ ID NO: 1612). In another aspect of
formula V, the spacer sequence is glycine or a sequence selected from Tables 11 and 12.

[0171] In another aspect of the CFXTEN composition, the teaching provides a recombinant factor VIl fusion protein of formula IX:
AT (S)a XTEN)- (S)-(A10)-(A21)-(8) = RTEN) 1 (S)- (A20)-(B)- (S)e- (XTEN),~ (S)-(B)-(A3n)- (S)g- XTEN)w~(S)i-(A30)- (CTn)- (S)i- (X TEN)~(8);-(C10)- (C20)- (S)i- (XTEN)y- (8)1-(C20)-(S)rmr (XTEN), X

wherein independently for each occurrence, A1, is a fragment of the A1 domain from at least residue number 1 (numbered relative to native, mature FVIIl) to no more than residue number 371, A1 is a fragment of the A1 domain
from at least residue number 2 to no more than residue number 372; A2y is a fragment of the A2 domain from at least residue number 373 to no more than residue number 739, A2 is a fragment of the A2 domain from at least
residue number 374 to no more than residue number 740; By, is a fragment of the B domain from at least residue number 741 to no more than residue number 1647, B: is a fragment of the B domain from at least residue number
742 to no more than residue number 1648; A3y, is a fragment of the A3 domain from at least residue number 1649 to no more than residue number 2019, A3 is a fragment of the A3 domain from at least residue number 1650 to
no more than residue number 2019; C1, is a fragment of the C1 domain from at least residue number 2020 to no more than residue number 2171, C1.. is a fragment of the C1 domain from at least residue number 2021 to no
more than residue number 2172; C2,, is a fragment of the C2 domain from at least residue number 2173 to no more than residue number 2331, C2. is a fragment of the C2 domain from at least residue number 2174 to no more
than residue number 2332; S is a spacer sequence having between 1 to about 50 amino acid residues that can optionally include a cleavage sequence or amino acids compatible with restrictions sites; a is either 0 or 1; b is either 0
or 1; cis either 0 or 1; dis either 0 or 1; e is either 0 or 1; fis either 0 or 1; g is either 0 or 1; h is either 0 or 1; iis either 0 or 1; jis either 0 or 1; k is either 0 or 1; 1 is either 0 or 1; m is either 0 or 1;1 is either 0 or 1; u is either 0 or
1; vis either 0 or 1; wis 0 or 1, x is either 0 or 1;y is either 0 or 1; z is either 0 or 1 with the proviso that t + u + v +w+x +y +2z 21; and XTEN is an extended recombinant polypeptide as described herein including, but not limited to
sequences having at least 90% identity to sequences set forth in Table 4. In one aspect of formula IX, the spacer sequence is GPEGPS (SEQ ID NO: 1612). In another aspect of formula IX, the spacer sequence is glycine or a
sequence selected from Tables 11 and 12.

[0172] The aspects of formulae IV-VIIl encompass CFXTEN configurations wherein one or more XTEN of lengths ranging from about 6 amino acids to = 1000 amino acids (e.g., sequences selected from any one of Tables 3, 4,
and 13-17 or fragments thereof, or sequences exhibiting at least about 90-99% or more sequence identity thereto) are inserted and linked between adjoining domains of the factor VIII or are linked to the N- or C-terminus of the
FVIII. In other aspects of formulae V-VIII, the teaching further provides configurations wherein the XTEN are linked to FVIII domains via spacer sequences which can optionally comprise amino acids compatible with restrictions
sites or can include cleavage sequences (e.g., the sequences of Tables 11 and 12, described more fully below) such that the XTEN encoding sequence can be, in the case of a restriction site, integrated into a CFXTEN construct
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and, in the case of a cleavage sequence, the XTEN can be released from the fusion protein by the action of a protease appropriate for the cleavage sequence.

[0173] The aspects of formulae VI -VIII differ from those of formula V in that the FVIIl component of formulae VI-VIII are only the B-domain deleted forms ("FVIII BDD") of factor VIII that retain short residual sequences of the B-
domain, non-limiting examples of sequences of which are provided in Table 1, wherein one or more XTEN or fragments of XTEN of lengths ranging from about 6 amino acids to 2 1000 amino acids (e.g., sequences selected from
any one of Tables 3, 4, and 13-17) are inserted and linked between adjoining domains of the factor VIIl and/or between the remnants of the B domain residues, such as those of Table 8. The aspect of formula IX generally differs
from those of the other formulae in that the one or more XTEN are each inserted within domains of FVIII rather than between domains, and/or has an XTEN linked to the C-terminus of the FVIII (or is linked via a spacer sequence
to the C-terminus of the FVIII).

[0174] In some aspects of a CFXTEN, the fusion protein comprises a B-domain deleted form of FVIII wherein the B-domain deletion starts from a first position at about amino acid residue number 745 and ends at a second position
at amino acid residue number 1635 to about 1690 with reference to the full-length human factor VIll sequence and an XTEN links the first position and the second position of the B-domain deletion. In one aspect of the foregoing,
the first position and the second position of the B-domain deletion are selected from the positions of Table 8. In another aspect of the foregoing, at least one XTEN links the first and second position wherein the at least one XTEN
links factor VIIl amino acid residue 745 and amino acid residue 1640, or amino acid residue 741 and amino acid residue 1640, or amino acid residue 741 and amino acid residue 1690, or amino acid residue 745 and amino acid
residue 1667, or amino acid residue 745 and amino acid residue 1657, or amino acid residue 745 and amino acid residue 1657, or amino acid residue 747 and amino acid residue 1642, or amino acid residue 751 and amino acid
residue 1667. In one aspect of the CFXTEN, wherein the factor VIIl comprises an XTEN linking a first position and a second position of a B-domain deletion described in the aspects of this paragraph, the XTEN is a sequence
having at least 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or 100% identity p toa of

length selected from any one of Table 4, Table 13, Table 14, Table 15, Table 16, and Table 17, when optimally aligned, wherein the CFXTEN retains at least about 30%, or at least about 40%, or at least about 50%, or at least about
60%, or at least about 70%, or at least about 80%, or at least about 90% of the procoagulant activity of native FVIII.

[0175] The teaching all possible { of insertions of XTEN between or within the domains of FVIII or at or proximal to the insertion points of Table 5, Table 6, Table 7, Table 8, and Table 9 or those illustrated
in FIGS. 8-9, with optional linking of an additional XTEN to the N- or C-terminus of the FVIII, optionally linked via an additional cleavage sequence selected from Table 12, resulting in a CFXTEN composition; non-limiting examples
of which are portrayed in FIGS. 5 and 12. In one aspect, the CFXTEN comprises a FVIII BDD sequence of Table 1 in which one or more XTEN that each has at least about 80%, or at least about 90%, or at least about 95%, or at
least about 96%, or at least about 97%, or at least about 98%, or at least about 99% or more sequence identity compared to a sequence from any one of Tables 3, 4, and 13-17 or fragments thereof are inserted between any two
of the residual B domain amino acids of the FVIII BDD sequence, resulting in a single chain FVIII fusion protein, wherein the CFXTEN retains at least about 30%, or at least about 40%, or at least about 50%, or at least about 60%,
or at least about 70%, or at least about 80%, or at least about 90% of the procoagulant activity of native FVIII. In the foregoing aspect, the CFXTEN can have an additional XTEN sequence of any one of Tables 4, and 13-17 linked
to the N- or C-terminus of the fusion protein. In another aspect, a CFXTEN comprises at least a first XTEN inserted at a site set forth in Table 8, wherein the CFXTEN retains at least about 30%, or at least about 40%, or at least
about 50%, or at least about 60%, or at least about 70%, or at least about 80%, or at least about 90% of the procoagulant activity of native FVIII. In one aspect of a fusion protein of formula VII, the CFXTEN comprises a FVIIl BDD
sequence of Table 1 in which two or more XTEN that each has at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99%, or 100%
sequence identity compared to a sequence from any one of Tables 3, 4, and 13-17 or fragments thereof are linked to a FVIII-BDD sequence in which at least one XTEN is inserted from about 3 to about 20 amino acid residues to
the C-terminus side of the FVIIl cleavage site amino acid R740 and from about 3 to about 20 amino acid residues to the N-terminus side of the FVIII cleavage site amino acid R1689 of the residual B domain amino acids of the FVIII
BDD sequence, resulting in a single chain FVIII fusion protein, and one or two XTEN are linked by a cleavage sequence to the N- and/or C-terminus of the FVIII-BDD sequence, wherein the CFXTEN exhibits at least about 40%, or
at least about 50%, or at least about 60%, or at least about 70%, or at least about 80%, or at least about 90% of the procoagulant activity of native FVIII after release of the XTEN by cleavage of the cleavage sequences.

[0176] In one aspect, the A3 domain comprises an a3 acidic region or a portion thereof. In another aspect, at least one XTEN is inserted within the a3 acidic region or the portion thereof, N-terminus of the a3 acidic region or the
portion thereof, C-terminus of the a3 acidic region or the portion thereof, or a combination thereof. In certain aspects, at least one XTEN is inserted within the C2 domain, N-terminus of C2 domain, C-terminus of C2 domain, or a
combination thereof. In still other aspects, the Factor VIII comprises all or portion of B domain. In yet other aspects, at least one XTEN is inserted within all or a portion of B domain, N-terminus of B domain, C-terminus of B domain,
or a combination thereof.

2. CEXTEN Fusion Protein Configurations with Intemal XTEN

[0177] In another aspect, the teaching provides CFXTEN configured with one or more XTEN sequences located internal to the FVIII sequence. In one aspect, teaching provides CFXTEN configured with one or more XTEN
sequences located internal to the FVIII sequence to confer properties such as, but not limited to, increased stability, increased resistance to proteases, increased resi: to i including but not limiting to
interaction with clearance receptors or FVIIl inhibitors, and increased hydrophilicity, compared to FVIIl without the incorporated XTEN.

[0178] The teaching contemplates that different configurations or sequence variants of FVIIl can be utilized as the platform into which one or more XTEN are inserted. These configurations include, but are not limited to, native
FVIII, FVIII BDD, and single chain FVIII (scFVIII), and variants of those configurations. In the case of scFVIII, the teaching provides CFXTEN that can be constructed by replacing one or multiple amino acids of the processing site of
FVIII. In one aspect, the scFVIII utilized in the CFXTEN is created by replacing the R1648 in the FVIIl sequence RHQREITR (SEQ ID NO: 1698) with glycine or alanine to prevent proteolytic processing to the heterodimer form. It is
specifically contemplated that any of the CFXTEN aspects disclosed herein with a 1648 FVIII residue can have a glycine or alanine substitution for the arginine at position 1648. In some aspects, the teaching provides CFXTEN
comprising scFVIIl wherein parts of the sequence surrounding the R1648 processing site are replaced with XTEN, as illustrated in FIGS. 10A and 10B. In one aspect, at least about 60%, or about 70%, or about 80%, or about 90%,
or about 95%, or about 97% or more of the B-domain is replaced with an XTEN sequence disclosed herein, including one or more of the R740, R1648, or R1689 cleavage sites. In another aspect, the CFXTEN has the FVIII
sequence of the B-domain between the FXla cleavage sites at R740 and R1689 (with at least 1-5 adjacent B-domain amino acids also retained between the cut site and the start of the XTEN to permit the protease to access the
cut site) replaced with XTEN. In another aspect, the CFXTEN has the FVIII sequence of the B-domain between the FXla cleavage site at N745 and P1640 replaced with XTEN. In other aspects, the teaching provides CFXTEN FVIII
BDD sequence variants in which portions of the B-domain are deleted but only one of the FXI R740 or R1689 activation sites (and 1-5 adjacent amino acids of the B-domain) are left within the construct, wherein the XTEN remains
attached at one end to either the light or heavy chain after cleavage by FXla, as illustrated in FIG. 5B and 5D. In one aspect of the ing, the CFXTEN i a FVIII BDD seq in which the amino acids between N745
to P1640 or between S743 to Q1638 or between P747 to V1642 or between N745 and Q1656 or between N745 and S1657 or between N745 and T1667 or between N745 and Q1686 or between R747 and V1642 or between T751
and T1667 are deleted and an XTEN sequence is linked between these amino acids, connecting the heavy and light chains, and can further comprise additional XTEN inserted either in external surface loops, between FVIII
domains, or at the N- or C-termini of the FVIIl BDD sequence, such as one or more insertion sites from Table 5, Table 6, Table 7, Table 8, and Table 9 or those illustrated in FIGS. 8-9. In another aspect of the foregoing, the
CFXTEN comprises a FVIII BDD sequence in which the amino acids between K713 to Q1686 or between residues 741 and 1648 are deleted and an XTEN linked between the two amino acids, and additional XTEN can be inserted
either in surface loops, between FVIIl domains, or at the N- or C-termini of the FVIII BDD sequence, including but not limited to one or more insertion sites from Table 5, Table 6, Table 7, Table 8, and Table 9 or those illustrated in
FIGS. 8-9. In some aspects such CFXTEN sequences can have one or more XTEN exhibiting at least about 80%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or
at least about 99%, or 100% sequence identity to an XTEN sequence from any one of Tables 4 and 13-17.

[0179] The teaching contemplates other CFXTEN with internal XTEN in various configurations; schematics of exemplary configurations are illustrated in FIGS. 5 and 10. The regions suitable for XTEN insertion sites include the
known domain boundaries of FVIII, exon boundaries, known surface (external) loops and solvent accessible surface area sites identified by X-ray crystallography analysis, and structure models derived from molecular dynamic
simulations of FVIII, regions with a low degree of order (assessed by programs described in FIGS. 7 legend), regions of low homology/lack of conservation across different species, and hydrophilic regions. In another aspect, XTEN
insertion sites were selected based on FVIIl putative clearance receptor binding sites. In another aspect, CFXTEN comprises XTEN inserted at locations not within close proximity to mutations implicated in hemophilia A listed in the
Haemophilia A Mutation, Search, Test and Resource Site (HAMSTeRS) database were eliminated (Kemball-Cook G, et al. The factor VIIlI Structure and Mutation Resource Site: HAMSTeRS version 4. Nucleic Acids Res. (1998)
26(1):216-219). In another aspect, potential sites for XTEN insertion include residues within FVIII epitopes that are capable of being bound by anti-FVIII ibodies occurring in it phili and that do not otherwise
serve as protein interactive sites. Regions and/or sites that are considered for exclusion as XTEN insertion sites include residues/regions of factor VIII that are important in various interactions including other clotting proteins,
residues surrounding each arginine activating/inactivating cleavage site acted on by the proteases thrombin, factor Xa, activated protein C, residues surrounding the signal peptide processing site (residue 1) if the construct
contains the signal peptide, regions known to interact with other proteins such as FIXa, FX/FXa, thrombin, activated protein C, protein S cofactor to Protein C, von Willebrand factor, sites known to interact with phospholipid

cofactors in coagulation, residues involved in domain interactions, residues coordinating Ca** or Cu** ions, cysteine residues involved in S-S intramolecular bonds, documented amino acid insertion and point mutation sites in FVIIl
produced in hemophilia A subjects affecting procoagulant activity, and mutation sites in FVIIl made in a research lab that affect pi activity. Sites i for either insertion (to prolong half-life) or for exclusion (needed
to remove spent FVIlla or FXa) include regions known to interact with heparin sulfate p (HSPG) or low-density lipop in receptor-related protein (LPR).

[0180] By analysis of the foregoing criteria, as described in Example 34, different insertion sites or ranges of insertions sites across the FVIII BDD sequence have been identified and/or confirmed as candidates for insertion of
XTEN, non-limiting examples of which are listed in Table 5, Table 6, Table 7, Table 8, and Table 9 and are shown schematically in FIGS. 8 and 9. In one aspect, CFXTEN comprise XTEN insertions between the individual domains
of FVIII, i.e., between the A1 and A2, or between the A2 and the B, or between the B and the A3, or between the A3 and the C1, or between the C1 and the C2 domains. In another aspect, CFXTEN comprises XTEN inserted within
the B domain or between remnant residues of the BDD sequence. In another aspect, CFXTEN comprises XTEN inserted at known exon boundaries of the encoding FVIII gene as exons represent evolutionary conserved sequence
modules that have a high probability of functioning in the context of other protein sequences. In another aspect, CFXTEN comprise XTEN inserted within surface loops identified by the x-ray structure of FVIII. In another aspect,
CFXTEN comprise XTEN inserted within regions of low order identified as having low or no detected electron density by X-ray structure analysis. In another aspect, CFXTEN comprise XTEN inserted within regions of low order,
predicted by structure prediction algorithms such as, but not limited to Foldindex, RONN, and Kyte & Doolitlle algorithms. In another aspect, CFXTEN comprise XTEN inserted within sequence areas of high frequency of hydrophilic
amino acids. In another aspect, CFXTEN comprise XTEN inserted within epitopes capable of being bound by naturally-occurring anti-FVIII antibodies in iti; philiacs. In another aspect, CFXTEN comprise XTEN inserted
within areas of low ion and/or dif in seqt segment length across FVIIl sequences from different species. In another aspect, CFXTEN comprise XTEN linked to the N-terminus and/or C-
terminus. In another aspect, the teaching provides CFXTEN configurations with inserted XTEN selected from two or more of the criteria from the aspects listed above. In another aspect, the teaching provides CFXTEN
configurations with at least one, i at least two, i at least three, alternatively at least four, alternatively at least five or more XTEN inserted into a factor VIIl sequence wherein the points of insertion are at or
proximal to the N- or C-terminus side of the at least one, two, three, four, or five, or six or more amino acids selected from the insertion residue amino acids of Table 5, Table 6, Table 7, Table 8, and Table 9 or those illustrated in
FIGS. 8-9, or alternatively within one, or within two, or within three, or within four, or within five, or within six amino acids of the insertion residue amino acids from Table 5, Table 6, Table 7, Table 8, and Table 9, or within the various
spans of the insertion residue amino acids schematically portrayed for an exemplary FVIIl BDD sequence in FIG. 9.

[0181] As described above, the one or more internally-located XTEN or a fragment of XTEN can have a sequence length of 6 to 1000 or more amino acid residues. In some aspects, wherein the CFXTEN have one or two or three
or four or five or more XTEN sequences internal to the FVIII, the XTEN sequences can be identical or can be different. In one aspect, each internally-located XTEN has at least about 80% sequence identity, or alternatively 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to comparable lengths or fragments of XTEN or motifs selected from any one of Tables
3,4, and 13-17, when optimally aligned. In another aspect, the teaching provides a CFXTEN configured with one or more XTEN inserted internal to a FVIIl BDD sequence with at least about 80% sequence identity, or alternatively
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity p toa of Table 1, wherein the insertions are located at the insertion points
or range of insertion points indicated in Table 5, Table 6, Table 7, Table 8, and Table 9, FIG. 8 or within the range of insertions as illustrated in FIG. 9. It will be understood by those of skill in the art that an XTEN inserted within the
FVIII sequence at an insertion point of Table 5, Table 6, Table 7, Table 8, and Table 9 is linked by its N- and C-termini to flanking FVIIl amino acids (or via a linking spacer or cleavage sequences, as described above), while an
XTEN linked to the N- or C-terminus of FVIII would only be linked to a single FVIIl amino acid (or to a linking spacer or cleavage sequence amino acid, as described above). By way of example only, variations of CFXTEN with three
internal XTEN could have: XTEN (as described herein) incorporated between FVIII BDD residues 741 and 1640, residues 18 and 19, and residues 1656 and 1657; or XTEN incorporated between FVIII BDD residues 741 and 1640,
residues 1900 and 1901, and at the C-terminus at residue 2332; or XTEN incorporated between FVIII BDD residues 26 and 27, residues 1656 and 1657, and residues 1900 and 1901; or XTEN incorporated between FVIIl BDD
residues 741 and 1640, residues 1900 and 1901, and at the C-terminus at residue 2332.

[0182] In evaluating the CFXTEN fusion proteins with XTEN inserted in the locations from Table 5, it was discovered that insertions in certain regions of the FVIII sequence resulted in CFXTEN with good expression and retention of
procoagulant activity. Accordingly, in preferred aspects, the teaching provides CFXTEN fusion proteins configured with one, or two, or three, or four, or five, or six or more XTEN, each having at least about 80% sequence identity,
or alternatively 81%, 82%, 83%, 84 %, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to an XTEN selected from any one of Tables 4, and 13-17 inserted
internal or linked to a FVIII BDD sequence with at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84 %, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
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identity compared to a sequence of Table 1, wherein the insertions are located at an insertion point within one, or two, or three, or four, or five, or six or more ranges set forth in Table 7. In the foregoing aspects, the CFXTEN fusion
proteins with the XTEN insertions retain at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% or more of the pr activity to the cor ing FVIII not linked to XTEN.

[0183] In evaluating the CFXTEN fusion proteins with XTEN inserted in one or more locations from Table 5, it was surprisingly discovered that a high percentage of fusion proteins with the XTEN insertions retained procoagulant
activity, as described in Example 25. Accordingly, the teaching provides CFXTEN fusion proteins configured with one, two, three, four, five, six or more XTEN wherein the resulting fusion protein exhibits at least about 10%, or 20%,
or 30%, or 40%, or 50%, or 60%, or 70%, or 80%, or 90% or more of the pr activity p to the corr ing FVIII not linked to XTEN when assayed by a coagulation assay described herein. In a preferred aspect,
the teaching provides CFXTEN fusion proteins comprising one, or two, or three, or four, or five, or six or more XTEN, each having at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94 %, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to an XTEN selected from any one of Tables 4, and 13-17 linked to a FVIIl BDD sequence with at least about 80% sequence
identity, or atternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to a sequence of Table 1, wherein the insertions are located
at one or more insertion points selected from Table 5, Table 6, Table 7, Table 8, and Table 9, and wherein the resulting fusion protein exhibits at least about 30%, or at least about 40%, or at least about 50%, or at least about 60%,
or at least about 70% or more procoagulant activity compared to the corresponding FVIII not linked to XTEN, when assayed in vitro by an assay described herein (e.g., a chromogenic assay). As the subject CFXTEN fusion proteins
typically exhibit increased terminal half-life compared to native FVIII, it will be appreciated by one of skill in the art that a CFXTEN with lower procoagulant activity relative to an equimolar amount of native FVIIl would nevertheless
be acceptable when administered as a therapeutic composition to a subject in need therof. In another aspect, the CFXTEN fusion proteins comprising one, or two, or three, or four, or five or more XTEN, each having at least about
80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity compared to an XTEN selected from any one of Tables
4, and 13-17 linked to a FVIIl BDD sequence with at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity compared to a sequence of Table 1, wherein the insertions are located at one or more insertion points or the range of insertion points selected from Table 5, Table 6, Table 7, Table 8, and Table 9, wherein the
resulting fusion protein exhibits at least about 0.5 IU/ml, or at least about 0.75 IU/ml, or at least about 1.0 IU/ml, or at least about 1.5 IU/ml, or at least about 2.0 IU/mI, or at least about 2.5 IU/ml, or at least about 3 IU/ml, or at least
about 4 1U/ml, or at least about 5 U/ml, or at least about 7 IU/ml, or at least about 10 IU/ml, or at least about 20 IU/ml, or at least about 30 IU/ml FVIII activity when expressed in cell cuture medium and assayed in a chromogenic
assay, wherein the culture and expression are according to methods described herein; e.g., the methods of Example 25.

[0184] It is believed that the discovery of the insertions sites wherein the FVIII retains at least a portion of its procoagulant activity would also permit the insertion of other peptides and polypeptides with either unstructured or
structured istics that are i with the pr ion of half-life when fused to a FVIII protein in one or more of those same sites. Non-limiting examples include albumin, albumin fragments, Fc fragments of
immunoglobulins, the B subunit of the C-terminal peptide (CTP) of human chorionic pin, a HAP seq| ] in, the PAS polypepti of U.S. Pat ication No. 20100292130, polyglycine linkers, polyserine
linkers, peptides and short polypeptides of 6-40 amino acids of two types of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline (P) with varying degrees of secondary structure
from less than 50% to greater than 50%, amongst others, would be suitable for insertion in the identified active insertions sites of FVIII.

[0185] In the fusion protein aspects described herein, the CFXTEN fusion protein can further comprise one or more cleavage sequence from Table 12 or other sequences known in the art, the cleavage sequence being located
between or within 6 amino acid residues of the intersection of the FVIII and the XTEN sequences, which may include two cleavage sequences in a given internal XTEN sequence. In one aspect, the CFXTEN comprising cleavage
sequences has two identical cleavage sequences, each located at or near the respective ends of one or more internal XTEN such that the XTEN is released from the fusion protein when cleaved by the protease that binds to and
cleaves that sequence. The sequences that can be cleaved are described more fully below and exemplary sequences are provided in Table 12.

Table 5: Insertion locations for XTEN linked to the F\ll BDD sequence

No. XTEN Insertion Point Insertion Residue FVIIl BDD Downstream Sequence FVIIl Domain
1 0 (N-terminus) ATR A1l
2 3 R RYY A1l
3 17 M QsD Al
4 18 Q SDL A1l
5 22 G ELP Al
6 24 L PVD A1l
7 26 \ DAR A1l
8 28 A RFP A1l
9 32 P RVP A1l
10 38 F PFN Al
" 40 F NTS A1l
12 41 N TSV A1l
13 60 N IAK Al
14 61 | AKP A1l
15 65 R PPW Al
16 81 Y DTV A1l
17 1M1 G AEY A1l
18 16 D QTs Al
19 19 s QRE Al
20 120 Q REK Al
21 128 v FPG A1l
22 129 F PGG A1l
23 130 P GGS Al
24 182 G SLA A1l
25 185 A KEK A1l
26 188 K TQT Al
27 205 G KSW A1l
28 210 s ETK Al
29 21 E TKN A1l
30 216 L MQD Al
31 220 R DAA A1l
32 222 A ASA A1l
33 223 A SAR A1l
34 224 S ARA A1l
35 230 K MHT A1l
36 243 P GLI A1l
37 244 G LIG A1l
38 250 R Ksv A1l
39 318 D GME A1l
40 333 P QLR Al
42 334 Q LRM A1l
43 336 R MKN al
44 339 N NEE al
45 345 D YDD al
46 357 v VRF al
47 367 s FIQ al
48 370 s RPY al
49 375 A KKH A2
50 376 K KHP A2
51 378 H PKT A2
52 399 \ LAP A2
53 403 D DRS A2
54 405 R SYK A2
55 409 S QYL A2
56 416 P QRI A2
57 434 E TFK A2
58 438 T REA A2
59 441 A IQH A2
60 442 | QHE A2
61 463 | IFK A2
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No. XTEN Insertion Point Insertion Residue FVIIl BDD Downstream Sequence FVIIl Domain
62 487 Y SRR A2
63 490 R LPK A2
64 492 P KGV A2
65 493 K GVK A2
66 494 G VKH A2
67 500 D FPI A2
68 506 G EIF A2
69 518 E DGP A2
70 556 K ESV A2
7 565 Q IMS A2
72 566 | MSD A2
73 598 P AGV A2
74 599 A GVQ A2
75 603 L EDP A2
76 616 s ING A2
77 686 G LWI A2
78 713 K NTG A2
79 719 Y EDS A2
80 730 L LSK A2
81 733 K NNA A2
82 745 N PPV B
83 1640 P PVL B
84 1652 R TTL B
85 1656 Q SDhQ A3
86 1685 N QsP A3
87 171 M SSS A3
88 1713 s SPH A3
89 1720 N RAQ A3
90 1724 s GsV A3
91 1725 G SVP A3
92 1726 s VPQ A3
93 1741 G SFT A3
94 1744 T QPL A3
95 1749 R GEL A3
96 1773 \ TFR A3
97 1792 Y EED A3
98 1793 E EDQ A3
99 1796 Q RQG A3
100 1798 Q GAE A3
101 1799 G AEP A3
102 1802 P RKN A3
103 1803 R KNF A3
104 1807 \ KPN A3
105 1808 K PNE A3
106 1827 K DEF A3
107 1844 E KDV A3
108 1861 N TLN A3
109 1863 L NPA A3
110 1896 E RNC A3
11 1900 R APC A3
112 1904 N oM A3
113 1905 | QME A3
114 1910 P TFK A3
115 1920 A ING A3
116 1937 D QRI A3
17 1981 G VFE A3
118 2019 N KCQ A3
119 2020 K car Cc1
120 2044 G QWA C1
121 2068 F SWI C1
122 2073 \ DLL C1
123 2090 R QKF c1
124 2092 K FSS Cc1
125 2093 F SSL C1
126 2111 K WQT C1
127 2115 Y RGN C1
128 2120 T GTL c1
129 2125 \ FFG Cc1
130 2171 L NSC C1
131 2173 s CSM c2
132 2188 A QT Cc2
133 2223 \A NNP c2
134 2224 N NPK Cc2
135 2227 K EWL Cc2
136 2268 G HQw c2
137 2277 N GKvV c2
138 2278 G KVK c2
139 2290 F TPV Cc2
140 2332 Y C terminus of FVIII CT

[0186] Indicates an insertion point for XTEN based on the amino acid number of mature full-length human FVIII, wherein the insertion could be either on the N- or C-terminal side of the indicated amino acid Downstream sequence
in FVIII BDD with 746-1639 deletion

No No.

XTEN Inst ert ion Point

Table§. E . : fons for XTEN I I :
Insertion Res idue

FVIIl Downstream B DD Sequ en ce

FVIIl D omain

Distance from insertion resid ue

9

{32

iP

RVP

Al

-3, +6
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No No. XTEN Inst ert ion Point Insertion Res idue FVIIl Downstream B DD Sequ en ce FVIIl D omain Distance from insertion resid ue
31 220 R DAA A1l -

34 224 S ARA A1l +5
43 336 R MKN al -1, +6
44 339 N NEE al -4, +5
52 399 v LAP A2 -6, +3
56 416 P QRI A2 +6

75 603 L EDP A2 _6,+6
85 1656 Q SDQ B -3, +6
87 1711 M 888 A3 -6, +1
91 1725 G SVP A3 +6
13 1905 | QME A3 +6
14 1910 P TFK A3 -5, +6

[0187] Distance from insertion residue refers to the relative number of amino acids away from the N-terminus (negative numbers) or C-terminus (positive numbers) of the designated insertion residue (residue "0") where an
insertion may be made. The designation "-x" refers to an insertion site which is x amino acids away on the N-terminal side of the designated insertion residue. Similarly, the designation "+x" refers to an insertion site which is x
amino acids away on the C-terminal side of the designated insertion residue.

[0188] For example, "-1, +2" indicates that the insertion is made at the N-terminus or C-terminus of amino acid residues denoted -1, 0, +1 or +2.
Table 7. Further exemplary insertion locations for XTEN linked to a F\I polypeptide

No. XTEN Insertion Point Range First Insertion Residue FVIIl Domain
3 18-32 Q Al

8 40 F A1l

18 211-224 E A1l

27 336-403 R A1, A2
43 599 A A2

47 7451640 N B

50 1656-1728 Q B, A3
57 1796-1804 R A3

65 1900-1912 R A3

81 2171-2332 L C1,C2

indicates range of insertion sites numbered relative to the amino acid number of mature human FVIII

XTEN Insertion Point Range

Table 8. Exemplary XTEN insertion locations within B-domain deleted variants of a FVIll polypeptide

First Insertion Residue

Second Insertion Residue

740-1640

740-1690

741-1648

743-1638

7451638

7451640

745-1656

7451657

745-1667

7451686

747-1642

APZLZIZIZ P Z 20 0iDe D

<joi-foiolvioipfmiolo

751-1667

=

=

indicates the amino acids linked within the B-domain deleted variant and adjacent A3 domain, with the amino acids numbered relative to the amino acid number of mature human FVIII
indicates the amino acids linked by an XTEN inserted in the BDD-FVIII

Table 9. for XTEN linked to a FVIll in activity
No. XTETN Insertion Point Insertion Residue FVIIl BDD Downstream Sequence FVIII Domain
2 3 R RYY A1l
4 18 Q SDL A1l
5 22 G ELP A1l
7 26 \i DAR A1l
9 32 P RVP A1l
" 40 F NTS A1l
18 16 D QTs Al
19 19 s QRE Al
26 188 K TQT Al
29 21 E TKN A1l
30 216 L MQD Al
31 220 R DAA A1l
34 224 S ARA A1l
35 230 K MHT A1l
40 333 P QLR Al
43 336 R MKN al
44 339 N NEE al
52 399 \i LAP A2
53 403 D DRS A2
55 409 S QyL A2
56 416 P QRI A2
60 442 | QHE A2
62 487 Y SRR A2
63 490 R LPK A2
66 494 G VKH A2
69 518 E DGP A2
74 599 A GVQ A2
75 603 L EDP A2
78 713 K NTG A2
82 745 N PPV B
85 1656 Q sba A3
87 1711 M 888 A3
89 1720 N RAQ A3
91 1725 G SVP A3
99 1796 Q RQG A3
102 1802 P RKN A3
110 1896 E RNC A3
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No. XTETN Insertion Point Insertion Residue FVIIl BDD Downstream Sequence FVIII Domain
11 1900 R APC A3
12 1904 N 1aM A3
13 1905 | QME A3
14 1910 P TFK A3
121 2068 F swl c1
130 2171 L NSC c1
135 2227 K EWL Cc2
137 2277 N GKvV c2
140 2332 A C terminus of FVIII Cc2
Downstream sequence in FVIII BDD with 746-1639 deletion

[0189] In another aspect, the teaching provides libraries of components and methods to create the libraries derived from nucleotides encoding FVIIl segments, XTEN, and FVIII segments linked to XTEN that are useful in the
preparation of genes encoding the subject CFXTEN. In a first step, a library of genes encoding FVIIl and XTEN inserted into the various single sites at or within 1-6 amino acids of an insertion site identified in Table 5 or illustrated in
FIGS. 8-9 are created, expressed, and the CFXTEN recovered and for activity and inetics as il in FIG. 15. Those CFXTEN showing enhanced properties are then used to create genes encoding a
FVIII segment and the insertion site plus an XTEN, with p from each insertion rep in the library, as illustrated in FIG. 11. In one aspect, the library components are assembled using standard
r i i in i ial fashion, as il in FIG. 11, resulting in permutations of CFXTEN with multiple internal and N- and C-terminus XTEN, that can include the insertion sites of or proximal to those Table 5,
Table 6, Table 7, Table 8 and Table 9, or as illustrated in FIGS. 8-9. The resulting constructs would then be evaluated for activity and phar inetics, and those i resulting in CFXTEN with enhanced
properties, e.g., reduced active resi top . reduced ir icity, and enhance phar ineti p to FVIII not linked to XTEN, are evaluated further.

3. XTEN Permissive Loops

[0190] As described in detail elsewhere herein and as illustrated in FIGS.33-36, the inventors have recognized that each FVIII "A" domain comprise at least two "XTEN permissive loops" into which XTEN sequences can be inserted
without eliminating pi activity of the i protein, or the ability of the recombinant proteins to be expressed in vivo or in vitro in a host cell. The inventors have identified the XTEN permissive loops as regions with,
among other attributes, high surface or solvent exposure and high conformational flexibility. The A1 domain comprises an XTEN permissive loop-1 (A1-1) region and an XTEN permissive loop-2 (A1-2) region, the A2 domain
comprises an XTEN permissive loop-1 (A2-1) region and an XTEN permissive loop-2 (A2-2) region, the A3 domain comprises an XTEN permissive loop-1 (A3-1) region and an XTEN permissive loop-2 (A3-2) region..

[0191] In certain aspects a recombinant FVIII protein as described above comprises at least one XTEN sequence inserted into at least one of the XTEN permissive loops A1-1, A1-2, A2-1, A2-2, A3-1, or A3-2, wherein the
recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in vitro in a host cell. In certain aspects a recombinant FVIII protein as described above comprises at least two XTEN sequences inserted into
FVIII, e.g., into two different XTEN permissive loops A1-1, A1-2, A2-1, A2-2, A3-1, or A3-2, wherein the recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in vitro in a host cell. Alternatively, a
recombinant FVIII protein as described above can comprise two or more XTEN sequences inserted into a single XTEN permissive loop either with our without XTEN sequences inserted into other XTEN permissive loops, wherein
the recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in vitro in a host cell. In certain aspects a recombinant FVIII protein as described above can comprise at least one XTEN sequence inserted
into at least one of the XTEN permissive loops as described above, and can further comprise one or more XTEN sequences inserted into a3, wherein the recombinant FVIII protein has procoagulant activity and can be expressed
in vivo or in vitro in a host cell. In certain aspects, a recombinant FVIIl protein of the teaching can comprise three, four, five, six or more XTEN sequences inserted into one or more XTEN permissive loops or into a3, wherein the
recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in vitro in a host cell.

[0192] In certain aspects a recombinant FVIII protein as described above comprises at least one XTEN sequence inserted into a3, wherein the recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in
vitro in a host cell. In certain aspects a recombinant FVIIl protein of the teaching comprises at least one XTEN sequence inserted into a3, and further comprises one or more XTEN sequences inserted into one or more XTEN
permissive loops as described above, wherein the recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in vitro in a host cell.

[0193] The inventors have recognized that a recombinant FVIII protein of the teaching comprises at least two XTEN permissive loops in each of the FVIII A domain regions which allows for insertion of an XTEN sequence while
having procoagulant activity and still being able to be expressed in vivo or in vitro by a host cell. Various crystal structures of FVIIl have been determined, of varying degrees of resolution. These structures of FVIIl and FVllla,
determined by X-ray crystallography and molecular dynamic simulation, were used to generate models of accessible surface area and conformational flexibility for FVIII. For example, the crystal structure of human FVIII has been
determined by Shen et al. Blood 111: 1240-1247 (2008) and Ngo et al. Structure 16: 597-606 (2008). The data for these structures is available from the Protein Data Bank (pdb.org) under Accession Numbers 2R7E and 3CDZ,
respectively.

[0194] The predicted secondary structure of the heavy and light chains of human FVIIl according to the Shen et al. crystal structure is reproduced in FIGS. 37A and 37B. The various beta strands predicted from the Shen et al.
crystal structure are numbered consecutively in FIGS. 8A and 8B. In certain aspects, the XTEN permissive loops A1-1, A1-2, A2-1, A2-2, A3-1, and A3-2 are contained within surface-exposed, flexible loop structures in the A
domains of FVIIl. A1-1 is located between beta strand 1 and beta strand 2, A1-2 is located between beta strand 11 and beta strand 12, A2-1 is located between beta strand 22 and beta strand 23, A2-2 is located between beta
strand 32 and beta strand 33, A3-1 is located between beta strand 38 and beta strand 39 and A3-2 is located between beta strand 45 and beta strand 46, according to the secondary structure of mature FVIII stored as Accession
Number 2R7E of the PDB database (PDB:2R7E) and as shown in FIGS. 8A and 8B. The secondary structure of PDB Accession Number 2R7E shown in FIGS. 8A and 8B corresponds to the standardized secondary structure
assignment according to the DSSP program (Kabsch and Sander, Biopolymers, 22:2577-2637 (1983)). The DSSP secondary structure of the mature FVIIl stored as PDB Accession Number 2R7E can be accessed at the DSSP
database, available at the world wide web site swift.cmbi.ru.nl/gv/dssp/ (last accessed February 9, 2012) (Joosten et al., 39(Suppl. 1): D411-D419 (2010)).

[0195] In certain aspects, a surface-exposed, flexible loop structure comprising A1-1 corresponds to a region in native mature human FVIII from about amino acid 15 to about amino acid 45 of FIG. 30. In certain aspects, A1-1
corresponds to a region in native mature human FVIII from about amino acid 18 to about amino acid 41 of FIG. 30. In certain aspects, the surface-exposed, flexible loop structure comprising A1-2 corresponds to a region in native
mature human FVIII from about amino acid 201 to about amino acid 232 of FIG. 30. In certain aspects, A1-2 corresponds to a region in native mature human FVIIl from about amino acid 218 to about amino acid 229 of FIG. 30. In
certain aspects, the surface-exposed, flexible loop structure comprising A2-1 corresponds to a region in native mature human FVIII from about amino acid 395 to about amino acid 421 of FIG. 30. In certain aspects, A2-1
corresponds to a region in native mature human FVIII from about amino acid 397 to about amino acid 418 of FIG. 30. In certain aspects, the surface-exposed, flexible loop structure comprising A2-2 corresponds to a region in
native mature human FVIII from about amino acid 577 to about amino acid 635 of FIG. 30. In certain aspects, A2-2 corresponds to a region in native mature human FVIII from about amino acid 595 to about amino acid 607 of FIG.
30. In certain aspects, the surface-exposed, flexible loop structure comprising A3-1 corresponds to a region in native mature human FVIIl from about amino acid 1705 to about amino acid 1732 of FIG. 30. In certain aspects, A3-1
corresponds to a region in native mature human FVIII from about amino acid 1711 to about amino acid 1725 of FIG. 30. In certain aspects, the surface-exposed, flexible loop structure comprising A3-2 corresponds to a region in
native mature human FVIII from about amino acid 1884 to about amino acid 1917 of FIG. 3. In certain aspects, A3-2 corresponds to a region in native mature human FVIII from about amino acid 1899 to about amino acid 1911 of
FIG. 30.

[0196] In certain aspects a recombinant FVIII protein of the teaching comprises one or more XTEN sequences inserted into one or more XTEN permissive loops of FVIII, or into the a3 region, wherein the recombinant FVIIl protein
has procoagulant activity and can be expressed in vivo or in vitro in a host cell. XTEN sequences to be inserted include those that increase the in vivo half-life or the in vivo or in vitro stability of FVIII.

[0197] In certain aspects, a recombinant FVIII protein of the teaching i an XTEN seq inserted il i of one or more amino acids corresponding to one or more amino acids in mature native
human FVIIl including, but not limited to: amino acid 18 of FIG. 30, amino acid 26 of FIG. 30, amino acid 40 of FIG. 30,, amino acid 220 of FIG. 30, amino acid 224 of FIG. 30, amino acid 399 of FIG. 30, amino acid 403 of FIG. 30,
amino acid 599 of FIG. 30, amino acid 603 of FIG. 30, amino acid 1711 of FIG. 30, amino acid 1720 of FIG. 30, amino acid 1725 of FIG. 30, amino acid 1900 of FIG. 30, amino acid 1905 of FIG. 30, amino acid 1910 of FIG. 30, or
any combination thereof, including corresponding insertions in BDD-variants of FVIII described herein.

[0198] In certain aspects, a recombinant FVIII protein of the teaching comprises at least one XTEN sequence inserted into the a3 region of FVIII, either alone or in combination with one or more XTEN sequences being inserted
into the XTEN permissive loops of the A domains (e.g., A1-1, A1-2, A2-1, A2-2, A3-1, or A3-2 as described above), wherein the recombinant FVIII protein has procoagulant activity and can be expressed in vivo or in vitro in a host
cell. In certain aspects, at least one XTEN sequence is inserted into the a3 region immediately downstream of an amino acid which corresponds to amino acid 1656 of FIG. 30. In certain aspects, a recombinant FVIII protein of the
teaching comprises an XTEN sequence inserted into the a3 region as described, and further includes one or more XTEN inserted i i of one or more amino acids corresponding to one or more
amino acids in mature native human FVIII including, but not limited to: amino acid 18 of FIG. 30, amino acid 26 of FIG. 30, amino acid 40 of FIG. 30, amino acid 220 of FIG. 30, amino acid 224 of FIG. 30, amino acid 399 of FIG.
30, amino acid 403 of FIG. 30, amino acid 599 of FIG. 30, amino acid 603 of FIG. 30, amino acid 1711 of FIG. 30, amino acid 1720 of FIG. 30, amino acid 1725 of FIG. 30, amino acid 1900 of FIG. 30, amino acid 1905 of FIG. 30,
amino acid 1910 of FIG. 30, or any combination thereof.

[0199] It will be understood by one of skill in the art that the foregoing aspects of permissive loops of a native FVIII protein into which a heterologous protein can be inserted are also applicable to the B-domain deleted FVIII
variants described herein; e.g., sequences set forth in Table 1. In practicing the present teaching, it will be understood that a BDD-FVIII sequence of Table 1 can be substituted for the recombinant FVIII protein of the various
aspects described above, and it is believed that the resulting constructs will similarly retain procoagulant activity.

4. Interference with F\IIl binding agents

[0200] It is an object of the present teaching to provide procoagulant CFXTEN fusion protein compositions for use in human patients suffering from ies, such as philia A, who have native or acquired antibodies,
inhibitors, or other proteins or molecules that bind to FVIII that affect the activity or half-life of CFXTEN fusion proteins, wherein the CFXTEN retain a greater amount of pr activity p to the ing FVIIl not
linked to XTEN. As used herein, "FVIII binding agent" means any molecule capable of binding to native FVIII or to a recombinant factor VIIl fusion protein of the teaching comprising factor VIIl or a fragment thereof, whether native,
derived, or produced r i It is specif that FVIIl binding agent includes anti-FVIII antibodies and FVIII inhibitors, amongst other proteins capable of specifically binding to FVIII. In one aspect, the
teaching provides procoagulant CFXTEN fusion proteins that exhibit reduced binding to an anti-FVIIl antibody or FVIII inhibitor that interferes with the procoagulant activity of FVIII. As used herein, "anti-FVIIl antibody" or "anti-factor
VIl antibody" means an antibody capable of binding FVIII or a FVIII component of a CFXTEN of the teaching, said antibody including but not limited to the antibodies of Table 10 or polyclonal antibody from a hemophilia A patient
with FVIIl inhibitors. The term antibody includes ibodies, p ibodies, antibody fragments and antibody fragment clones. As used herein, "FVIII inhibitor" or "anti-FVIIl inhibitor antibody" means an antibody
capable of binding FVIII or a FVIIl component of a CFXTEN of the teaching and that reduces by any means the procoagulant activity of FVIII or the FVIIl component of a CFXTEN. In another aspect, the teaching provides CFXTEN
fusion proteins that retain procoagulant activity in the presence of a FVIIl inhibitor. In another aspect, the teaching provides CFXTEN fusion proteins comprising FVIII that exhibit increased terminal half-life in the presence of a FVIII
binding agent compared to the FVIII not linked to XTEN.

[0201] The majority of inhibitory antibodies to human factor VIII act by binding to epitopes located in the A2 domain or the C2 domain of factor VIII, disrupting specific functions associated with these domains, (U.S. Patent No.
6,770,744 ; Fulcher et al. Localization of human factor FVIIl inhibitor epitopes to two polypeptide fragments. Proc. Natl. Acad. Sci. USA (1985) 82:7728-7732; Scandella et al. Epitope mapping of human factor VIl inhibitor antibodies
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by deletion analysis of fVIll fragments expressed in Escherichia coli. Proc. Natl. Acad. Sci. USA (1988) 85:6152-6156). While 68% percent of inhibitory antibodies are reported to be directed against the A2 and/or C2 domain, 3% act
against the A1 domain and 46% against the a3 acidic region (Lavigne-Lissalde, G., et al. Characteristics, mechanisms of action, and epitope mapping of anti-factor Vill antibodies. Clin Rev Allergy Immunol (2009) 37:67-79). For
example, certain heavy chain-specific inhibitors react with the 18.3-kD amino-terminal segment of the A2 domain (Scandella D, et al. 1988); Lollar P et al. Inhibition of human factor Vllla by anti-A2 subunit antibodies. J Clin Invest
1994;93:2497). FVIII contains a phospholipid binding site in the C2 domain between amino acids 2302 and 2332, and there is also a von Willebrand factor binding site in the C2 domain that acts in conjunction with amino acids
1649-1689 in the A3 domain. The C2 domain also has epitopes that, when bound by inhibitors, block the activation of FVIII by thrombin or factor Xa. Inhibitors binding specifically to the light chain recognize epitopes in the A3
domain or a major antigenic region in the C2 domain and can result in reduced procoagulant activity by preventing the binding of FVIII to phospholipid or reducing the dissociation rate of FVIII from von Willebrand factor (Gilles JG,
et al. Anti-factor VIl antibodies of philiac patients are frequently directed towards nonfunctional determinants and do not exhibit isotypic restriction. Blood (1993) 82:2452; Shima M, et al. A factor VIl neutralizing monoclonal
antibody and a human inhibitor alloantibody recognizing epitopes in the C2 domain inhibit factor VIl binding to von Willebrand factor and to phosphatidylserine. Thromb Haemost (1993) 69:240). Non-limiting examples of
monoclonal FVIIl inhibitors are listed in Table 9. In patients with high-titer inhibitors, there is an increased risk of developing recurrent bleeding in particular joints, which may ultimately result in decreased quality of life, disability, or
death from excessive blood loss (U.S. Pat. Application No. 20120065077; Zhang et al., Clinic. Rev. Allerg. Inmunol., 37:114-124 (2009); Gouw and van den Berg, Semin. Thromb. Hemost., 35:723-734 (2009))

[0202] While not intending to be bound by any particular theory, it is believed that the unstructured characteristic of the XTEN incorporated into the CFXTEN fusion proteins permits the XTEN to adopt conformations that result in
steric hindrance to inhibitors that would otherwise bind to FVIII epitopes. As illustrated in FIG. 6, as the incorporated XTEN assumes various random coil conformations, it spatially covers regions of the FVIIl component of the fusion
protein and sterically interferes with the ability of an inhibitor to bind to a FVIII epitope.

[0203] In one aspect, the teaching provides CFXTEN exhibiting procoagulant activity and reduced binding in the presence of an antibody binding to the C2 domain of factor VIl compared to the corresponding factor VIIl not linked
to XTEN and/or to native FVIII. In another aspect, the teaching provides CFXTEN exhibiting procoagulant activity and reduced binding in the presence of an antibody binding to the A2 domain of Factor VIl compared to the
corresponding factor VIII not linked to XTEN or to native FVIII. In another aspect, the teaching provides CFXTEN exhibiting procoagulant activity and reduced binding in the presence of antibodies binding to the A2 and the C2
domain of Factor VIIl, compared to the corresponding factor VIII not linked to XTEN or to native FVIII. In one aspect, the teaching provides CFXTEN exhibiting procoagulant activity and reduced binding, compared to the
corresponding FVIII not linked to XTEN, in the presence of an antibody selected from the group consisting of the antibodies of Table 10. In one aspect, the CFXTEN fusion protein exhibits reduced binding to the antibody
GMAB8021. In another aspect, the CFXTEN fusion protein exhibits reduced binding to the antibody GMA8008. In another aspect, the CFXTEN fusion protein exhibits reduced binding to the antibody ESH4. In another aspect, the
CFXTEN fusion protein exhibits reduced binding to the antibody ESH8. In another aspect, the CFXTEN fusion protein exhibits reduced binding to the antibody B02C11. In another aspect, the CFXTEN fusion protein exhibits
reduced binding and a greater degree of pr activity, p to the corresp ing FVIII not linked to XTEN, in the presence of plasma from a hemophilia A subject with polyclonal antibody FVIII inhibitors, wherein the
greater degree of procoagulant activity is determined by an in vitro assay such as a Bethesda assay or other assay described herein.

[0204] The CFXTEN exhibiting reduced binding by FVIII inhibitors can have one, or two, or three, or four, or five, or six or more individual XTEN, aspects of which are disclosed herein. In the foregoing aspects of this paragraph, a
CFXTEN exhibits at least 5%, or 10%, or 15%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70% or less binding to the antibody when assessed in v#ro in an assay capable of assaying the binding of an antibody to FVIII, such as
assays described herein below or those known in the art. Alternatively, the reduced binding of the subject CFXTEN to the FVIIl-binding ibodies can be by retention of a higher degree of procoagulant activity in the
presence of the antibody compared to FVIII not linked to XTEN, as described in the Examples. Thus, in the aspects pertaining to reduced binding by FVIIl inhibitors described herein, a CFXTEN exhibits, when reacted with the anti-
FVIII antibody, at least 5%, or 10%, or 15%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70%, or 80%, or 100%, or 200%, or 300%, or 400%, or 500% or more activity in a coagulation assay (such as described herein below)
compared to the corresponding FVIII not linked to XTEN and reacted with the antibody. In the foregoing, the anti-FVIIl antibody can be an antibody from Table 9 or a circulating anti-FVIIl antibody from a hemophilia A subject. In
another aspect, the teaching provides CFXTEN in which the assayed fusion protein, when assayed utilizing the Bethesda assay and an anti-FVIIl antibody selected from Table 10 or a polyclonal anti-FVIIl antibody preparation such
as, but not limited to, plasma from a hemophilia A subject with FVIII inhibitors, results in a Bethesda titer with at least about 2, 4,6, 8, 10, 12, 15, 20, 30, 40, 50, 60, 70, 80, 100, or 200 fewer Bethesda units compared to a FVIIl not
linked to XTEN and assayed under comparable conditions. In another aspect, the teaching provides CFXTEN in which the assayed fusion protein results in less than 50%, or less than 40%, or less than 30%, or less than 25%, or
less than 20%, or less than 15%, or less than 14%, or less than 13%, or less than 12%, or less than 11%, or less than 10% of the Bethesda Units compared to a FVIII not linked to XTEN when assayed under comparable conditions
utilizing the Bethesda assay and a polyclonal anti-FVIIl antibody preparation such as, but not limited to, plasma from a hemophilia A subject with FVIII inhibitors.

Table 10: Anti-factor VIl antibodies

Antibody Designation {Epitope Inhibitor Titer BU/mg Reference
BO2C11 C2 Domain Met2199/Phe2200 20000 U.S. 6,770,744 Blood (2007) 110:4234-4242
NMC VII-5 C2 Domain Glu2181-Val2243 U.S. 6,770,744
ESH2 Light Chain ADI
ESH4 Light Chain 2303-2332 39 U.S. 6,770,744 Blood (2007) 110:4234-4242
ESH8 C2 Domain 2248-2285 10000 U.S. 6,770,744 Blood (2007) 110:4234-4242
RHD5 (LMBP 6165CB) C1 Domain WO 2005/016455 US Pat. Application 20090263380
LE2E9 C1 Domain US Pat. Application 20090263380 Blood (2000) 95:156-163
154 C2 Domain 1300 Blood (2007) 110:4234-4242
F85 C2 Domain 6 Blood (2007) 110:4234-4242
F100 C2 Domain 5 Blood (2007) 110:4234-4242
F137 C2 Domain 6 Blood (2007) 110:4234-4242
189 C2 Domain 1900 Blood (2007) 110:4234-4242
117 C2 Domain 1800 Blood (2007) 110:4234-4242
1109 C2 Domain Met2199/Phe2200 1500 Blood (2007) 110:4234-4242
1B5 C2 Domain 930 Blood (2007) 110:4234-4242
3C6 C2 Domain 71 Blood (2007) 110:4234-4242
3D12 C2 Domain Phe2196 2600 Blood (2007) 110:4234-4242
D102 C2 Domain 3800 Blood (2007) 110:4234-4242
3G6 C2 Domain 25000 Blood (2007) 110:4234-4242
2-77 C2 Domain 25000 Blood (2007) 110:4234-4242
B45 C2 Domain 21000 Blood (2007) 110:4234-4242
B9 C2 Domain 31000 Blood (2007) 110:4234-4242
B11 C2 Domain 3300 Blood (2007) 110:4234-4242
B75 C2 Domain Indetemminate Blood (2007) 110:4234-4242
D105 C2 Domain Val2223/Lys2227 08 Blood (2007) 110:4234-4242
F77 C2 Domain 26000 Blood (2007) 110:4234-4242
F178 C2 Domain 18000 Blood (2007) 110:4234-4242
F67 C2 Domain 21000 Blood (2007) 110:4234-4242
G99 C2 Domain Val2223/Lys2227 15000 Blood (2007) 110:4234-4242
G86 C2 Domain 4300 Blood (2007) 110:4234-4242
14 C2 Domain 44000 Blood (2007) 110:4234-4242
155 C2 Domain 10000 Blood (2007) 110:4234-4242
2-117 C2 Domain >0.4 Blood (2007) 110:4234-4242
GMAOQ12 A2 domain 497-510; 584-593 GMA
GMA8001 A3 Domain 156 GMA
GMA8002 A1 Domain <1 GMA
GMAB8003 C2 Domain GMA
GMAB8004 A1 Domain GMA
GMAB8005 A1A3/A1 Domain GMA
GMAB8006 C2 Domain GMA
GMAB8008 C2 Domain 1047 GMA
GMAB8009 A2 Domain 7923 GMA
GMA8010 LC Domain GMA
GMAB8011 C1 Domain 97 GMA
GMA8012 A1A3 Domain 204 GMA
GMAB8013 A3C2 Domain 30 GMA
GMA8014 C2 Domain 7799 GMA
GMA8015 A2 Domain 17079 GMA
GMAB8016 A2 Domain <1 GMA
GMA8017 A2 Domain 334 GMA
GMAB8018 LC Domain 242 GMA
GMAB8019 CR-LC Domain GMA
GMA8020 A1A3 Domain 196 GMA
GMA8021 A2 Domain 33928 GMA
4A4 A2 Domain 40000 J Thromb Haemost (2009) 7:658-664
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Assays For Inhibitor and Antibody Bi q

[0205] The fusion proteins of the teaching may be assayed to confirm reduced binding by FVIII inhibitors using methods known in the art. The assays that can be used include, but are not limited to, competitive and non-
competitive assay systems using techniques such as Western blots, radioimmunoassays, ELISA, "sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel diffusion precipitin reactions, immunodiffusion
assays, ination assays, immunoradi ic assays, fluorescent inmunoassays, clotting assays, factor VIll inhibitor assays to name but a few. Such assays are routine and well known in the art (see, e.g., Ausubel et al, eds,
1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York). Exemplary are described briefly below but are not intended by way of limitation.

[0206] The Bethesda assay and the Nijmeg i ion of the assay are factor VIIl inhibitor assays well-known as methods to detect FVIII inhibitors (Kasper CK, et al. Proceedings: A more uniform measurement of
factor VIII inhibitors. Thromb Diath Haemorrh. (1975) 34(2):612). However, the assays can be modified to assay binding of inhibitors to FVIII compositions using inhibitors such as p or anti-FVIII ibodies,
including the antibodies of Table 10, and methods such as described in Example 52. Briefly, the modified Bethesda assay involves mixing titered volumes of the test sample with an equal volume of an inhibitor at a set
concentration. The mixtures are incubated for 2 hours at 37°C prior to analysis of the factor concentration by a coagulation assay such as a chromogenic assay. Similarly, a reference plasma with native factor VIIl level is incubated
that then assayed as the positive control. The endpoint is the titer resulting in 50% of the FVIII activity of the positive control, reported as units. In the g of the assay, the assay samples are
stabilized with imidazole buffer and the control sample is mixed with deficient plasma instead of buffer (Verbruggen B, et al. The Nijmeg i ion of the assay for factor VIII:C inhibitors: improved specificity and
reliability. Thromb Haemost. (1995) 73(2):247-251).

[0207] Western blot analysis generally comprises preparing protein samples, electrophoresis of the protein samples in a polyacrylamide gel (e.g., 8%-20% SDS-PAGE depending on the molecular weight of the antigen), transferring
the protein sample from the polyacrylamide gel to a membrane such as nitrocellulose, PYDF or nylon, blocking the membrane in blocking solution (e.g., PBS with 3% BSA or non-fat milk), washing the membrane in washing buffer
(e.g., PBS-Tween 20), blocking the membrane with primary antibody (the antibody of interest) diluted in blocking buffer, washing the membrane in washing buffer, blocking the membrane with a secondary antibody (which
recognizes the primary antibody, e.g., an anti-h antibody) j to an ic substrate (e.g., i { or alkaline or i ive molecule (e.g., 32 P or 125 |) diluted in blocking buffer,
washing the membrane in wash buffer, and detecting the presence of the antigen. One of skill in the art would be knowledgeable as to the parameters that can be modified to increase the signal detected and to reduce the
background noise. For further discussion regarding western blot protocols see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 10.8.1.

[0208] ELISA assays can detect antibodies to FVIII independent of their ability to block the procoagulant activity of FVIII, and have been utilized for the detection of anti-FVIII developing in hemophilia A patients. In a population of
131 patients with hemophilia A with inhibitors, the ELISA technique resulted in 97.7% sensitivity and 78.8% specificity, and had a high negative predictive value (98.6%) [Martin, P. G., et al. Evaluation of a novel ELISA screening test
for detection of factor VIIl inhibitory antibodies in haemophiliacs. Clin Lab Haematol (1999) 21:125-128]. Other investigators have found a highly significant correlation between the Bethesda titer and the absorbance values in an
ELISA assay for detecting anti-FVIIl Abs (Towfighi, F., et al. Comparative measurement of anti-factor VIl antibody by Bethesda assay and ELISA reveals restricted isotype profile and epitope specificity. Acta Haematol (2005)
114:84-90), with the added advantage of the ability to detect non-inhibitory anti-FVIII antibodies. Assay protocols comprise preparing the binding ligand, which may include a sample comprising either factor VIl polypeptide or the
CFXTEN fusion proleln coating the well of a 96 well microtiter plate with the antibody, adding the ligand test sample and incubating, then adding a detection antibody and incubating prior to washing and adding a alkaline

orp j secondary antibody and incubating for an additional period before the addition of TMB substrate and processing for reading by spectrophotometer at 450nm. In ELISAs the antibody or
inhibitor of interest does not have to be ji toa instead, a second antibody (which recognizes the antibody or inhibitor of interest) j toa may be added to the well.
Further, instead of coating the well with the antibody, the ligand may be coated to the well. One of skill in the art would be knowledgeable as to the parameters that can be modified to increase the signal detected as well as other
variations of ELISAs known in the art (see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 11.2.1).

[0209] Standard or modified coagulation assays are used to measure reduced binding of FVIII binding agents. In one exemplary method (further described in Example 28), the optimal concentration of a given FVIIl inhibitor to
utilize in the assay is first determined by a titration experiment using varying amounts of the inhibitory antibody incubated at 37°C for 2 hrs with the base vector expressing wild-type FVIII containing a His/Myc double tag. The FVIII
activity is measured by the Coatest assay procedure described herein. The lowest concentration that results in optimal inhibition of FVIIl activity is employed in the assay. In the assay, the FVIII inhibitor antibody at the optimal
concentration is mixed with individual test samples and incubated at 37°C for 2 hrs. The resulting test samples are then collected and utilized in the Coatest activity assay, along with untreated aliquots of the CFXTEN and positive
control in order to assess the residual and baseline FVIII activity for each test sample.

[0210] The teaching provides methods of making CFXTEN that exhibit reduced binding to FVIII binding agents, including FVIII inhibitors, and retention of procoagulant activity. In one aspect, the method to make a CFXTEN with
reduced binding to FVIII inhibitors comprises the steps of selecting a FVIII sequence with at least 90% sequence identity to a sequence of Table 1, selecting one, two, three, four, five, or six or more XTEN each with at least 70%, or
at least 80%, or at least 90%, or at least 95-99% sequence identity to XTEN sequences of comparable length from Table 4, creating expression constructs designed to locate said XTEN at or proximal to locations selected from
Table 5, Table 6, Table 7, Table 8, and Table 9, expressing and recovering the resulting CFXTEN, and assaying the resulting fusion proteins in an assay described herein in order to confirm the reduced binding of the CFXTEN
fusion protein. By the inventive method, a CFXTEN exhibits at least 5% reduced, or at least 10% reduced, or at least 15% reduced, or at least 20% reduced, or at least 25% reduced, or at least 40% reduced, or at least 50%
reduced, or at least 60% reduced, or at least 70% reduced, or at least 80% reduced binding to a FVIII binding agent including, but not limited to the antibodies of Table 10 or anti-FVIII antibodies from a hemophilia A subject, and
retains at least about 10%, or at least about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 70% procoagulant activity compared to the corresponding FVIII not
linked to XTEN.

[0211] Up to 8-10% of hemophilia A patients have antibodies that bind FVIII without affecting its procoagulant properties; they are not, therefore categorized as FVIIl inhibitors. However, the binding of antibodies to FVIIl is believed
to lead to immune complexes that are cleared by the innate immune response or are more ible to proteolytic { ine MD. Circulating immune ining anti-VIIl ibodies in multi-transfused
patients with haemophilia A. Clin Exp Immunol. (1980) 39(2):315-320). Accordingly, it is an object of the teaching to provide CFXTEN fusion proteins comprising one or more XTEN that exhibit reduced binding of antibodies to FVIII
that are not inhibitors, wherein the degradation or clearance of the CFXTEN is reduced at least 5%, or 10%, or 15%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70% or less compared to a corresponding FVIII not linked to XTEN
or to native FVIII bound by such antibodies. The reduced binding of antibodies to CFXTEN compared to FVIII not linked to XTEN or to native FVIIl can be assayed by in vitro and in vivo methods. In vitro methods include the
aforementioned ELISA and Western blot methods. The reduced degradation or clearance of CFXTEN can be assessed in vivo by use of animal models or in human clinical trials. In one type of trial, factor VIIl or CFXTEN are
administered separately, preferably by intravenous infusion, to cohorts of patients having factor Vill deficiency who have antibodies that promote degradation or clearance of therapeutic human factor VIIl. The dosage of the
administered test article is in a range between 5 and 50 IU/kg body welghl preferably 10-45 |U/kg, and most preferably 40 1U/kg body weight. Approximately 1 hour after each administration, the recovery of factor VIIl or CFXTEN
from blood samples is ina i ge or ion assay to assess activity and by ELISA, HPLC, or similar assay to qualify the amount of intact factor VIII equivalent. Samples are taken again
approximately 5-10 hours after infusion, and recovery is measured. Total recovery and the rate of disappearance of factor VIIl from the samples is predictive of the antibody titer, and the comparison of results from the factor VIl
and CFXTEN indicates the degree of reduced clearance and/or degradation of the CFXTEN. In one aspect, the CFXTEN fusion protein exhibits at least 5% reduced, or at least 10% reduced, or at least 15% reduced, or at least
20% reduced, or at least 25% reduced, or at least 40% reduced, or at least 50% reduced, or at least 60% reduced, or at least 70% reduced, or at least 80% reduced binding to an anti-FVIIl antibody that promotes clearance but
does not otherwise inhibit the procoagulant activity of intact native FVIII. In another aspect, the CFXTEN fusion protein exhibits at least 5% reduced, or at least 10% reduced, or at least 15% reduced, or at least 20% reduced, or at
least 25% reduced, or at least 40% reduced, or at least 50% reduced, or at least 60% reduced, or at least 70% reduced, or at least 80% reduced binding to an anti-FVIIl antibody that promotes the degradation of FVIIl. In the
foregoing aspects of this paragraph, the reduced binding of the anti-FVIIl antibody is alternatively characterized by an increased Ky value of the FVIII antibody to the fusion protein compared to the FVIII of at least two-fold, or

three-fold, or four-fold, or five-fold, or 10-fold, or 3 3-fold, or 100-fold, or 330-fold, or at least 1000-fold compared to the binding to the corresponding FVIII not linked to XTEN. In one aspect, the CFXTEN fusion proteins comprising
one or more XTEN exhibiting reduced reactivity to an anti-FVIIl antibody exhibits an increased terminal half-life when administered to a subject with anti-FVIIl antibodies of at least 48 h, or at least 72 h, or at least 96 h, or at least
120 h, or at least 144 h, or at least 14 days, or at least 21 days compared to FVIII not linked to XTEN. In the foregoing aspect, the subject can be a human hemophilia A subject or it can be a mouse hemophilia A subject with
circulating anti-FVIIl antibodies.

[0212] Another aspect of the present teaching is the use of CFXTEN fusion protein for a specific therapy of a coagulopathy in a subject with a FVIII inhibitor. The teaching provides a method of treating a subject with circulating
FVIII inhibitor(s) comprising the step of administering a clotting-effective amount of a CFXTEN fusion protein to the subject wherein the fusion protein exhibits greater pr activity and/or clotting-effecti i of
longer duration compared to either a corresponding factor VIl not linked to XTEN or compared to native factor VIIl administered to the subject using a comparable amount and route of administration. In one aspect of the method,
the FVIII inhibitor in the subject is an anti-FVIII antibody. In another aspect, the FVIII inhibitor is a neutralizing anti-FVIII antibody. In one aspect, the FVIIl inhibitor is an anti-FVIIl antibody that binds to the A1 domain of FVIII. In
another aspect, the FVIIl inhibitor is an anti-FVIII antibody that binds to the A2 domain of FVIII. In another aspect, the FVIII inhibitor is an anti-FVIIl antibody that binds to the A3 domain of FVIII. In another aspect, the FVIII inhibitor
is an anti-FVIIl antibody that binds to the C1 domain of FVIII. In another aspect, the FVIIl inhibitor is an anti-FVIII antibody that binds to the C2 domain of FVIII. In another aspect, the FVIII inhibitor is an anti-FV1Il antibody that binds
to both the C2 and A2 domain of FVIII. In another aspect, the FVIII inhibitor binds to a FVIII epitope capable of being bound by one or more antibodies of Table 10. In another aspect, the FVIII inhibitor is a polyclonal antibody from
a hemophilia A subject with FVIII inhibitor antibodies.

[0213] An object of the present teaching is the creation of CFXTEN with XTEN inserted to maximize the steric interference of FVIII binding agents that would otherwise bind to FVIII and neutralize procoagulant activity or result in
the clearance or degradation of FVIIl. Accordingly, in one approach the teaching provides CFXTEN comprising one or more XTEN wherein the XTEN are inserted proximal to a binding site of a FVIII inhibitor or anti-FVIIl antibody.
In one aspect, an XTEN is linked to the FVIII at a location selected from Table 5, Table 6, Table 7, Table 8, and Table 9 that is within about 50, or about 100, or about 150, or about 200, or about 250, or about 300 amino acids of a
FVIII epitope that is bound by an antibody of Table 10. In another aspect, the XTEN is linked to the FVIII within about 50, or about 100, or about 150, or about 200, or about 250, or about 300 amino acids of a FVIII epitope in the
A2 or C2 domain that is bound by an antibody of Table 10. Accordingly, the teaching provides CFXTEN fusion proteins comprising one or more XTEN wherein binding by FVIII inhibitors to the FVIIl component of the fusion protein
is reduced compared to the corresponding FVIII not linked to XTEN or to native FVIIl and the CFXTEN retains procoagulant activity. In the foregoing aspects hereinabove described in this paragraph, the fusion proteins can be
assayed by the assays described herein below, the assays of the Examples, or other assays known in the art, and the inhibitors can be an antibody of Table 10, can be polyclonal anti-FVIII, or can be blood or plasma from a
hemophilia A subject with FVIII inhibitors.

[0214] In another aspect, CFXTEN are designed to maximize the regions over which XTEN can adopt random coil conformations covering the fusion protein, thereby resulting in steric hindrance for anti-FVIIl antibodies that would
otherwise bind epitopes on the FVIII component of the fusion protein. It is believed that the incorporation of multiple XTEN into a CFXTEN provides a higher total hydrodynamic radius of the XTEN component compared to CFXTEN
with fewer XTEN yet having approximately the same total of XTEN amino acids. Empirically, the hydrodynamic radius for a protein can be calculated based on size exclusion chromatography, and results of several fusion proteins
using such methods are described in the Examples. Alternatively, the radius for XTEN polypeptides, such as those incorporated in the aspects disclosed herein, can be approximated by mathematical formulae because the limited
types of amino acids utilized have known characteristics that can be quantified. In one aspect, the maximum radius of a single XTEN polypeptide is (| i "XTEN Radius") according to the formula given by Equation
I

XTEN Radius - (¥XTEN Jength 0.2037 +3 4627 )

[0215] In another aspect, the sum of the maximum of the XTEN Radii for all XTEN segments in a CFXTEN is calculated (hereinafter "Sum XTEN Radii") according to the formula given by Equation Il1:

Z XTEN Radius,
Sum XTEN Radii— = m

wherein: n =the number of XTEN segments
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and iis an iterator

[0216] In another aspect, the ratio of the SUM XTEN Radii of a CFXTEN comprising multiple XTEN to that of an XTEN Radius for a single XTEN of an equivalent length (in total amino acid residues to that of the CFXTEN) is
calculated (hereinafter "Ratio XTEN Radii") according to the formula given by Equation IV:

XTEN Radius;
N Length; » 0.2037) + 3.4627

Ratio XTEN Rudii — (Vi v

wherein: n =the number of XTEN segments

and iis an iterator

[0217] In applying the Equations to the XTEN, it will be understood by one of skill in the art that the calculated values represent maximum values that could vary or be reduced depending on the host cell utilzed for expression of
the XTEN polypeptide. It is believed that while £. co/i expression would result in XTEN that achieves the calculated values, expression in eukaryotic host cells in which XTEN may be glycosylated could result in a radius of the
polypeptide less than the maximum calculated value. Such differences can be quantified by methods such as size exclusion chromatography, the methods of which are detailed in the Examples.

[0218] In order to design CFTEN that maximize the area over which XTEN can adopt random coil conformations, it was discovered that CFXTEN designs with Ratio XTEN Radii above 2 provide greater coverage over the fusion
protein than designs with values <2. Accordingly, in one aspect the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0, or 2.1, 0r 2.2, or 2.3, or 2.4, or 2.5, or 2.6, or 2.7, or 2.8, or 2.9, or 3.0, or 3.1, or 3.2, or
3.3, or 3.4, or 3.5 or greater. In some aspects, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater comprise at least three XTEN with each XTEN having at least 42 to about 288 amino acids
and wherein at least two of the XTEN are linked to the fusion protein with no less than about 100, or about 200, or about 300, or about 400, or about 500 amino acids of separation between the two XTEN. In other aspects, the
teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater comprise at least four XTEN with each XTEN having at least 42 to about 288 amino acids and wherein at least three of the XTEN are linked to
the fusion protein with no less than about 100, or about 200, or about 300, or about 400 amino acids of separation between any two of the three XTEN.

[0219] In another aspect, the teaching provides a CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater, the CFXTEN comprises at least three XTEN with each XTEN having at least 42 to about 288 amino acids and
wherein at least two of the three of the XTEN linked to the fusion protein are separated by an amino acid sequence of at least 100, or about 200, or about 300 to about 400 amino acids, and the third XTEN is linked within the B
domain (or fragment thereof) or within the C domain (or the terminus thereof). In another aspect, the teaching provides a CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater, the CFXTEN comprises at least four
XTEN with each XTEN having at least 42 to about 288 amino acids and wherein at least three of the four of the XTEN linked to the fusion protein are separated by an amino acid sequence of at least 300 to about 400 amino acids
and the fourth XTEN is linked within the B domain (or fragment thereof) or within the C domain (or the terminus thereof).

[0220] In yet other aspects, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater, the CFXTEN comprises at least five XTEN with four XTEN having at least 42 to about 144 amino acids
wherein at least four of the XTEN are linked to the fusion protein with no less than about 100, 200, or about 300, or about 400 amino acids of separation between any two of the four XTEN and a fifth XTEN is linked within the B
domain (or fragment thereof) or within the C domain (or the terminus thereof). In one aspect, the teaching provides a CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater, the CFXTEN comprises at least five XTEN
with four XTEN having at least 42 to about 144 amino acids wherein at least three of the XTEN linked to the fusion protein are separated by an amino acid sequence of at least 300 to about 400 amino acids, the fourth XTEN is
linked within the B domain (or fragment thereof) and a fifth XTEN is linked within the C domain (or the terminus thereof).

[0221] In one aspect, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0, or 2.1, or 2.2, or 2.3, or 2.4, or 2.5, 0or 2.6, or 2.7, or 2.8, or 2.9, or 3.0, or 3.1, or 3.2, or 3.3, or 3.4, or 3.5 or greater, and the
composition does not comprise certain sequences. In one aspect of the foregoing, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater with the proviso that the fusion protein does not
comprise a sequence from any one of Table 50 or Table 51. In another aspect of the foregoing, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater with the proviso that the fusion protein
does not comprise a sequence having an AG family XTEN sequence. In another aspect of the foregoing, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater with the proviso that the fusion
protein does not comprise a sequence selected from GTPGSGTASSSP (SEQ ID NO: 31), GSSTPSGATGSP (SEQ ID NO: 32), GSSPSASTGTGP (SEQ ID NO: 33), GASPGTSSTGSP (SEQ ID NO: 34). In another aspect of the
foregoing, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater with the proviso that the fusion protein does not comprise any one of the sequences selected from

GTPGSGTASSSP (SEQ ID NO: 31), GSSTPSGATGSP (SEQ ID NO: 32), GSSPSASTGTGP (SEQ ID NO: 33), GASPGTSSTGSP (SEQ ID NO: 34) and

GSEPATSGSETPGTSESAT TSGSET! TSTEEGTST TSG SETPGSEPATSGSETPGSEPATSGSETPGTST TSESATI TSGSETPGTST (SEQ ID NO: 59).
In another aspect of the foregoing, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater with the proviso that the fusion protein does not comprise a sequence selected from

GSEPATSGSETPGTSESAT TSGSET! TSTEEGTST TSG SETPGSEPATSGSETPGSEPATSGSETPGTST TSESATI TSGSETPGTST (SEQID NO: 59),
PGSSPSASTGTGPGSSPSASTGTGPGTPGSGT/ TPSGAT TG T TS STGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGASPGTSSTGSPGASPGTSSTGSPGTP GSGTASSS (SEQ ID
NO: 71), or

PGASPGTSST GA! TSSTGSPGTPGSGT/ TPSGATGSPGTPGSGTASSSPGSSTPSG ATGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGA
SPGTSSTGSPGTPGSGT! TPSGAT! TG T TGT TSSTG SPGASPGTSSTGSPGSSTPSGAT! TGT TSST TGTGPGTPGSG

TASSSPGSSTPSGATGS (SEQ ID NO: 80). In another aspect of the foregoing, the teaching provides CFXTEN in which the Ratio XTEN Radii is at least 2.0-3.5 or greater with the proviso that the fusion protein does not comprise
an XTEN sequence consisting of

GSEPATSGSETPGTSESAT TSGSET! TSTEEGTST TSG SETPGSEPATSGSETPGSEPATSGSETPGTST TSESATI TSGSETPGTST (SEQID NO: 59),
PGSSPSASTGTGPGSSPSASTGTGPGTPGSGT/ TPSGAT TG T TS STGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGASPGTSSTGSPGASPGTSSTGSPGTP GSGTASSS (SEQ ID
NO: 71), or

PGASPGTSST GA! TSSTGSPGTPGSGT/ TPSGATGSPGTPGSGTASSSPGSSTPSG ATGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGA
SPGTSSTGSPGTPGSGT! TPSGAT! TG T TGT TSSTG SPGASPGTSSTGSPGSSTPSGAT! TGT TSST TGTGPGTPGSG

TASSSPGSSTPSGATGS (SEQ ID NO: 80).

[0222] In one aspect, the present teaching provides methods to create CFXTEN with XTEN inserted to maximize the steric interference of FVIII binding agents that would otherwise bind to FVIII and neutralize procoagulant activity
or result in the clearance or degradation of FVIII. Accordingly, in one aspect, the teaching provides a method comprising the steps of selecting a FVIIl sequence with at least 90% sequence identity to a sequence of Table 1,
selecting three or more XTEN from Table 4 in which the Ratio XTEN Radii is at least 2.0, or 2.1, or 2.2, or 2.3, 0or 2.4, or 2.5, or 2.6, or 2.7, or 2.8, or 2.9, or 3.0, or 3.1, or 3.2, or 3.3, or 3.4, or 3.5 or greater, creating expression
constructs designed to locate said XTEN at or proximal to locations selected from Table 5, Table 6, Table 7, Table 8, and Table 9, wherein the three or more XTEN are at least 300 to 400 amino acids, expressing and recovering the
resulting CFXTEN, and assaying the resulting fusion proteins in an assay described herein in order to confirm the reduced binding of the CFXTEN fusion protein. By the inventive method, a CFXTEN exhibits at least 5% reduced, or
at least 10% reduced, or at least 15% reduced, or at least 20% reduced, or at least 25% reduced, or at least 40% reduced, or at least 50% reduced, or at least 60% reduced, or at least 70% reduced, or at least 80% reduced
binding to a FVIII binding agent including, but not limited to the antibodies of Table 10, and exhibits procoagulant activity.

5. CEXTEN Fusion Protein Configurations with Spacer and Cleavage Sequences

[0223] In another aspect, the teaching provides CFXTEN configured with one or more spacer sequences incorporated into or adjacent to the XTEN that are designed to incorporate or enhance a functionality or property to the
composition, or as an aid in the assembly or manufacture of the fusion protein compositions. Such properties include, but are not limited to, inclusion of cleavage sequence(s) to permit release of components, inclusion of amino
acids ible with i icti sites to permit linkage of XTEN- ding { to FVIII ding { or that facilitate ion of expression vectors, and linkers designed to reduce steric hindrance in
regions of CFXTEN fusion proteins.

[0224] In an aspect, a spacer sequence can be introduced between an XTEN sequence and a FVIIl component to decrease steric hindrance such that the FVIIl component may assume its desired tertiary structure and/or interact
appropriately with its target substrate or processing enzyme. For spacers and methods of identifying desirable spacers, see, for example, George, et al. (2003) Protein Engineering 15:871-879. In one aspect, the spacer comprises
one or more peptide sequences that are between 1-50 amino acid residues in length, or about 1-25 residues, or about 1-10 residues in length. Spacer sequences, exclusive of cleavage sites, can comprise any of the 20 natural L
amino acids, and will preferably have XTEN-like properties in that the majority of residues will be hydrophilic amino acids that are sterically unhindered such as, but not limited to, glycine (G), alanine (A), serine (8), threonine (T),
glutamate (E), proline (P) and aspartate (D). The spacer can be a single glycine residue, p i or i or is pr i a mixture of inati of glycine, serine and alanine residues. In one aspect, a spacer
sequence, exclusive of cleavage site amino acids, has about 1 to 10 amino acids that consist of amino acids selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E), and proline (P) and are substantially
devoid of secondary structure; e.g., less than about 10%, or less than about 5% as determined by the Chou-Fasman and/or GOR algorithms. In one aspect, the spacer sequence is GPEGPS (SEQ ID NO: 1612). In another aspect,
the spacer sequence is GPEGPS (SEQ ID NO: 1612) linked to a cleavage sequence of Table 12. In addition, spacer sequences are designed to avoid the introduction of T-cell epitopes which can, in part, be achieved by avoiding or
limiting the number of hydrophobic amino acids utilized in the spacer; the determination of epitopes is described above and in the Examples.

[0225] In a particular aspect, the CFXTEN fusion protein comprises one or more spacer sequences linked at the junction(s) between the payload FVIII sequence and the one or more XTEN incorporated into the fusion protein,
wherein the spacer sequences comprise amino acids that are compatible with nucleotides encoding restriction sites. In another aspect, the CFXTEN fusion protein comprises one or more spacer sequences linked at the junction(s)
between the payload FVIII sequence and the one more XTEN incorporated into the fusion protein wherein the spacer sequences comprise amino acids that are compatible with nucleotides encoding restriction sites and the amino
acids and the one more spacer sequence amino acids are chosen from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E), and proline (P). In another aspect, the CFXTEN fusion protein comprises one or more
spacer sequences linked at the junction(s) between the payload FVIII sequence and one more XTEN incorporated into the fusion protein wherein the spacer sequences comprise amino acids that are compatible with nucleotides
encoding restriction sites and the one more spacer sequences are chosen from the sequences of Table 11. The exact of each spacer seq| is chosen to be ible with cloning sites in expression vectors that are
used for a particular CFXTEN construct. In one aspect, the spacer has properties ible with XTEN. In one aspect, the spacer sequence is GAGSPGAETA (SEQ ID NO: 178). For XTEN sequences that are
incorporated internal to the FVIII sequence, each XTEN would generally be flanked by two spacer sequences comprising amino acids compatible with restriction sites, while XTEN attached to the N- or C-terminus would only
require a single spacer sequence at the junction of the two components and another at the opposite end for incorporation into the vector. As would be apparent to one of ordinary skill in the art, the spacer sequences comprising
amino acids compatible with restriction sites that are internal to FVIIl could be omitted from the construct when an entire CFXTEN gene is synthetically generated.

Tal H c i it
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Spacer Sequence Restriction Enzyme
GSPG (SEQ ID NO: 174) Bsal
ETET (SEQ ID NO: 175) Bsal
PGSSS (SEQ IDNO: 176) Bbsl
GAP Ascl
GPA Fsel
GPSGP (SEQ ID NO: 177) Sfil
AAA Sacll
TG Agel
GT Kpnl
GAGSPGAETA (SEQ IDNO: 178) Sfil
ASS Xhol

[0226] In another aspect, the present teaching provides CFXTEN configurations with cleavage sequences incorporated into the spacer sequences. In some aspects, spacer sequences in a CFXTEN fusion protein composition
comprise one or more cleavage sequences, which are identical or different, wherein the cleavage sequence may be acted on by a protease, as shown in FIG. 12, to release FVIII, a FVIIl component (e.g., the B domain) or XTEN
sequence(s) from the fusion protein. In one aspect, the incorporation of the cleavage sequence into the CFXTEN is designed to permit release of the FVIII component that becomes active or more active (with respect to its ability
serve as a membrane binding site for factors IXa and X) upon its release from the XTEN. In the foregoing aspect, the procoagulant activity of FVIIl component of the CFXTEN is increased after cleavage by at least 30%, or at least
40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least 90% compared to the intact CFXTEN. The cleavage sequences are located sufficiently close to the FVIII sequences, generally within 18, or within
12, or within 6, or within 2 amino acids of the FVIII sequence, such that any remaining residues attached to the FVIII after cleavage do not appreciably interfere with the activity (e.g., such as binding to a clotting protein) of the
FVIII, yet provide sufficient access to the protease to be able to effect cleavage of the cleavage sequence. In some cases, the CFXTEN comprising the cleavage sequences will also have one or more spacer sequence amino acids
between the FVIII and the cleavage sequence or the XTEN and the cleavage sequence to facilitate access of the protease; the spacer amino acids comprising any natural amino acid, including glycine, serine and alanine as
preferred amino acids. In one aspect, the cleavage site is a sequence that can be cleaved by a protease endogenous to the mammalian subject such that the CFXTEN can be cleaved after administration to a subject. In such case,
the CFXTEN can serve as a prodrug or a circulating depot for the FVIII. In a particular construct of the foregoing, the CFXTEN would have one or two XTEN linked to the N- and/or the C-terminus of a FVIII-BDD via a cleavage
sequence that can be acted upon by an activated coagulation factor, and would have an additional XTEN located between the processing amino acids at position R740 and R1689 such that the XTEN could be released, leaving a
form of FVIII similar to native activated FVIII. In one aspect of the foregoing construct, the FVIII that is released from the fusion protein by cleavage of the cleavage sequence exhibits at least about a two-fold, or at least about a
three-fold, or at least about a four-fold, or at least about a five-fold, or at least about a six-fold, or at least about a eight-fold, or at least about a ten-fold, or at least about a 20-fold increase in activity compared to the intact CFXTEN
fusion protein.

[0227] Examples of cleavage sites contemplated by the teaching include, but are not limited to, a p i | ble by a i protease selected from FXla, FXlla, kallikrein, FVilla, FVilla, FXa,
Flla (thrombin), Elastase-2, granzyme B, MMP-12, MMP-13, MMP-17 or MMP-20, or by non-mammalian proteases such as TEV, enterokinase, PreScission™ protease (rhinovirus 3C protease), and sortase A. Sequences known to
be cleaved by the foregoing proteases and others are known in the art. Exemplary cleavage sequences contemplated by the teaching and the respective cut sites within the sequences are presented in Table 12, as well as
sequence variants thereof. For CFXTEN comprising incorporated cleavage sequence(s), it is generally preferred that the one or more cleavage sequences are substrates for activated clotting proteins. For example, thrombin
(activated clotting factor Il) acts on the sequence LTPRSLLY (SEQ ID NO: 1618) [Rawlings N.D., et al. (2008) Nucleic Acids Res., 36: D320], which is cut after the arginine at position 4 in the sequence. Active Flla is produced by
cleavage of Fll by FXa in the presence of phospholipids and calcium and is down stream from factor VIIl in the coagulation pathway. Once activated, its natural role in coagulation is to cleave fibrinogen, which then in turn, begins
clot formation. Flla activity is tightly controlled and only occurs when coagulation is necessary for proper hemostasis. By incorporation of the LTPRSLLV sequence (SEQ ID NO: 1618) into the CFXTEN between and linking the FVIII
and the XTEN components, the XTEN is removed from the adjoining FVIII concurrent with activation of either the extrinsic or intrinsic ion p: ys when ion is required i i thereby i releasing
FVIII. In another aspect, the teaching provides CFXTEN with incorporated FXla cleavage sequences between the FVIIl and XTEN component(s) that are acted upon only by initiation of the intrinsic coagulation system, wherein a
procoagulant form of FVIIl is released from XTEN by FXla to participate in the coagulation cascade. While not intending to be bound by any particular theory, it is believed that the CFXTEN of the foregoing aspect would sequester
the FVIIl away from the other coagulation factors except at the site of active clotting, thus allowing for larger doses (and therefore longer dosing intervals) with minimal safety concerns.

[0228] Thus, cleavage sequences, particularly those susceptible to the procoagulant activated clotting proteins listed in Table 12, would provide for sustained release of FVIIl that, in certain aspects of the CFXTEN, can provide a
higher degree of activity for the FVIIl component released from the intact form of the CFXTEN, as well as additional safety margin for high doses of CFXTEN administered to a subject. In one aspect, the teaching provides CFXTEN
comprising one or more cleavage sequences operably positioned to release the FVIII from the fusion protein upon cleavage, wherein the one or more cleavage sequences has at least about 86%, or at least about 92%, or 100%
sequence identity to a sequence selected from Table 12.

[0229] In some aspects, only the two or three amino acids flanking both sides of the cut site (four to six amino acids total) are incorporated into the cleavage sequence that, in turn, is incorporated into the CFXTEN of the aspects,
providing, e.g., XTEN release sites. In other aspects, the incorporated cleavage sequence of Table 12 can have one or more deletions or insertions or one or two or three amino acid substitutions for any one or two or three amino
acids in the known sequence, wherein the deletions, insertions or substitutions result in reduced or enhanced susceptibility but not an absence of susceptibility to the protease, resulting in an ability to tailor the rate of release of the
FVIII from the XTEN. Exemplary substitutions within cleavage sequences that are utilized in the CFXTEN of the teaching are shown in Table 12.

Table 12: Protease Cleavage Sequences

Protease Acting Upon Sequence Exemplary Cleavage Sequence SEQ ID NO: Minimal Cut Site SEQID NO:
FXla KLTR|AET 179 KD/FL/T/R [VAVE/GTIGV

FXla DFTR|WG 180 KD/FL/T/R [VAVE/GTIGV

FXlla TMTR|IVGG 181 NA

Kallikrein SPFR|STGG 182 -/-/FL/IRY |SR/RT/-/-

FVila LQVR|IVGG 183 NA

FIXa PLGR|IVGG 184 -I-IGIR | -#-I-I-

FXa IEGR|TVGG 185 IA/E/GFP/R | STINFS/HG

Flla (thrombin) LTPR|SLLV 186 -I-/PLA/R | SAG/-I-F-

Elastase- 2 LGPV|SGVP 187 ~/-I-NIAT |-f--I-

Granzyme- B VAGD|SLEE 188 V/--/D |--I-1-

MMP-12 GPAG|LGGA 189 GIPAI-IG | L-GI- 190
MMP-13 GPAG|LRGA 191 G/P/-G | U-IGA/- 192
MMP-17 APLG|LRLR 193 -/PS/-/ |LQHHLT/-

MMP-20 PALP|LVAQ 194 NA

TEV ENLYFQ|G 195 ENLYFQ|G/S 196
Enterokinase DDDK|IVGG 197 DDDK|IVGG 198
Protease 3C (PreScission'") LEVLFQ|GP 199 LEVLFQ|GP 200
Sortase A LPKT |GSES 201 L/P/KEAD/T |G/-/EKS/S 202

lindicates cleavage site NA: not applicable
the listing of multiple amino acids before, between, or after a slash indicate alternative amino acids that can be substituted at the position:
indicated in the middle column

dicates that any amino acid may be substituted for the corresponding amino acid

6. Exemplary CFXTEN Fusion Protein Sequences

[0230] Non-limitil of seq of fusion proteins containing a single FVIII linked to one or more XTEN are presented in Table 21. The exemplary amino acid sequences of Table 21 (and the DNA sequences that
encode them) conlaln his tags for purification purposes that, as would be apparent to one of skill in the art, can be deleted from the sequence without having an effect on the procoagulant activity of the CFXTEN fusion protein. In
one aspect, the CFXTEN of Table 21 further comprise amino acids on the N-terminus corresponding to that of native human FVIII (namely, the sequence MQIELSTCFFLCLLRFCFS (SEQ ID NO: 1611)) to aid in the expression and
secretion of the CFXTEN fusion protein. In one aspect, a CFXTEN composition comprises a fusion protein having at least about 80% sequence identity compared to a CFXTEN from Table 21, alternatively at least about 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or about 100% sequence identity as compared to a CFXTEN from Table 21, when optimally aligned. In another aspect, a CFXTEN
composition comprises a fusion protein from Table 21 in which the C-terminal his-his-his-his-his-his sequence (SEQ ID NO: 1700) deleted. However, the teaching also contemplates substitution of any of the FVIIl sequences of
Table 1 for a FVIIl component of the CFXTEN of Table 21, and/or substitution of any sequence of any one of Tables 3, 4, and 13-17 for an XTEN component of the CFXTEN of Table 21. Generally, the resulting CFXTEN of the
foregoing examples retain at least a portion of the p activity of the corr ing FVIII not linked to the XTEN. In the foregoing fusion proteins hereinabove described in this paragraph, the CFXTEN fusion protein can
further comprise one or more cleavage sequences; e.g., a sequence from Table 12, the cleavage sequence being located between the FVIIl and the XTEN sequences or between adjacent FVIII domains linked by XTEN. In some
aspects comprising cleavage sequence(s), the intact CFXTEN composition has less activity but a longer half-life in its intact form compared to a corresponding FVIII not linked to the XTEN, but is designed such that upon
administration to a subject, the FVIII component is gradually released from the fusion protein by cleavage at the cleavage sequence(s) by endogenous proteases, whereupon the FVIII component exhibits procoagulant activity.

[0231] The CFXTEN compositions of the aspects can be evaluated for activity using assays or in vivo parameters as described herein (e.g., in vitro coagulation assays, assays of Table 49, or a pharmacodynamic effect in a
preclinical hemophilia model or in clinical trials in humans, using methods as described in the Examples or other methods known in the art for assessing FVIII activity) to determine the suitability of the configuration or the FVIII
sequence variant, and those CFXTEN compositions (including after cleavage of any incorporated XTEN-releasing cleavage sites) that retain at least about 30%, or about 40%, or about 50%, or about 55%, or about 60%, or about
70%, or about 80%, or about 90%, or about 95% or more activity compared to native FVIIl sequence are considered suitable for use in the treatment of FVIIl-related conditions.

V). PROPERTIES OF THE CFXTEN COMPOSITIONS OF THE TEACHING

{a) Pharmacokinetic Properties of CFXTEN
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[0232] It is an object of the present teaching to provide CFXTEN fusion proteins and i iti ising CFXTEN with inetics compared to FVIII not linked to XTEN. The pharmacokinetic
properties of a FVIIl enhanced by linking a given XTEN to the FVIII include, but are not limited to, lermlnal half-life, area under the curve (AUC), C5,. volume of distribution, maintaining the biologically active CFXTEN above a
minimum effective blood unit concentration for a longer period of time compared to the FVIII not linked to XTEN. The enhanced properties permit less frequenl dosing and/or a longer-lived procoagulant effect compared to a
comparable dose of FVIII not linked to XTEN. Enhancement of one or more of these properties can resulting benefits in the of factor Vlll-related

[0233] Exogenously administered factor VIl has been reported to have a terminal half-life in humans of approximately 12-14 hours when complexed with normal von Willebrand factor protein, whereas in the absence of von
Willebrand factor, the half-life of factor VIIl is reduced to 2 hours (Tuddenham EG, et al., Br J Haematol. (1982) 52(2):259-267; Bjorkman, S., et al. Clin Pharmacokinet. (2001) 40:815). As a result of the enhanced properties
conferred by XTEN, the CFXTEN, when used at the dose and dose regimen determined to be appropriate for the subject and its underlying condition, can achieve a circulating concentration resulting in a desired procoagulant or
clinical effect for an extended period of time compared to a comparable dose of the corresponding FVIII not linked to XTEN. As used herein, a "comparable dose" means a dose with an equivalent moles/kg or International Units/kg
(IU/kg) for the composition that is administered to a subject. It will be understood in the art that a "comparable dose" of FVIII not linked to XTEN would represent a lesser weight of drug but would have essentially the same IUs or
mole-equivalents of CFXTEN in the dose.

[0234] An international unit ("IU") of factor VIl is defined in the art as the coagulant activity present in 1 ml of normal human plasma. A normal, non-hemophilic individual human is expected to have about 100 IU/dL factor VIII
activity. In hemophilia A, the doses required to treat are dependent on the condition. For minor bleeding, doses of native or recombinant factor VIII of 20 to 40 |U/kg are typically administered, as necessary. For moderate bleeding,
doses of 30 to 60 IU/kg are administered as necessary, and for major bleeding, doses of 80 to 100 IU/kg may be required, with repeat doses of 20 to 25 IU/kg given every 8 to 12 hours until the bleeding is resolved. For prophylaxis
against bleeding in patients with severe hemophilia A, the usual doses of native or recombinant FVIII preparations are 20 to 40 IU/kg body weight at intervals of about 2 to 3 days. A standard equation for estimating an appropriate
dose of a composition comprising FVIII i

Required units = body weight (kg) x desinad factor VIl misc (ILAL, or % of normal} x 05
(U per 1UAL)

[0235] In many cases, the therapeutic levels for FVIII in subjects of different ages or degree of disease have been established and are available in published literature or are stated on the drug label for approved products
containing the FVIII. For example, the Subcommittee on Factor VIl and Factor IX of the Scientific and Standardization Committee of the International Society on Thrombosis and Haemostasis posted, on the ISTH Website 29
November, 2000, that the most widely used measure of hemophilia A is established by determining the circulating concentrations of plasma FVIIlI procoagulant levels, with persons with <1% (< 0.01 IU/ml) factor VIII defined as
severe; 1-5% (0.01 - 0.05 IU/m0) as moderately severe; and >5-40% (0.05 - <0.40 |U/ml) as mild, where normal is 1 IU/ml of factor VIIIC (100%). The ic levels can be i for new iti including those
CFXTEN and pharmaceutical compositions comprising CFXTEN of the disclosure, using standard methods. In practicing the present teaching, it will be understood that any dosage of CFXTEN that is effective may be used for
treating bleeding episodes or maintaining hemostasis. The methods for establishing the therapeutic levels and dosing schedules for a given composition are known to those of skill in the art (see, e.g., Goodman & Gilman's The
Phar ical Basis of Tl peutics, 11th Edition, McGraw-Hill (2005)). For example, by using dose-escalation studies in subjects with the target condition to determine efficacy or a desirable pharmacologic effect, appearance
of adverse events, and determination of circulating blood levels, the therapeutic blood levels for a given subject or population of subjects can be determined for a given drug or biologic. The dose escalation studies would evaluate
the activity of a CFXTEN through studies in a subject or group of hemophilia A subjects. The studies would monitor blood levels of p as well as physi ical or clinical parameters as known in the art or as described
herein for one or more parameters associated with the factor VllI-related condition, or clinical i with a ial outcome, together with observations and/or measured parameters to determine the no effect
dose, adverse events, minimum effective dose and the like, together with measurement of pharmacokinetic parameters that establish the determined or derived circulating blood levels. The results can then be correlated with the
dose administered and the blood concentrations of the therapeutic that are coincit with the i i parameters or effect levels. By these methods, a range of doses and blood concentrations can be correlated to
the minimum effective dose as well as the maximum dose and blood concentration at which a desired effect occurs or is maintained and the period for which it can be maintained, thereby establishing the therapeutic blood levels
and dosing schedule for the composition. Thus, by the foregoing methods, a C;, blood level is established, below which the CFXTEN fusion protein would not have the desired pharmacologic effect and a C,;, blood level, above

which side effects such as thrombosis may occur (Brobrow, RS, JABFP (2005) 18(2): 147-149), establishing the therapeutic window for the composition.

[0236] One of skill in the art can, by the means disclosed herein or by other methods known in the art, confirm that the administered CFXTEN remains at therapeutic blood levels to maintain hemostasis for the desired interval or
requires adjustment in dose or length or sequence of XTEN. Further, the determination of the appropriate dose and dose frequency to keep the CFXTEN within the peutic window I the i effective dose
regimen; the schedule for administration of muttiple consecutive doses using a therapeutically effective dose of the fusion protein to a subject in need thereof resulting in consecutive Cy,., peaks and/or Ci, troughs that remain

above i fecti i and result in an improvement in at least one measured parameter relevant for the target condition. In one aspect, the CFXTEN or a pharmaceutical compositions comprising CFXTEN
administered at an appropriate dose to a subject results in blood concentrations of the CFXTEN fusion protein that remains above the minimum effective ion to maintain is for a period at least about two-fold
longer compared to the corresponding FVIII not linked to XTEN and administered at a comparable dose; alternatively at least about three-fold longer; alternatively at least about four-fold longer; alternatively at least about five-fold
longer; alternatively at least about six-fold longer; alternatively at least about seven-fold longer; alternatively at least about eight-fold longer; alternatively at least about nine-fold longer, alternatively at least about ten-fold longer, or
at least about twenty-fold longer or greater compared to the corresponding FVIII not linked to XTEN and administered at a comparable dose. As used herein, an "appropriate dose" means a dose of a drug or biologic that, when
administered to a subject, would result in a desirable therapeutic or ic effect (e.g.. is) and/or a blood concentration within the therapeutic window.

[0237] In practicing the teaching, CFXTEN with longer terminal half-life are generally preferred, so as to improve patient convenience, to increase the interval between doses and to reduce the amount of drug required to achieve a

effect. The PKp allow for reduced dosing of the subject compositions, compared to FVIII not linked to XTEN, particularly for those hemophilia A subjects receiving routine prophylaxis.
[0238] As described more fully in the p ining to phar inetic characteristics of fusion proteins comprising XTEN, it was observed that increasing the total length of the XTEN, singly or in combination, confers a
disproportionate increase in the terminal half-life of a fusion protein comprising the XTEN. Accordingly, the teaching provides CFXTEN fusion proteins and pharmaceutical compositions comprising CFXTEN wherein the CFXTEN
exhibits an half-life when ini to a subject. In some aspects, the teaching provides monomeric CFXTEN fusion proteins comprising one or more XTEN wherein the number and location of the XTEN are selected
to confer an increase in the terminal half-life for the CFXTEN inistered to a subject p to the corr ing FVIII not linked to the XTEN and administered at a comparable dose, wherein the increase is at least about

two-fold longer, or at least about three-fold, or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least about seven-fold, or at least about eight-fold, or at least about nine-fold, or at least about ten-
fold, or at least about 15-fold, or at least a 20-fold, or at least a 40-fold or greater increase in terminal half-life compared to the FVIII not linked to the XTEN. In other aspects, the teaching provides CXTEN compositions and
phar ising CFXTEN wherein the administration of a composition to a subject in need thereof results in a terminal half-life that is at least 12 h greater, or at least about 24 h greater, or at least about 48
h greater, or at least about 96 h greater, or at least about 144 h greater, or at least about 7 days greater, or at least about 14 days greater, or at least about 21 days greater compared to a comparable dose of FVIII not linked to
XTEN. In another aspect, administration of a coagulation-effective dose of a CFXTEN fusion protein to a subject in need thereof can result in a gain in time between consecutive doses necessary to maintain blood levels of about
0.1 1U/ml of at least 48 h, or at least 72 h, or at least about 96 h, or at least about 120 h, or at least about 7 days, or at least about 14 days, or at least about 21 days between consecutive doses compared to a FVIII not linked to
XTEN and administered at a comparable dose.

[0239] In one aspect, the present teaching provides CFXTEN fusion proteins and pharmaceutical compositions comprising CFXTEN that exhibit, when administered to a subject in need thereof, an increase in AUC of at least about
50%, or at least about 60%, or at least about 70%, or at least about 80%, or at least about 90%, or at least about a 100%, or at least about 150%, or at least about 200%, or at least about 300%, or at least about 500%, or at least
about 1000%, or at least about a 2000% compared to the corresponding FVIII not linked to the XTEN and administered to a subject at a dose. The phar i of a CFXTEN can be determined by
standard methods involving dosing, the taking of blood samples at timed intervals, and the assaying of the protein using ELISA, HPLC, radioassay, clotting assays, the assays of Table 49, or other methods known in the art or as
described herein, followed by standard calculations of the data to derive the half-life and other PK parameters.

[0240] In one aspect, a smaller IU amount of about two-fold less, or about three-fold less, or about four-fold less, or about five-fold less, or about six-fold less, or about eight-fold less, or about 10-fold less or greater of the fusion

protein is inistered in i to the cor ing FVIII not linked to the XTEN under a dose regimen needed to maintain hemostasis and the fusion proleln achieves a comparable area under the curve as the
correspondlng IU amount of the FVIII not linked to the XTEN needed to maintain hemostasis. In another aspect, the CFXTEN fusion protein or a phar ising CFXTEN requires less frequent
for routine prop ofa philia A subject, wherein the dose of fusion protein is administered about every four days, about every seven days, about every 10 days, about every 14 days, about every 21 days,

or about monthly to the sub]ecl, and the fusion protein achieves a comparable area under the curve as the corresponding FVIII not linked to the XTEN and administered to the subject. In yet other aspects, an accumulative smaller
IU amount of about 5%, or about 10%, or about 20%, or about 40%, or about 50%, or about 60%, or about 70%, or about 80%, or about 90% less of the fusion protein is administered to a subject in comparison to the
corresponding IU amount of the FVIII not linked to the XTEN under a dose regimen needed to maintain a blood concentration of 0.1 IU/ml, yet the fusion protein achieves at least a comparable area under the curve as the
corresponding FVIII not linked to the XTEN. The accumulative smaller IU amount is measure for a period of at least about one week, or about 14 days, or about 21 days, or about one month.

[0241] In one aspect, the teaching provides CFXTEN compositions designed to reduce binding by FVIII binding agents, thereby increasing the terminal half-life of CFXTEN administered to a subject, while still retaining procoagulant
activity. It is believed that the CFXTEN of the present teaching have { higher and/or i activity achieved by reduced active clearance of the molecule by the addition of unstructured XTEN to the FVIII coagulation
factor. The clearance mechanisms to remove FVIII from the circulation have yet to be fully i . Uptake, elimination, and i ivation of ion proteins can occur in the circulatory system as well as in the extravascular
space. Coagulation factors are complex proteins that interact with a large number of other proteins, lipids, and receptors, and many of these interactions can contribute to the elimination of CFs from the circulation. The protein von
Willebrand factor is an example of a FVIII binding agent that binds to FVIII. Factor VIl and von Willebrand factor (VWF) circulate in the blood as a tight, non-covalently linked complex in which VWF serves as a carrier that likely
contributes to the protection of FVIII from active cleavage mechanisms, yet nevertheless results in a limitation on the terminal half-life of FVIII. For example: (i) VWF stabilizes the heterodimeric structure of FVIII; (i) VWF protects
FVIII from proteolytic degradation by phospholipid-binding proteases like activated protein C and activated FX (FXa); (i) VWF interferes with binding of FVIII to negatively charged phospholipid surfaces exposed within activated
platelets; (iv) VWF inhibits binding of FVIII to activated FIX (FIXa), thereby denying FVIIl access to the FX-activating complex; and (v) VWF prevents the cellular uptake of FVIII (Lenting, P.J., et al., J Thrombosis and Haemostasis
(2007) 5(7):1353-1360). In addition, LDL receptor-related protein (LRP1, also known as a2-macrogobulin receptor or CD91) has been identified as a candidate clearance receptor for FVIII, with LRP1 binding sites identified on both
chains of the heterodimer form of FVIII (Lenting PJ, et al.,. J Biol Chem (1999) 274: 23734-23739; Saenko EL, et al., J Biol Chem (1999) 274: 37685-37692). LRPs are involved in the clearance of a diversity of ligands including
proteases, inhibitors of the Kunitz type, protease serpin complexes, lipases and lipoproteins (Narita, et al., Blood (1998) 2:555-560). It has been shown that the light chain, but not the heavy chain, of factor VIII binds to surface-
exposed LRP1 receptor protein (Lentig et al. (J Biol Chem (1999) 274(34):23734-23739; and U.S. Pat. No. 6,919,311), which suggests that LRP1 may play an essential role in the active clearance of proteins like FVIII. While the
VWF-FVIII interaction is of high affinity (<1 nM), the complex is nevertheless in a dynamic equilibrium, such that a small but significant portion of the FVIII molecules (5-8%) circulate as a free protein (Leyte A, et al., Biochem J
(1989) 257: 679-683; Noe DA. Haemostasis (1996) 26: 289-303). As such, a portion of native FVIIl is unprotected by VWF, allowing active clearance mechanisms to remove the unp FVIII from the

[0242] In one aspect, the teaching provides CFXTEN that associate with VWF but have enhanced protection from active clearance receptors conferred by the incorporation of two more XTEN at one or more locations within the
FVIII molecule (e.g., locations selected from Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS. 8-9), wherein the XTEN interfere with the interaction of the resulting CFXTEN with those clearance receptors with the result that
the pharmacokinetic properties of the CFXTEN is p to the cor ing FVIII not linked to XTEN. In another aspect, the teaching provides CFXTEN that have reduced binding affinity with VWF of at least 5%
less, or about 10%, or about 20%, or about 40%, or about 50%, or about 60%, or about 70% less, but are nevertheless configured to have p ion from active receptors conferred by the incorporation of
XTEN at one or more locations within the FVIIl molecule, wherein the XTEN interfere with the interaction of factor VIII with those receptors. In the foregoing aspects, the CFXTEN have an increased terminal half-life of at least about
12 h,or24 h,or 48 h, or 72 h, or 96 h, or 120 h, or 144 h, or 7 days, or 10 days, or 14 days, or 21 days compared to the FVIII not linked to XTEN. The teaching provides a method to create CFXTEN with reduced clearance
wherein the CFXTEN fusion proteins created with the multiple insertions are evaluated for inhibition of binding to clearance receptors, compared to FVIII not linked to XTEN, using in vitro binding assays or in vivo pharmacokinetic
models described herein or other assays known in the art, and selecting those that demonstrate reduced binding yet retain procoagulant FVIII activity. In addition, the foregoing fusion proteins can be optimized to have increased
Ratio XTEN Radii of at least 2.0-3.5 in order to achieve pharmacokinetic properties that are further enhanced. Table 5, Table 6, Table 7, Table 8, and Table 9 and FIGS. 8-9 provide non-limiting examples of XTEN insertion points
within the factor VIIl sequence. Using such insertion points, the teaching CFXTEN iti that have i with multiple XTEN inserted with about 100, or about 200, or about 300, or about 400, or about
500 amino acids separating at least three XTEN to further increase the protection against active clearance mechanisms and, hence, increase the terminal half-life of the CFXTEN. Not to be bound by a particular theory, the XTEN
of the CFXTEN compositions with high net charge (e.g., CFXTEN comprising AE family XTEN) are expected, as described above, to have less non-specific interactions with various negatively-charged surfaces such as blood
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vessels, tissues, or various receptors, which would further contribute to reduced active clearance. Conversely, the XTEN of the CFXTEN compositions with a low (or no) net charge (e.g., CFXTEN comprising AG family XTEN) are
expected to have a higher degree of interaction with surfaces that, while ibuting to active can iate the activity of the associated coagulation factor, given the known contribution of cell (e.g., platelets) and
vascular surfaces to the coagulation process and the intensity of activation of coagulation factors (Zhou, R., et al., Biomaterials (2005) 26(16):2965-2973; London, F., et al. Biochemistry (2000) 39(32):9850-9858). The teaching, in
part, takes advantage of the fact that certain ligands wherein reduced binding to a clearance receptor, either as a result of a decreased on-rate or an increased off-rate, may be effected by the obstruction of a receptor site by an
inserted XTEN forming random coil, resulting in the reduced binding. The choice of the particular configuration of the CFXTEN fusion protein can be tested by methods disclosed herein to confirm those configurations that reduce
the degree of binding to a clearance receptor such that a reduced rate of active clearance is achieved. In one aspect, the CFXTEN comprises a FVIII-XTEN sequence that has one or more XTEN inserted at locations selected from
Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS. 8-9 wherein the terminal half-life of the CFXTEN is increased at least about two-fold, or at least about three-fold, or at least about four-fold, or at least about five-fold, or at
least about six-fold, or at least about eight-fold, or at least about ten-fold, or at least about twenty-fold compared to a FVIII not linked to an XTEN. In another aspect, the CFXTEN comprises a FVIII-XTEN sequence that has a first
and at least a second XTEN inserted at a first and second location selected from Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS. 8-9 wherein the terminal half-life of the CFXTEN is increased at least about two-fold, or at
least about three-fold, or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about ten-fold, or at least about twenty-fold compared to a FVIII not linked to an XTEN. In
yet another aspect, the CFXTEN comprises a FVIII-XTEN sequence that incorporates multiple XTEN sequences using three of more XTEN insertion locations selected from Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS.
8-9 separated by about 100, or about 200, or about 300, or about 400, or about 500 amino acids, wherein the terminal half-life of the CFXTEN is increased at least about two-fold, or at least about three-fold, or at least about four-
fold, or at least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about ten-fold, or at least about twenty-fold compared to a FVIII not linked to an XTEN. In the foregoing aspects hereinabove described
in this paragraph, the XTEN incorporated into the CFXTEN configurations can be identical or they can be different, and can have at least about 80%, or 90%, or 91%, or 92%, or 93%, or 94%, or 95%, or 96%, or 97%, or 98%, or
99%, sequence identity to a sequence from any one of Tables 3, 4, and 13-17, and can optionally include one or more cleavage sequences from Table 12, facilitating release of one or more of the XTEN from the CFXTEN fusion
protein.

[0243] In one aspect, the teaching provides CFXTEN that enhance the pharmacokinetics of the fusion protein by linking one or more XTEN to the FVIIl component of the fusion protein wherein the fusion protein has an increase in
apparent molecular weight factor of at least about two-fold, or at least about three-fold, or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least about seven-fold, or at least about eight-fold, or at
least about ten-fold, or at least about twelve-fold, or at least about fifteen-fold, and wherein the terminal half-life of the CFXTEN when administered to a subject is increased at least about two-fold, or at least about four-fold, or at
least about eight-fold, or at least about 10-fold or more compared to the corresponding FVIII not linked to XTEN. In the foregoing aspect, wherein at least two XTEN molecules are incorporated into the CFXTEN, the XTEN can be
identical or they can be of a different sequence composition, net charge, or length. The XTEN can have at least about 80%, or 90%, or 91%, or 92%, or 93%, or 94%, or 95%, or 96%, or 97%, or 98%, or 99%, sequence identity to a
sequence from any one of Tables 3, 4, and 13-17, and can optionally include one or more cleavage sequences from Table 12, facilitating release of one or more of the XTEN from the CFXTEN fusion protein.

[0244] Thus, the teaching provides CFXTEN compositions in which the degree of activity, bi ilability, half-life or physi ical characteristic of the fusion protein can be tailored by the selection and placement of the type and
length of the XTEN in the CFXTEN compositions. Accordingly, the teaching contemplates compositions in which a FVIII from Table 1 and XTEN or XTEN fragment from any one of Tables 3, 4, or 13-17 are produced, for example, in
a configuration selected from any one of formulae I-VIIl or the XTEN are inserted at locations selected from Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS. 8-9 such that the construct has the desired property.

[0245] The teaching provides methods to produce the CFXTEN compositions that can maintain the FVIIl component at therapeutic levels in a subject in need thereof for at least a two-fold, or at least a three-fold, or at least a four-
fold, or at least a five-fold greater period of time compared to comparable dosages of the corresponding FVIII not linked to XTEN. In one aspect of the method, the subject is receiving routine prophylaxis to prevent bleeding
episodes. In another aspect of the method, the subject is receiving treatment for a bleeding episode. In another aspect of the method, the subject is receiving treatment to raise the circulating blood concentration of procoagulant
FVIII above 1%, or above 1-5%, or above 5-40% relative to FVIII concentrations in normal plasma. "Procoagulant" as used herein has its general meaning in the art and generally refers to an activity that promotes clot formation,
either in an in vitro assay or in vivo. The method to produce the compositions that can maintain the FVIII component at therapeutic levels includes the steps of selecting one or more XTEN appropriate for conjugation to a FVIII to
provide the desired pharmacokinetic properties in view of a given dose and dose regimen, creating a gene construct that encodes the CFXTEN in one of the configurations disclosed herein, transforming an appropriate host cell
with an expression vector comprising the encoding gene, expressing the fusion protein under suitable culture conditions, recovering the CFXTEN, administration of the CFXTEN to a mammal followed by assays to verlfy the

pharmacokinetic properties and the activity of the CFXTEN fusion protein (e.g., the ability to maintain is or serve as a pr ) and the safety of the ini position. Those the
desired properties are selected for further use. CFXTEN created by the methods provided herein can result in increased efficacy of the administered composition by, amongst other properties, maintaining the circulating
of the p Fvill at therapeutic levels for an enhanced period of time.

[0246] The teaching provides methods to assay the CFXTEN fusion proteins of differing composition or configuration in order to provide CFXTEN with the desired degree of procoagulant and therapeutic activity and
pharmacokinetic properties, as well as a sufficient safety profile. Specific in vitro and in vivo assays or animal models are used to assess the activity and i char istics of each CFXTEN and/or FVIII
component to be incorporated into CFXTEN, including but not limited to the assays of the Examples, those assays of Table 49, as well as the following assays or other such assays known in the art for assaying the properties and
effects of FVIII. Functional assays can be conducted that allow determination of ion activity, such as tage clotting assay and two-stage clotting assay (Barrowcliffe TW, Semin Thromb Hemost. (2002) 28(3):247-256),
activated partial prothrombin (aPTT) assays (Belaaouaj AA et al., J. Biol. Chem. (2000) 275:27123-8; Diaz-Collier JA. Haemost (1994) 71:339-46), chromogenic FVIIl assays (Lethagen, S., et al., Scandinavian J Haematology
(1986) 37:448-453), or animal model pharmacodynamic assays including bleeding time or thrombelastography (TEG or ROTEM), among others. Other assays include determining the binding affinity of a CFXTEN for the target
substrate using binding or competitive binding assays, such as Biacore assays with chip-bound receptors or binding proteins or ELISA assays, as described in US Patent 5,534,617, assays described in the Examples herein, radio-
receptor assays, or other assays known in the art. Other assays to determine the binding of FVIII inhibitors to CFXTEN include the assay or the Nijmeg: i ion of the assay. The foregoing assays can
also be used to assess FVIIl sequence variants (assayed as single components or as CFXTEN fusion proteins) and can be compared to the native FVIII to determine whether they have the same degree of procoagulant activity as
the native CF, or some fraction thereof such that they are suitable for inclusion in CFXTEN; e.g., at least about 10%, or at least about 20$, or about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at
least about 70%, or at least about 80%, or at least about 90% of the activity compared to the native FVIII.

[0247] Dose optimization is important for all drugs. A therapeutically effective dose or amount of the CFXTEN varies according to factors such as the disease state, age, sex, and weight of the individual, and the ability of the
administered fusion protein to elicit a desired response in the individual. For example, a standardized single dose of FVIII for all patients presenting with diverse bleeding conditions or abnormal clinical parameters (e.g., neutralizing
antibodies) may not always be effective. Hemophilia A patients with trauma, who have undergone surgery, or that have high titers of FVIII inhibitory antibodies generally will require higher and more frequent dosing. Generally,
dosage level is adjusted in frequency, duration, and units in keeping with the severity and duration of each patient's bleeding episode. Accordingly, the CFXTEN is included in the pharmaceutically acceptable carrier, delivery
vehicle, or stabilizer in an amount sufficient to deliver to a patient a therapeutically effective amount of the fusion protein to stop bleeding, as measured by standard clotting assays. A consideration of these factors is well within the
purview of the ordinarily skilled clinician for the purpose of ining the or i effective amount of the CFXTEN and the appropriated dosing schedule, versus that amount that would result in
insufficient potency such that clinical inprovement or the arrest of bleeding is not achieved.

[0248] The teaching provides methods to establish a dose regimen for the CFXTEN pharmaceutical compositions of the teaching. The methods include ini ion of ive doses of a ther i effective amount of
the CFXTEN pharmaceutical composition using variable periods of time between doses to determine that interval of dosing sufficient to achieve and/or maintain the desired parameter, blood level or clinical effect; such consecutive
doses of atherapeutically effective amount at the effective interval establishes the therapeutically effective dose regimen for the CFXTEN for a factor Vlll-related disease state or condition. A prophylactically effective amount refers
to an amount of CFXTEN required for the period of time necessary to prevent a physiologic or clinical result or event; e.g., delayed onset of a bleeding episode or maintaining blood concentrations of procoagulant FVIII or
equivalent above a threshold level (e.g., 1-5% to 5-40% of normal). In the methods of treatment, the dosage amount of the CFXTEN that is administered to a subject ranges from about 5 to 300 IU/kg/dose, or from about 10 to 100
IU/kg/dose, or from about 20 to about 65 IU/kg/dose, or from about 20 to about 40 IU/kg/dose for a subject. A suitable dosage may also depend on other factors that may influence the response to the drug; e.g., bleeding episodes
generally requiring higher doses at more frequent intervals compared to prophylaxis.

[0249] In some aspects, the method comprises inistering a peuti ffective amount of a phar i positi ising a CFXTEN fusion protein composition and at least one pharmaceutically acceptable
carrier to a subject in need thereof, wherein the administration results in a greater improvement in at least one p or physiologic condition i with a FVIIl i or or results in a more favorable
clinical outcome mediated by the FVIIl component of the CFXTEN compared to the effect on the parameter, condmon or clinical outcome mediated by administration of a pharmaceutical composition comprising a FVIIl not linked to
XTEN and administered at a comparable dose. Non-limiting of p that are improved include blood concentration of procoagulant FVIII, a reduced activated partial prothrombin (aPTT) assay time, a reduced one-
stage or two-stage clotting assay time, delayed onset of a bleeding episode, a reduced chromogenic FVIII assay time, a reduced bleeding time, resolution of a bleeding event, or a reduced Bethesda titer to the CFXTEN relative to
native FVIII. In one aspect of the foregoing, the improvement is achieved by administration of the CFXTEN pharmaceutical composition at a dose that achieves a ci i ion of pr FVIII (or i ) above
a threshold level (e.g., 1-5% to 5-40% of normal FVIII levels), thereby establishing the therapeutically effective dose. In another aspect of the foregoing, the improvement is achieved by ini ion of multiple ive doses
of the CFXTEN ition using a ther i effective dose regimen that maintains a circulating concentration of procoagulant FVIII (or equivalent) above a threshold level (e.g., 1-5% to 5-40% of normal FVIII
levels) for the length of the dosing period. In another aspect of the method, the administration of at least two consecutive doses of the CFXTEN ition using a peuti effective dose regimen maintains
a circulating concentration of procoagulant FVIII (or equivalent) above about 1%,, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 30%, or 40% of normal FVIIl levels for a period that is at least about three-fold longer; alternatively at least about
four-fold longer; alternatively at least about five-fold longer; alternatively at least about six-fold longer; i at least about fold longer; i at least about eight-fold longer; alternatively at least about nine-fold
longer or at least about ten-fold longer compared to a FVIII not linked to XTEN and administered using a therapeutically effective dose regimen

[0250] In one aspect, the CFXTEN or a pharmaceutical compositions comprising CFXTEN administered at a therapeutically effective dose regimen results in a gain in time of at least about three-fold longer; alternatively at least
about four-fold longer; alternatively at least about five-fold longer; alternatively at least about six-fold longer; alternatively at least about seven-fold longer; alternatively at least about elghl fold longer; alternatively at least about
nine-fold longer or at least about ten-fold longer between at least two consecutive C 5 peaks and/or C,,i, troughs for blood levels of the fusion protein p to the i active protein of the fusion protein

not linked to the XTEN and administered at a comparable dose regimen to a subject. In another aspect, the CFXTEN administered at a lherapeuncally effective dose regimen results in a comparable improvement in one, or two, or
three or more measured parameters using less frequent dosing or a lower total dosage in IUs of the fusion protein of the p to the corresp i active protein component(s) not
linked to the XTEN and administered to a subject using a therapeutically effective dose regimen for the FVIIl. The measured parameters include any of the clinical, biochemical, or physiological parameters disclosed herein, or
others known in the art for assessing subjects with factor Vlli-related conditions.

{b) and i perties of CFXTEN
[0251] The present teaching provides CFXTEN iti ising FVIII linked to XTEN that have ical and properties compared to FVIII not linked to XTEN, as well as methods
to enhance the therapeutic and/or procoagulanl effect of the FVIII components of the compositions. In addiion, the teaching provides CFXTEN compositions with enhanced properties compared to those art-known fusion proteins
of factor VIII ining albumin, i peptide partners, i of shorter length and/or polypeptide partners with repetitive sequences. In addition, CFXTEN fusion proteins provide significant advantages over

chemical conjugates, such as pegylated constructs of FVIII, notably the fact that recombinant CFXTEN fusion proteins can be made in host cell expression systems, which can reduce time and cost at both the research and
development and manufacturing stages of a product, as well as result in a more homogeneous, defined product with less toxicity from both the product and metabolites of the CFXTEN compared to pegylated conjugates.

[0252] As lherapeunc agenls the CFXTEN possesses a number of advantages over therapeutics not comprising XTEN, |nc|ud|ng one or more of the following non-limiting properties: increased solubility, increased thermal stability,
reduced i Y. apparent weight, reduced renal clearance, reduced p is, reduced . peutic efficiency, less frequent dosage regimen with increased time between
doses capable of maintaining hemostasis in a subject with hemophilia A, the ability to administer lhe CFXTEN iti or il a "tailored" rate of ion when ini or
intr ilization stability, ple stability, increased terminal half-life, increased solubility in blood stream, decreased binding by neutralizing antibodies, decreased active clearance, tailored
substrate binding affinity, stability to degradation, stability to fri thaw, stability to p . stability to ubiquitinati ease of administration, ibility with other i or carriers, i in the
subject, increased stability in storage (e.g., increased shelf-life), and the like. The net effecl of the enhanced properties is that the use of a CFXTEN composition can result in an overall i effecl p toa
FVIII not linked to XTEN, result in economic benefits associated with less frequent dosing, and/or result in improved patient compliance when administered to a subject with a factor Vlll-related condition.

[0253] The teaching provides CFXTEN iti and i iti comprising CFXTEN wherein the administration of the composition results in an improvement in at least one of the clinical or biochemical
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parameters disclosed herein as being useful for assessing the subject diseases, i or disorders. Non-limiti of that are improved include blood concentrations of procoagulant FVIII, a reduced
activated partial prothrombin (aPTT) assay time, a reduced one-stage or two-stage clotting assay time, delayed onsel of a bleeding episode, a reduced chromogenic FVIII assay time, a reduced bleeding time, resolution of a
bleeding event, or a reduced Bethesda titer to the CFXTEN relative to native FVIII. The enhanced pharmacokinetic properties of the subject CFXTEN permits using an accumulatively lower IU dose of fusion protein to maintain the
parameter compared to the corresponding FVIII component not linked to the XTEN. In one aspect, the total dose in IUs of an CFXTEN of the aspects needed to achieve and maintain the improvement in the at least one parameter
for about 2-7 days is at least about three-fold lower, or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about 10-fold lower compared to the corresponding FVIII
component not linked to the XTEN. In another aspect, the total dose in IUs of a subject CFXTEN needed to achieve and maintain the improvement in the at least one parameter over two, three or four consecutive doses is at least
about three-fold lower, or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about 10-fold lower compared to the corresponding FVIII component not linked to the
XTEN. Alternatively, the teaching provides certain aspects of CFXTEN wherein the period between consecutive administrations that results in ieving and maintai the imp in at least one parameter is at least about
three-fold, or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about 10-fold longer p to the corr ing FVIII p not linked to the XTEN and
administered at a comparable IU dose. Alternatively, the teaching provides certain aspects of CFXTEN wherein administration of 25 IU/kg results in a 30% improvement in a aPTT assay (or similar coagulation assay) time in a
hemophilia A subject compared to 25 IU/kg of the corresponding FVIII not linked to XTEN when assayed at about 2-7 days after administration. In yet another aspect, the teaching provides CFXTEN wherein administration of 25
1U/kg results in @ 30% improvement in a bleeding time assay time in a hemophilia A subject compared to 25 IU/kg of the corresponding FVIII not linked to XTEN when assayed at about 2-7 days after administration.

[0254] In one aspect, XTEN as a fusion partner increases the solubility of the FVIII payload. i , where of the phar ical or i ical properties of the FVIII is desirable, such as the degree of
aqueous solubility or stability, the length and/or the motif family ition of the XTEN incorporated into the fusion protein may each be selected to confer a different degree of solubility and/or stability on the
respective fusion proteins such that the overall pharmaceutical properties of the CFXTEN composition are enhanced. The CFXTEN fusion proteins can be constructed and assayed, using methods described herein, to confirm the
physicochemical properties and the choice of the XTEN length sequence or location adjusted, as needed, to result in the desired properties. In one aspect, the CFXTEN has an aqueous solubility that is at least about 25% greater
compared to a FVIII not linked to the XTEN, or at least about 30%, or at least about 40%, or at least about 50%, or at least about 75%, or at least about 100%, or at least about 200%, or at least about 300%, or at least about 400%,
or at least about 500%, or at least about 1000% greater than the corresponding FVIII not linked to XTEN.

[0255] The teaching provides methods to produce and recover expressed CFXTEN from a host cell with enhanced solubility and ease of recovery compared to FVIII not linked to XTEN. In one aspect, the method includes the
steps of transforming a eukaryotic host cell with a polynucleotide encoding a CFXTEN with one or more XTEN components of cumulative sequence length greater than about 100, or greater than about 200, or greater than about
400, or greater than about 600, or greater than about 800, or greater than about 1000, or greater than about 2000, or greater than about 3000 amino acid residues, expressing the CFXTEN fusion protein in the host cell under
suitable culture and induction conditions, and recovering the expressed fusion protein in soluble form. In one aspect, the one or more XTEN of the CFXTEN fusion proteins each have at least about 80% sequence identity, or about
90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99%, to about 100% sequence identity compared to one or more XTEN selected from any one of
Tables 4, and 13-17, or fragments thereof, and the FVIII have at least about 80% sequence identity, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about
98%, or about 99%, or 100% sequence identity compared to a FVIII selected from Table 1, and the CFXTEN components are in an N- to C-terminus configuration selected from any one of the configuration aspects disclosed
herein.

V). USES OF THE CFXTEN COMPOSITIONS

[0256] The teaching provides methods and regimens for achieving a beneficial effect in a factor Vll-related condition by the ini ion of positi ising CFXTEN. As used herein, "factor Vlll-related condition” is
intended to include, but is not limited to factor VIl deficiencies, bleeding disorders related to factor VIII deficiency, hemophilia A, neutralization of factor VIIl by anti-FVIII antibodies or other factor VIII inhibitors, and bleeding
episodes resulting from trauma or surgery or vascular injury and other such conditions that can be ameliorated or corrected by administration of FVIII to a subject. The inventive methods achieve a beneficial effect while addressing
disadvantages and/or limitations of other methods of treatment using factor VIl preparations that have a relatively short terminal half-life, require frequent administrations, are neutralized by inhibitors or have unfavorable
pharmacoeconomics.

[0257] Hemostasis is regulated by multiple protein factors, and such proteins, as well as analogues thereof, have found utility in the of factor lated i However, the use of commercially-available FVIII has
met with less than optimal success in the management of subjects afflicted with such conditions. In particular, dose optimization and frequency of dosing is important for FVIII used in intainir i ing FVII

above threshold levels needed for hemostasis, as well as the treatment or prevention of bleeding episodes in hemophilia A subjects. The fact that commercially-available FVIIl products have a short half-life necessitates frequent
dosing in order to achieve clinical benefit, which results in difficulties in the management of such patients.

[0258] As established by the Subcommittee on Factor VIl and Factor IX of the Scientific and Standardization Committee of the International Society on Thrombosis and Haemostasis (posted on the ISTH Website 29 November,
2000), the most widely used measure of the severity of hemophilia A is established by determining the circulating concentrations of plasma FVIII procoagulant levels, with persons with <1% (< 0.01 IU/ml) factor VIII defined as
severe; 1-5% (0.01 - 0.05 |U/ml) as moderately severe; and >5-40% (0.05 - <0.40 IU/ml) as mild, where normal is 1 1U/ml of factor VIIIC (100%).

[0259] The teaching provides methods of treating a subject suffering from or at risk of developing a factor Vlll-related condition. More particularly, the teaching provides methods for treating or preventing controlling bleeding in
subject. The subject can be any animal but preferably is a human. In one aspect, the method i ing a i ffective amount of a CFXTEN composition to the subject in need thereof. In another aspect, the
method comprises the step of administering to the subject with a bleed a i ffective amount of a i ition that includes a CFXTEN, wherein the administration results in an arrest or attenuation of the
bleeding. As used herein, "coagulation-effective amount" is an amount of a FVIIl composition that, when administered to a subject, is sufficient to effect is or other icial or desired i pr

result. In practicing the present teaching, it will be understood that a coagulation-effective amount can be inistered in one or more ini i Precise ffective amounts of the pharmaceutical composition to be
administered will be guided by the judgment of the practitioner, however, the unit dose will generally depend on the severity or cause of the bleeding and the amount of pre-existing FVIIl in the subject. In a particular aspect of the
method of treating a bleed, a i ffective amount of a iti comprising CFXTEN is administered to a subject suffering from a bleeding episode, wherein the inis ion results in the

of the bleeding for a duration at least two-fold, or at least three-fold, or at least four-fold longer compared to a FVIII not linked to XTEN and administered to a comparable subject with a comparable bleed at a comparable dose.

[0260] In another aspect, the administration of a coagulation-effective amount of a CFXTEN composition to a subject with a factor Vlil-related condition results in a 10%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70% or greater
improvement of one or more bi i physi ical or clinical i with the FVIII condition, compared to the FVIII not linked to XTEN, when measured at between 2 and 7 days after administration. In another
aspect, the inis ion of a i ffective amount of a CFXTEN composition to the subject in need thereof results in an improvement of one or more bi i i ical or clinical p: i with the
FVIII condition for a period at least two-fold longer, or at least four-fold longer, or at least five-fold longer, or at least six-fold longer compared to period achieved by a FVIII not linked to XTEN and administered at a comparable
dose. Non-limiting examples of parameters that are improved for a longer duration include blood concentrations of procoagulant FVIII, a reduced activated partial prothrombin (aPTT) assay time, a reduced one-stage or two-stage
clotting assay time, delayed onset of a bleeding episode, a reduced chromogenic FVIIl assay time, a reduced bleeding time, among other FVIll-related parameters known in the art. In the foregoing aspects of the paragraph, the
administered CFXTEN comprises a FVIIl with at least about 80%, or at least about 90%, or at least about 95%, or at least about 97%, or at least about 99% sequence identity to a factor VIIl of Table 1 and one or more XTEN
sequences with at least about 80%, or at least about 90%, or at least about 95%, or at least about 97%, or at least about 99% sequence identity to an XTEN of Table 4 inserted into the FVIII at one or more locations selected from
Table 5, Table 6, Table 7, Table 8, and Table 9, or as depicted in FIGS. 8-9. In certain aspects, at least one XTEN insertion site of the CFXTEN is selected from amino acids 32, 220, 224, 336, 339, 390, 399, 416, 603, 1656, 1711,
1725, 1905 and 1910 (numbered relative to mature native human FVIII).

[0261] In a particular aspect of the method of treatment, a coagulation-effective amount of CFXTEN fusion protein administered to a subject suffering from hemophilia A is sufficient to increase the circulating FVIII procoagulant
concentration to greater than 0.05 IU/ml and to maintain hemostasis for at least about 24 h, or at least about 48 h, or at least about 72 h, or at least about 96 h, or at least about 120 h, or at least about 144 h, or at least about 168
h, or greater. In another aspect, the ini ion of a i ffective amount of a phar ising CFXTEN to a subject in need thereof results in a greater reduction in a one-stage clotting assay
time of at least about 5%, or about 10%, or about 20%, or about 30%, or about 40%, or about 50%, or about 60%, or about 70%, or more in a blood sample from the subject at 2-7 days after the administration compared to the
assay time in a subject after administration of a comparable amount of the corresponding FVIII not linked to XTEN. In another aspect, the administration of a therapeutically effective amount of a CFXTEN or a pharmaceutical
compositions comprising CFXTEN to a subject in need thereof results in a greater reduction in the activated partial prothrombin time of at least about 5%, or about 10%, or about 20%, or about 30%, or about 40%, or about 50%, or
about 60%, or about 70%, or more in a blood sample from the subject 2-7 days after administration compared to the activated partial prothrombin time in a subject after administration of a comparable amount of the corresponding
FVIII not linked to XTEN. In another aspect, the administration of a CFXTEN or a phar ising CFXTEN to a subject in need thereof using a therapeutically effective amount results in maintenance of
activated partial prothrombin times within 30% of normal in a blood sample from the subject for a period of time that is at least two-fold, or at least about three-fold, or at least about four-fold longer compared to that of a FVIII not
linked to XTEN and administered to a subject using a comparable dose.

[0262] In one aspect of the method of treatment, the CFXTEN fusion protein is and inis as a phar i iti ising the CFXTEN in i with a i excipient.
Methods for making pharmaceutical formulations are well known in the art. Techniques and formulations generally may be found in Remington's Pharmaceutical Sciences, 18th Edition, Mack Publishing Co., Easton, Pa. 1990 (See,
also, Wang and Hanson, Parenteral Formulations of Proteins and Peptides: Stability and Stabilizers, Journal of Parenteral Science and Technology , Technical Report No. 10, Supp. 42-2S (1988)).

[0263] In another aspect, the teaching provides a regimen for treating a hemophilia A patient, said regimen ising a positi ising a CFXTEN fusion protein. In one aspect of the regimen for treating a hemophilia A
patient, the regimen further comprises the step of determining the amount of pharmaceutical composition comprising the CFXTEN needed to achieve hemostasis in the patient. In some aspects of the regimen, (i) a smaller IU
amount of about two-fold less, or about three-fold less, or about four-fold less, or about five-fold less, or about six-fold less, or about eight-fold less, or about 10-fold less of the pharmaceutical composition comprising CFXTEN is

administered to a subject in need thereof in i to the cor ion factor not linked to the XTEN under an otherwise same dose regimen, and the fusion protein achieves a comparable area under the curve
(based on IU/ml) and/or a comparable therapeutic effect as the corresponding FVIII not linked to the XTEN; (i) the p is inis less frequently (e.g., every three days, about every seven days, about
every 10 days, about every 14 days, about every 21 days, or about monthly) in comparlson to the corresponding FVIII not linked to the XTEN under an otherwise same dose amount, and the fusion protein achieves a comparable
area under the curve and/or a ic effect as the corr ion factor not linked to the XTEN; or (jii) an accumulative smaller IU amount of at least about 20%, or about 30%, or about 40%, or about
50%, or about 60%, or about 70%, or about 80%, or about 90% less of the phar i is in i to the ing FVIII not linked to the XTEN under an otherwise same dose schedule and
the CFXTEN fusion protein achieves a peutic effect as the cor ing FVIIl not linked to the XTEN. The accumulative smaller IU amount is measured for a period of at least about one week, or about 14 days,

or about 21 days, or about one month. In the foregoing aspects, the therapeutic effect can be determined by any of the measured parameters described herein, including but not limited to blood concentration of procoagulant FVIII,
a reduced activated partial prothrombin (aPTT) assay time, a reduced one-stage or two-stage clotting assay time, delayed onset of a bleeding episode, a reduced chromogenic FVIIl assay time, a reduced bleeding time, resolution
of a bleeding event, or a reduced Bethesda titer to the CFXTEN relative to native FVIII, fibrinogen levels, or other assays known in the art for assessing coagulopathies of FVIII. In another aspect, the teaching provides CFXTEN for
use in a regimen for a treating a philia A subject isil inistering an CFXTEN ition in two or more ive doses to the subject at an effective amount, wherein the adminstration results in at least a 10%, or
20%, or 30%, or 40%, or 50%, or 60%, or 70%, or 80%, or 90% greater improvement of at least one, two, or three parameters associated with the disease compared to a FVIII not linked to XTEN and administered using a
comparable dose.

[0264] In one aspect, the present teaching relates to a method of preventing or treating the bleeding in a patient, optionally a haemophilia A patient, having pre-existing inhibitor(s) against FVIII. Inhibitory antibodies against FVIII
commonly develop in hemophiliacs, where the overall incidence of developing an inhibitor is 15-30%, particularly in haemophiliacs who are heavily exposed to FVIII concentrates (Algiman et al. Natural antibodies to factor VIIl (anti-
hemophilic factor) in healthy individuals. PNAS USA (1992) 89: 3795-3799). However, inhibitory antibodies also occur in patients in auto-immune disorders, malignancies (such as lymphoproliferative disorders, ymphomas and
solid tumors), during pregnancy and in the post-partum state. Inhibition can also occur when antibodies interfere with the binding of FVIII to FIX and FX. Simultaneously or alternatively, anti-FVIIl antibodies can interfere with the
binding of von Willebrand factor and/or phospholipids to FVIII, affecting coagulation and/or half-life of FVIIl. The presence of inhibitory antibodies is often first detected with symptoms such as easy bruising and uncontrolled
bleeding, and is usually referred to as acquired ilia. Anti-FVIII ibodies can be i by different methods including quantitation of anti-FVIII activity in coagulation assays, ELISA for FVIII inhibitors and purification
using aphy and i ption (Algiman et al., 1992). Accordingly, the inventive methods are used in the treatment or prevention of any condition associated with or characterized by the presence of inhibitory
antibodies to FVIII. In one aspect, the teaching provides a method of treating a patient having a pre-existing inhibitor against FVIII, the method comprising the step of administering to the patient a coagulation-effective amount of a
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CFXTEN fusion protein that must be administered to achieve hemostasis, wherein the coagulation-effective amount of fusion protein administered is reduced in comparison to the amount of FVIII not linked to XTEN (or native FVIII)
that must be administered to achieve hemostasis. In the method, the reduced amount of CFXTEN is about two-fold, or three-fold, or four-fold, or five-fold less in IU/kg compared to the corresponding FVIII not linked to XTEN. In
another aspect of the method, the amount of CFXTEN that is administered as a dose to achieve hemostasis is at least 20 to 40 1U/kg less, or 30 to 60 IU/kg less, or 40 to 80 1U/kg less, or 60 to 100 1U/kg less, or 100 to 140 IUkg
less, or 120 to 180 IU/Kg less, or 140 to 200 IU/kg less compared to the corresponding FVIII not linked to XTEN or to native FVIII required to achieve hemostasis. In another aspect, the teaching provides a method of treating a
bleeding episode in a hemophilia A subject having a titer of at least 10, or 20, or 30, or 40, or 50, or 75, or 100, or 150, or 200 or more Bethesda units against a FVIII not linked to XTEN, wherein the dose of CFXTEN fusion protein
required to arrest the bleeding epidose is at least two-fold, or three-fold, or four-fold, or five-fold, or six-fold, or seven-fold, or eight-fold, or nine-fold, or 10-fold less in comparison to the amount of FVIII not linked to XTEN (or native
FVIII) that must be administered to achieve hemostasis in a comparable subject. It will be understood by one of skill in the art that the amount of p inistered to maintain is will depend on the severity of
FVIII deficiency and/or the frequency or duration of bleeding.

[0265] A particular object of the present teaching relates to use of CFXTEN with reduced binding by FVIII inhibitors that bind the A2 and/or C2 domains of Factor VIIl as a drug. Such a drug is used for

hemostasis in a patient suffering from haemophilia, wherein such patient has circulating FVIII inhibitors directed against the A2 domain and/or C2 domain of Factor VIII. In one aspect, the teaching provides a method of treatment,
the method comprising the step of administering to the patient with a A2 d in-binding inhibitor a i ffective amount of a CFXTEN fusion protein, wherein the CFXTEN exhibits at least 10%, or 20%, or 30%, or 40%, or
50%, or 60%, or 70%, or 80% or less binding to an inhibitor that binds the A2 domain of FVIIl, compared to the FVIII not linked to XTEN or to native FVIII, and wherein the administration results in hemostasis. In another aspect, the
teaching provides a method of . the method ising the step of inistering to the patient with a C2 d in-binding inhibitor a ffective amount of a CFXTEN fusion protein, wherein the CFXTEN exhibits
at least 10%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70%, or 80% or less binding to an inhibitor that binds the C2 domain of FVIII, compared to the FVIII not linked to XTEN or to native FVIII, and wherein the administration
results in hemostasis. The reduced binding of the subject CFXTEN can be assayed directly by ELISA that detects FVIII inhibitors, or measured indirectly by demonstration of reduced inhibition of FVIIl activity of the CFXTEN
compared to native FVIIl in the presence of an inhibitor as measured by a factor VIIl chromogenic test or one-step assay as described herein, or other suitable coagulation methods known in the art. Alternatively, the subject
CFXTEN can be measured for reduced (or absence of) inhibition in the presence of known inhibitors by use of a modified Bethesda assay. According to a particular aspect of the present teaching, a CFXTEN useful in the methods
has reduced reactivity to one or more antibodies from Table 10, as well as naturally ing antibodies found in philia patients. For testing purposes, such and other inhibitory antibodies can be obtained from humans (i.e.
from the serum of patients which have inhibitory antibodies) or can be obtained from mice, guinea pigs, horses, goats, non-human primates and other mammals by immunization with FVIIl, or fragments thereof, more particularly
with a fragment comprising the all or part of the A2 or C2 domain, whether in polyclonal or monoclonal form.

[0266] The teaching further contemplates that the CFXTEN used in accordance with the methods provided herein can be administered in conjunction with other treatment methods and positi (e.g., other
proteins) useful for treating factor Vlll-related i or i for which ion factor is adjl ive therapy; e.g., bleeding episodes due to injury or surgery.

[0267] In another aspect, the teaching provides methods of preparing a drug for a factor Vlil-related condition, isil ining a factor VIl sequence selected from Table 1 with one or more XTEN selected from Table 4
inserted in one or more insertion sites selected from Table 5, Table 6, Table 7, Table 8, and Table 9 to result in a drug that retains at least a portion of the activity of the native FVIII. The teaching provides a method of preparing a
phar ising the step of ining the drug of the foregoing aspect with at least one pharmaceutically acceptable carrier. In one aspect of the method of preparing a drug for a factor Vlll-related
condition, the factor VIII has a sequence with at least about 80%, or at least about 90%, or at least about 95%, or at least about 97%, or at least about 99% sequence identity compared to a sequence selected from Table 1 and the
one or more XTEN has a sequence with at least about 80%, or at least about 90%, or at least about 95%, or at least about 97%, or at least about 99% seq identity p toa selected from any one of Tables 3,
4, and 13-17, or a fragment thereof, wherein the one or more XTEN are inserted in one or more locations selected from Table 5, Table 6, Table 7, Table 8, and Table 9. In a particular aspect of the foregoing, at least one XTEN
insertion site is selected from amino acids 32, 220, 224, 336, 339, 390, 399, 416, 603, 1656, 1711, 1725, 1905 and 1910 (numbered relative to mature native human FVIIl).In another aspect of the method, the CFXTEN comprises

a sequence with at least about 80%, or at least about 90%, or at least about 95%, or at least about 97%, or at least about 99% identity p toa selected from any one of Table 21.

[0268] In another aspect, the teaching provides a method of making the CFXTEN compositions to achieve desired phar ineti ic or phar ical properties. In general, the steps in the design and production
of the inventive fusion protein compositions, as illustrated in FIGS. 11-13, include: (1) the selection of a FVIIl (e.g., native proteins, sequences of Table 1, analogs or derivatives with activity) to treat the particular condition; (2)
selecting one or more XTEN (e.g., sequences with at least 80% identity to sequences set forth in Table 4) that will confer the desired i and pl ical char istics on the resulting CFXTEN (e.g., the

administration of the CFXTEN composition to a subject results in the fusion protein being maintained above 0.05-0.4 |U/ml for a greater period compared to FVIII not linked to XTEN); (3) establishing a desired N- to C-terminus
configuration of the CFXTEN to achieve the desired efficacy or PK parameters (e.g., selecting one or more insertion sites from Table 5, Table 6, Table 7, Table 8, and Table 9); (4) establishing the design of the expression vector
encoding the configured CFXTEN; (5) transforming a suitable host with the expression vector; and (6) expressing and recovering the resultant isolated CFXTEN fusion protein. In one aspect of the method of making CFXTEN, the
XTEN for insertion are evaluated by the application of Equation IV to maximize the Ratio XTEN Radii for the fusion protein construct, with the XTEN resulting in values greater than 2.0, or 2.1, or 2.2, or 2.3, or 2.4, or 2.5, or 2.6, or
2.7, or 2.8, or 2.9. or 3.0 being preferred. For those CFXTEN for which an increase in half-life or an increased period of time spent above the minimum coagulation-effective concentration is desired, the XTEN chosen for
incorporation generally have at least about 144, or about 288, or about 432, or about 576, or about 864, or about 875, or about 912, or about 923 amino acid residues where a single XTEN is to be incorporated into the CFXTEN.
In another aspect, the CFXTEN comprises a first XTEN of the foregoing lengths, and at least a second XTEN of about 36, or about 42, or about 72, or about 144, or about 288, or about 576, or about 864, or about 875, or about
912, or about 923, or about 1000 or more amino acid residues. The location of the XTEN within the fusion protein can include one, two, three, four, five or more locations selected from Table 5, Table 6, Table 7, Table 8, and Table
9 or FIGS. 8-9. In one aspect, the method of design includes an insertion of XTEN into the FVIII of at least one site selected from amino acids 32, 220, 224, 336, 339, 390, 399, 416, 603, 1656, 1711, 1725, 1905 and 1910
(numbered relative to mature native human FVIIl).

[0269] In another aspect, the teaching provides methods of making CFXTEN compositions to improve ease of manufacture, result in increased stability, increased water solubility, and/or ease of formulation, as compared to the
native FVIII. In one aspect, the teaching includes a method of increasing the water solubility of a FVIIl comprising the step of linking the FVIII with at least about 80%, or about 90%, or about 95% identity to a sequence from Table 1
to one or more XTEN at one, two, three, four, five or more locations selected from Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS. 8-9 wherein the XTEN is a sequence with at least about 80%, or about 90%, or about 95%

identity p toa from any one of Tables 3, 4, and 13-17 such that a higher concentration in soluble form of the resulting CFXTEN can be achieved, under physiologic conditions, compared to the FVIIl in
an un-fused state. In a particular aspect, the CFXTEN comprises a FVIII linked to two, three, four, or five XTEN having at least about 24, or about 36, or about 48, or about 60, or about 72, or about 84, or about 96, or about 144, or
about 288 amino acid residues inserted at sites selected from Table 5, Table 6, Table 7, Table 8, and Table 9 or FIGS. 8-9, in which the solubility of the fusion protein under physiologic conditions is at least three-fold greater than
the corresponding FVIII not linked to XTEN, or alternatively, at least four-fold, or five-fold, or six-fold, or seven-fold, or eight-fold, or nine-fold, or at least 10-fold, or at least 20-fold, or at least 30-fold, or at least 50-fold, or at least
60-fold or greater than FVIII not linked to XTEN. Factors that contribute to the property of XTEN to confer increased water solubility of CFs when incorporated into a fusion protein include the high solubility of the XTEN fusion
partner and the low degree of self-aggregation between molecules of XTEN in solution, as well as expanding the hydrophilicity of FVIII external loops into which the XTEN is inserted. In some aspects, the method results in a
CFXTEN fusion protein wherein the water solubility is at least about 20%, or at least about 30% greater, or at least about 50% greater, or at least about 75% greater, or at least about 90% greater, or at least about 100% greater, or
at least about 150% greater, or at least about 200% greater, or at least about 400% greater, or at least about 600% greater, or at least about 800% greater, or at least about 1000% greater, or at least about 2000% greater under
physiologic conditions, compared to the un-fused FVIII. In one aspect, the XTEN of the CFXTEN fusion protein is a sequence with at least about 80%, or about 90%, or about 95% seq identity p toa from
any one of Tables 3, 4, and 13-17. In another aspect, the teaching includes a method of increasing the shelf-life of a FVIIl comprising the step of linking the FVIII with one or more XTEN at one or more sites selected from Table 5,
Table 6, Table 7, Table 8, and Table 9, wherein the shelf-life of the resulting CFXTEN is extended compared to the FVIIl in an un-fused state. As used herein, shelf-life refers to the period of time over which the procoagulanl acnvlly
of a FVIIl or CFXTEN that is in solution, lyophilized or in some other storage formulation remains stable without undue loss of activity or that remains within release specif I for the phar p LA
FVIIl that degrades or aggregates generally has reduced functional activity or reduced bioavailability compared to one that remains in solution. Factors that contribute to the ability of the method to extend the shelf life of FVIIl when
incorporated into a fusion protein include increased water solubility, reduced self-aggregation in solution, and increased heat stability of the XTEN fusion partner. In particular, the low tendency of XTEN to aggregate facilitates

methods of pr ining higher drug concentrations of CFs, and the heat-stability of XTEN contributes to the property of CFXTEN fusion proteins to remain soluble and functionally active for
extended periods. The method results in CFXTEN fusion proteins with prolonged or extended shelf-life that exhibit greater activity relative to a FVIII standard that has been subjected to the same storage and handling conditions.
The standard may be the un-fused full-length FVIIl or a commercially ilable FVIII phar ition. In one aspect, the method includes the step of formulating the isolated CFXTEN with one or more pharmaceutically

acceptable excipients that enhance the ability of the XTEN to retain its unstructured conformation and for the CFXTEN to remain soluble in the formulation for a time that is greater than that of the corresponding un-fused FVIII. In
one aspect, the method comprises linking a FVIII selected from Table 1 to one or more XTEN selected from any one of Tables 3, 4, and 13-17 inserted at one or more sites selected from Table 5, Table 6, Table 7, Table 8, and
Table 9 and admixing with at least one pharmaceutically acceptable excipient to create a pharmaceutical composition that retains greater than about 100% of the procoagulant activity, or greater than about 105%, 110%, 120%,
130%, 150% or 200% of the procoagulant activity of a FVIIl standard subjected to the same storage and handling conditions when compared at a time point of at least 90 days, or at least 6 months, or at least 12 months. Shelf-life
may also be in terms of i activity ining after storage, normalized to functional activity when storage began. In some aspects, CFXTEN pharmaceutical compositions of the teaching retain about 50% more
procoagulant activity, or about 60%, 70%, 80%, or 90% more of the procoagulant activity of a FVIII standard when subjected to the same conditions for the same period of up to 2 weeks, or 4 weeks, or 6 weeks or longer under
various temperature conditions. In one aspect, the CFXTEN pharmaceutical composition retains at least about 50%, or about 60%, or at least about 70%, or at least about 80%, and most preferably at least about 90% or more of its
original activity in solution when heated at 80°C for 10 min. In another aspect, the CFXTEN pharmaceutical composition retains at least about 50%, preferably at least about 60%, or at least about 70%, or at least about 80%, or
alternatively at least about 90% or more of its original activity in solution when heated or maintained at 37°C for about 7 days. In another aspect, CFXTEN pharmaceutical composition retains at least about 80% or more of its
functional activity after exposure to a temperature of about 30°C to about 70°C over a period of time of about one hour to about 18 hours. In the foregoing aspects hereinabove described in this paragraph, the retained activity of
the CFXTEN pharmaceuncal compositions is at least about two-fold, or at least about three-fold, or at least about four-fold, or at least about five-fold, or at least about six-fold greater at a given time point than that of a
position comprising FVIII not linked to the XTEN.

cor

VII). THE NUCLEIC ACIDS SEQUENCES OF THE TEACHING

[0270] The present teaching provides isolated polynucleic acids encoding CFXTEN chimeric fusion proteins and y to ic acid encoding CFXTEN chimeric fusion proteins, including
homologous variants thereof. In another aspect, the teaching encompasses methods to produce polynucleic acids encoding CFXTEN chimeric fusion proteins and seq pl yto ic acid encoding
CFXTEN chimeric fusion protein, including homologous variants thereof. In general, and as illustrated in FIGS. 11-13, the methods of producing a polynucleotide sequence coding for a CFXTEN fusion protein and expressing the
resulting gene product include assembling nucleotides encoding FVIIl and XTEN, ligating the components in frame, incorporating the encoding gene into an expression vector appropriate for a host cell, transforming the
appropriate host cell with the expression vector, and culturing the host cell under conditions causing or permitting the fusion protein to be expressed in the transformed host cell, thereby producing the biologically-active CFXTEN
polypeptide, which is recovered as an isolated fusion protein by standard protein purification methods known in the art. Standard i q in biology is used to make the polynucleotides and expression
vectors of the present teaching.

[0271] In accordance with the teaching, nucleic acid sequences that encode CFXTEN (or its complement) are used to generate recombinant DNA molecules that direct the expression of CFXTEN fusion proteins in appropriate host
cells. For the purposes of the teaching, nucleic acid encoding a signal peptide corresponding to that of native human FVIII (encoding MQIELSTCFFLCLLRFCFS (SEQ ID NO: 1611)) can be added to any of the encoding constructs
described herein to aid in the expression and secretion of the CFXTEN fusion protein. In one aspect, the nucleic acid add is ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGT (SEQ ID NO:
1613), or the complement thereof.

[0272] Several cloning strategies are suitable for performing the present teaching, many of which is used to generate a construct that comprises a gene coding for a fusion protein of the CFXTEN composition of the present
teaching, or its complement. In some aspects, the cloning strategy is used to create a gene that encodes a monomeric CFXTEN that comprises at least a first FVIIl and at least a first XTEN polypeptide, or their complement. In one
aspect of the ing, the gene i a seq encoding a FVIII or sequence variant. In other aspects, the cloning strategy is used to create a gene that encodes a monomeric CFXTEN that comprises nucleotides
encoding at least a first molecule of FVIII or its complement and a first and at least a second XTEN or their complement that is used to transform a host cell for expression of the fusion protein of the CFXTEN composition. In the
foregoing aspects hereinabove described in this paragraph, the genes can further comprise nucleotides encoding spacer sequences that also encode cleavage sequence(s).

[0273] In designing a desired XTEN it was di: that the petitive nature of the XTEN of the inventive compositions is achieved despite use of a "building block" molecular approach in the creation of the
XTEN-encoding sequences. This was achieved by the use of a library of polynucleotides encoding peptide sequence motifs, described above, that are then ligated and/or multimerized to create the genes encoding the XTEN
sequences (see FIGS. 11 and 12 and Examples). Thus, while the XTEN(s) of the expressed fusion protein may consist of multiple units of as few as four different sequence motifs, because the motifs themselves consist of non-
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repetitive amino acid sequences, the overall XTEN sequence is rendered non-repetitive. Accordingly, in one aspect, the XTEN-encoding polynucleotides comprise multiple p i that encode petiti or
motifs, operably linked in frame and in which the resulting expressed XTEN amino acid sequences are non-repetitive.

[0274] In one approach, a construct is first prepared ining the DNA corresp ing to CFXTEN fusion protein. DNA encoding the FVIII of the positi is obtained i from a ial source, or from
a cDNA I|brary prepared uslng standard methods from tissue or isolated cells believed to possess FVIII mRNA and to express it at a detectable level. If necessary, the coding sequence can be obtained using conventional primer
as in . et al, supra, to detect precursors and processing intermediates of mRNA that may not have been reverse-transcribed into cONA. One can then use polymerase chain reaction

(PCR) melhodology to amplify the target DNA or RNA coding sequence to obtain sufficient material for the preparation of the CFXTEN constructs containing the FVIII gene. Assays can then be conducted to confirm that the
hybridizing full-length genes are the desired FVIII gene(s). By these conventional methods, DNA can be conveniently obtained from a cDNA library prepared from such sources. The FVIII encoding gene(s) can also created by
standard synthetic procedures known in the art (e.g., automated nucleic acid synthesis using, for example one of the methods described in Engels et al. (Agnew. Chem. Int. Ed. Engl., 28:716-734 1989)), using DNA sequences
obtained from publicly available databases, patents, or literature references. Such procedures are well known in the art and well described in the scientific and patent literature. For example, sequences can be obtained from
Chemical Abstracts Services (CAS) Registry Numbers (published by the American Chemical Society) and/or GenBank Accession Numbers (e.g., Locus ID, NP_XXXXX, and XP_XXXXX) Model Protein identifiers available through
the National Center for Biotechnology Information (NCBI) webpage, available on the world wide web at nchi.nim.nih.gov that correspond to entries in the CAS Registry or GenBank database that contain an amino acid sequence of
the protein of interest or of a fragment or variant of the protein. In one aspect, the FVIIl encoding gene encodes a protein sequence from Table 1, or a fragment or variant thereof.

[0275] A gene or polynucleotide encoding the FVIII portion of the subject CFXTEN protein, in the case of an expressed fusion protein that comprises a single FVIII, is then cloned into a construct, which is a plasmid or other vector
under control of appropriate transcription and translation sequences for high level protein expression in a biological system. In a later step, a second gene or polynucleotide coding for the XTEN is genetically fused to the
nucleotides encoding the N- and/or C-terminus of the FVIIl gene by cloning it into the construct adjacent and in frame with the gene(s) coding for the FVIII. This second step occurs through a ligation or multimerization step. In the
foregoing aspects hereinabove described in this it is to be that the gene that are created can alternatively be the complement of the respective genes that encode the respective fusion proteins.

[0276] The gene encoding for the XTEN can be made in one or more steps, either fully synthetically or by synthesis combined with enzymatic processes, such as restriction enzyme-mediated cloning, PCR and overlap extension,
including methods more fully described in the Examples. The methods disclosed herein can be used, for example, to ligate short sequences of polynucleotides encoding XTEN into longer XTEN genes of a desired length and
sequence. In one aspect, the method ligates two or more codon-optimized oligonucleotides encoding XTEN motif or segment sequences of about 9 to 14 amino acids, or about 12 to 20 amino acids, or about 18 to 42 amino acids,
or about 42 to about 144 amino acids, or about 144 to about 288 amino acids, or 288 to about 864 amino acids or longer, or any combination of the foregoing ranges of motif or segment lengths.

[0277] Alternatively, the disclosed method is used to multimerize XTEN- ding into longer of a desired length; e.g., @ gene encoding 36 amino acids of XTEN can be dimerized into a gene encoding 72
amino acids, then 144, then 288, etc. Even with multimerization, XTEN polypeptides can be constructed such that the XTEN-encoding gene has low or virtually no repetitiveness through design of the codons selected for the motifs
of the shortest unit being used, which can reduce recombination and increase stability of the encoding gene in the transformed host.

[0278] Genes encoding XTEN with petiti are from oli i using standard techniques of gene synthesis. The gene design can be performed using algorithms that optimize codon usage and
amino acid composition. In one method of the teaching, a library of relatively short XTEN-encoding polynucleotide constructs is created and then assembled, as described above. The resulting genes are then assembled with
genes encoding FVIII or regions of FVIII, as illustrated in FIGS. 11 and 12, and the resulting genes used to transform a host cell and produce and recover the CFXTEN for evaluation of its properties, as described herein.

[0279] In another aspect, the teaching provides isolated nucleic acids ising a p i encoding the CFXTEN fusion protein aspects described herein. In one aspect, the isolated nucleic acid comprises a
polynucleotide sequence selected from (a) a sequence having at least about 80% sequence identity, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about
98%, or about 99%, to about 100% identity p to a seq of comparable length selected from Table 21, when optimally aligned, or (b) the complement of the polynucleotide of (a). In another aspect, the

isolated nucleic acid comprises the sequence ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGT (SEQ ID NO: 1613) linked to the 5' end of the nucleic acid of (a) or the complement of the
sequence linked to the 3' end of (b).

[0280] In another aspect, the teaching provides libraries of polynucleotides that encode XTEN sequences that are used to assemble genes that encode XTEN of a desired length and sequence.

[0281] In certain aspects, the XTEN- ding library comprise p: i that encode polypepti of a fixed length. As an initial step, a library of oligonucleotides that encode motifs of 9-14 amino acid
residues can be assembled. In a preferred aspect, libraries of oligonucleotides that encode motifs of 12 amino acids are assembled.

[0282] The XTEN-: ding can be dimeri; or imeri; into longer encoding as depicted { in FIG. 13. Dimerization or multimerization can be performed by ligation, overlap
extension, PCR assembly or slmllar cloning techniques known in the art. This process of can be repeated multiple times until the resulting XTEN-encoding sequences have reached the organization of sequence and desired length,
providing the XTEN-encoding genes. As will be appreciated, a library of polynucleotides that encodes, e.g., 12 amino acid motifs can be dimerized and/or ligated into a library of polynucleotides that encode 36 amino acids.
Libraries encoding motifs of different lengths; e.g., 9-14 amino acid motifs leading to libraries encoding 27 to 42 amino acids are contemplated by the teaching. In turn, the library of polynucleotides that encode 27 to 42 amino
acids, and preferably 36 amino acids (as described in the Examples) can be serially dimerized into a library containing successively longer lengths of polynucleotides that encode XTEN sequences of a desired length for
incorporation into the gene encoding the CFXTEN fusion protein, as disclosed herein.

[0283] A more efficient way to optimize the DNA sequence encoding XTEN is based on combinatorial libraries. The gene encoding XTEN can be designed and synthesized in segment such that multiple codon versions are
obtained for each segment. These segments can be randomly assembled into a library of genes such that each library member encodes the same amino acid sequences but library members comprise a large number of codon
versions. Such libraries can be screened for genes that result in high-level expression and/or a low abundance of truncation products. The process of i ial gene is il inFIG. 18. The genes in FIG. 18 are
assembled from 6 base fragments and each fragment is available in 4 different codon versions. This allows for a theoretical diversity of 4096.

[0284] In some aspects, libraries are assembled of polynucleotides that encode amino acids that are limited to specific sequence XTEN families; e.g., the AD, AE, AF, AG, AM, or AQ sequences of Table 4. In other aspects, libraries
comprise sequences that encode two or more of the motif family sequences from Table 3. The names and of repr ive, limiti q of libraries that encode 36mers are presented in
Tables 13-17, and the methods used to create them are described more fully in the respective Examples. In other aspects, libraries that encode XTEN are constructed from segments of polynucleotide codons linked in a
randomized sequence that encode amino acids wherein at least about 80%, or at least about 90%, or at least about 91%, or at least about 92%, or at least about 93%, or at least about 94 %, or at least about 95%, or at least about
97%, or at least about 98%, or at least about 99% of the codons are selected from the group consisting of condons for glycine (G), alanine (A), serine (8), threonine (T), glutamate (E) and proline (P) amino acids. The libraries can
be used, in turn, for serial dimerization or ligation to achieve polynucleotide sequence libraries that encode XTEN sequences, for example, of 42, 48, 72, 144, 288, 576, 864, 875, 912, 923, 1318 amino acids, or up to a total length
of about 3000 amino acids, as well as intermediate lengths, in which the encoded XTEN can have one or more of the properties disclosed herein, when expressed as a component of a CFXTEN fusion protein. In some cases, the
polynucleotide library sequences may also include additional bases used as "sequencing islands," described more fully below.

[0285] FIG. 14 is a ic flowchart of rep i limiting steps in the of a XTEN p ide construct and a CFXTEN polynucleotide construct in the aspects of the teaching. Individual oligonucleotides
501 are annealed into sequence motifs 502 such as a 12 amino acid motif ("12-mer"), which is ligated to addmonal sequence motifs from a library to create a pool that encompasses the desired length of the XTEN 504, as well as
ligated to a smaller ion of an oligo ining Bbsl, and Kpnl iction sites 503. The resulting pool of ligation products is gel-purified and the band with the desired length of XTEN is cut, resulting in an isolated XTEN

gene with a stopper sequence 505. The XTEN gene is cloned into a stuffer vector. In this case, the vector encodes an optional CBD sequence 506 and a GFP gene 508. Digestion is than performed with Bbsl/Hindlll to remove 507
and 508 and place the stop codon. The resulting product is then cloned into a Bsal/Hindlll digested vector containing a gene encoding the FVIII, resulting in the gene 500 encoding an FVIII-XTEN fusion protein.

[0286] One may clone the library of XTEN-encoding genes into one or more expression vectors known in the art. To facilitate the i i ion of well-exp ing library one can construct the library as fusion to a
reporter protein. Non-limiting examples of suitable reporter genes are green fluorescent protein, lucif . alkaline . and bet i By ing, one can identify short XTEN sequences that can be
expressed in high concentration in the host organism of choice. Subsequently, one can generate a library of random XTEN dimers and repeat the screen for high level of expression. Subsequently, one can screen the resulting
constructs for a number of properties such as level of expression, protease stability, or binding to antiserum.

[0287] One aspect of the teaching is to provide polynucleotide sequences encoding the components of the fusion protein wherein the creation of the has codon imization. Of particular interest is codon
optimization with the goal of improving expression of the polypeptide compositions and to improve the genetic stability of the encoding gene in the production hosts. For example, codon optimization is of particular importance for
XTEN sequences that are rich in glycine or that have very repetitive amino acid sequences. Codon optimization is performed using computer programs (Gustafsson, C., et al. (2004) Trends Biotechnol, 22: 346-53), some of which
minimize ribosomal pausing (Coda Genomics Inc.). In one aspect, one can perform codon optimization by constructing codon libraries where all members of the library encode the same amino acid sequence but where codon
usage is varied. Such libraries can be screened for highly expressing and genetically stable members that are particularly suitable for the large-scale production of XTEN-containing products. When designing XTEN sequences one
can consider a number of properties. One can minimize the repetitiveness in the encoding DNA sequences. In addition, one can avoid or minimize the use of codons that are rarely used by the production host (e.g. the AGG and
AGA arginine codons and one leucine codon in E. cof). Inthe case of £. cofi two glycine codons, GGA and GGG, are rarely used in highly expressed proteins. Thus codon optimization of the gene encoding XTEN sequences can
be very desirable. DNA sequences that have a high level of glycine tend to have a high GC content that can lead to instability or low expression levels. Thus, when possible, it is preferred to choose codons such that the GC-content
of XTEN-encoding sequence is suitable for the production organism that will be used to manufacture the XTEN.

[0288] In one aspect, polynucleotide libraries are constructed using the disclosed methods wherein all members of the library encode the same amino acid sequence but where codon usage for the respective amino acids in the
sequence is varied or optimized for the intended host cell. Such libraries can be screened for highly expressing and genetically stable members that are particularly suitable for the larg le p ion of XTEN-
products. In one aspect, the libraries are optimized for expression in a eukaryotic host cell.

[0289] Optionally, one can sequence clones in the library to eliminate isolates that contain undesirable sequences. The initial library of short XTEN sequences allows some variation in amino acid sequence. For instance one can
randomize some codons such that a number of hydrophilic amino acids can occur in a particular position. During the process of iterative multimerization one can screen the resulting library members for other characteristics like
solubility or protease resistance in addition to a screen for high-level expression.

[0290] Once the gene that encodes the XTEN of desired length and properties is selected, i is genetically fused at the desired location to the nucleotides encoding the FVIII gene(s) by cloning it into the construct adjacent and in
frame with the gene coding for FVIII, or alternatively between nucleotides encoding adjacent domains of the FVIII, or alternatively within a sequence encoding a given FVIII domain, or alternatively in frame with nucleotides
encoding a spacer/cleavage sequence linked to a terminal XTEN. The teaching provides various permutations of the foregoing, depending on the CFXTEN to be encoded. For example, a gene encoding a CFXTEN fusion protein
comprising a FVIII and two XTEN, such as embodied by formula VI, as depicted above, the gene would have polynucleotides encoding FVIII, encoding two XTEN, which can be identical or different in composition and sequence
length. In one non-limiting aspect of the foregoing, the FVIII polynucleotides would encode factor VIIl and the i encoding the C-ts i XTEN would encode an XTEN of 288 amino acids and the polynucleotides
encoding an internal XTEN adjacent to the C-terminus of the A2 domain would encode an XTEN of 144 amino acids. The step of cloning the FVIII genes into the XTEN construct can occur through a ligation or multimerization step,
as shown in FIG. 14. The constructs encodlng CFXTEN fusion proteins can be designed in different configurations of the components XTEN, CF, and spacer such as the i of formulae I-VIIl. In one aspect,
the construct comprises y to, or those that encode a monomeric polypeptide of componenls in the following order (5' to 3') FVIII, an XTEN internal to the B domain, and a C-terminal XTEN.
In another aspect, the construct comprises p: i y to, or those that encode a of p in the following order (5' to 3') FVIIIl, spacer sequence linked to the C-
terminus, and XTEN. The spacer can opti comprise encoding cleavage sequences. As will be apparent to those of skill in the art, multiple permutations of FVIIl domains and inserted XTEN are
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possible.

[0291] ¢ q similarity or identity of ide or amino acid sequences may also be determined conventionally by using known software or computer programs such as the BestFit or Gap pairwise

i (GCG Wi in Package, Genetics Computer Group, 575 Science Drive, Madison, Wis. 537 11). BestFit uses the local homology algorithm of Smith and (i in Applied ics. 1981.
2:482-489), to find the best segment of identity or similarity between two sequences. Gap performs global alignments: all of one sequence with all of another similar sequence using the method of Needleman and Wunsch,
(Journal of Molecular Biology. 1970. 48:443-453). When using a sequence alignment program such as BestFit, to ine the degree of similarity or identity, the default setting may be used, or an
appropriate scoring matrix may be selected to optimize identity, similarity or homology scores.

[0292] Nucleic acid sequences that are "complementary" are those that are capable of base-pairing according to the standard Watson-Crick complementarity rules. As used herein, the term "complementary sequences" means
nucleic acid that are i p Y. as may be by the same i i set forth above, or as defined as being capable of hybridizing to the polynucleotides that encode the CFXTEN
sequences under stringent conditions, such as those described herein.

[0293] The resulting polynucleotides encoding the CFXTEN chimeric fusion proteins can then be individually cloned into an expression vector. The nucleic acid sequence is inserted into the vector by a variety of procedures. In
general, DNA is inserted into an appropriate restriction site(s) using g known in the art. Vector components generally include, but are not limited to, one or more of a signal sequence, an origin of replication,
one or more marker genes, an enhancer element, a promoter, and a transcription termination sequence. Construction of suitable vectors containing one or more of these components employs standard ligation techniques which
are known to the skilled artisan. Such techniques are well known in the art and well described in the scientific and patent literature .

[0294] Various vectors are publicly available. The vector may, for example, be in the form of a plasmid, cosmid, viral particle, or phage that may i be j to i DNAp . and the choice of vector
will often depend on the host cell into which it is to be introduced. Thus, the vector may be an autonomously replicating vector, i.e., a vector, which exists as an entity, the replication of which is ir of
chromosomal replication, e.g., a plasmid. Alternatively, the vector may be one which, when introduced into a host cell, is integrated into the host cell genome and replicated together with the chromosome(s) into which it has been
integrated. Rep ive plasmids are il in FIG. 17, with encoding regions for different configurations of FVIIl and XTEN components portrayed.

[0295] The teaching provides for the use of plasmid vectors ini plication and control that are ible with and I by the host cell, and are operably linked to the CFXTEN gene for controlled
expression of the CFXTEN fusion proteins. The vector ordinarily carries a replication site, as well as sequences that encode proteins that are capable of providing phenotypic selection in transformed cells. Such vector sequences
are well known for a variety of bacteria, yeast, and viruses. Useful expression vectors that can be used include, for example, of non-cl and synthetic DNA sequences. "Expression vector" refers

to a DNA construct containing a DNA sequence that is operably linked to a suitable control sequence capable of effecting the expression of the DNA encoding the fusion protein in a suitable host. The requirements are that the
vectors are replicable and viable in the host cell of choice. Low- or high-copy number vectors may be used as desired.

[0296] Other suitable vectors include, but are not limited to, derivatives of SV40 and pcDNA and known bacterial plasmids such as col El, pCRI, pBR322, pMal-C2, pET, pGEX as described by Smith, et al., Gene 57:31-40 (1988),
pMB9 and derivatives thereof, plasmids such as RP4, phage DNAs such as the numerous derivatives of phage | such as NM98 9, as well as other phage DNA such as M13 and filamentous single stranded phage DNA; yeast
plasmids such as the 2 micron plasmid or derivatives of the 2m plasmid, as well as centomeric and integrative yeast shuttle vectors; vectors useful in eukaryotic cells such as vectors useful in insect or mammalian cells; vectors
derived from combinations of plasmids and phage DNAs, such as plasmids that have been modified to employ phage DNA or the expression control sequences; and the like. Yeast expression systems that can also be used in the
present teaching include, but are not limited to, the non-fusion pYES2 vector (Invitrogen), the fusion pYESHisA, B, C (Invitrogen), pRS vectors and the like.

[0297] The control sequences of the vector include a promoter to effect transcription, an optional operator sequence to control such transcription, a sequence encoding suitable mRNA ribosome binding sites, and sequences that
control termination of transcription and translation. The promoter may be any DNA . which shows tr iptic activity in the host cell of choice and may be derived from genes encoding proteins either homologous or
heterologous to the host cell.

[0298] Examples of suitable promoters for directing the transcription of the DNA encoding the FVIII polypeptide variant in mammalian cells are the SV40 promoter (Subramani et al., Mol. Cell. Biol. 1 (1981), 854-864), the MT-1
(metallothionein gene) promoter (Palmiter et al., Science 222 (1983) 809-814), the CMV promoter (Boshart et al., Cell 41:521-530, 1985) or the adenovirus 2 major late promoter (Kaufman and Sharp, Mol. Cell. Biol, 2:1304-1319,
1982). The vector may also carry such as UCOE (ubi in opening

[0299] Examples of suitable promoters for use in filamentous fungus host cells are, for instance, the ADH3 promoter or the tpiA promoter. Examples of other useful promoters are those derived from the gene encoding A. oryzae
TAKA amylase, Rhizomucor miehei aspartic proteinase, A. niger neutral a-amylase, A niger acid stable a-amylase, A. niger or A. i (gluA), i miehei lipase, A. oryzae alkaline protease, A. oryzae
triose phosphate isomerase or A. nidulans acetamidase. Preferred are the TAKA-amylase and gluA promoters.

[0300] Promoters suitable for use in expression vectors with prokaryotic hosts include the p-lactamase and lactose promoter systems [Chang et al., Nature, 275:615 (1978); Goeddel et al., Nature, 281:544 (1979)], alkaline
phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic Acids Res., 8:4057 (1980); EP 36,776], and hybrid promoters such as the tac promoter [deBoer et al., Proc. Natl. Acad. Sci. USA, 80:21-25 (1983)], all is
operably linked to the DNA encoding CFXTEN polypeptides. Promoters for use in bacterial systems can also contain a Shine-Dalgarno (S.D.) sequence, operably linked to the DNA encoding CFXTEN polypeptides.

[0301] The teaching contemplates use of other expression systems including, for example, a baculovirus expression system with both non-fusion transfer vectors, such as, but not limited to pVL941 Summers, et al., Virology
84:390-402 (1978)), pVL1393 (Invitrogen), pVL1392 (Summers, et al., Virology 84:390- 402 (1978) and Invitrogen) and (Invitrogen), and fusion transfer vectors such as, but not limited to, pAc7 00 (Summers, et al.,
Virology 84:390-402 (1978)), pAc701 and pAc70-2 (same as pAc700, with different reading frames), pAc360 Invi ) and isA, B, C (; Invil can be used.

[0302] Examples of suitable promoters for directing the transcription of the DNA encoding the FVIII polypeptide variant in mammalian cells are the CMV promoter (Boshart et al., Cell 41:521-530, 1985), the SV40 promoter
(Subramani et al., Mol. Cell. Biol. 1 (1981), 854-864), the MT-1 (metallothionein gene) promoter (Palmiter et al., Science 222 (1983), 809-814), the adenovirus 2 major late promoter (Kaufman and Sharp, Mol. Cell. Biol, 2:1304-
1319, 1982). The vector may also carry sequences such as UCOE (ubiquitous chromatin opening elements).

[0303] The DNA sequences encoding the CFXTEN may also, if necessary, be operably connected to a suitable terminator, such as the hGH terminator (Palmiter et al., Science 222, 1983, pp. 809-814) or the TPI1 terminators
(Alber and Kawasaki, J. Mol. Appl. Gen. 1, 1982, pp. 419-434) or ADH3 (McKnight et al., The EMBO J. 4, 1985, pp. 2093-2099). Expression vectors may also contain a set of RNA splice sites located downstream from the promoter
and upstream from the insertion site for the CFXTEN sequence itself, including splice sites obtained from adenovirus. Also contained in the expression vectors is a polyadenylation signal located downstream of the insertion site.
Particularly preferred polyadenylation signals include the early or late polyadenylation signal from SV40 (Kaufman and Sharp, ibid.), the poly ylation signal from the irus 5 Elb region, the hGH terminator (DeNoto et al.
Nucl. Acids Res. 9:3719-3730, 1981). The expression vectors may also include a noncoding viral leader sequence, such as the adenovirus 2 tripartite leader, located between the promoter and the RNA splice sites; and enhancer
sequences, such as the SV40 enhancer.

[0304] To direct the CFXTEN of the present teaching into the secretory pathway of the host cells, a secretory signal sequence (a.k.a., a leader . a prepro or a pre seq| ) may be included in the recombinant
vector. The secretory signal sequence is operably linked to the DNA sequences encoding the CFXTEN, usually positioned 5' to the DNA sequence encoding the CFXTEN fusion protein. The secretory signal sequence may be that,
normally associated with the native FVIII protein or may be from a gene encoding another secreted protein. Non-limiting examples include OmpA, PhoA, and DsbA for E. cof expression, ppL-alpha, DEX4, invertase signal peptide,
acid phosphatase signal peptide, CPY, or INU1 for yeast expression, and IL2L, SV40, 19G kappa and IgG lambda for p ion. Signal are typically pr i removed from the protein during the
translocation and secretion process, generating a defined N-terminus. Methods are disclosed in Arnau, et al., Protein Expression and Purification 48: 1-13 (2006).

[0305] The procedures used to ligate the DNA sequences coding for the CFXTEN, the promoter and optionally the terminator and/or secretory signal sequence, respectively, and to insert them into suitable vectors containing the
information necessary for replication, are well known to persons skilled in the art (cf., for instance, Sambrook, J. et al., "Molecular Cloning: A Laboratory Manual," 3rd edition, Cold Spring Harbor Laboratory Press, 2001). In this
manner, a chimeric DNA molecule coding for a monomeric CFXTEN fusion protein is generated within the construct. Optionally, this chimeric DNA molecule may be transferred or cloned into another construct that is a more
appropriate expression vector. At this point, a host cell capable of expressing the chimeric DNA molecule can be transformed with the chimeric DNA molecule.

[0306] Non-limiting of ian cell lines for use in the present teaching are the COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), BHK-21 (ATCC CCL 10)) and BHK-293 (ATCC CRL 1573; Graham et al., J. Gen.
Virol. 36:59-72, 1977), BHK-570 cells (ATCC CRL 10314), CHO-K1 (ATCC CCL 61), CHO-S (Invitrogen 11619-012), and 293-F (Invitrogen R790-7), and the parental and derivative cell lines known in the art useful for expression of
FVIII. A tk-ts13 BHK cell line is also available from the ATCC under accession number CRL 1632. In addition, a number of other cell lines may be used within the present teaching, including Rat Hep | (Rat hepatoma; ATCC CRL
1600), Rat Hep Il (Rat hepatoma; ATCC CRL 1548), TCMK (ATCC CCL 139), Human lung (ATCC HB 8065), NCTC 1469 (ATCC CCL 9.1), CHO (ATCC CCL 61) and DUKX cells ( Urlaub and Chasin, Proc. Natl. Acad. Sci. USA
77:4216-4220, 1980).

[0307] Examples of suitable yeasts cells include cells of spp. or i spp.. in particular strains of yces isiae or yces kiuyveri . Methods for transforming yeast cells with
heterologous DNA and producing heterologous polypeptides there from are described, e.g. in U.S. Pat. No. 4,599,311, U.S. Pat. No. 4,931,373, U.S. Pat. No. 4,870,008, 5,037,743, and U.S. Pat. No. 4,845,075. Transformed cells
are selected by a phenotype determined by a marker, drug resi or the ability to grow in the absence of a particular nutrient, e.g. leucine. A preferred vector for use in yeast is the POT1 vector disclosed
inU.S. Pat. No. 4,931,373. The DNA sequences encoding the CFXTEN may be p by a signal and opti ly a leader seq| . e.g.as i above. Further of suitable yeast cells are strains of
Kluyveromyces, such as K lactis, Hansenula , e.g. H. polymorpha , or Pichia , e.g. P, pastoris (cf. Gleeson et al., J. Gen. Microbiol. 132, 1986, pp. 3459-3465; L.S. Pat. No. 4,882,279). Examples of other fungal cells are cells of

fungi, e.g. Asp Spp.. P spp., Fusarium spp. or Trichoderma spp., in particular strains of A. oryzae, A. nidulans or A. niger . The use of Aspergilius spp. for the expression of proteins is described in, e.g.,
EP 272 277, EP 238 023, EP 184 438 The transformation of £, oxysporum may, for instance, be carried out as described by Malardier et al., 1989, Gene 78: 147-156. The transformation of Trichoderma spp. may be performed for
instance as described in EP 244 234.

[0308] Other suitable cells that can be used in the present teaching include, but are not limited to, prokaryotic host cells strains such as Escherichia coli, (e.g., strain DH5-a), Bacillus subtilis, Salmonelfa typhimurium, or strains of
the genera of Pseudomonas, Streptomyces and Non-li 9 of suitable prokaryotes include those from the genera: inop N N ibrio; Borrelia; Ci N N
;L illes; Listeria; Ot ; ; Stapi N ; Streptomyces; Thermoplasma, and Vibrio.

[0309] Methods of transfecting mammalian cells and expressing DNA sequences introduced in the cells are described in e.g., Kaufman and Sharp, J. Mol. Biol. 159 (1982), 601-621; Southern and Berg, J. Mol. Appl. Genet. 1
(1982), 327-341; Loyter et al., Proc. Natl. Acad. Sci. USA 79 (1982), 422-426; Wigler et al., Cell 14 (1978), 725; Corsaro and Pearson, Somatic Cell Genetics 7 (1981), 603, Graham and van der Eb, Virology 52 (1973), 456; and
Neumann et al., EMBO J. 1 (1982), 841-845.

[0310] Cloned DNA are il into cultured ian cells by, for example, calcium phosphate-mediated transfection (Wigler et al., Cell 14:725-732, 1978; Corsaro and Pearson, Somatic Cell Genetics 7:603-616,
1981; Graham and Van der Eb, Virology 52d:456-467, 1973), transfection with many commercially available reagents such as FUGENEG Roche Di i im, Germany) or lip ine (Invitrogen) or by electroporation
(Neumann et al., EMBO J. 1:841-845, 1982). To identify and select cells that express the exogenous DNA, a gene that confers a selectable phenotype (a selectable marker) is generally introduced into cells along with the gene or
cDNA of interest. Preferred selectable markers include genes that confer resistance to drugs such as neomycin, hygromycin, puromycin, zeocin, and methotrexate. The selectable marker may be an amplifiable selectable marker.
A preferred amplifiable selectable marker is a dlhydrofolale (DHFR) seq| . Further of markers are well known to one of skill in the art and include reporters such as enhanced green fluorescent
protein (EGFP), bet: i (B-gal) or chlor (CAT). markers are reviewed by Thilly (Mammalian Cell Technology, Butterworth Publishers, Stoneham, Mass.). The person skilled in the
art will easily be able to choose suitable selectable markers. Any known selectable marker may be employed so long as it is capable of being expressed simultaneously with the nucleic acid encoding a gene product.
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[0311] Selectable markers may be introduced into the cell on a separate plasmid at the same time as the gene of interest, or they may be introduced on the same plasmid. If, on the same plasmid, the selectable marker and the
gene of interest may be under the control of different promoters or the same promoter, the latter arrangement producing a dicistronic message. Constructs of this type are known in the art (for example, Levinson and Simonsen,
U.S. Pat. No.4,713,339). It may also be advantageous to add additional DNA, known as "carrier DNA," to the mixture that is introduced into the cells.

[0312] After the cells have taken up the DNA, they are grown in an appropriate growth medium, typically 1-2 days, to begin expressing the gene of interest. As used herein the term "appropriate growth medium" means a medium
containing nutrients and other components required for the growth of cells and the expression of the CFXTEN of interest. Media generally include a carbon source, a nitrogen source, essential amino acids, essential sugars,
vitamins, salts, phospholipids, protein and growth factors. For production of gamma-carboxylated proteins, the medium will contain vitamin K, preferably at a concentration of about 0.1 pg/mlto about 5 ug/ml. Drug selection is then
applied to select for the growth of cells that are expressing the selectable marker in a stable fashion. For cells that have been tr with an i marker the drug concentration may be increased to select for
an increased copy number of the cloned sequences, thereby increasing expression levels. Clones of stably transfected cells are then screened for expression of the FVIII polypeptide variant of interest.

[0313] The transformed or transfected host cell is then cultured in a suitable nutrient medium under conditions permitting expression of the CFXTEN polypeptide after which the resulting peptide may be recovered from the culture
as an isolated fusion protein. The medium used to culture the cells may be any conventional medium suitable for growing the host cells, such as minimal or complex media containing appropriate supplements. Suitable media are
available from commercial suppliers or may be prepared according to published recipes (e.g. in catalogues of the American Type Culture Collection). The culture i such as . pH and the like, are those
previously used with the host cell selected for expression, and will be apparent to the ordinarily skilled artisan.

[0314] Gene expression may be measured in a sample directly, for example, by conventional Southern blotting, Northern blotting to quantitate the transcription of mMRNA [Thomas, Proc. Natl. Acad. Sci. USA, 77:5201-5205 (1980)],
dot blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe, based on the sequences provided herein. Alternatively, antibodies may be employed that can recognize specific duplexes, including DNA
duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. The antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface, so that upon the formation of
duplex on the surface, the presence of antibody bound to the duplex can be detected.

[0315] Gene expression, alternatively, may be measured by immunological of fluorescent methods, such as immunohistochemical staining of cells or tissue sections and assay of cell culture or body fluids or the detection of

markers, to i directly the exp ion of gene product. ibodies useful for i i ical staining and/or assay of sample fluids may be either monoclonal or polyclonal, and may be prepared in any
mammal. Conveniently, the antibodies may be prepared against a native sequence FVIII polypeptide or against a synthetic peptide based on the DNA sequences provided herein or against exogenous sequence fused to FVIIl and
encoding a specific antibody epitope. Examples of selectable markers are well known to one of skill in the art and include reporters such as enhanced green fluorescent protein (EGFP), beta-galactosidase (B-gal) or
chloramphenicol acetyltransferase (CAT).

[031 6] Expressed CFXTEN polypeptide product(s) may be purified via methods known in the art or by methods disclosed herein. Procedures such as gel filtration, affinity purification (e.g., using an anti-FVIIl antibody column), salt
fr ion chr size exclusion aphy, aphy, phobic interaction aphy and gel electrophoresis may be used; each tailored to recover and
purify the fusion protein p by the respective host cells. i i ion may be achieved by conventional chemical purification means, such as high performance liquid chromatography. Some expressed CFXTEN may
require refolding during isolation and purification. Methods of purification are described in Robert K. Scopes, Protein Purification: Principles and Practice, Charles R. Castor (ed.), Springer-Verlag 1994, and Sambrook, ef al., supra.
Multi-step purification separations are also described in Baron, et al., Crit. Rev. Biotechnol. 10:179-90 (1990) and Below, et al., J. Chromatogr. A. 679:67-83 (1994). For therapeutic purposes it is preferred that the CFXTEN fusion
proteins of the teaching are subslannally pure. Thus, in a preferred aspect of the leachlng the CFXTEN of the teaching is purified to at least about 90 to 95% homogeneity, preferably to at least about 98% homogeneity. Purity may
be by, e.g., gel pl . HPLC, and amino-ts inal amino acid

ViIl). PHARMACEUTICAL COMPOSITIONS

[0317] The present teaching provides pharmaceutical compositions comprising CFXTEN. In one aspect, the pharmaceutical composition comprises a CFXTEN fusion protein disclosed herein admixed with at least one

pharmaceutically acceplable carrier. CFXTEN polypeptides of the present teaching can be formulated according to known methods to prepare i useful itic whereby the polypeptide is combined in

with a carrier vehicle, such as aqueous solutions, buffers, solvents and/or i i stabilizers or ipi of q solvents
include propyl elhylene glycol, polyethy glycol and oils. F i of the phar itic are prepared for storage by mixing the active CFXTEN ingredient having the desired degree of purity with
optional physi carriers, ipi (e.g., sodium chloride, a calcium salt, sucrose, or polysorbate) or stabilizers (e.g., sucrose, trehalose, raffinose, arginine, a calcium salt, glycine or histidine), as described in

Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980), in the form of lyophilized formulations or aqueous solutions.

[0318] The pharmaceutical composition may be supplied as a lyophilized powder to be reconstituted prior to administration. In another aspect, the pharmaceutical composition may be supplied in a liquid form in a vial, the contents
of which can be administered directly to a patient. Alternatively, the composition is supplied as a liquid in a pre-filed syringe for administration of the composition. In another aspect, the composition is supplied as a liquid in a pre-
filled vial that can be incorporated into a pump.

[0319] The i positi can be inistered by any suitable means or route, including subcutaneously, subcutaneously by infusion pump, intramuscularly, and intravenously. It will be appreciated that the preferred
route will vary with the disease and age of the recipient, and the severity of the condition being treated.

[0320] In one aspect, the CFXTEN pharmaceutical composition in liquid form or after reconstitution (when supplied as a lyophili powder) i ion factor VIII with an activity of at least 50 IU/ml, or at least 100 IU/ml,
or at least 200 IU/ml, or at least 300 IU/ml, or at least 400 IU/ml, or an activity of at least 500 IU/ml, or an activity of at least 600 IU/ml, which composition is capable of increasing factor VIIl activity to at least 1.5% of the normal
plasma level in the blood for at least about 12 hours, or at least about 24 hours, or at least about 48 hours, or at least about 72 hours, or at least about 96 hours, or at least about 120 hours after administration of the factor VIII
pharmaceutical composition to a subject in need of routine prophylaxis. In another aspect, the CFXTEN pharmaceutical composition in liquid form or after reconstitution (when supplied as a lyophilized powder) comprises
coagulation factor VIl with an activity of at least 50 IU/ml, or at least 100 IU/ml, or at least 200 |U/ml, or at least 300 IU/ml, or at least 400 I1U/ml, or at least 500 |U/ml, or an activity of at least 600 IU/mI, which composition is capable
of increasing factor VIII activity to at least 2.5% of the normal plasma level in the blood for at least about 12 hours, or at least about 24 hours, or at least about 48 hours, or at least about 72 hours, or at least about 96 hours, or at

least about 120 hours after administration to a subject in need of routine prophylaxis. It is speci that the phar it of the foregoing can be formulated to include one or more excipients,
buffers or other |ngred|enls known in the art to be ible with i ion by the il route or the route or the i route. Thus, in the aspects hereinabove described in this paragraph, the
phar is ed Al ly or

[0321] The compositions of the teaching may be formulated using a variety of excipients. Suitable excipients include microcrystalline cellulose (e.g. Avicel PH102, Avicel PH101), polymethacrylate, poly(ethyl acrylate, methyl
methacrylate, trimethylammonioethyl methacrylate chioride) (such as Eudragit RS-30D), hydroxypropyl methylcellulose (Methocel K100M, Premium CR Methocel K100M, Methocel E5, Opadry®), magnesium stearate, talc, triethyl
citrate, aqueous ethylcellulose dispersion (Surelease®) and protamine sulfate. The slow release agent may also comprise a carrier, which can comprise, for example, solvents, dispersion media, coanngs antibacterial and
antifungal agents, isotonic and absorption delaying agents. Pharmaceutically acceptable salts can also be used in these slow release agents, for example, mineral salts such as hydr (| or
sulfates, as well as the salts of organic acids such as acetates, proprionates, or The ition may also contain liquids, such as water, saline, glycerol, and ethanol, as well as subslances such as wetting
agents, emulsifying agents, or pH buffering agents. Liposomes may also be used as a carrier.

[0322] In another aspect, the compositions of the present teaching are in lip . which have utility in deliveri icial active agents in a controlled manner over prolonged periods of time.
Liposomes are closed bilayer membranes containing an entrapped aqueous volume. Liposomes may also be unil vesicles ing a single bilayer or i vesicles with multiple membrane bilayers,
each separated from the next by an aqueous layer. The structure of the resulting membrane bilayer is such that the hydrophobic (non-polar) tails of the lipid are oriented toward the center of the bilayer while the hydrophilic (polar)
heads orient towards the aqueous phase. In one aspect, the liposome may be coated with a flexible water soluble polymer that avoids uptake by the organs of the mononuclear phagocyte system, primarily the liver and spleen

Suitable hydrophilic polymers for surrounding the Ilposomes include, without limitation, PEG, polyvinylp: i . polyvi . poly poly i polyhydroxyp

polyhydroxyp ylamide, p ylamid ylamide, p ylate, polyhydr ylate, hydr P . p ide and
philic peptide as i in U.S. Pat. Nos 6,316,024; 6,126,966; 6,056,973; 6, 043 094. iti I ies are i in U.S. Pat. Nos. 6,759,057; 6,406,713; 6,352,716; 6,316,024, 6,294,191;

6,126,966 6,056,973; 6,043,094; 5,965,156; 5,916,588; 5,874,104, 5,215,680; and 4,684 ,479. These describe i and lipid: ted mi and methods for their manufacture. Thus, one skilled in the art, considering

both the disclosure of this teaching and the disclosures of these other patents could produce a liposome for the extended release of the polypeptides of the present teaching.

[0323] For liquid formulations, a desired property is that the formulation be supplied in a form that can pass through a 25, 28, 30, 31, 32 gauge needle for intravenous,

L i or administration.

[0324] Syringe pumps may also be used as slow release agents. Such devices are described in U.S. Pat. Nos. 4,976,696; 4,933,185; 5,017,378; 6,309,370; 6,254,573; 4,435,173; 4,398,908; 6,572,585; 5,298,022; 5,176,502;
5,492,534 5,318,540; and 4,988,337. One skilled in the art, considering both the disclosure of this teaching and the disclosures of these other patents could produce a syringe pump for the extended release of the compositions of
the present teaching.

I1X). PHARMACEUTICAL KITS

[0325] In another aspect, the teaching provides a kit to facilitate the use of the CFXTEN p i The kit i the i ition provided herein, a container and a label or package insert on or associated
with the container. Suitable containers include, for example, bottles, vials, syringes, etc., formed from a variety of materials such as glass or plastic. The container holds a pharmaceutical composition as a formulation that is
effective for treating the FVlll-related condition and may have a sterile access port (for example the container may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle). The
package insert can list the approved indications for the drug, instructions for the reconstitution and/or administration of the drug for the use for the approved indication, appropriate dosage and safety information, and information
identifying the lot and expiration of the drug. In another aspect of the foregoing, the kit can comprise a second container that can carry a suitable diluent for the pharmaceutical composition, the use of which will provide the user
with the appropriate concentration to be delivered to the subject.

EXAMPLES

Example 1: Construction of XTEN_AD36 motif segments

[0326] The following example describes the construction of a collection of codon-optimized genes encoding motif sequences of 36 amino acids. As a first step, a stuffer vector pCW0359 was constructed based on a pET vector and
that includes a T7 promoter. pCW0359 encodes a cellulose binding domain (CBD) and a TEV protease recognition site followed by a stuffer sequence that is flanked by Bsal, Bbsl, and Kpnl sites. The Bsal and Bbsl sites were
inserted such that they generate compatible overhangs after digestion. The stuffer sequence is followed by a truncated version of the GFP gene and a His tag. The stuffer sequence contains stop codons and thus E. coli cells
carrylng the stuffer plasmid pCW0359 form non-fluorescent colonies. The stuffer vector pCW0359 was digested with Bsal and Kpnl to remove the stuffer segment and the resulting vector fragment was isolated by agarose gel

The were i XTEN_AD36, reflecting the AD family of motifs. Its segments have the amino acid sequence [X]3 where X is @ 12mer peptide with the sequences: GESPGGSSGSES (SEQ ID NO: 19),
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GSEGSSGPGESS (SEQ ID NO: 20), GSSESGSSEGGP (SEQ ID NO: 21), or GSGGEPSESGSS (SEQ ID NO: 22). The insert was obtained by annealing the following pairs of phosphorylated synthetic oligonucleotide pairs:
AD1for: AGGTGAATCTCCDGGTGGYTCYAGCGGTTCYGARTC (SEQ ID NO: 1619)
AD1rev: ACCTGAYTCRGAACCGCTRGARCCACCHGGAGATTC (SEQ ID NO: 1620)
AD2for: AGGTAGCGAAGGTTCTTCYGGTCCDGGYGARTCYTC (SEQ ID NO: 1621)
AD2rev: ACCTGARGAYTCRCCHGGACCRGAAGAACCTTCGCT (SEQ ID NO: 1622)
AD3for: AGGTTCYTCYGAAAGCGGTTCTTCYGARGGYGGTCC (SEQ ID NO: 1623)
AD3rev: ACCTGGACCRCCYTCRGAAGAACCGCTTTCRGARGA (SEQ ID NO: 1624)

AD4for: AGGTTCYGGTGGYGAACCDTCYGARTCTGGTAGCTC (SEQ ID NO: 1625)

[0327] We also annealed the phosphorylated oligonucleotide 3KpnistopperFor: AGGTTCGTCTTCACTCGAGGGTAC (SEQ ID NO: 1626) and the phosphorylated oli ide pr_3K| Rev: CCTCGAGTGAAGACGA
(SEQ ID NO: 1627). The annealed oligonucleotide pairs were ligated, which resulted in a mixture of products with varying length that represents the varying number of 12mer repeats ligated to one Bbsl/Kpnl segment. The
products corresponding to the length of 36 amino acids were isolated from the mixture by preparative agarose gel electrophoresis and ligated into the Bsal/Kpnl digested stuffer vector pCW0359. Most of the clones in the resulting
library designated LCW0401 showed green fluorescence after induction, which shows that the sequence of XTEN_AD36 had been ligated in frame with the GFP gene and that most sequences of XTEN_AD36 had good expression
levels.

[0328] We screened 96 isolates from library LCW0401 for high level of fluorescence by stamping them onto agar plate containing IPTG. The same isolates were evaluated by PCR and 48 isolates were identified that contained
segments with 36 amino acids as well as strong fluorescence. These isolates were sequenced and 39 clones were identified that contained correct XTEN_AD36 segments. The file names of the nucleotide and amino acid
constructs and the sequences for these segments are listed in Table 13.

File name Amino acid sequence Nucleotide sequence
LCW0401_001_ GFP-N_A01.ab1
GSGGEPSESGSSGESPGG GGTTCTGGTGGCGAACCGTCCGAGTCTGGTAGCTCA
SSGSESGESPGGSSGSES GGTGAATCTCCGGUTGGCTCTAGCGGTTCCGAGTCA

GOTGAATCTCCTGOTGCITCCAGCGGTTCCGACTCA

LCWO0401_002_ GFP-N_B01.ab1

GATGAATCTCOTGATGGTTCCAGCGGTTCTGAATCA
GETTCCTCCGAAAGCGGTTCTTCCGAGGGOGGTCCA

TSHGASGPGHISCHIPGT GGIAGCGAAGGTICTICIGGTCCIGGLGAGICITCA
5 SGSSEGGP

LCWO0401_003_ GFP-N_C01.ab1

GSSESGSSOGGPGSSESG
SSHGGPGHSPGGSSGARS

TTCTTCCGAAGGTGGT
TCITCTGAGGE T GGTCCA
GEIGAATCICCGGET GGCICCAGOGGITCCGAGICA

LCW0401_004_ GFP-N_DO01.ab1
GSGGEPSESGSSGSSESG GGTTCCGGTG(:CG/&\(CPTCTU M\T(TGGT/\GLT( A

SSOGCPGSGGEPSISGSS GOTTCTTCTGAAAGC A

GUTTCTGGTGUTGAACC TT( G M;r( TGGTAGE T‘( A

LCWO0401_007_ GFP-N_F01.ab1
GYSESGSSEGOPGSEGSS GEITCTTOCGAAAGCGGTICITCIGAGGGIGGTCCA
GPGESSGSEGSSGPGESS GETAGCGAAGGTTCTTCCGGTCCAGGTGAGTCTTCA
GOTAGCGAAGGTTCTTCTGGTCCTGGTGAATCTTCA

LCW0401_008_ GFP-N_G01.ab1
SLGGPOESPGE GGTTCCTCTGAAAGCGGTTCTTCCGAGGGTGGTCC A
ISEGSSGPGESS GCICGAATCTCCAGGTGU TCCAGCGGT ICIGAGICA
GGTAGCGAAGGTTCTTCTGGTCCAGGTGAATCCTCA

LCW0401_012_ GFP-N_HO01.ab1

1SSGSGGEP GOTTCTGGTGGTGAACCGTCT
SOSGSSGSEGSSGPGESS GUTTCCGGTGUCUAACCATCS
GATAGCGAAGGTTCTTECGRTCCAGGTGAGTCTTCA

LCWO0401_015_ GFP-N_A02.ab1
GESESGSSEGAPGSEGSS GEITCTTCCGAAAGCGGTICTICCGAAGGCGGICCA
GPGESSGESPGGSSGSES GGTAGC GTTCTTCTGGTCCAGGCGAATCTTCA
GEIGAATCICCIGGIGGCICCAGCGETTCIGAGICA

LCWO0401_016_ GFP-N_B02.ab1
GSSESUSSEGGPGSSESG GUTTCCTCCGAAAGUGGTTCTTCTGAGGGCGGTCCA
S5HGCPGSSESGISECGP GOTTCCTCCGAAAGCGCTTCTTCCGAGGACGATCCA

LCWO0401_020_ GFP-N_E02.ab1

GSGGEPSESGSSGIEGSS GGTTCCGGTGGCGAACCGTCCGAATCTGGTAGETCA
GPGESSGSSESGSSEGOP GGTAGCGAAGGTTCTTCTGETCCAGOCGAATCTTCA
GGTTCCTCTGAAAGCGGTTCTICTGAGGGCGGTCCA
LCWO0401_022_ GFP-N_F02.ab1
GSGGHPSESGSSGRSHSG GOITCIGGIGOTCAACCG ICCGAATCIGATAGC ICA
SSEGGPGSGGEPSESGSS GGTTCTTCCGAAAGCGGTTCTTETGAAGGTGGTCCA
GGIICCGGTGROGAACCTTCTGAATCTGGTAGCTCA
LCW0401_024_ GFP-N_G02.ab1
GSGGEPSESGSSGSSESG GATTCTGUTUGOGA ACCGTCC L. AATCTGUTAGCTCA
SSHGCPOESPGOSSGSHS TTCTTCT ‘

GGTGAATCTCCA

LCWO0401_026_ GFP-N_H02.ab1
GHPSHSGSSGHSPGG GGTTCTGGTGGCGAACCGTCTGAGTCTGGTAGCTCA
GGTGAATCTCCTGGTGGCTCCAGCGGTTCTGAATCA
GOTAGCGAAGOTTCTTCTGOTCCTGOTGAATCTTCA

LCWO0401_027_ GFP-N _A03.ab1 L
GGTTCCGETGOCGAACCTTCCGAATCTGGTAGCTCA
GGTGAATCTCCGGGTGGTTCTAGUGGTTCTGAGTCA
GGTTCTGGTGGTGAACCTTCCGAGTCTGGTAGCTCA

LCWO0401_028_ GFP-N_B03.ab1
GSSESGSSEGGPGSSESG GGTTCCTCTGANAGCGGTICTTCTGAGGGOGETCCA
S SOSGSSLGGP GGTICTTCCG, ' ST

GGTTCTTCCG!

LCW0401_030_ GFP-N_C03.ab1
GESPGOSSGSESGSEGSS GGIGAATCICCGGGTGCCICCAGCCGITCIGAGICA
GPGESSGSEGSSGPGESS GGTAGCGAAGGTTCTTCCGGTCCGGGTGAGTCCTCA
GGTAGCGAAGGTICTTCCGGTCCTGUTGAGTCTTCA

LCWO0401_031_ GFP-N_DO03.ab1

GSGUEPSOSGSSGSGAEP GGITCLGGIGGCGAACCITCCGAALCIGGIAGCICA
SFSGSSGSSFRSGSSEGHP GGITCCGGTGGTGAACCTICIGANTCIEGIAGCICA
GGTTCTTCTGAAAGCGGTTCTTCCGAGGGCGHTCCA

LCWO0401_033_ GFP-N_E03.ab1
GSGUEPSESGSSGSGGEP

SESGSSGSGGEPSESGSS d AGCTCA
GGTTCCGGTGETGAACCATCCGAGTCTGOTAGC -r( A
LCWO0401_037_ GFP-N_F03.ab1
GSGGHPSESGSSGRSHSG GGITCCGGIGGCGAACCTTCTGAATCTGG TAGCICA
SSEGGPGSEGSSGPGESS GGTTCCTCCGAAAGCGGTTETTCTGAGGGCGGTCC A

GGTAGCGAAGGTTCTTCTGGTCCGGGCGAGTCTTCA

LCW0401_038_ GFP-N_G03.ab1
GGTTCOGGTGGTGA ACCGTCOGAGTCTGUTAGCTC A
GGTAGCGAAGGTTCTICTGGTCCGGOTGAGTCTTCA
GGTTCTGGTGGCGAACCGTCCGAATC TGGTAGCTCA
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File name

Amino acid sequence

Nucleotide sequence

LCWO0401_039_ GFP-N_HO03.ab1

USUUEPSHSUSSUESPUG
SSGSESGSGGRPSESGSS

LU TCTOGT GULUAAUCL TUCUAA TCT O ALL IUA
GGTGAATCTCCTGGTGGTTCCAGCGGTTCCGAGTC A
GGTTCIC AACCTICCGAATETGGTAGCTCA

LCWO0401_040_ GFP-N_A04.ab1

CGSSESGSSEGGPGSGGEP
SE SESGSSEGGP

GGTTCTTCCGAAAGCGGTTCTTCCGAGGGCGGTCCA
GGTTCCGGTGGTGAACCATCTGAATCTGGTAGCTCA
GGTTCTTCTGAAAGCGGTTCTICTGAAGGTGGTCCA

LCWO0401_042_ GFP-N_C04.ab1

CSHGSSCGPGHSSCGHSPGO
SSGSESGSEGSSGPGESS

GGTAGOGAAGGTICTTCCGG I COTGGIGAGICTICA
GGTGAATCTCCAGGTGGCTCTAGOGGTTCCGAGTCA
GGTAGOGAAGG]TCTICIGGICC I GGOGAGICCTCA

LCWO0401_046_ GFP-N_D04.ab1

GSSLSGSSEGGPGSSESG
SSHGGPGSSESGSSECGP

GGTTCUTCTGAAA ¥
GGITCITCCGAAAGCGGI I CTICTGAGH
GGTTCCTCCGAAAGCGGTTCTTCTGA

LCWO0401_047_ GFP-N_E04.ab1

GSGGEPSESGSSGESPGG
SSGSESGOSPGGSSGSES

GGTTCTGGTGECGAACCTICCGAGTCTGGTAGCTCA
GGTGAATCTCCGGGTGGTTCTAGCGGTTCCGAGTCA
GGTGAATCTCCGGOTGGTTCCAGCGGTTCTGAGTCA

LCWO0401_051_ GFP-N_F04.ab1

GSGGEPSESGSSGSEGSS
GPGESSGESPGGSSGSES

Gl CAGG(GAGJ( T J(
CAGCGGITCIGAGICA

LCWO0401_053_ GFP-N_HO04.ab1

LCWO0401_054_ GFP-N_A05.ab1

GSEGSSGPGESSGSEGSS
GPGESSGSGGLPSLSGRS

GGTAGCGAAGGTICTTCCGGTCCAGGTGAATCTICA
GGTAGCGAAGGTECTTCTGGTCCTGGTGAATCCTCA
GGTTCCGGTGGCGAACCATCTGAATCTGGTAGCTC A

LCWO0401_059_ GFP-N_DO05.ab1

GSGGEPSESGSSGSEGSS
GPGESSGESPGGSSGSES

GGTTCTGGTGOCGAACCATCCGAATCTGATAGCTCA
GGTAGCGAAGGTICITCIGOTCCIGGCGANTCITCA
GGTGAATCTCCAGGTGOCTCTAGOGG I TCCGAATCA

LCWO0401_060_ GFP-N_E05.ab1

GSGGFI SG
SSEGGPGSGGEPSESGSS

AATCTGGTA ’
GGTTCCTCTGAAAGCGUTTCTTCCGAGGGTGATCCA
GGITCOGGLGGIGAACCL ICIGAGICTGGTAGCLCA

LCW0401_061_ GFP-N_F05.ab1

CSSESGRSEGGPGSGGEP
SESGSSGSEGSSGPGESS

GGITCCTCTGAAAGCUG I CITCTGAGGGCCTCCA
GGTTCTGGTGECGAACCATETGAATCTGGTAGCTCA

GGIAGCGAAGGTICTICCGGICCGLGTGAATCTICA

LCWO0401_063_ GFP-N_HO05.ab1

GSGGEPSESGSSGSEGSS
GPGESSGSHGSSGPCESS

GUTTCTGGTGUTGAACCGTCCG. AT(T JGTAGCTCA
GUTAGCGAAGGTTCTTCTG AGTCTTCA.
GGTAGC! '\A(‘(‘TTCTT(‘T(‘CT(‘(‘T(‘(‘T(‘ AATCTTCA

LCWO0401_066_ GFP-N_B06.ab1

GSGGEPSESGSSGSSESG
SSOGGPGSGGEPSISGSS

GGTTCTGGTGGCGAACCATCCGAGTCTGGTAGCTCA
GOTTCTTCCGAAAGCOGTTCTICCGAAGGCGOTECA
GGTTCTGGTGGTGAACCGTCCGAATCTGGTAGCTCA

LCWO0401_067_ GFP-N_C06.ab1

CSGURPSHSGSSCRSPGO
55GS PGGSSGSES

GGITCCGGIGGCGAACCTTCCGAATCIGGTAGCICA
GOTGAATCTCCGGGTGATTCTAGCGGTTCCGAATCA
GEIGAATCICCAGGTGGLICTAGCGGITCCGAATCA

LCWO0401_069_ GFP-N_DO06.ab1

CG'\ 1©c

LCWO0401_070_ GFP-N_E06.ab1

GSEGSSGPGESSGSSESG
SSOGGPGSLGSSGPGESS

GOTAGCGAAGGTTCTICTGGTCCGEGCGAATCCTCA
GUTTCCTCCGAAAGCGGTTCTTCCGAAGGTGGTCCA
GGTAGCGAAGGTTCTTCCGGTCCTGGTGAATCTTCA

LCWO0401_078_ GFP-N_F06.ab1

SSESGSSECGPGESPGC
SGESPGGSSGSES

GCTICCICIGAAAGCGGTICT I(‘IGAAGGCGGICCA
GGTGAATCTCCGGGTGGCTCCAGCGGTTCTG:
GOHIGAA ICICCIGE GO ICCAGCGG I TCCG:

LCW0401_079_ GFP-N_G06.ab1

GSEGSSGP
GPGESSGSGCH

GUTAGCGAAGGTTCTTCTGGTCCAGGCGAGTCTTCA
GOTAGCGAAGGTTCTTCCGGTCCTGGCGAGTCTTCA
GUTTCCGGTGGCGAACCGTCCGAATCTGGTAGCTCA

Example 2: Construction of XTEN_AE36 segments

[0329] A codon library encoding XTEN sequences of 36 amino acid length was

The XTEN

was

XTEN_AE36. Its segments have the amino acid sequence [X]; where X is @ 12mer peptide with the

sequence: GSPAGSPTSTEE (SEQ ID NO: 23), GSEPATSGSETP (SEQ ID NO: 24), GTSESATPESGP (SEQ ID NO: 25), or GTSTEPSEGSAP (SEQ ID NO: 26). The insert was obtained by annealing the following pairs of

phosphorylated synthetic oligonucleotide pairs:

AE1for: AGGTAGCCCDGCWGGYTCTCCDACYTCYACYGARGA (SEQ ID NO: 1628)

AE1rev: ACCTTCYTCRGTRGARGTHGGAGARCCWGCHGGGCT (SEQ ID NO: 1629)

AE2for: AGGTAGCGAACCKGCWACYTCYGGYTCTGARACYCC (SEQ ID NO: 1630)

AE2rev: ACCTGGRGTYTCAGARCCRGARGTWGCMGGTTCGCT (SEQ ID NO: 1631)

AE3for: AGGTACYTCTGAAAGCGCWACYCCKGARTCYGGYCC (SEQ ID NO: 1632)

AE3rev: ACCTGGRCCRGAYTCMGGRGTWGCGCTTTCAGARGT (SEQ ID NO: 1633)

AE4for: AGGTACYTCTACYGAACCKTCYGARGGYAGCGCWCC (SEQ ID NO: 1634)

AE4rev: ACCTGGWGCGCTRCCYTCRGAMGGTTCRGTAGARGT (SEQ ID NO: 1635)

[0330] We also annealed the phosphorylated oligonucleotide 3KpnistopperFor: AGGTTCGTCTTCACTCGAGGGTAC (SEQ ID NO: 1626) and the phosphorylated

pr_3K| Rev: CCTCGAGTGAAGACGA

(SEQ ID NO: 1627). The annealed oligonucleotide pairs were ligated, which resulted in a mixture of products with varying length that represents the varying number of 12mer repeats ligated to one Bbsl/Kpnl segment. The
products corresponding to the length of 36 amino acids were isolated from the mixture by preparative agarose gel electrophoresis and ligated into the Bsal/Kpnl digested stuffer vector pCW0359. Most of the clones in the resulting
library designated LCW0402 showed green fluorescence after induction which shows that the sequence of XTEN_AE36 had been ligated in frame with the GFP gene and most sequences of XTEN_AE36 show good expression.

[0331] We screened 96 isolates from library LCW0402 for high level of fluorescence by stamping them onto agar plate containing IPTG. The same isolates were evaluated by PCR and 48 isolates were identified that contained
segments with 36 amino acids as well as strong fluorescence. These isolates were sequenced and 37 clones were identified that contained correct XTEN_AE36 segments. The file names of the nucleotide and amino acid



constructs and the sequences for these segments are listed in Table 14.
Table 14: DNA and Amino Acid Sequences for AE 36-mer motifs (SEQ ID NOS 279-352
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in order of

File name

Amino acid sequence

Nucleotide sequence

LCW0402_002_ GFP-N_A07.ab1

GSPAGSPTSTHEGISE GGTAGCCOGGCAGGCICTCCGACCTICIACTGAGGAA
SATPESGPGTSTEPSE GGTACTTCTGAAAGCGCAACCCCGEAGTCCGGCCA
GSaP GGTACUTCTACCGAACCGTCTGAGGGCAGCGCACCA
LCWO0402_003_ GFP-N_B07.ab1
GTSTEPSEGSAPGTST TCCGAAGGCAGCGCTCCA

EPSEGSAPGTSIEPSE
GSAP

CCGAGGGCAGCGCICC
ICTGAAGGIAGUGCACCA

LCW0402_004_ GFP-N_C07 ab1

GTSTEPSEGSAPGTSE
TPESGPGTSESATP
TGP

GGTACCTCTACCGAACCGTCTGAAGGTAGCGCACCA
GGTACCTCTGAAAGCGCAACTCETGAGTCCGGTCCA
GGTACTTCTGAAAGCGCAACCCCGGAGTCTGGCCC

A

LCW0402_005_ GFP-N_DO07 ab1

GISTEPSEGSAPG 1 SE

GGTACTICTACTGAACCGTCIGAAGGTAGCGCACCA
GGTACTTETGAAAGCGCAACCCCGGAATCCGGCCCA
GGTACCTCTGAAAGCGCAACCCCGGAGTCCGGCCCA

LCWO0402_006_ GFP-N_E07.ab1

GSFPATSGSETPGTSE GGTAGCGAACCGGCAACCTCCGGCTCTGAAACCCTA
SATPESGPGSPAGSP! GATACCTCIGAAAGCACTACTCCTGANTCCGACCCA
STEE GGTAGCCCGGCAGGTTCTCCGACTTCCACTGAGGAA
LCW0402_008_ GFP-N_F07.ab1
GTSESATPESGPGSED GGTACT rmm AAAGCGCAACCCCTG:
ATSGSETPGTSTEPSE GGCTACTTCTGGCTCTGAGACTY

GSAP

G\JTACTICTALCG AACCGTCCGAAGGTAGCGCACTA

LCW0402_009_ GFP-N_G07.ab1

GSPAGSPISTEEGSPA

GGTAGCCCGGCTGGCICICCAACCICCAUTGAGGAA

GSPTSTEEGSEPATSG: GGTAGCCOGGCTGGCTCTCOAACCTCCACTGAAGA
GGTAGCGAACCGRCTACCTCCRGE ICTGAAACTCCA

LCW0402_011_GFP-N_A08.ab1
GSPAGSPTSTRERGTSE G GGCTGGCTCTCCTACCTCTACTGAGGAA
SATPFSGPGTSTRPSE GOTACTICTGAAAGCGCTACTCCTGAGTCTGATCCA
Gsap GGTA ACTGAACCGTCCGA AGGTAGH TCA

LCW0402012_ GFP-N_B08.ab1

GSPAGSPTSTEEGSPA
GSPISTEEGISTEPSE
G3AP

GGTAGCCCTGCTGGCTCTCCGACTTCTACTGAGGAA
GOTAGCCCGGCIGGITCICCGACTICTACIGAGGAA
GGTACTTCTACCGAACCTTCCGAAGGTAGCGCTCCA

LCW0402_013_ GFP-N_C08.ab1

GISESATPESGPGIST GOTACTICIGAAAGCGCTAC ICCGGAG CCGGTC
EPSEGSAPGISIEPSE GGTACCICTACCGAACL GLCCGAAGGCAGCGCLCC
Gsap GOTACTICTACTGAACCTICTGAGGG TAGCGCTCCA
LCW0402_014_ GFP-N-D08.ab1
GTSTRPSRG i GaT \(("r(-r\(((,,\/\u,rr( ARGGTAGCGLTCCA
GSPTSTEOGTSTOPSE CCGGCAGGT ACT GG,
Gsap
LCW0402015_ GFP-N_E08.ab1
GSEPATSGSETPGSPA
GSPTSTEEGTSESATD
ESGP
LCW0402016_ GFP-N F08.ab1
GTSTEPSEGSAPGTSE
SATPESGPGISESATP GOTACTICIGAMTGCGETACC
ESGE GOTACTICTGAAAGCGUTAC
LCW0402_020_ GFP-N_G08.ab1
GTSTFPSEGSAPGSFP GGTACTTCTACTGAACCGTCTGAAGGCAGCGCACCA
ATSGSCTPGSPAGSPT GOTAGCGAACCOGCTACTTCCGOTTCTGAAACCCCA.
STRF. GUTAGCCCAGCAGGTTCTCCAACTTCTACTGAAGAA
LCW0402_023_ GSPAGSPTSTEEGTSE GGTAGCCCTGCTGGCTCTCCAACCTCCACCGAAGAA
GFP-N_A09.ab1
SATPESGPGSEFATSG GOTACCTCTGAAAGCOCAACCCCTGAATCCGGCCCA

GGTAGCGAACCGGCAACCTCCGGTTCTGAAACCCCA

LCWO0402_024_ GFP-N_B09.ab1

GISESATPESGPGSPA

GAT:

TCIGAAAGOGCTACTCC GAG ICCGGLC

GSPTSTEEGSPAGSPT GGTAGCCCGGCTGGCTCTCCGACTTCCACCGAGGAA

SIEl GOTAGCCCGGCTGGCTCTCCAACTICTACTGAAGAA
LCWO0402_025_ GFP-N_C09.ab1

GTSTEPSEGSAPGTSE GGTACCTCTACTGAACCTTCTGAGGGCAGCGCTCCA

SATPESGPGTSTEPSE GOTACTTCTGAAAGCGCTACCCCOGAGTCCGGTCCA

Gsap GGTACTTCTACTGAACCGTCCGAAGGTAGCGCACCA
LCW0402_026_ GFP-N_D09.ab1

GSPAGSPTSTEEGTST GGTAGCCCGGCAGGCTCTCCGACTTCCACCGAGGAA

EPSEGSAPGSEPATSG GGTACCTCTACTGAACCTTCTGAGGOITAGCGCTCCA

SETP GOTAGCGAACCGGCAACCTCTGGCTCTGANACCCCA
LCWO0402_027_ GFP-N_E09.ab1

GSPAGSPTSTEEGTST GOTAGCCCAGCAGGCTCTCCGACTTCCACTGAGGAA

EPSEGSAPGISTEPSE GGTACTICTACTGAACCTICCGAAGGCAGCGCACC A

GSAl GGTACCTCTACTGAACCTTCTGAGHGECAGOGOTCC

LCW0402_032_ GFP-N_H09.ab1

GSFPATSGSETPGTSE

SATPESGPGSPAGSPT
STER
LCWO0402_034_ GFP-N_A10.ab1
GISHSAIPESGPGLST GGTACCICTGAAAGCGCTACTCCGGAGICIGGCCCA
EPSEGSAPGTSTERSE GGTACCTCTACTGAACCGTCTGAGGRTAGCGCTCCA
GsaP GGTACTTCTACTGAACCGTCCGAAGGTAGCGCACCA
LCW0402_036_ GFP-N_C10.ab1
GSPAGSPTSTEEGTST GGTAGCCCGGCTGGTTCTCCGACTTCCACCGAGGAA

EPSEGSAPGTSIEPSE
Gsap

GOTa G
GOTACCICTACTGAACCTIONGAAGHCAGLGCICCA

LCW0402_039_ GFP-N_E10.ab1

GTSTEPSEGSAPGTST
EPSEGSAPGTSTEFSE
GSAP

GGTACTTCTACCGAACCGTCCGAGGGCAGCGCTCCA
GGTACTICTACTGAACCTICTGAAGGCAGUGCTCCA
GGTACTTCTACTGAACCTTCOGAAGGTAGCGCACCA

LCW0402_040_ GFP-N_F10.ab1

GSEPAUSGSETPGTSE
SATPESGPGISTEPSE

GGTAGCGAACCIGCAACCTUIGGCICTGAAACC
GGTACCICTGAAAGEGETACTCTIGAN T TGGCCCA
GGTACTICTACTGAACCGTCCGAGEGCAGCGCACCA

LCW0402_041_ GFP-N_G10.ab1

GTSTRPSRGSAPGSPA GGTACTTCTACCGAAC GCACCA
CSPISTEEGISTHPSH GATAGCCCAGCAGG I TCTCC CLGACGAA
Gsap GGTACTTCTACCGAACCGTCCGAGGGTAGCGCACCA
LCW0402_050_ GFP-N_A11.ab1
GSEPATSGSETPGTSE GGTAGCGAACCGGCAACCTCOGGCTCTGANACTCC A

SATPESGPGSEPATSG
SRTP

GGTACTTCTGAAAGCGCTACTCC
GGTAGCGAACCGGCTACTTEC

AATCCGGCCCA
TCTGAAACCCCA
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File name

Amino acid sequence

Nucleotide sequence

LCW0402_051_ GFP-N_B11.ab1

GSEPATSGSETPGTSE
SATPESGPGSEPATSG
SETP

GGTAGCGAACCGGCAACTTCCGGCTCTGAAACCCCA
GGTACTTCTGAAAGCGCTACTCCTGAGTCTGGCCCA
GGTAGCGAACCTGCTACCTCTGGCTCTGAAACCOCA

LCW0402_059_ GFP-N_E11.ab1

GSEPATSGSETPGSEP
ATSGSITRGTSIEPSE
GSAP

GGTAGCGAACCGGCAACCTCTGGCTCTGAAACTCCA
GOTAGCGASCCI ICITIGAAACCCCA
GATACTICTACIGAACCTICTGAGHGUAGCGOACE A

LCW0402_060_ GFP-N_F11.ab1

GTSFSATPRSGPGSFP
ATSGSCTPGSEPATSG
SRTP

LCW0402_061_ GFP-N_G11.ab1

GLSTEPSEGSAPGLST
LPS]

GGTACCICIACTIGAACC l‘l(LGAAGGL—’\G(GLlL(A
T

GSAPGTSESATP
ESGP GGT-’&CI'ICTGA&AGC(JCAALCCC[GAATC(LJGTCL,\
LCW0402_065_ GFP-N_A12.ab1
GSEPATSGSETPGTSE GGTAGCGAACCGGCAACT TLmL,LTLT(,AAALL(( A
SATPESCPGISESATP GATACCTCTGAAAGCGUTACTCCGGA A
ESGE GOTACTICIGAAAGCGCTACTC GAAI((GGH‘(‘A

LCW0402_066_ GFP-N_B12.ab1

GSEPATSGSETBGSER

LCW0402067_ GFP-N_C12.ab1

GSEPATSGSETPGIST
EPSEGSAPGSEPATSG

GGTAGCGAACCIGCTACTICTGGT ICIGAAACTCCA
GGTACTTCTACCGAACCGTCCGAGGGTAGCGOTCCA
GGTAGCGAACCTGCTACTICTGGTTCTGAAACTCCA

LCW0402_069_ GFP-N_D12.ab1

GTSTRPSRGSAPGTST
HPSEGSAPGSEPATSG

GGTACCTCTA
GATACCICTACTGAACCG I CIGAGGG AGCCCITCA
GGTAGCGAACCGGCAACCTCCGGTTCTGAAACTCCA

SETP
LCW0402_073_ GFP-N_F12.ab1
GTSTEPSEGSAPGSEP GGTACTTCTACTAAACCTTCCGAAGGTAGOGCTCCA
ATSGSETPGSPAGSPT GGTAGCGAACCTGCTACTTCTG TGAAACCCE
STEE GGTAGCCCGGCTGGCTCTCCGACCTCCACCGAGGAA
LCW0402_074_ GFP-N_G12.ab1
GSLPATSGSETPGSPA GGTAGCGAACCGGCTACTTCCGGCTCTGAGACTCCA
CSPTSTRRGTSFSATP GGTAGCCCAGCIGGITCTCCAACCICTACIGAGGAA
ESGP GGTACTTCTGAAAGCGCTACCCCTGAATCTGGTCCA
LCW0402_075_ GFP-N_H12.ab1
GTSFSATPRSGPGSTP GGTACCTCTGAAAGCGCAACTCCTGAGTCTGGOOCA
ATSGSETPGTSTSATP GGTAGCGAACCTGCTACCTCCGGCTCTGAGACTCCA
SGP GOTACCICTGAAMGCGCAACCCCGGAATCIGHITCA
Example 3: Construction of XTEN_AF 36 segments
[0332] A codon library encoding sequences of 36 amino acid length was The XTEN_AF36. Its segments have the amino acid sequence [X]3 where X is a 12mer peptide with the sequence:

GSTSESPSGTAP (SEQ ID NO: 27), GTSTPESGSASP (SEQ ID NO: 28), GTSPSGESSTAP (SEQ ID NO: 29), or GSTSSTAESPGP (SEQ ID NO: 30). The insert was obtained by annealing the following pairs of phosphorylated

synthetic oligonucleotide pairs:

AF1for: AGGTTCTACYAGCGAATCYCCKTCTGGYACYGCWCC (SEQ ID NO: 1636)

AF1rev: ACCTGGWGCRGTRCCAGAMGGRGATTCGCTRGTAGA (SEQ ID NO: 1637)

AF2for: AGGTACYTCTACYCCKGAAAGCGGYTCYGCWTCTCC (SEQ ID NO: 1638)

AF2rev: ACCTGGAGAWGCRGARCCGCTTTCMGGRGTAGARGT (SEQ ID NO: 1639)

AF3for: AGGTACYTCYCCKAGCGGYGAATCTTCTACYGCWCC (SEQ ID NO: 1640)

AF3rev: ACCTGGWGCRGTAGAAGATTCRCCGCTMGGRGARGT (SEQ ID NO: 1641)

AF4for: AGGTTCYACYAGCTCTACYGCWGAATCTCCKGGYCC (SEQ ID NO: 1642)

AF4rev: ACCTGGRCCMGGAGATTCWGCRGTAGAGCTRGTRGA (SEQ ID NO: 1643)

[0333] We also annealed the phosphorylated oligonucleotide 3KpnistopperFor: AGGTTCGTCTTCACTCGAGGGTAC (SEQ ID NO: 1626) and the phosphorylated

pr_3K| Rev: CCTCGAGTGAAGACGA

(SEQ ID NO: 1627). The annealed oligonucleotide pairs were ligated, which resulted in a mixture of products with varying length that represents the varying number of 12mer repeats ligated to one Bbsl/Kpnl segment The products
corresponding to the length of 36 amino acids were isolated from the mixture by preparative agarose gel electrophoresis and ligated into the Bsal/Kpnl digested stuffer vector pCW0359. Most of the clones in the resulting library
designated LCW0403 showed green fluorescence after induction which shows that the sequence of XTEN_AF 36 had been ligated in frame with the GFP gene and most sequences of XTEN_AF 36 show good expression.

[0334] We screened 96 isolates from library LCW0403 for high level of fluorescence by stamping them onto agar plate containing IPTG. The same isolates were evaluated by PCR and 48 isolates were identified that contained
segments with 36 amino acids as well as strong fluorescence. These isolates were sequenced and 44 clones were identified that contained correct XTEN_AF36 segments. The file names of the nucleotide and amino acid
constructs and the sequences for these segments are listed in Table 15.

Table 15: DNA and Amino Acid Sequences for AF 36-mer motifs (SE!

File name

Amino acid sequence

ID NOS 353-440, respectivel

in order of appearance)

Nucleotide sequence

LCWO0403_004_ GFP-N_A01.ab1

GTSIPHSGSASPGTSP GGIaCTTCr: GAAAGCGGTT

SGESSTAPGTSPSGES GGTACTTCTCCTAGCGGTGAATCTTCTACTG

g GTACCTCTCCTAGCGGCGAATCTTCTACTGUTCCA
LCWO0403_005_ GFP-N_B01.ab1

GTSPSGESSTAPGSTS GGTACTTCTCOGAGCGGTGAATCTTCTACCGCAGCA

SIARSPGPGTSPSCES GOTICTACTAGCTCTACCGC TGAATCTCCGAGONCAG

Srap GTACYICICCGAGOGGTGAATCTICTACTGCICCA
LCWO0403_006_ GFP-N_C01.ab1

GSTSSTARSPGPGTSP GGTTCCACCAGCTCTACTGCTGAATCTCCTGGTCCAG

SGLSST. GTACCTCTCCTAGCGGTGAATCTTCTACTGCTCCAGG

TACTTCTACTUCTGAAAGCGGCTCTGCTTCTCCA

LCWO0403_007_ GFP-N_DO01.ab1

GSISSTAESPGP
STAESPGPGTSPSGES
STAP

GGUTCTACCAGC ICTACTGCAGAATCTCC TGGOCCAG
GTTCCACCAGCTCTACCGCAGAATCTCCGGGTCOAG
GTACTTCCCCTAGCGGTGAATCTICTACCGCACCA.

LCWO0403_008_ GFP-N_EO01.ab1

GSTSSTARSPGPGTSP
SOESSTAPGISTPESG

GGTTCTACTAGCTCTACTGCTGAATCTCCTGGCCCAG
GIACTICTCCTAGCGGIGAATCITCTACCGCICCAGE
TACCTCTACTCOGGAAAGUGGT ICIGCATCTCCA

LCWO0403_010_ GFP-N_F01.ab1

GSTSSTAESPGPGTST
PLSGSASPGSTSESPS
GTAP

GOTTCTACCAGCTCTACCGCAGAATCTCCTGGTCCAG
GTACCTCTACTCCGGAAAGCGGCTCTGLATCTCCAG
GTTCTACTAGCGAATCTCCTTCTGGCAC .

LCWO0403_011_ GFP-N_G01.ab1

FRIRET ARSI

COTTOTACTACICT A ICO AL BTCTOCTCCOCr A
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File name Amino acid sequence Nucleotide sequence
PESGSASPGTSTPESG GTACCTCTACTCCGGAA AGUGGUTCTGCATCTCCAG
SASP GTACTTCTACCCCTGAAAGCGGTTCTGCATCTCCA
LCW0403012_ GFP-N_HO01.ab1
GSTSESPSGTAPGTSP GGTTCTACCAGCGAATCTCCTTCTGGCACCGCTCCAG
SGESSTAPGSTSESPS GTACCTCTCCTAGCGGCGAATCTTCTACCGETCCAGG
GTA? TICTACTAGCGAATCTCCTTCTGGCACTGCACCA
LCW0403_013_ GFP-N_A02.ab1
GSTSSTAESPGPGSTS GTTCCACCAGCTCTACTGCAGAATCTCCGGGUCCA
STAESPGPGTIPSCES GCACGAATCICCGRUITCAG
SLAP LATCTICTACCGCTOCA

LCWO0403_014_ GFP-N_B02.ab1

GGTTCCACTAGCTCTACTGH
GTACCTCTACCCCTG:
GTTCTACCAL

AGAATCTCCTGGECC

LCW0403015_ GFP-N_C02.ab1

GSISSTAESPGPGSTS GGUICTACTAGC ICTACTGCIGAXICICCGGGICCAG
STAESPGPGTSPSGES GITCTACCAGETCTACTGCTGANTCTCCTGRTCCAGG
TACCTCCCCGAGCGGTGAATCTICTACTGCACCA

LCWO0403_017_ GFP-N_D02.ab1

GSTSSTAESPGPGSTS GCTTCTACCAGCTCTACCGCTGARTCTCCTGGOCCAG

HSPSGPAPCS TSSTAR SAG CGTCIGGCACCGTACCAG

SpGp GIICTACTAGCTCTACCGCTGAATCICCGGRICCA
LCWO0403_018_ GFP-N_E02.ab1

GSTSSTAESPGPGSTS GGTTCTACCAGCTCTACCGCAGAATCTCCTGGCCCA

STARSPGPGSTSSTAR GUTTCCACTAGCTCTACCGCTGAATCTCCTGGTCCAL

SPCP GTTCTACTAGCTCTACCGCTGAATCTCCTGATCCA

LCW0403_019_ GFP-N_F02.ab1

GSISESPSGTAPGSTS GGTICTACTAGCGAATCCCCTICIGGTACTGCTCCAG
STAESPGPGSTSSTAE GTTCCACTAGCTCTACCGUTGAATCTCCTGGOCCAGG
SPGP TTCCACTAGCTCTACTGCAGAATCTCCTGGTCCA
LCWO0403_023_ GFP-N_H02.ab1
GSTSRSPSGTAPGSTS GGTTCTACTAGCGAATCTCCTTC T( TAL‘ U(TT(‘( G

ESPSGTAPGSISESPS

GIICTACCAGCGAATCCCCGTCTGR 1CCAG
'ITCTACCAGCGAATCTCCTTCTGGTA(TG(‘ACCA

LCW0403024_ GFP-N_A03.ab1

GSTSSTAESPGPGSTS
STADSPGPGSTSSTAE
SPGD

GGTTCCACCAGCTCTACTGCTGAATCTC! (,TGGCCC AG
GTTCTACCAGCTCTACTGCTGAATCTCC GG
TICCACCAGCTCTACCGCTGANTCTCCGGGT! L(A

LCWO0403_025_ GFP-N_B03.ab1

GSISSTAESPGPGS1S
STAESPGPGTSPSGES
Srap

GG1ICCACTAGCITTACCGCAGAATCTCCTGGICCAG
GTTCTACTAGCTCTACTGCTGAATCTCCGGRTCCAGG
TACCTCCCC TAGCGGOGAATC TTCTACCGC ICCA

LCWO0403_028_ GFP-N_DO03.ab1

GGTTCTAGCCCTTCTGCTTCCACCGGTACCGGCCCAG
GTAGCTCTACTCCGTCTGGTGCAACTGGETCTCOAGG

TGSP TAGCTCTACTCCGTCTGGTGCAACCGGCTCLCCA
LCWO0403_029_ GFP-N_E03.ab1

GTSPSGESSTAPGTST GGTACTTCCCCTAGCGGTGAATCTICTACTGCTCCAG

PESGSASPGSTSSTAL GTACCTCTACTCCGGAAAGCGGCTCCGCATCTCCAG

PGP GTTCTACTAGCTCTACTGCTGAATCTCCTGGTCCA

LCW0403030 GFP-N_F03.ab1

GSISSIAESPGPGSTS GOIICTACTAGCICTACCGCIGAATCICCGGGTICCAG
STABSPGPGTSTPESG GTTCTACCAGUTCTACTGCAGAATCTCCTGGOCCAGG
SASP TACITCTACICCGGAAAGCGGITCCGOTICICCA
LCW0403031_ GFP-N_G03.ab1
GTSPSGRSSTAPGSTS GGTACTTCTCCTAGUGGTUAATCTTCTACCGCTCCAG
STARSPGPGTSTPRSG GTTCTACCAGCTCTACTGCTGA, TGO
SASP TACTTCTACCCCGGA AAGC
LCWO0403_033_ GFP-N_HO03.ab1
GSTSESPSGTAPGSTS GGTTCTACTAGCGAATCCCCTTCTGGTACTGCACCAG
STADISPGPY GTTCTACCAGCTCTACTGCTGAATCTCC

SPGD

TICCA

CCAGCTCTACCGCAGAATCTCCTGGTCC

LCWO0403_035_ GFP-N_A04.ab1

GSISSTAESPGPGSTS

GGITCCACCAGCTCTACCGCTGAATCTCCGGGCCCA.

ESPSGTAPGSTSSTAE GGTTCTACCAGCGAATCCCCTTCTGGCACTGCACCA

SpGP GGUICTACTAGCTCTACCGCAGAATCICCGGGECCA
LCWO0403_036_ GFP-N_B04.ab1

GSTSSTARSPGPGTSP

SCESSTAPGTSTPESG

SASP
LCWO0403_039_ GFP-N_C04.ab1

GSTSESPSGTAPGST: GGATCTA(‘ AGCGAATCTCCTTCTGGCACCGCTCCAG

SGES

GAATCCCCGICTGGIACCGCACCAG
GI \C’]‘TCT(_CI AGCGGCGAATCTTCTACCGCACTA

LCW0403_041 GFP-N_D04.ab1

GSTSESPSGTAPGSTS
HYPSGTAPGTSTPESG
SASP

GGTTCTAC AATCCOCTTCTGGTACTGOTCCAG
GIICTACCAGCGAAIT! > GCACCAG
GIACTICTACCCCTGARAGC GGOTCCGETTCTCCA

LCWO0403_044_ GFP-N_E04.ab1

GTSTPESGSASPGSTS
STAESPGPGSTSSTAE
SRGP

GGTACCTCTACTCCTG:
GITCCACTAGCTCTACC
GTTCTACTAGCTCTACTGCTGAATCTCC

AAGCGETTCTGCATCTCCAG
‘A N

LCWO0403_046_ GFP-N_F04.ab1

GSISHSPSGLAPGSLS
LSPSGTAPGTSPSGES

GOITCIACCAGCGANICCCCTICTGECACIGCACCA
COCCTTCTGGTACCGCACCAG
GTACTICTCCGAGCGGCGAATCTICTACTGCTCCA

STAP
LCW0403_047_ GFP-N_G04.ab1
GSTSSTAESPGPGSTS GGTTCTACTAGCTCTACCGCTGAATCTCCTGGE
SIARSPGRGSISESPS GIICCACTAGCTCTACCACAGAATCICCGGTCC
GIAR GIICTACTAGCGAATCCCCTICIGGTACCGC
LCWO0403_049_ GFP-N_HO04.ab1
GSTSSTAESPGPGSTS GG’FTCCACC/\&CT(T‘ \(TGC AG \/\Tcrccmeccm
STADSPGPGTSTPLSG g SGTCC:
SASP '(TLu\/\/\(J GUTTCCGUATCTC

LCWO0403_051_ GFP-N_A05.ab1

GSISSTAESPGPGS 1S

ACTAGCICTACTGCIGANTCTCCGEGO

STALSPGPGSTSESPS "ACTAGCTCTACCGCTGAATCTCCGGGTCC
GTAP TTCTACTAGCGAATCTCCTTCTGGTACCGCTCC A
LCWO0403_053_ GFP-N_B05.ab1
GTSPSGRSSTAPGSTS GGTACCTCCCCG: TGAATCTTCTACTGC,
HSPSGIAPCS TSSTAK GAIICTACTAGCGAATCCCCTICIGGTAC TGO TCCAG
SPGP GTTCCACCAGCTCTACTGCAGAATCTCCGGGTCCA
LCWO0403_054_ GFP-N_C05.ab1
GSTSESPSGTAPGTSP GGTTCTACTAGCGAATCCCCGTCTGGTACTOCTCCAG
SGLSSTAPGSTSSTAL GTACTTCCCCTAGCGGTGAATCTTCTACTGCTCCAGG
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File name

Amino acid sequence

Nucleotide sequence

SPGP

UICTACCAGCTCTACCGCAGAATCICOGGGICCA

LCWO0403_057_ GFP-N_DO05.ab1

GSTSSTARSPGPGSTS GGTTCTACCAGCTCTACCGCTGA r\T(‘TCCTFGC( ( «(w

LSPSGTAPGTSPSGES GITCTACTAGCGAATCTCCGTCTGGCACC

§ GTACTTCCCCTAGUGGTGAATCTTCTACTGE A(( A
LCWO0403_058_ GFP-N_E05.ab1

GSISESPSGTAPGSTS GGITCIACTAGCGAATCTCCLICIGGCACIGCACCAG

ESPSGTAPGTSTPESG GTTCTACCAGCGAATCTCCGTCTGGCACTGCACCAG

SASP GTACCTCTACCCCTGAAAGCGGTTCCGCTTCTCCA

LCWO0403_060_ GFP-N_F05.ab1

GTSTPESGSASPGSTS
FSPSGTAPGSTSSTAF.
SPGP

GGTACCTCTACT
GGTTCTACCAGCGAATCH
GG UTCTACTAGCTCTAC IGCTGAATCTCCGGGROTCA

TTCCGCATCTCCA

LCW0403_063_ GFP-N_G05.ab1

GSTSSTAESPGPGTSP
SGESSTAPGTSPSGES
STAP

GGTTCTAC
GOTACCTC
GTACTTCTC

LCWO0403_064_ GFP-N_HO05.ab1

PSGESSTAPGISP
TAPGTSPSGES

GGIACCTCOCCTAGEGGOGAATCTTCTACTGOICCAG
GTACCTCTCETAGOGGCGAATCTTCTACCGCTCCAGE

STAP TACCTCCCCTAGCGGTGAATCTTCTACCGCACCA
LCWO0403_065_ GFP-N_A06.ab1

GSTSSTAFSPGPGTST GGTTCCACTAGCTCTACTGCTGAATCTCCTGH ;(L‘(‘Au

PESCSASPUS ISESPS GIACTICTACICCCGAAAGCCGT CCAGT

GTAP T\'PTA(‘TAG(‘GAAT(‘T(‘(‘GT(‘TGG(‘A(‘(‘G(‘A(‘(‘A
LCWO0403_066_ GFP-N_B06.ab1

GSTSESPSGTAPGTSP GGTTCTACTAGCGAATCTCCGTCTGGCACTGCTCCAG

SGESSTAPGTSPSGES GTACTTCTCCTAGCGGTGAATCTTCTACCGCTCCAGG

STAP TACTTCCCCTAGCGGCGAATCTTCTACCGCTCCA

LCWO0403_067_ GFP-N_C06.ab1

GSISESPSGIAPG ST
SASPGSTSSTAL

GGTICTACTAGUGAATCICCTTCIGGIACCGETCCAG
GTACTTCTACCCCTGAAAGCGGCTCCGCTTCTCCAGG
LICCACTAGCTCTACCGCTGAR LCICCGGGICCA

LCWO0403_068_ GFP-N_DO06.ab1

GSTSSTAFSPGPGSTS
STARSPGPGSTSESPS
GTap

GGTTCCACTAGCTCTACTGCTGAATCTCCTGGUCCAG
GTTCTACCAGCTCTACCGCTGA ATCTCCTGOCCCAGO
TTCTACCAGCGAATCTCCGTCTGGCACCGCACEA

LCWO0403_069_ GFP-N_E06.ab1

SESPSGTAPGTST
PSGSASPGTSTPISG
SASP

GAATCCCCGTCTGGTACCGCS '\C(A
GGAAAGCGGCTCTGCTTCT!
GTACTTCTACCCCGGAAAGCGGCTCCGCATCTCCA

LCWO0403_070_ GFP-N_F06.ab1

GSISESPSGIAPG IS
PESGSASPGTSTPESG
SASP

GGTICTACTAGCGAA TCCCCOTCICGTACIGC lCC C
GTACTTCTACTCCTGAAAGCGGTTCCGETTC
TACCTCTACTCCGGAAAGCGGTICTGEATC ]

Example 4: Construction of XTFN_AG36 segments

[0335] A codon library encoding sequences of 36 amino acid length was constructed. The sequences were designated XTEN_AG36. Its segments have the amino acid sequence [X]; where X is a 12mer peptide with the sequence:
GTPGSGTASSSP (SEQ ID NO: 31), GSSTPSGATGSP (SEQ ID NO: 32), GSSPSASTGTGP (SEQ ID NO: 33), or GASPGTSSTGSP (SEQ ID NO: 34). The insert was obtained by annealing the following pairs of phosphorylated

synthetic oligonucleotide pairs:

AG1for: AGGTACYCCKGGYAGCGGTACYGCWTCTTCYTCTCC (SEQ ID NO: 1644)

AG1rev: ACCTGGAGARGAAGAWGCRGTACCGCTRCCMGGRGT (SEQ ID NO: 1645)

AG2for: AGGTAGCTCTACYCCKTCTGGTGCWACYGGYTCYCC (SEQ ID NO: 1646)

AG2rev: ACCTGGRGARCCRGTWGCACCAGAMGGRGTAGAGCT (SEQ ID NO: 1647)

AG3for: AGGTTCTAGCCCKTCTGCWTCYACYGGTACYGGYCC (SEQ ID NO: 1648)

AG3rev: ACCTGGRCCRGTACCRGTRGAWGCAGAMGGGCTAGA (SEQ ID NO: 1649)

AG4for: AGGTGCWTCYCCKGGYACYAGCTCTACYGGTTCTCC (SEQ ID NO: 1650)

AG4rev: ACCTGGAGAACCRGTAGAGCTRGTRCCMGGRG.

AWGC (SEQ ID NO: 1651)

[0336] We also annealed the phosphorylated oligonucleotide 3KpnistopperFor: AGGTTCGTCTTCACTCGAGGGTAC (SEQ ID NO: 1626) and the phosphorylated oli ide pr_3K| Rev: CCTCGAGTGAAGACGA
(SEQ ID NO: 1627). The annealed oligonucleotide pairs were ligated, which resulted in a mixture of products with varying length that represents the varying number of 12mer repeats ligated to one Bbsl/Kpnl segment. The
products corresponding to the length of 36 amino acids were isolated from the mixture by preparative agarose gel electrophoresis and ligated into the Bsal/Kpnl digested stuffer vector pCW0359. Most of the clones in the resulting
library designated LCW0404 showed green fluorescence after induction which shows that the sequence of XTEN_AG36 had been ligated in frame with the GFP gene and most sequences of XTEN_AG36 show good expression.

[0337] We screened 96 isolates from library LCW0404 for high level of fluorescence by stamping them onto agar plate containing IPTG. The same isolates were evaluated by PCR and 48 isolates were identified that contained
segments with 36 amino acids as well as strong fluorescence. These isolates were sequenced and 44 clones were identified that contained correct XTEN_AG36 segments. The file names of the nucleotide and amino acid

constructs and the sequences for these segments are listed
Table 16: DNA and Amino Acid Sequences for AG 36-m:

in Table 16.
er motifs {SEQ ID NOS 441-528

in order of

File name

Amino acid sequence

Nucleotide sequence

LCW0404_001_ GFP-N_A07 .ab1

GASPGISSIGSPGTPGS
GTASSSPGSSTPSGATG
sp

GGIGCATCCCOGAGCACTAGCTCTACCGG ITCICTA
GGTACTCCTGATAGCGGTACTGOTTCTTCTTCTCCAG
GIAGCICIACICCTICIGGLGCTACIGGLTCICCA

LCW0404_003_ GFP-N_B07.ab1

GSSTPSGATGSPGSSPS
ASTCIGPGSSTPSGATG

GITCTAGCC
TAGCTCTAC

LCW0404_006_ GFP-N_C07 ab1

GGTGCAT

CGGGTACTAGCTCTACCH!
TTCTGCTTCCACTGGTAC
T/\G(T(TAC(CCGTCTGGTGCT/\CTGGTT(‘CCC/\

LCWO0404_007_ GFP-N_DO07 ab1

GTPGSGTASSSPGSSTPS
GATGSPGASPGTISTGS
N

GOTACICCGCGCAGCGGTACTCCTTCTICCICICCAG
GTAGCTCTACCCCTTCTGGTGCAACTGGTTCCOCAGE
TGCATCCCC I GGIACTAGC TCTACCGGTICICCA

LCW0404_009_ GFP-N_E07.ab1

GTPGSGTASSSPGASPG

GGTACCOCTG

GCGGTACTGCTTCTTCTTCTCCAG

TSSTCSPGSRPSASTGT GTGCTTOCCCTGGTACCAGCTCTACCGGTTCTCCAGG

GP TTCTAG TCTGCATCCACCGGTACTGGTCCA
LCWO0404_011_ GFP-N_F07.ab1

GASPGTSSTGSPGSSTPS GGTGCATCTCCTGGTACCAGCTCTACCGGTTCTCCAG

GATGSPGASPGTSSTGS GTAGCTCTACTCCTTCTGGTGCTACTGGCTCTCCAGG

B TGCTTCCCCGGGTACCAGCTCTACCGGTTCTCCA

LCW0404012_ GFP-N_G07.ab1

GTPGSGTASSSPGSSTPS

AATCEBAREIDR AN

GGTACCOCGGGCAGCGGTACCGCATCTTCCTCTCCA

E e L NV
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File name Amino acid sequence Nucleotide sequence
I GTAGCTCTACCCCGTCTGRTGCAACCGGCTCCCCA
LCW0404_014_ GFP-N_H07 .ab1
GASPGISSIGSPGASPG HGGCACTAGCTCTACTGGITCTCCAG

TSSTGSPGASPGTSSTGS
b

CTGGOACTAGCTCTACTGGTTCTCCAGG

LCW0404015_ GFP-N_A08.ab1

GSSTPSGATGSPGSSPS
ASITTGPGASPGTSS G
P

GUTA
GATICTAGC
5 C

ACTCCGTCTGOT
CICCTICCACTCO
CGGGCACCAGCTCTACTGGTTCT

LCW0404016_ GFP-N_B08.ab1

GSSTPSGATGSPGSS
GATGSPGTPGSGTASSS
P

TACTCCGGGCAGCGGTAC TG(TTCIT( CTCTCCA

LCW0404_017_ GFP-N_C08.ab1

GSSTPSGATGSPGSSTPS

GGTAGCTCTACTC

GLICTGGIGCAACCGGITOCCUAG

GATGSPGASPGTSSTGS GTAGCTCTACTCCTTCTEGTGCTACTGGCTCCCCAGG

E TGCATCCCCTGGUACCAGCTCTACCGGTTCTCCA
LCW0404_018_ GFP-N_D08.ab1

GTPGSGTASSSPGSSPS GGTACTCCTGGTAGCGGTACCGCATCTTCCTCTCCAG

ASTOTGPGSSTPSGATG GITCTAGCECTTCTGCATCTACCGGTACCGOTECAGG

S TAGCTCTACTCCTTCTGGTGCTACTGGCTCTCCA
LCW0404_023_ GFP-N_F08.ab1

GASPGTSSTGSPGSSPS GGTGCTTCCCCGGGCACTAGCTCTACCGGTTCTCCAG

ASTGTGPGTPGSGTASS GTTCTAGCCCTTCTGEATCTACTGGTACTGGECCAGG

P TACTCCGGGCAGCGGTACTGCTTCTTCCTCTCCA

LCW0404_025_ GFP-N_G08.ab1

GSSTPSGATGSPGSSTPS
GATGSPGASPGISSTGE

P

GGTAGCTCTACTCCGTCTGGTGCTACCGGCTCTOCAG
GIAGCTCTACCCCITCTGGIGCAACCGO
TGO ICICCGGG TACCAGCICTACTGGTTCTC

LCW0404_029_ GFP-N_A09.ab1

GTPGSGTASSSPGSSTPS GGTACCCCTGOCAGCGGTACCGCTTCTTCCTCTCCAG
GATGSPGSSPSASTGTG GTAGCTCTACCCCGTCTGGTGETACTGGCTCTCCAGG
P TTCTAGCCCGTCTGCATCTACCCGTACCGOCCCA
LCW0404030 GFP-N_B09.ab1
GSSIPSGATGSPGIPGS GGTAGC ICTACICCIICIGG1 GCAACCGGCICCCCAG

GTASSSPGTPGSGTA!
SP

GTACCCCGGRGOAGEGGTACCGCATCTTCOTCTCCAG
GTACTCCGGGTAGCGGTACTGCTTICTICTTCTCCA

LCW0404031 GFP-N_C09.ab1

GTPGSGTASSSPGSSTPS
CA TGSPGASPGISSTGS

LCW0404_034_ GFP-N_D09.ab1

GSSTPSGATGSPGSSTPS
GATGSPGASPGTSSTGS
P

GGTAGCTCTA((CCGTLJ GGTCNTAC& G(TCTCC \G
GTAGCTCTACC O
GTGUATCCC L(J(JGF ACTAGCTCT \L T L.TTL TCC ,\

LCW0404_035_ GFP-N_E09.ab1

GASPG ISSUGSPGTPGS
GTASSSPGSSTPSGATG
SP

GGTGCTTCTCCGGGCACCAGCICTACIGGIICTCCAG
GTACCCCGGGEAGCGGTACCGCATCTICTTCTCCAG
GTAGCTCTACTCCTTCTGGTGCAACTGGTTCTCCA

LCW0404_036_ GFP-N_F09.ab1

GSSPSASTGTGPGSSTPS
CATGSPGTPGEGIASSS
P

GGTTCTAGC
GIAGCTCTACCCCGTCTGGTGCAACTGGTTCCCCAL
TACCCCTGGTAGCGGTACCGCTTCTTCTTCTCCA

JGTCTGCTTCCA

CCGGTACTGGE

LCW0404_037_ GFP-N_G09.ab1

GASPGTSSTGSPGSSPS
ASTGTGPGSSTPSGATG

P

GGTG( TTCT((‘UGGC \c GCTCTACTGGTTCTCCAG
CCACCGGTACCGGTCCAGG
T/\G( r( T/\C( (‘("r'r( T (‘GTG( AACCGGCTCTCCA

LCWO0404_040_ GFP-N_H09.ab1

GASPGISSIGSPCSSTPS
GATGSPAISIPSGATGS
»

OCIC(AI((((QG(A‘\((ACU(\A((GCHC\LLA
GGIAGCTCTACCCOGICIGGIGE GCICICCAG
GIAG(lLlALLCL(ALlG(‘lGLlAClV’ CICLCCA

LCW0404_041 GFP-N_A10.ab1

GTPGSGTASSSPGSSTPS
CATGSPGTPGSGIASSS
e

CTCCAG
\C CAGE

GUTACCCCTGGTAGCUGTACTGCTTCTTC

LCWO0404_043_ GFP-N_C10.ab1

GSSPSASTGTGPGSSTPS

GTAGCTCT \LLL TTCTGGTGCTACCG 4
TAGCTCTACTCCTTICTGGTGCAACTGGCTCTCCA

LCWO0404_045_ GFP-N_D10.ab1

GASPGISSIGIPGISPS

GGIGCTICICCTGGCACCAGCTCTACTGATICICCAG

ASTGTGPGSSPSASTGT GTTCTAGCCCTTCTGCTTCTACCGGTACTGGTCCAGG

GP TICTAGOCCTTCTGCATCCACTGETACTGHICCA
LCW0404_047_ GFP-N_F10.ab1

GTPGSGTASSSPGASPG TGGCAGCGGTACCGCTTCTTCTTCTCCAG

TSSTGSPGASPGTSSTGS TG CTAGCTCTACTGGTTCTCCAGG

P TGCTTCTC ACTAGCTCTACTGGTTCT

LCW0404_048_ GFP-N_G10.ab1

TPSGATGSPGASPG
TSSTGSPGSSTPSGATGS
3

GGTAGCTCTACCCCGTCTGGTGCTACCGGTTCCCCAG
GTGCTTCTCCTGGTACTAGETCTACCGGTTCTCCAGG
TAGCTCTACCCCGTCTGGIGCTACTGGCTCTCCA

LCW0404_049_ GFP-N_H10.ab1

GSSTPSGATGSPGTPGS
GIASSSPGSSIPSGATG
L3

GGTAGCTCTACCCCGTCTGGTGCTACTGGTTCTCCAG
GIACTCCGGGCAGCGGIACTGCTICTICCTCICCAGG
TAGCICTACCCO U TCIGGIGCTAC TGO ICICCA

LCW0404_050_ GFP-N_A11.ab1

GASPGTSSTGSTGSSPS
ASTGTGPGSSTPSGATG
sP

GGTGCATCTCCTGGTACCAGCTCTACTGGTTCTCCAG
GTTCTAGCCCTTCTGCTICTACCGGTACCGGTCCAGS
ACTCCTTCTGGTGCTA TTC

LCW0404_051_ GFP-N_B11.ab1

GSSIPSGALGSPGSSIPS

GGTAGCICTACCCOGLCIGOIGCTACIGGCICICCAG

GATGSPGSSTPSGATGS GTAGCTCTACTCCTTCTGATGUTACTGGTTOCCCAGG
3 TAGCTCTACCCCGTCTGGTGCAACTGGCTCTCCA
LCW0404_052_ GFP-N_C11.ab1
GASPGTSSTGSPGTPGS GGTGCATCCCCGGGTACCAGCTCTACCGGTTCTCCA

GIASSSPGASPGTSSTG

GOCAGCGGTAC G
GGGCACCAGCTCT

ILHCCH‘\((AC
ACTGGTTE

GIGCTICIC

LCWO0404_053_ GFP-N_D11.ab1

GSSTPSGATGSPGSSPS
ASTGTGPGASPGTSSTG
SP

GGT. \GCTCTA(TCLTTCTGGTG(AACT(:GTT(T( a6
“CGGTCC,
ATCTCCA

LCW0404_057_ GFP-N_E11.ab1

GASPGISSIGSPGESTPS
GATGSPGESPSASTGIG
P

GGTGCATCICCIGGTACTAGCTC
GIAGC TCTGGEIGOAACC
TICTAGCCCTICTGCATCTACCGGTACTGGTCCA

m(,HClCCAG

LCWO0404_060_ GFP-N_F11.ab1
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File name Amino acid sequence Nucleotide sequence
GTPGSGTASSSPGISTHS GGTACTCETGGTAGCGGTACCOCATCTTCCTCTCCAG
GATGSPGASPGTSSTGS GTAGCTCTACTCCGTCTGGTGEAACTGGTTCCCCAGG
P TGCTTCTCOGGGTACCAGCTCTACCGGTTCTCCA

LCW0404_062_ GFP-N_G11.ab1

GSSTPSGATGSPGTPGS GGTAGCTCTACCCCGTCTGGTGCAACCGGOTCOOCA
GIIrASSSPGSRTPSGATG GATACTCCIGOTAGCGGTACCGC T ICTICITCICCAG
g GTAGUICTACTCCG ICTGG TGO TACCGGC ICCCOA

LCW0404_066_ GFP-N_H11.ab1
GSSPSASTGTGPGSSPS GGTTCTAGCCCTTCTGCATCCACCOATACCGGCCCAG
ASTGTGPGASPGTSSTG GTTCTAGCCCGTCTGCTTCTACCGGTACTOGTCCAGG
S TGCTTCTCCGGGTACTAGCTCTACTGGTTCTCCA

LCW0404067_ GFP-N_A12.ab1

GIPGSGLASSSPGSSTPS GGTACCOCGGGIAGCGGIACCGCTICIICTICICCAG
GATGSPGSNPSASTGTG GTAGCTCTACTCCGTCTGGTGCTACCGGLTCTCCAGR
3 TTCTAACCCTTCTGCATCCACCGGTACCGGCCCA

LCW0404_068_ GFP-N_B12.ab1

GSSPSASTGTGPGSSTPS GGTTCTAGCCCTICTGCATCTACTGGTACTGGUCCAG
GATGSPGASPGISSIGS GIAGCTCTACICCTICTGGTGE
3 TGCTTCICCGGGTACTAGCTCTAC

LCW0404_069_ GSSTPSGATGSPGASPG GGTAGCTCTACCCCTTCTGGTGCAACCGGCTCTCCAG
GFP-N_C12.ab1

TSSTGSPGTPUSGTASSS GTGCATCCCCGGOTACCAGOTCTACCGGTTCTLCAG
P GTACTCCGGGTAGCCGTACCGCTTCTTCCTCTCTA

LCW0404_070_ GFP-N_D12.ab1

GSSTPSGATGSPGSSTPS GGTAGCTCTACTCCGTCTGGTGCAACCGGTTCCCCAG
GATGSPGSSTPSGATGS GTAGCTCTACCCCTTCTGGTGCAACCGGCTCCOCAGG
i3 TAGCTCTACCCCTTCTGGTGCAACTGGCTCTCC A

LCW0404_073_ GFP-N_E12.ab1
GASPGISSIGSPGTPGS
GIASSSPGSSIPSCATG
sp

LCW0404_075_ GFP-N_F12.ab1
PSGATGSPGSSPS GUTAGCTCTA
ASTGTGPGSSPSASTGT GITCTAGCCCTTY
G TTCTACGK

LCW0404_080_ GFP-N_G12.ab1
GASPGTSSTGSPGSSPS GGTGCTTCCCCGGGCACCAGCTCTACTGGTTCTCCAG
ASTGTGPGSSPSASTGT GITCTAGCCCGICTGCTTCTACTGGTACTGGTCCAGG
TICTAGCCCTTCTGCTTCCACTGGTAC

LCW0404_081_ GFP-N_H12.ab1

GASPGTSSTGSPGSSPS GGTGCTTCCCCGGGTACCAGCTCTACCGGTTCTCCAG
ASICTGPGTPGSGIASS GUICTAGCCCTICTGOTTC T ACCGA TACCGGICCAGG)
3 TACCCCIGRCAGCGGTACCGUATCTICCTCICCA.

Example 5: Construction of XTEN_AE864

[0338] XTEN_AES864 was constructed from serial dimerization of XTEN_AE36 to AE72, 144, 288, 576 and 864. A collection of XTEN_AE72 segments was constructed from 37 different segments of XTEN_AE36. Cultures of E. coli
harboring all 37 different 36-amino acid segments were mixed and plasmid was isolated. This plasmid pool was digested with Bsal/Ncol to generate the small fragment as the insert. The same plasmid pool was digested with
Bbsl/Ncol to generate the large fragment as the vector. The insert and vector fragments were ligated resulting in a doubling of the length and the ligation mixture was transformed into BL21Gold(DE3) cells to obtain colonies of
XTEN_AE72.

[0339] This library of XTEN_AE72 segments was designated LCW0406. All clones from LCW0406 were combined and dimerized again using the same process as described above yielding library LCW0410 of XTEN_AE144. All
clones from LCWO0410 were combined and dimerized again using the same process as described above yielding library LCW0414 of XTEN_AE288. Two isolates LCW0414.001 and LCW0414.002 were randomly picked from the
library and sequenced to verify the identities. All clones from LCWO0414 were combined and dimerized again using the same process as described above yielding library LCW0418 of XTEN_AE576. We screened 96 isolates from
library LCWO0418 for high level of GFP fluorescence. 8 isolates with right sizes of inserts by PCR and strong fluorescence were sequenced and 2 isolates (LCW0418.018 and LCW0418.052) were chosen for future use based on
sequencing and expression data.

[0340] The specific clone pCW0432 of XTEN_AE864 was constructed by combining LCW0418.018 of XTEN_AE576 and LCW0414.002 of XTEN_AE288 using the same dimerization process as described above.

Example 6: Construction of XTEN_AM144

[0341] A collection of XTEN_AM144 segments was constructed starting from 37 different segments of XTEN_AE36, 44 segments of XTEN_AF 36, and 44 segments of XTEN_AG36.

[0342] Cultures of E. coli that harboring all 125 different 36-amino acid segments were mixed and plasmid was isolated. This plasmid pool was digested with Bsal/Ncol to generate the small fragment as the insert. The same
plasmid pool was digested with Bbsl/Ncol to generate the large fragment as the vector. The insert and vector fragments were ligated resulting in a doubling of the length and the ligation mixture was transformed into
BL21Gold(DE3) cells to obtain colonies of XTEN_AM72.

[0343] This library of XTEN_AM72 segments was designated LCW0461. All clones from LCW0461 were combined and dimerized again using the same process as described above yielding library LCW0462. 1512 Isolates from
library LCWO0462 were screened for protein expression. Individual colonies were transferred into 96 well plates and cultured overnight as starter cultures. These starter cultures were diluted into fresh autoinduction medium and
cultured for 20-30h. Expression was measured using a fluorescence plate reader with excitation at 395 nm and emission at 510 nm. 192 isolates showed high level exp ion and were i for DNA ing. Most clones
in library LCW0462 showed good exp ion and similar physi ical properties ing that most inati of XTEN_AM36 segments yield useful XTEN sequences. Thirty isolates from LCW0462 were chosen as a
preferred collection of XTEN_AM144 segments for the construction of multifunctional proteins that contain multiple XTEN segments. The file names of the nucleotide and amino acid constructs and the sequences for these
segments are listed in Table 17.

Table 17: DNA and amino acid for AM144 {SEQ ID NOS 529-594, i in order of
Clone Sequence Trimmed Protein Sequence
LCW462_r1
éTPSG‘\‘TGSPG "'?P
SGATGSPGSPAGSP

G
CT CTCTACTGAGG! \x\GG‘J A(TT(_"“GA.\ GCGCTACTCCTG TSTERGTSESATPIS
AGTCTGGTCCAGGTACCTCTACTGAACCGTCOGAAGGTAGCG GPGTSTIPSTIGSAP
CICCAGGTICIAGCCCTICIGCAICCACCGGIACCGGCCCAGE GSSPS,
“TGCTTCTACCAH i GGTGCTTCT
CCGGOTACTAGCTCTACTGGTTCTCCAGGTACCTCTACCGAAC
CGTCCGAGGGTAGCGCACCAGGTACCTCTACTGAACCGTCTG
AGGGTAGCGCTCCAGGTAGCGAACCGGCAACCTCCGGTTCTG

AAACTCCA
LCW462_r5
GGTTCTACCAGCGSATCCCCTTCTGGCACTGCACCAGGTTICTA
CTAGCGAATCCCCTTCTGGTACCGCACCAGETACTTCTCEGAG
CAC AG;\A(HC\LAAA G
CCAGGTGCATCTCCTGGTACCAGCTET/ ’\CCGGTTCTC \G\JT s
GCICT: i 1 SGATGSPGASPGTS
GGGTACC G(”T(‘Tr’\ ST SPGSTSESPSGT
COTTETG g
GCACTGC, AC(‘AG"T '\((TCT‘\( c ((‘T(‘AAA(‘(GQTT( C G(TT m SIPESGSASD
CTCCA
LCW462_r9

GGLACTICIACCGAACCTICCGAGGGCAGCGCACCAGGIACL GISIEPSEGSAPGL
AAGCGCTACCCCIGAGTCCGGCCCAGGTACTICIGAA PESGI
ACTCCTGAXTCCGGIC

GGTACCICTACTGAACC LT
> G 2GCTOC TTCTGAAAGCGCTACCCCGG

AGTCCGATCCAGGTACTTCTACTGAACCT GPGTSTTPSTGSAP
CACCAGGTACTICTACTGAACCTICCGAAGGTAGCGCTCCAG GTSTEPSE
GTAGCGAACCTGCTACTICTGGTTCTGAAACCCCAGGTAGCC EPATSGSETPGSPA
CGGOTGGETOTCCGACCTCCAUUGAGGAAGGTGCTTCTCOTG GSPTSTEEGASPGT

IGTTCTCCAGGTTCTAGCCCTTCTGOTTE SSTGSPGSSPSASTG
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TACCGGTACTGGTCCAGGTTCTAGCCCTICTGCATCCACTGOT TGPGSSPSASTGTG
ACTGOTCC b

LCW462_r10
GGTAGCGAACCGGCAACCTCTGGCTCTGAAACCCCAGGTACC GSEPAT: SETPGT
SESATPLSGPGTSES
A ATPESGLGSTSESPS
CCTTCTGGCACH M (v(vTT(T’\CT AGCGAATC ((‘GT(TG GTAPGSTSESPSGT
GTACCGCACCAGGTACTTCTCCTAGCGGCGAATCTTCTACCGC APGTSPSGE
ACCAGGTGCATCTCCGGGTACTAGCTCTACCGGTTCTCCAGGT GASPOTSSTGSPGS
TCTAGCCCTICTGCTICCACTGGTACCGGCCCAGGTAGCTCTA G5
CCCCGTCTGGTGCTACTGGTTCCCCAGGTAGCTCTACTCCGTC SGATGSPGS TPSG
TGGTGCAACCGGTTCCCCAGGTAGCTCTACTCCTTCTGGTGET ATGSPGSSTPSGAT
ACTGGCTCCCCAGGTGEATCCCCTGGOACCAGCTCTACCAGTT cqvmqpx.r@w i
LCW462_r15
GGLGCIICICCGO GCICIACIGGIICICCAGGITCIA GASPGLSSTGSPGS
Gi [N CCAGGTAGCTCTACCCT SPSASTGIGPGSSL1
TTCTGGTGCA uccoc.crcrcc AGOTACTICTGAAAGCGCTACC SGATGSPGTSESAT
CCOGAATCTGUCCCAG AACCG STGG G SGSE
GAAACCCCAGOTAGEGAACCGGCTACCTCCGOTTCTGAAACT EPATSGSETP
"CAGGIACTICIGAAAG CTACTCCGGAG I CCGGICCAGGT GTSTSATPTISGPGT
ACCTCTACCGAACCGTCCGAAGGCAGCGCTCCAGGTACTICT SIEPSHGSAPGISIE
ACTGAACCTICTGAGGGTAGCGCTCCAGGTACCTCTACCGAA STCGSAPGTSTRPST,
COGTCCGAGGGTAGCGCACCAGGTACCTCTACTGAACCGTCT GSAPGTSTTPSIGS
GAGGGTAGCGCTCCAGGTAGCGAACCGGCAACCTCCGGTTCT APGSEPAISGSELP
GAAACTCCA
LCW462_r16
(v("T‘ACL'T(T4((GAACCTTCCF‘A'\GGTA(‘( GCTCCAGGTAGC GTSTEPSTGSAPGSP
Ch TGAGGAAGGTACTTCTACCG AGSPTSTIEGTSTTP
AAC Trc’rc.Ac.o(.nG CACCAGGTACCTCTGAAAGCGCAA SEGSAPGISESALE
o T ESGPGSELATSGSE
TPGTSE: ATPESGP
A GSPAGSPTSTTTH
GTACTICTG, {&-\GCUCTA(TCCTGAGT(TGGT(‘(‘AGGTACCTC STS. WPrGrPGTSTr
TACIGAACCHICOGAAGGTAGCGCTCCAGGTAGOGAACCIGC PSEGSAPGSTPATS
TACTTCTGGTTCTGAAACTCCAGGTACTTCTACCGAACCGTCC /G LS TEPSEGS
GGGTAGCGCTCCAGGTAGCGAACCTGLTACTTCTGGTTCT APGSTPATSGSTTP
GAAACTCCA
LCW462_r20
GGTACTTCTACCG vT(‘(’(‘A—\(m(‘A(‘F(‘(TF( AGGTACC GTSTEPSEGSAPGT
TCTACTGAACCTIC CGCICCAGGTACCICIACC STEPSECG I’GIS‘IE
(/A—\LL—TLT(JA—\(A(:TA(JL AGCTACTTCTACCUAAC PSEGSAPGTST
TCCGAAGGCAGCGCTCCAGGTACCTCTACTGAACCTICCGAG GSAPGIS u—mtes
(/QL Gt APGTSTRPSEGSAP
ISTEPSEGSAPGT
i X ¥ ACCCCTGAGTCC STESATPESGPGTSTES
TL TGAAAGCGUTACTCCTGAATCCGUETCC ’\(J(VT’\( TT(T'\( TG ATPESGPGISTEPSE
AACCTTCCGAAGGTAGCGCTCCAGGTAGCGAACCTGCTACTT SAPGSEPAT:
CTGGTTCTGAAACCCCAGGTAGCCCGGCTGGETCTCCGACCT
CCACCGAGGAA
LCW462_r23
GGTACTTCTACCGAACCGTCUGAGGGCAGUGOTCCAG T
TCTACTGAACCTTCTGAAGGCAGCGCTCCAGH GTACTT(‘TA(‘T
AACCTICCGAAGGTAGCGCACCAGG I ICTACCAGCGANTCCC PSE \AP(.Q TSESPS
CTTCTGGTACTGCTCCAGGTTCTACCAGCGAATCCCCTTCTGG GIAPGSISESPSGI
CACCGCACCAGGTACTICTACCCCTGAAAGCGGC TCCGOTIC T APCTSTPESGSASP
CUAGGTAGCGAACCTGCAACCTCTGGCTCTGAAACCCCAGGT GSEPATSGSETPGT
ACCTCTGAAAGCGCTACTCCTGAATCTGGCCCAGGTACTICTA ATPESGPUTSTE
TGAACCGTCCGAGGGCAGCGCACCAGGTACTTCTACTGAAC SEGSAPGIS THPSE
LGLC lG/\AGGl ‘\GLGC ACC &GGLALL iy lG AAAGCGCAACCT GSAPGTSTSATPTIS
TA CAACCCCGGAGT GPGISESATPESGE
CCGGOCCA
LCW462_r24
GGIAGCICTACCCCTICTGGIGCTACCGGC TCTCCAGGTICTA GSSIPSGATGSPGS
GECCGTCTGCTTCTACCGGTACCGATCCAGGTAGCTCTACCCC SPSASTGTGPGSSTP
TICIGETGCTACTGGTICTCCAGGIAGCCC TGO TGGCICTCOG SGATGSPGSPAGSE
ACTTCTACTGAGGAAGGTAGCCUGGOCTGOTTCTCCGACTTCTA
CTGAGGAAGGTACTICTACCGAACCTIC
“AGGIGCIICCCCGGGCACIAGCTCTACCGGTTCICCAGGTIC
66 e G
s G G Ta
CIGANCICCTGGOCCAGGTACTL AGCGGIGAATCTIC TSPGPGTSPSGISST
TACCGCTCCAGGTACCTCTACTCCGGAAAGCGGTTCTGCATCT APGISTRISGSASP
cea
LCW462_r27
GGTACCTCTACTGAACCTTCTGAGGGCAGCGCTCCAGGTACT GTSTEPSTGS. AP(‘T
TCTGAAAGCGCTACCCCGGAGTCCGGTCCAGGTACTICTACT SESATPES
GAACCGTCCGAAGGTAGCGCACCAGGTACTTCTACTGAACCG PSEGS APGTST‘EPSE
TCTGAAGGTAGCGCACCAGGTACTTCTGAAAGCGCAACCCCG GSAPGTSHSATPES
GAATCCGGOOCAGGTACCTCIGAAAGCGCAACCOCGGAG ICC GPGTSTISATPTISGP
GGCCCAGGTACTCCTGGOAGCGGTACCGCTTCTTCTTCTCCAG GTPGSGTASSSPGA
GTGCTTCTCCTGGTACT Al CTACTGGTTCTCCAGOGTGOTTC
TCCGGGCACTAGCTCTACTGGTTCTCCAGGTAGCCCTGETGGC
TCTCCGACTTCTACTGAGGAAGGTAGCCCGGCIGTTICTCCG
ACTTCTACTGAGGAAGGTACTTCTACCGAACCTTCCGAAGGT. TITGTSTTPSTGS AP
TCCA
LCW462_r28
TCTCCGACTTOCACTGAGGAAGGTACT AGSPTSTEEGT
FCAT CACCAGGTAC SIEPSEGSAPGISIE
GAACCIICIGACGGUAGCEL ICCAGOIACCICIACLE, PSEGSAPGISTEPSE
TCTGAAGUTAGCGCA UGTACCTCTGAAAGCGCAA T GSAPGTSTSATPES
G GTCCGCTCC AGGTACTICTGAAAGCGCAACCCOGGAGTCT POISESATPESGR
CCCC iTPGSGTASSSPGS
AGH lfl—\('('('(‘ 1y 4 STPSGATGSPGASP
TCCGGHCACCAGCTCTACCGGTTCT m ¢ A GISSTGSIGISIERS
CCTICTGAGGGCAGCGCTCCAGGTACTICTGAAAGCGCTACC GSAPGTSESATPE
COGGAGTCCGGTCCAGGTACTTCTACTGAACCGTCCGAAGGT SGPUTSTEPSEG!
AGCGCAC
LCW462_r38
{CCCAGRIAGCICTACCCCGICTG
GTGC '\/\((( GCTCCCCAGGTACTCCTGGTAGCGGTACCGTTT
CTTCTICTCCAGGTAGCTCTACTCCGTCTGGTGCTACCGGCTC
[&¢e CTOET ACCAGUTCTACC TTCTC GASPGTSSTGSPGS
AGCTCTACTCCTTCTGGTGCTACTGGCTCTCCAGGTGCTTCCE STPSGATGSPGASP
CGGGTACCAGCTCTACCGGTTCTCCAGGTAGCGAACCTGCT A GLSSIGSPGSEPALS
CTICTGGTTCTGAAACTCCAGGTACTTCTACCGAACCGTCCGA GSELIPGISIEPSEGS
GGOTAGOGCTOCAGATAGCGAACCTOCTACTTCTGGTTCTGA APGSEPALSGSETP
AACTCCA
LCW462_r39
GGLACCICIACIGAACCTTCCGAAGGCAGCGC lLC AGGIACC GISTEPSEG
TCTACCGAATCCOTCCGAGGGUAGOGCACC AL CTTCTGAA STFPSFEGSAPG
AGCGCAACCCCTGAATCCGGTCCAGGTAGCCCTGCTGGCTCT ATPESGPGSPAGSP
CCGACTTCTACTGACGAAGGTAGCCCGOCTGGTTCTCCGACT TSTICGSPAGSPTST
TCTACTGAGGAAGGTACTTCTACCGAACCTICCGAAGGTAGC EHGISTEPSEGSAP
GCTCCAGGTAGCCCGGCTGGTTCTCCGACTTCCACCGAGGAA GSPAGSPISTEEGT
GUTACCTCT ’\(TG‘\ ACCTTCTGAGGGTAGCGCTCCAGGTACC STEPSEGSAPGTSTE
TCTACT HGCAGCGOTCCAGGIGETTCC PSEGSAPGASPGTS
GG A g (‘TA(T(‘("TT(’TL(AG(TT(TA(C((‘GTCTGLTT S1G! SPSASTG
CTACTGGTACTGGTCCAGGTTCTAGCCCTICTGOTTCCACTAG GPGSSPSASTGTGP
TACTGGTCCA,
LCW462_r41
GGTAGCTCTACCCOGTCTGGTGCTACCGGTTCCCCAGGTGCTT GSSTPSGATGSPGA
SP(‘TSSTGSP(‘SSTP

CTCCTGGTACTAGCTCTACCGGTTCTCCAGGTAGCTCTACCCC
CluG(vlcyLnuoc,muc 3

CCAGGTGCATCTCCTGGTACTAGCTCTACTGGTTCTCCAGGTA
GCLCTACTCCGICTGGIGCAACCGGCICICCAGGTIC TAGCCT
TTCTGCATCTACCGGTACTGGTCCAGGTTCTACCAGCGAATCC
CCTTCTGGTACTGCTCCAGGTTCTACCAGCGAATCCLCTTCTG

GASPGTSSTGSPGS

SIPSGALGSIGSSLS
STGTGPGSTSTISPS

GTAPGSTSTISPSGT

GCACCGCACCAGGTACTT

ACCCCIGAAAGCUGCTICCTOT)
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CTCCA
LCW462_r42
COTTCTACCAGCGAATCTCCTTCTOGCACCGCTCCAGGTTCTA ISTSESPSGTAPGST
CTAGCGAATCCCCOTCTGGTACCGCACCAGGTACTTCTCCTAG GTSPS
CGGCGANTCTTICTACCGCACCAGG TACCICTGAAAGOGOIAC ESSTAPUGTSESATPE
“CGGAGTCTGGCCCAGGTACCTCTACTGAACCGTCTGAGGG SGPGTSTEPSEGSAP
TAGOGCTCCAGGTACTTCTACTGAACCGTCCGAAGGTAGCGT GTSTIPSTGS APGT
ACCAGCTACCTCTACTGAACCTTCTGAGGGCAGCGCTCCAGG STEPSEGSAPGISES
TACTTCTGAAAGOGCTACCCCGGAGTOCGATCCAGGT. (‘TT(‘T ATPESGPGTSTEPSE
ACTGAACCGTS G ACCAGUTA SALGSSIPSGALG
TCTGGTOCTACCGGTTCCCCAGETGCTTCTCCTGOT, \(‘IAG( J SPGASPGISSIGSP
CTACCGGTTCTCCAGGTAGCTCTAQUCCGTCTGGTGETACTCG GSSTPSGATGSP
CICrCCa
LCW462_r43
ACTGCAGAATCICCGGGCCCAGGL GSISSTAESPGPGIS
GOGE SCGCTCCAGGTACTTCTCCGAG PSGESSTAPGISPSG
LGGLGAAILHLIA((GLLL AGGTTCTACTAGCTCTACCGC Y ESSTAPGSTSSTAES
GAATCTCCGGGTY GTTCTACCAGCTCTACTGUAGAATCTC PGPGSTSSTAESPC
CTGGCCCAGGTACTICTACTCCOGAAAGCOGTTCCGCTTCTCL TSTPESUSASPGTS
AGGTACTTCTCCTAGCGGTGAATCTTCTACCGCTCCAGGTTCT HSSTAPGS 1SS
ACCAGEICIACIGEIGAATC |rr IGGOCCAGGIACTIC mrrr
COGAAAGCGGUTCCACTTY G X ASPGSISSIAESIGE
CTGAATCTCCTG GTTCTACTAGCOARTCTCCGTCTO GSTSTISPSGTAPGTS
CACCGCACCAGGTACTTCCCCTAGCGGTGAATCTTCTACTGCA PSGESSTAP
cca
LCW462_r45
GOTACCTCTACTCCGGAAAGCGGTTCCGCATCTCCAGGTTCTA GTSTPESGSASPGST
CCAGCGAATCCCCGTCTGGCACCGCACCAGGTTCTACTAGCT SESPSGTAPGSTSST
C AESPGPGISTEPSE
AS o GSAPGTSTREPSEGS
CAGCGCACCAGGTACTICTOAAAGCGCAACCCCTEANTCCGG APGTSESATPESGE
TCCAGGTACCTCTGAAAGUGCTACTCCGGAGTCTGGCCCAGG GTSESATPESGPGT
TACCTCTACTGAACCGTCTGAGGATAGCGCTCC AGGTACTICT STEPSHGSAPGISTE
¥ ACTIC I(uA—\A(L PSEGSAPGTSESATP
1CTACCGAACCGT ESGPGTSTEPSEGS
ACCTTCTGAGGGT APGTSTEPSEGSAP
LCW462_r47
GCACCAGGT. \('( GTSTEPSEGSAPGT
TCCAGGIAGCGA. SIEPSHGSAPGSELA
TTLT AAACTCCAGUTACTTCTAL TSGSETPUTSTEPSE
CTGAAGGTAGCGCACCAGGTACTTCIGAAAGCGCAACCCCGG GSAPGTSESATPIS
AATCUGGUCCAGGTALCTCTGAAAGCOCAACCOCGE, GPGTSESATPESGP
G - GASPGTSSTGSPGS
SPSASTCIGP
TACCCCGTCTGETGCTACTGOTTCCCCAGATAGCTCTACTCOG SGATGSPGSSTPSG
TCTGGTGCAACCGGTTCCCCAGGTAGCTCTACTCCTTCTGGTG S SGAT
CTACTGGCTCCCCAGGTGCATCCOCCTGGCACCAGCTCTACCG (‘SP("\SP(‘TS STGS
GTITCTCCA P
LCW462_r54
GGTAGCGAACCGGCAACCTCTGGCTCTGAAACTCCAGGTAGC
GAACCTGCAACCTCCGGCTCTGAAACCCCAGGTACTTCTACT
GAACCTICIGAGGGCAGCGCACCAGGIAGCGAACCIGCAACC PSEGSAPGSEPATS
TCTGGCTCTGAAACCCCAGGTACCTCTGAAAGCGCTACTCCT GSETPGTSESATPES
GAATCIGGUCCAGGIACTICTACTGAAC LCCGAGGGH il GPGISTEPSH( 1
GCACCAGUTAGCTCTACTCCGTCTGGTGUTACCGLGUTCTCCAG (Jb\TPSLvATUSP(;S
AGCTCTACCCCTTCTGGIGCAACCGGCTCCCCAGGTGCTTC STPSGATGSPGASP
TCCGGGTACCAGCTCTACTGGTTCTCCAGGTAGCTCTACCCCG GTSSTGSPGSSTPSG
TCIGGIGCIACCGELICCCCAGG IGCTICTCCTGGTACTAGCY ATGSPGASPGISST
CTACCGGTTCTCCAGOTAGCTCTACCCCGTCTGGTGCTACTGG S TPSGATGS
CICICCA
LCW462_r55
GGIACTTCTACCGAACCH CCGAGGGCAGO GO TTCAGGTACT GISTEPSEGSAPG
TCTACTGAACCTTCTGAAGGCAGEGCTCCAGGTACTICTACTG STEPSIGSAPGTSTE
- G A»\()(v‘l \(((J(AL(AQ((TA[TT TGAAAGCGCTA PSEGSAPGTSESATP
ESGPGTSTEPSEGS
APUTSTEPSEGSAP
GTCTGGC GETSESPSCGTAPGTS
TACTTCTCCTAGCGOTCANTCT TCIACCOCTCOAGOTACTTC PSGESSTAPGTSPSG
CCTAGCGGCGAATCTTCTACCGCTCCAGGTAGCCCGGCTGOC
TCTCCTACCTCTACTGAGUAAGGTACTTCTGAAAGCGCTACTC ITSES. A'T"'I'SGP
CTGAGTCTGGTCCAGGTACCTCTACTGAACCGTCCGAAGTTA GTSTHPSIGSAP
GCGOTCCA
LCW462_r57
GGTACTTCTACTGAACCTTCCGAAGGT: \G(‘CCT(‘( GGT x((‘ GTSTIPSEGSAPGS
(\i\A( TG TA(TT[T(J(\TF[T AAACC G FPATSGSETPGSPA
i . (3 GGTACG GSPTSTERGSPACSP
COGACUTETACTGAGOAA GOTACTICTOASAGECCARC ISTEEGLSESATPES
GAGTCCGGCCCAGGTACCTCT \CCGAAC(‘GTCTG%OGGCAGC GPGTSTEPSEGS
GCACCAGGIACCICTACIGAAC ket
,AL[A(J(JTALT STRPSFGSAPGTSES
C CTCTACT ATPCSGPGSSTPSG
i GTTCTAGCCCGTCTGCTT ATGSPGSSPSASTG
COACTOGTACTOOCCCAGOTETTCCCOOOEACCAGCTETA TGPGASPGTSSTGS
CTGUTTCTE P
LCW462_r61
GGTAGCGANCCGGCTACTTCCGAUTCTGAGACTOCAGTTAGE GSTPATSGSETPGSP
Ry Y N "CLC GGLACCICLG: AGSIISTEEGISES
TCTGGC L TCTACTGAAC TT ATPESGPGTSTIPSE
CCGAAGGCAGCGCTCOAGGTACCTCTACCGAACCOTOCGAGG GSAPGTSTIPSIGS
GCAGOGOACCAGGIACTIC TGAAAGEGCAACCCCTGAATCCG STSESATPRSGP
GTCCAGGTACCTCTACTCCUGAAAGCGGTTCCGCATCTCCAG GTSTPESGSASPGST
GTTCTACCAGCGAATCCCCGTCTGGCACCGCACCAGGTTCTA STSPSGTAPGSTSST
CTAGCTCTACTGCTGAATCTCCGGGCCCAGGTACTTCTGAAA AESPGPGTSESATP
GOGOTACTCCGGAGTCCAGTCCAGGTACCTCTACCGAACCAT ESGPGTSTEPSEGS
CGAAGGCAGCGCTCOAGGTACTTCTACTGAACCTTCTGAGG APGTSTEPSEGSAP
GTAGCGCTCCA
LCW462_r64
GGTACTTCTA: GAACC AG CTCCAGGTACT GTSTEPSEGSAPOGT
TCTACTGAACCTICT AAGOCAGCOCTCCAGGTACTTCTACTG STEPSEGSAPGTSTE
AACCTTCCGAAGGTAGCGCACCAGGTACCTCTACCGAACCGT PSEGSAPGTSTEPSE
AGGTACCTCTGAAGCGCAACTCCTG GSAPGTSFSATPIIS
AGTCCGATCCAGGTACTTCTGAARGCGCAACCCCACAGTCTG GPGTSTSATPTSGP
GG ACTCCTGGCAGCC AL TCTTCCTOTC i GIPGSGTASSSPGS
GIAGCICTACTCCGICTGEIGCAAC TG TCCCCAGG SIPSGALGSPGASE
TCCGUGTACCAGUTCTACCGGTTCTCCAGGTTCCACCAL GISSIGSPGSISSIA
ACTGCTGAATCTCCTGGTCCAGGTACCTCTCCTAGCGGTGAAT ESPGPGTSPMSESST
CTTCTACTGCTCCAGGTACTTCTACTCCTGAAACCGOCTCTGE APLTSTPESGS
TICICCA
LCW462_r67
GGIAGCCCGECAGGCICICCOACCICTACIGAGGAAGHLACY GSPAGSPISTEEGL
T(‘TGAAAGCGC AACCC AGTCCGG CCAGGTAC[ TCTACT SFSATPESGPGTSTE
a. PSEGSAPGISESATP
TSGPGSEPATSGST
TPGTSTEPSEGSAP
GSPAGSPTSTEEGT
STEPSEGSAPGISTE
PSEGSAPGTSTEPSE
GSAPGTSTEPSEGS
G APGISTEPSEGSAP
(v("T‘A(‘((‘( ACCA
LCW462_r69
GGLACITCICCGAGCGGT GISPSGESSTAPGST
CTAGCLCIACCGCLIGAATCTCCGG C(AGGMCIL( 5 SSLAHSIGIGLSPSG
COGLIGAATCTICTACTGCICCAGG IACCICIGAAAGCGCTACT ESSTAPGISESALPE
COGOAGTCTOGCCCAGGTACCTCTACTGAACCGTCTOAGGT SGPGTSTEPSEGSAP
TCCAGGTACTTCTACTGAACCGTCCGAAGGTAGUGCA GTSTEPSECGS AP
(‘( AGGTTCTAGCCCTTCTGCATCTACTGGTACTGGC COAGGTA PSASTGTGPGSSTPS
GCTCTACTCCTTCTGGTGCTACCGGCTCTCCAGGTGCTTCTCE GATGSPGASPGTSS
GGGIACTAGCTCIACCGUL TCICCAGGIACTICTACICCGGAA IGSPGISIPESGSAS
AGCGGTTCCGCATCTCCAGGTACTTCTCCTAGCGGTGAATCTT PGTSPSGTISSTAPGT
CTACTGCTCCAGGTACCTCTCCTAGCGGCGAATCTTCTACTGE SPSGLSSTAP

TCCA
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LCW462_r70
GGTACCTCTGAAAGCGCTACTCCGGAGTCTGGCCCAGGTACC GTSTSATPESGPGT
TCTACTGAACCGTCTGAGGGTAGCGLTCCAGGTACTICTACT STEPSEGSAPGTSIE
AACCGICCGAAGG IAGCGC r\rr G PSEGSAPGSPAGSP
((\A(TTL’T‘AL A\ TS PAGSPTST
EEGTSTEPSEGSAP
GSSPSASTGTGRGS
‘CCAGGTAGCTCT SIPSGATGSPGSS 1P
A((( SGATUSPGSFPATS
GSETPGTSESATPES
GPGSCPATSGSLETP
LCW462_r72
GGTACTICTACCOANCCGTCCGAAGGCAGEGCTCCAGGTACE GTSTEPSEGSAPGT
TCTACTGA GOCAGCGCICCAGGTACCICIACC STEPSHGSAPGISTE
bA—\LLT‘erMouTAoL ACCAGGTAGCTCTACCCCGTCT PSEGSAPGSSTPSG
GGTGCTACCGGTTCCCCAGGTGCTTCTCCTGGTACTAGCTCTA ATGSPGASPGTSST
CCCUTTCTCCAGGTAGCTCTACCCCGTCTGUTGCTACTGGCTC GSPGSSTPSGATGS
TCCAGGTACTTCTGAAAGCGCAACCCCTGAATCCGGTCCAGG PGISESATY
E AACCGGCTACTTCTGOCTCTIGACGAC TCCAGGIACTIC L TPATS T‘TPGT?T’W
ACCGAACCGTCCGAAGGTAGCGCACCAGGTTCTACTAGCGAA PSEGSAPGSTSESPS
CTTCTGGCACTGOACCAGG TTCTACCAGCGAATCTCCGT GTAPGSTSESPSGT
CTGGCACTGOACCAGGTACCTCTACCCOTGAAAGCGGTTCCG APUTSTPESGSAS
CTICTCCA
LCW462_r73
GGTACCTCTACTCC T(.AA'\(‘(
CTAGCTOTACCGEAG GGGOCCAGGTTCTACTAGCTC SSTAL :
TACTGCTGAATCTCCTGGCCAGGTTCTAGCCCTICTGCATCT AESPOPGSSPSAST
ACTGGTACTGGCCCAGGTAGCTCTACTCCTTCTGGTGCTACCG GLGPGSS IPSGATG
TCICCAGGIGE FICICCGRGTACTAGE TCTACCGGTICICC SPGASPGTSSTCS
HCGAACCHGCAACCTCCGG SACCUCAGGTAC GSEPATSGSETEGT
GCGC2 IGANICCGGCCCAGGIAGCCCGGE SESATPESGPGSPA
\(J(JT'T['TL CGACTTCCACTGAGGAAGGTTUTACTAGCGAATC GSPIST Lb( I 9 il’
T TCIGGCACTGCACCAGE I TCTACCAGEGANTCLCCGLCT SGTAPGSTS
GGOACTGCACCAGGTACCTCTACCOCTGAAAGUGGTTCCGCT APGTS ll’LS(JSASP
frstded
LCW462_r78
LAGCCCGGCIGOCICICCIACCICIACIGAGGAAGGIACT GSPAGSPIS IEHGL
TCTGAAAGCGH (‘T ‘A(‘T(‘CT(\ A(‘TCT!"GT( C A(‘(\TACC’TCT A(‘T SESATPESGPGTgTE
iC s
GIAPGST
TACCGCACCAGGTACTTCTCCT AGEGGE ANTCTTCTACCGCA SPCISPSGLSS a0
CCAGGTACCTCTACCGAACCTTCCGAAC CCAG GTSTEPSCGSAPGSP
AGCCCGCCAGGTICTCCTACTTCCACTG AGUAAGGTACITLT AGSPTSTIRGTSTTP
1 G STGSAPGSTPATSG
7 m TACCTCTGAAAGE SELIPGISESALPESG
CCTG: AAT(‘T(‘(‘P(’(‘A(‘CTA(‘TTCTA(‘TC AACCGTCOGAGGGC PGUSIEPSEGSAP
AGCGCACCA
LCW462_r79
GGOTACCTCTACCGAACTTTCCOANGGT. \rcncvc AGGTAGE GTSTIPSTGSAPGSP
AGSPTSTEEGTSTEP
SECSAPG ISPSGESS
TAPGTSPSGTSSTAP
GTSPSGESSTAPGST
STSPSGTAPGSTSMS
£ PSGTAPGISIIESGS
CCCTGAAAGCGOCTCCOCTTCTCCAGGTAGCGAACCTGCAAC ASPGSEPATSUSETP
CTCTGGCTCTGAAACCCCAGGTACCTCTGAAAGCGCTACTCCT GISESAIPHSGPGL
GGCCCAGGIACTICIACIGAACCGICEGAGGGCAGT STIPSTIGSAP
LCW462_r87
(("T‘M‘( GAACCGGCAACCTCTGGCTCTGAAACCCCAGGTACT GSTIPATS
AAGCGCTACTCCGGANICTGGICCAGGTACTICIGAA. SESATPESGPGLSES
AGOGCTACTCCGGAATCCGGTCCAGGTACTTCTCCGAGCGGT ATPESGPGTSPSGES
LICIACCGCACCAGGT GO SLAPGSLSSTALSE
' PGT: GESSTAPGS
TCCAGGTTCTACTAGCGAATCCCOGTCTGGTACTGCTCCAGGT TSCESPSGTAPGTSPS
ACTTCCCCTAGCGGTGAATCTTCTACTGCTCCAGGTTCTACCA GESSTAPGSTSSTA
GCTCTACCGCAGAATCTCCGGGTCCAGGTAGCTCTACTCCGTC
TGGTGCAACCGGTTCCCCAGGTAGCTCTACCCCTTCTGGTGC A
ACCGOCICCCCAGGIAGCICTACCCCTICIGGIGCAAACIGG
CTCTCC
LCW462_r88
i T(‘TF(TG(‘TA (‘A(‘(’T(‘TA(’('G(‘TT TCCAGG !

AC H CITCTGGETGCTACTGGCTCICCAGGIGO T J('( s ll’&(.rAle:L’GASP
CCOGGTACCAGCTCTACCGGTTUTCCAGGTAGCTCTA GISSIGSPGSSIPSG
CTGGTGCTACTGGTTCTCCAGGTACTCCGGGC A AGCGGTACTG ATGSPGTPGSGTAS
CTTCTTCCTETCCAGGTAGCTCTACCCUTTICTGGTGCTACTGG
CICICCA

LCW462_r89
GGTAGCTCTACCCCGTCTGGTGCTACTGGTICTCCAGGTACTC GSSTPSGATGSPGT
CGOGCAGOGOTACTGCTTCTTCCTCTCCAGGTAGCTCTACCCE PGSGTASSSPGSSTP
TICIGGIGCTACTGG SGATGSPOSPAGSP
ACCTCTACTUGAGGA. A(\[JTA(WL TGAAAGCUGCTAL TSTIRGTSTSATPTS
TCTGGTCCAGGTACCTCTACTGAACCGTCCOAAGGTAGE GPGTSTEPSCGSAP
i GAAAGCGCAACTCCTGAGICTGAC GTSESATPESGPGS
ELATSGSELPGISES
ATPISGPGTSTERSE
CCGICTGAAGG. GSAPGTSESATPES
AATCUG GPGISESALTPESGE
TCCGGECCA

Example 7: Construction of XTEN_AM288

[0344] The entire library LCW0462 was dimerized as described in Example 6 resulting in a library of XTEN_AM288 clones designated LCW0463. 1512 isolates from library LCW0463 were screened using the protocol described in
Example 6. 176 highly expressing clones were sequenced and 40 preferred XTEN_AM288 segments were chosen for the construction of multifunctional proteins that contain multiple XTEN segments with 288 amino acid residues.

Example 8: Construction of XTEN_AM432

[0345] We generated a library of XTEN_AM432 by

from library LCW0462 of XTEN_AM144 segments and segments from library LCW0463 of XTEN_AM288 segments. This new library of

XTEN_AM432 segment was designated LCWO0464. Plasmids were isolated from cultures of E. coli harboring LCW0462 and LCW0463, respectively. 1512 isolates from library LCW0464 were screened using the protocol described
in Example 6. 176 highly expressing clones were sequenced and 39 preferred XTEN_AM432 segment were chosen for the construction of longer XTENs and for the construction of multifunctional proteins that contain multiple
XTEN segments with 432 amino acid residues.

[0346] In parallel we constructed library LMS0100 of XTEN_AM432 segments using preferred segments of XTEN_AM144 and XTEN_AM288. Screening this library yielded 4 isolates that were selected for further construction

Example 9: Construction of XTEN_AM875

[0347] The stuffer vector pCW0359 was digested with Bsal and Kpnl to remove the stuffer segment and the resulting vector fragment was isolated by agarose gel purification.

[0348] We annealed the phosphorylated oligonucleotide Bsal-Ascl-KpnlforP:

AGGTGCAAGCGCAAGCGGCGCGCCAAGCACGGGAGGTTCGTCTTCACTCGAGGGTAC (SEQ ID NO: 1652) and the

CCTCGAGTGAAGACGAACCTCCCGTGCTTGGCGCGCCGCTTGCGCTTGC (SEQ ID NO: 1653) for introducing the sequencing island A (SI-A) which encodes amino acids GASASGAPSTG (SEQ ID NO: 1654) and has the
restriction enzyme Ascl recognition nucleotide sequence GGCGCGCC inside. The annealed oligonucleotide pairs were ligated with Bsal and Kpnl digested stuffer vector pCW0359 prepared above to yield pCW0466 containing SI-
A.We then generated a library of XTEN_AM443 segments by recombining 43 preferred XTEN_AM432 segments from Example 8 and SI-A segments from pCW0466 at C-terminus using the same dimerization process described in
Example 5. This new library of XTEN_AM443 segments was designated LCW0479.
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[0349] We generated a library of XTEN_AMS875 by r ini from library LCW0479 of XTEN_AM443 segments and 43 preferred XTEN_AM432 segments from Example 8 using the same dimerization
process described in example 5. This new library of XTEN_AM875 segment was designated LCW0481.

Example 10: Construction of XTEN_AM1318

[0350] We annealed the phosphorylated oligonucleotide Bsal-Fsel-KpnlforP:
AGGTCCAGAACCAACGGGGCCGGCCCCAAGCGGAGGTTCGTCTTCACTCGAGGGTAC (SEQ ID NO: 1655) and the non-phosphorylated oligonucleotide Bsal-Fsel-Kpnirev:

CCTCGAGTGAAGACGAACCTCCGCTTGGGGCCGGCCCCGTTGGTTCTGG (SEQ ID NO: 1656) for introducing the sequencing island B (SI-B) which encodes amino acids GPEPTGPAPSG (SEQ ID NO: 1657) and has the
restriction enzyme Fsel recognition nucleotide sequence GGCCGGCC inside. The annealed oligonucleotide pairs were ligated with Bsal and Kpnl digested stuffer vector pCW0359 as used in Example 9 to yield pCW0467
containing SI-B. We then generated a library of XTEN_AM443 segments by recombining 43 preferred XTEN_AM432 segments from Example 8 and SI-B segments from pCW0467 at C-terminus using the same dimerization
process described in example 5. This new library of XTEN_AM44 3 segments was designated LCW0480.

[0351] We generated a library of XTEN_AM1318 by ini from library LCW0480 of XTEN_AM443 segments and segments from library LCWO0481 of XTEN_AM875 segments using the same
dimerization process as in Example 5. This new library of XTEN_AM1318 segment was designated LCW0487.

Example 11: Construction of XTEN_AD864

[0352] Using the several consecutive rounds of dimerization, we assembled a collection of XTEN_AD864 sequences starting from segments of XTEN_AD36 listed in Example 1. These were as i in
Example 5. Several isolates from XTEN_AD864 were evaluated and found to show good expression and excellent solubility under physiological conditions. One intermediate construct of XTEN_AD576 was sequenced. This clone
was evaluated in a PK experiment in cynomolgus monkeys and a half-life of about 20 h was measured.

Example 12: Construction of XTEN_AF 864

[0353] Using the several consecutive rounds of dimerization, we assembled a collection of XTEN_AF864 sequences starting from segments of XTEN_AF36 listed in Example 3. These seq| were as i in
Example 5. Several isolates from XTEN_AF864 were evaluated and found to show good expression and excellent solubility under i i i One i iate construct of XTEN_AF540 was sequenced. This clone
was evaluated in a PK experiment in cynomolgus monkeys and a half-life of about 20h was measured. A full length clone of XTEN_AF864 had excellent solubilty and showed half-life exceeding 60h in cynomolgus monkeys. A
second set of XTEN_AF was including a seq! ing island as described in Example 9.

Example 13: Construction of XTEN_AG864

[0354] Using the several consecutive rounds of dimerization, we assembled a collection of XTEN_AG864 sequences starting from segments of XTEN_AD36 listed in Example 1. These were as i in
Example 5. Several isolates from XTEN_AG864 were evaluated and found to show good expression and excellent solubility under physiological conditions. A full length clone of XTEN_AG864 had excellent solubilty and showed
half-life exceeding 60h in cynomolgus monkeys.

Example 14: of p ing and ing CFXTEN with internal and temminal XTEN

[0355] The design, construction and evaluation of CFXTEN comprising FVIIl and one or more XTEN is accomplished using a systematic approach. The regions suitable for XTEN insertion sites include, but are to limited to regions
at or proximal to the known domain boundaries of FVIII, exon boundaries, known surface loops, regions with a low degree of order, and hydrophilic regions. By analysis of the foregoing, different regions across the sequence of the
FVIII B domain deleted (BDD) sequence have been identified as insertion sites for XTEN, non-limiting examples of which are listed in Tables 5-8, and shown schematically in FIGS. 8 and 9. Initially, individual constructs are created
(using methods described, below) in which DNA encoding a single XTEN or XTEN fragment of a length ranging from 6 to 2004 amino acid residues is inserted into the FVIIl sequence corresponding to or near (e.g., within 6 amino
acids) each of the single insertion sites identified in Table 5, Table 6, Table 7, Table 8, and Table 9, and the resulting constructs are expressed and the recovered protein then evaluated for their effects on retention of procoagulant
activity using, e.g., one of the in vitro assays of Table 49. For example, using the methods described below, constructs are made in which an XTEN sequence is inserted within the A1, A2, B, A3, C1 and C2 domain sequences of
FVIII, as well as linked to the C-terminus, and the resulting expressed fusion proteins are evaluated in a chromogenic assay of Table 49, compared to a FVIII not linked to XTEN. CFXTEN fusion proteins can be further classified
acting to high, intermediate and low categories based on the activities they exhibit. In those cases where the CFXTEN exhibits activity that is comparable or modestly reduced compared to FVIII, the insertion site is deemed
favorable. In those cases where the activity is intermediate, the insertion site can be adjusted from 1-6 amino acids towards the N- or C-terminus of the insertion site and/or the length or net charge of the XTEN may be altered and
the resulting construct(s) re-evaluated to determine whether the activity is improved. Atternatively, the XTEN is inserted into the construct with flanking cleavage sites; preferably sites that are susceptible to cleavage by proteases
found in clotting assays, such that the XTEN is released during the activation of the FVIIl component, thereby providing additional information about the suitability of the XTEN insertion site in the fusion protein.

[0356] Once all of the individual insertion sites are evaluated and the favorable insertion sites are identified, libraries of constructs are created with two, three, four, five or more XTEN inserted in the permutations of favorable sites.
The length and net charge of the XTEN (e.g., XTEN of the AE versus AG family) are varied in order to ascertain the effects of these variables on FVIII activity and physicochemical properties of the fusion protein. CFXTEN
constructs that retain a desired degree of in v#ro procoagulant FVIII activity are then evaluated in vivo using mouse and/or dog models of hemophilia A, as described in Examples below, or other models known in the art. In
addition, constructs are assayed in the presence of FVIIl inhibitors and other anti-FVIIl antibodies to determine constructs that retain activity. In addition, CFXTEN constructs are made that incorporate cleavage sequences at or
near the junction(s) of FVIIl and XTEN (e.g., sequences from Table 8) designed to release the XTEN and are evaluated for enhancement of FVIII activity and effects on terminal half-life. By the iterative process of making
constructs combining different insertion sites, varying the length and composition qualities of the XTEN (e.g., different XTEN families), and evaluation, the skilled artisan obtains, by the foregoing methods, CFXTEN with desired
properties, such as but not limited to of procoagulant FVIII activity, reduced binding with FVIII inhibitors, enhanced pharmacokinetic properties, ability to administer to a subject by different routes, and/or enhanced pharmaceutical
properties.

Example 15: of p ing and ing CFXTEN ining F\VIIl and AE_XTEN

[0357] A general scheme for producing and evaluating CFXTEN compositions is presented in FIG. 15, and forms the basis for the general description of this Example. Using the disclosed methods and those known to one of
ordinary skill in the art, together with guidance provided in the illustrative examples, a skilled artesian can create and evaluate CFXTEN fusion proteins comprising XTEN and FVIII or variants of FVIIl known in the art. The Example
is, therefore, to be construed as merely illustrative, and not limitative of the methods in any way whatsoever; numerous variations will be apparent to the ordinarily skilled artisan. In this Example, a CFXTEN of a factor VIIl BDD
linked to an XTEN of the AE family of motifs is created.

[0358] The general scheme for producing polynucleotides encoding XTEN is presented in FIGS. 11 and 12. FIG. 14 is a ic flowchart of repr ive steps in the of an XTEN ide construct in one of
the aspects of the teaching. Individual oligonucleotides 501 are annealed into sequence motifs 502 such as a 12-amino acid motif ("12-mer"), which is ligated to additional sequence motifs from a library that can multimerize to
create a pool that encompasses the desired length of the XTEN 504, as well as ligated to a smaller concentration of an oligo containing Bbsl, and Kpnl restriction sites 503. The motif libraries include specific sequence XTEN
families; e.g., AD, AE, AF, AG, AM, or AQ sequences of Table 3. As illustrated in FIG. 14, the XTEN length, in this case, is 36 amino acid residues, but longer lengths are also achieved by this general process. For example,

multimerization is performed by ligation, overlap extension, PCR assembly or similar cloning techniques known in the art that, in this case, result in a construct with 288 amino acid residues. The resulting pool of ligation products is
gel-purified and the band with the desired length of XTEN is cut, resulting in an isolated XTEN gene with a stopper sequence 505. The XTEN gene can be cloned into a stuffer vector. In this case, the vector encodes an optional
CBD sequence 506 and a GFP gene 508. Digestion is then performed with Bbsl/Hindlll to remove 507 and 508 and place the stop codon. The resulting product is then cloned into a Bsal/MHindlll digested vector containing a gene
encoding the FVIII, resulting in the gene 500 encoding a CFXTEN fusion protein with a 288 amino acid XTEN linked to the C-terminus of the factor VIIl. As would be apparent to one of ordinary skill in the art, the methods are
applied to create constructs in alternative configurations and with varying XTEN lengths or in multiple locations.

[0359] DNA sequences encoding FVIII are conveniently obtained by standard procedures known in the art from a cDNA library prepared from an appropriate cellular source, from a genomic library, or may be created synthetically
(e.g.. nucleic acid is) using DNA seq obtained from publicly available databases, patents, or literature references. In the present example, a FVIIl B domain deleted (BDD) variant is prepared as described
in Example 17. A gene or polynucleotide encoding the FVIII portion of the protein or its complement is then cloned into a construct, such as those described herein, which can be a plasmid or other vector under control of
appropriate transcription and translation sequences for high level protein expression in a biological system. A second gene or polynucleotide coding for the XTEN portion or its is i fused to the

encoding the terminus of the FVIII gene by cloning it into the construct adjacent and in frame with the gene coding for the CF, through a ligation or multimerization step. In this manner, a chimeric DNA molecule coding for (or
complementary to) the CFXTEN fusion protein is generated within the construct. Optionally, a gene encoding for a second XTEN is inserted and ligated in-frame internally to the { encoding the FVIII ding region. The
constructs are designed in different configurations to encode various insertion sites of the XTEN in the FVIII sequence, including those of Table 5, Table 6, Table 7, Table 8, and Table 9 or those illustrated in FIGS. 8-9. Optionally,
this chimeric DNA molecule is transferred or cloned into another construct that is a more appropriate expression vector; e.g., a vector appropriate for a mammalian host cell such as CHO, BHK and the like. At this point, a host cell
capable of expressing the chimeric DNA molecule is transformed with the chimeric DNA molecule, i more below, or by well-ki methods, ing on the type of cellular host, as described supra.

[0360] Host cells containing the XTEN-FVIII expression vector are cultured in conventional nutrient media modified as appropriate for activating the promoter. The culture conditions, such as temperature, pH and the like, are those
previously used with the host cell selected for expression, and will be apparent to the ordinarily skilled artisan. After expression of the fusion protein, culture broth is harvested and separated from the cell mass and the resulting
crude extract retained for purification of the fusion protein.

[0361] Gene expression is measured in a sample directly, for example, by conventional Southern blotting, Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA, 77:5201-5205 (1980)], dot
blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe, based on the sequences provided herein. Alternatively, gene expression is measured by immunological of fluorescent methods, such as
immunohistochemical staining of cells to quantitate directly the expression of gene product. Antibodies useful for il i ical staining and/or assay of sample fluids may be either monoclonal or polyclonal, and may be
prepared in any mammal. Conveniently, the antibodies may be prepared against the FVIII sequence polypeptide using a synthetic peptide based on the sequences provided herein or against exogenous sequence fused to FVIII
and encoding a specific antibody epitope. Examples of selectable markers are well known to one of skill in the art and include reporters such as enhanced green fluorescent protein (EGFP), beta-galactosidase (-gal) or
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chloramphenicol acetyltransferase (CAT).

[0362] The CFXTEN polypeptide product is purified via methods known in the art. Procedures such as gel filtration, affinity purification, salt fracti i ion aphy, size exclusion chromatography,
i i ic interaction chr or gel P is are all i that may be used in the purification. Specific methods of purification are described in Robert K. Scopes,
Protein Purification: Principles and Practice, Charles R. Castor, ed., Springer-Verlag 1994, and , et al., supra. Multi-step i ion separations are also described in Baron, et al., Crit. Rev. Biotechnol. 10:179-90 (1990)

and Below, et al., J. Chromatogr. A. 679:67-83 (1994).

[0363] As illustrated in FIG. 15, the isolated CFXTEN fusion proteins are characterized for their chemical and activity properties. An isolated fusion protein is characterized, e.g., for sequence, purity, apparent molecular weight,
solubility and stability using standard methods known in the art. The fusion protein meeting expected standards is evaluated for activity, which can be measured in vitro or in vivo by measuring one of the factor Vll-associated
parameters described herein, using one or more assays disclosed herein, or using the assays of the Examples or Table 49.

[0364] In addition, the CFXTEN FVIII fusion protein is administered to one or more animal species to determine standard pharmacokinetic parameters and pharmacodynamic properties, as described in Examples 25 and 26.

[0365] By the iterative process of producing, expressing, and recovering CFXTEN constructs, followed by their characterization using methods disclosed herein or others known in the art, the CFXTEN compositions comprising CF
and an XTEN are produced and evaluated to confirm the expected properties such as enhanced solubility, enhanced stability, improved phar inetics and reduced i icity, leading to an overall enhanced therapeutic
activity compared to the corresponding unfused FVIII. For those fusion proteins not possessing the desired properties, a different sequence or configuration is constructed, expressed, isolated and evaluated by these methods in
order to obtain a composition with such properties.

Example 16: C ion of i ids for BDD FVIII

L. Constru;

n of B domain deleted FVIIl (BDD FMII) expression vectors

[0366] The expression vector encoding BDD FVIII was created by cloning the BDD FVIIl open reading frame into the pcDNA4 vector (Invitrogen, CA) containing a polyA to allow for optimal mammalian expression of the FVIII gene,
resulting in a construct designated pBC0100. Several natural sites were identified within this construct for cloning use, including BsiWl 48, Aflll 381, PshAl 1098, Kpnl 1873, BamHI 1931, PIMI 3094, Apal 3574, Xbal 4325, Notl
4437, Xhol 4444, BstEll 4449, Agel 4500, Pmel 4527. To facilitate assay development, nucleotides encoding Myc and His tag were introduced into the FVIII open reading frame. pBC0100 was PCR amplified using the following
primers: 1) F8-BsiwI-F: tattccCGTACGgccgecaccATGCAAATAGAGCTCTCCACCT (SEQ ID NO: 1658); 2) F8-nostop-Xhol-R1: GGTGACCTCGAGcgtagaggtccigtgecteg (SEQ ID NO: 1659) to introduce Bsiwl and Xhol in
appropriate locations. The PCR product was digested with BsiWl and Xhol. PcDNA4-Myc-His/C was digested with Acc65l and Xhol, which generated two products of 5003 and 68 bps. The 5003bps product was ligated with the
digested PCR'ed FVIII fragment and used for DH5alpha transformation. The enzymes Acc65l and BsiWl create compatible ends but this ligation destroys the site for future digestion. The resulting construct was designated
pBC0102 (pcDNA4-FVIII_3-Myc-His). To facilitate the design and execution of future cloning strategies, especially ones involving the creation of BDD FVIII expression constructs that contain multiple XTEN insertions, we selected
additional unique restriction enzyme sites to incorporate, including BsiWl 908, Nhel 1829 and Clal 3281. The introduction of these sites was done via the QuikChange method (Agilent, CA) individually. The resulting construct was
designated pBC0112 (pcDNA4-FVIII_4-Myc-His). To avoid problems that may arise from the linker peptides that connects between Myc/His and FVIII/MMyc, and to remove restriction enzyme sites that are preferred for future XTEN
insertion, we mutated the sequences encoding the peptide sequences from ARGHPF (SEQ ID NO: 1660) to GAGSPGAETA (SEQ ID NO: 178) (between FVIIl and Myc), NMHTG (SEQ ID NO: 1661) to SPATG (SEQ ID NO: 1662)
(between Myc and His) via the QuikChange method. The construct was designated pBC0114 (pcDNA4-FVIII_4 TA-Myc-SPATG-His ( TA' and 'SPATG' disclosed as SEQ ID NOS 178 and 1662, respectively))
(sequence in Table 21), which was used as the base vector for the design and creation of other exp ion vectors il ing XTEN seq . Exp ion and FVIII activity data for this construct are presented in

c jon of B . VAL (BDD FV1 :

[0367] The gene encoding BDD FVIIl is i by g, Germany) in the cloning vector pMK (pMK-BDD FVIIl). The BDD FVIII proteins contain 1457 amino acids at a total molecular weight of 167539.66.
There are 6 domains within the wild-type FVIII protein, the A1, A2, B, A3, C1 and C2 domains. In the BDD FVIIl protein, most of the B domain has been deleted as it was shown to be an unstructured domain and the removal of the
domain does not alter critical functions of this protein. The pMK vector used by GeneArts contains no promoter, and can not be used as an expression vector. Restriction enzyme sites Nhel on the 5' end and Sfil, Sall and Xhol on
the 3' end are i to facilitate ing of the DNA encoding BDD FVIII into expression vectors, such as CET1019-HS (Millipore). Several unique restriction enzyme sites are also introduced into the FVIII
sequence to allow further manipulation (e.g., insertion, is) of the DNA Unique sites listed with their cut site include, but are not limited to: Sacl 391, Afill 700, Spel 966, PshAl 1417, Acc65l 2192, Kpnl 2192,
BamHI 2250, Hindlll 2658, Pfol 2960, PfIMI 3413, Apal 3893, Bsp1201 3893, Swal 4265, Olil 4626, Xbal 4644, and BstBl 4673.. The Hindlll site resides at the very end of the A2 domain and can potentially be used for modification
of the B domain. The synthesized pMK-BDD FVIIl from GeneArs does not contain a stop codon. The stop codon is introduced by amplifying a 127 bp fragment of FVIIl using the following primers: 5'-
GTGAACTCTCTAGACCCACCG-3' (SEQ ID NO: 1663); 5'-CTCCTCGAGGTCGACTCAGTAGAGGTCCTGTGCCTCG-3' (SEQ ID NO: 1664). The fragment is digested with Xbal and Sall, and ligated to Xbal /Sall digested pMK-BDD
FVIII. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs are confirmed by DNA sequencing. The construct named pBC0027 (pMK-BDD
FVIII-STOP) contains coding sequences that encode the BDD FVIII protein. The pBC0027 construct is then digested with Nhel /Sall, and ligated with Nhel/Sall digested CET1019-HS vector (Milipore). The CET1019-HS vector
contains a human CMV promoter and a UCOE sequence to facilitate gene expression. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs
are confirmed by DNA sequencing. The final construct is designated pBC0025 (CET1019-HS-BDD FVIII-STOP), which encodes the BDD FVIII protein under the control of a human CMV promoter. Introduction of the pBC0025
construct into mammalian cells is expected to allow expression of the BDD FVIII protein with procoagulant activity.

Example 17: Ci ion of i ids for BDD FVIIl ining XTEN

1. B domain AE42 Insertion

[0368] Two PCR reactions were run in parallel to insert XTEN_AE42 into the remaining B domain region of the BDD FVIII constructs. The PCR reactions involved the following primers:
cgaaagcgctacgectgagaGTGGCCCTGGCTCTGAGCCAGCCACCTCCGGCTCTGAAACCCCTGCCTC GAGCecaccagtcttgaaacgee (SEQ ID NO: 1665);
TGATATGGTATCATCATAATCGATTTCCTCTTGATCTGACTG (SEQ ID NO: 1666); agcttgaggatccagagtic (SEQ ID NO: 1667);

tctcaggegtagegetttcgCTTGTCCCCTCTTCTGTTGAGGTGGGGGAGCCAGCAGGAGAACCTGGCG CGCCyttttgagagaagctictiggt (SEQ ID NO: 1668). The PCR products then served as templates, and a second PCR was performed
to introduce the XTEN_AE42 into the FVIII encoding nucleotide sequences flanked by BamHI and Clal. This PCR product was digested with BamHI and Clal simultaneously with the digestion of PBC0114 with the same two
enzymes. The PCR product was ligated to the digested vector. This construct was designated pBC0135 (pcDNA4-FVIII_4XTEN_AE42- TA-Myc-SPATG-His) (" TA' and 'SPATG' disclosed as SEQ ID NOS 178
and 1662, respectively), and encodes the BDD FVIII with an AE42 XTEN incorporated within the residual B-domain.

n and R1648A mutation

[0369] The QuikChange method (Agilent, CA) was employed to introduce an R1648A mutation into PBC0135. This construct was designated pBC0149 (pcDNA4-FVIII_4XTEN_AE42-GAGSPGAETA-Myc- SPATG-His_R1648A)
(GAGSPGAETA' and 'SPATG' disclosed as SEQ ID NOS 178 and 1662, respecti , eliminating that FVIII p ing site.

3. B domain AE288 Insertion

[0370] XTEN_AE288 was PCR amplified using the following primers:

GCGCC) (SEQ ID NO: 1669) and

tggtgg GCTCGAGGCiggegeactgectic (SEQ ID NO: 1670). PBC0075 was used as the template for this PCR reaction. The PCR product was digested with Ascl and Xhol, and PBC0135 was digested with the same enzymes. The
PCR product was ligated to the PBC0135 fragment. This construct was designated pBC0136 (pcDNA4-FVIII_4XTEN_AE288: TA-Myc-SPATG-His) (" TA' and 'SPATG' disclosed as SEQ ID NOS 178 and 1662,
respectively), and encodes the BDD FVIII with an AE288 XTEN incorporated within the residual B-domain.

[0371] XTEN_AE288 was PCR amplified using the following primers:

GCGCC) (SEQ ID NO: 1671) and

tggtgg GCTCGAGGCiggegceactgectic (SEQ ID NO: 1672). Construct pBC0075 was used as the template for this PCR reaction. The PCR product was digested with Ascl and Xhol, and pBC0149 was digested with the same
enzymes. The PCR product was ligated to the pBC0149 fragment. This construct was designated pBC0137 (pcDNA4-FVIII_4XTEN_AE288-GAGSPGAETA-Myc-SPATG-His R1648A)

('GAGSPGAETA' and 'SPATG' disclosed as SEQ ID NOS 178 and 1662, respectively) and contains an AE288 XTEN sequence internal to the B domain, with the R1648A mutation eliminating that FVIIl processing site.
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[0372] Select XTEN fragments were PCR amplified to introduce Ascl and Xhol sites to the 5' and 3' end respectively. The PCR product was digested with Ascl and Xhol, and pBC0135 (for R1648) or pBC0149 (for A1648) were
digested with the same enzymes. The PCR product was ligated to the pBC0135 or pBC0149 vector. These constructs were designated pSD0005, 6, 7, 8, 17 and 18.

[of ion of i ids for BDD FVIll with XTEN insertion at the C terminus

1. € terminal AE288 insertion

[0373] XTEN _AE288 was PCR amplified using the following primers:

(SEQ ID NO: 1673) and tgttcggcegtttcggeccctggegeactgectic (SEQ ID NO: 1674). The construct pBC0075 was used as the template for this PCR reaction. The PCR product was digested
with Sfil, and pBC0114 was digested with the same enzyme. The PCR product was ligated to the digested pBC0114 fragment. This construct was designated pBC0145 (pcDNA4-FVIII_4-XTEN_AE288-GAGSPGAETA-Myc-SPATG-
His) (GAGSPGAETA' and 'SPATG' disclosed as SEQ ID NOS 178 and 1662, respectively), and encodes an AE288 sequence at the C-terminus of the BDD FVIII.

2. € terminal AG288 insertion

[0374] XTEN_AG288 was designed and synthesized by DNA2.0 (Menlo Park, CA). The synthesized gene was PCR amplified using the following primers: ggggccgaaacggccccgggagegtcace (SEQ ID NO: 1675) and
tottcggecgtitcggeccctgacceggtigecee (SEQ ID NO: 1676). The PCR product was digested with Sfil, and PBC0114 based vector was digested with the same enzyme. The PCR product was ligated to the digested PBC0114 fragment.
This construct was designated pBC0146 (pcDNA4-FVIII_4-XTEN_AG288-GAGSPGAETA-Myc-SPATG-His) (GAGSPGAETA' and 'SPATG' disclosed as SEQ ID NOS 178 and 1662, respectively), and encodes an AG288 sequence at
the C-terminus of the BDD FVIII.

3. € terminal AE/AG144, 288, 864 insertions

[0375] Ascl and Xhol sites were introduced into the PBC0114 based vector via QuikChange methods using the primers: 5037-PBC0114-Ascl-Xhol-F:
CAGGACCTCTACGGCGCgccagcctcgaGCGAACAAAAACTCATCTCAGAAGAGG (SEQ ID NO: 1677); 5038-PBC0114-Ascl-Xhol-R:

CCTCTTCTGAGATGAGTTTTTGTTCGClcgaggcetggcGCGCCGTAGAGGTCCTG (SEQ ID NO: 1678). Various XTEN fragments were PCR amplified with Ascl and Xhol introduced into the 5' and 3' end respectively. The PCR product
was ligated to the digested PBC0114 vector. These constructs were designated pSD0013, pSD0014, pSD0015, pSD0016, pSD0019 and pSD0020.

[of ion of i ids for BDD FVIll with inter- and intra- domain XTEN i

1. AE7. AE42 and AE144 Insertions

[0376] Four distinct strategies are used for insertion of AE42 into the designated sites (e.g., the natural or introduced restriction sites Bsiwl 48, Aflll 381, PshAl 1098, Kpnl 1873, BamHI 1931, PfIMI 3094, Apal 3574, Xbal 4325,
Notl 4437, Xhol 4444, BstEll 4449, Agel 4500, Pmel 4527, BsiM 908, Nhel 1829 and Clal 3281) within the BDD FVIIl encoding sequence, each contributing to the creation of several constructs. By design, these insertions of AE42
create Ascl and Xhol sites flanked on either side of the insertion allowing for introduction/substitution of longer XTENs, as well as XTEN with different or il P cleavage as needed. Specif , the
constructs that contain XTEN_144 insertions are listed in Table 21. These insertions were created by replacing either AE7 or AE42 with a PCRed XTEN_144 fragment flanked by Ascl and Xhol sites.

2. Double PCR-mediated method

[0377] Two PCR reactions are run in parallel to insert XTEN_AE42 into the designated site. The two PCR reactions introduce XTEN on either the 3' or the 5' end via use of a long primer that contains partial XTEN. The PCR
products then serve as templates, and a second PCR is performed to introduce the XTEN_AE42 into the FVIII encoding nucleotide sequences flanked by select restriction enzyme sites. This PCR product is digested with the
appropriate enzymes simultaneously with the digestion of PBC0114 using the same two enzymes. The PCR product is ligated to the digested vector. Using this method, constructs are created designated pBC0126, pBC0127,
pBC0128, and pBC0129, resulting in AE42 insertions at the R3, R3, P130, L216 locations respectively. The sequences are listed in Table 21. Select XTEN_144 sequences can then be PCRed to introduce Ascl and Xhol sites on
either end of the fragment, and ligate to digested FVIII-XTEN_AE42 construct. For instance, pSD0053 was created by replacing the AE42 of pBC0129 with XTEN_AE144. Other XTEN_144 constructs were created via the same
strategy and are listed in Table 21.

3. QuikChange mediated two step cloning method

[0378] The QuikChange method is employed to introduce XTEN_AE7 encoding sequences that are flanked by Ascl and Xhol into designated sites. The resulting intermediate construct is then digested with Ascl and Xhol.
XTEN_AE42 or XTEN_AE144 is PCR amplified to introduce the two sites and digested accordingly. The vector and insert are then ligated to create the final constructs. The sequences are listed in Table 21.

4. Three PCR type |l restriction enzyme mediated ligation method

[0379] Three PCR reactions are performed to create two pieces of FVIIl encoding fragments flanked by one type | restriction enzyme that correlates with a unique site within the FVIII_4 gene and one type Il enzyme (e.g. Bsal,
Bbsl, BfuAl), the third PCR reaction created the XTEN_AE42 flanked by two type Il restriction enzyme sites. The three PCR fragments are digested with appropriate enzymes and ligated into one linear piece that contains the
XTEN_AEA42 insertion within a fragment of FVIII encoding sequences. This product is then digested with appropriate unique enzymes within the FVIIl encoding sequences and ligated to the PBC0114 construct digested with the
same enzymes, and result in constructs designated pBC0130 (with XTEN insertion at residue P333), pBC0132 (with XTEN insertion at residue D403), pBC0133 (with XTEN insertion at residue R490). The sequences are listed in
Table 21. Select XTEN_144 sequences can then be PCRed to introduce Ascl and Xhol sites on either end of the fragment, and ligate to digested FVIII-XTEN_AE42 construct. For instance, pSD0001 and pSD0003 were created by
replacing the AE42 of pBC0132 with XTEN_AE144 and XTEN_AG144 respectively. Other XTEN_144 constructs listed in Table 21 were created via the same strategy.

5. Custom gene synthesis

[0380] Custom gene synthesis is p by GeneArt (| The genes are designed so that they include nucleotides encoding the XTEN_AE42 inserted in the designated site(s) and the genes are flanked by
two unique restriction enzyme sites selected within the FVIII_4 gene. The synthesized genes and PBC0114 are digested with appropriate enzymes and ligated to create the final product with the BDD FVIIl incorporating the
XTEN_AE42 between the restriction sites. Select XTEN_144 sequences can then be PCRed to introduce Ascl and Xhol sites on either end of the fragment, and ligate to digested FVIII-XTEN_AE42 construct.

[of ion of i ids with dual XTEN i i in the B domain and atthe €

[0381] The construct pBC0136, which encodes the BDD FVIII with an AE288 XTEN incorporated within the residual B-domain, is digested with BamHI and Clal, and the resulting 1372bps fragment from this digestion is the insert.
The construct pBC0146 is digested with BamHI and Clal, and the 9791bps piece from this digestion is the vector. The vector and insert are ligated together to create pBC0209, containing an AE288 insertion within the B domain
and an AG288 on the C terminus. The same strategy is utilized to create constructs containing two AE288 insertions in the B domain and at the C terminus, respectively, using PBC0145 as the vector.

[of ion of il ids with multiple XTEN i

[0382] The construct pBC0127, which encodes an AE42 XTEN at the R3 position of FVIII, is digested with Bsiwl and Aflll, and the resulting 468bps fragment from this digestion is the insert. The construct pBC0209 is digested with
BsiW and Aflll, the 10830bps piece from this digestion is the vector. The vector and insert are ligated together to create a construct designated pBC0210, containing an AE42 insertion in the A1 domain, an extra three ATR amino
acid to restore the signal cleavage sequence, an AE288 XTEN insertion within the B domain and an AG288 on the C terminus. The same methodology is used to create constructs encoding mutiple XTEN at the natural and
introduced restriction sites; e.g., Bsiwl 48, Aflll 381, PshAl 1098, Kpnl 1873, BamHI 1931, PIMI 3094, Apal 3574, Xbal 4325, Notl 4437, Xhol 4444, BsStEIll 4449, Agel 4500, Pmel 4527, BsiWl 908, Nhel 1829 and Clal 3281.

Construction of BDD FVIll-Int I-XTEN AE288 ion vectors

[0383] Two Bsal restriction enzyme sites are introduced into the PBC0027 pMK-BDD FVIII construct between the base pair 2673 and 2674 using the QuikChange method following manufacturer's protocol (Agilent Technologies,
CA). The inserted DNA are and the resulting construct is designated pBC0205 (sequence in Table 21). The DNA sequence encoding AE288 (or other variants and lengths of XTEN; e.g. AE42,
AG42, AG288, AM288) is then PCR'ed with primers that introduce Bsal sites on both the 5' and 3'. The pBC0205 vector and the insert (XTEN_288) are then digested with Bsal and ligated to create pBC0206, which encodes the
FVIII gene with an XTEN_AE288 insertion within the B domain (sequence in Table 21). The pBC0206 construct is then digested with Nhel /Sall, and ligated with Nhel/Sall digested CET1019-HS vector (Millipore). The CET1019-HS
vector contains a human CMV promoter and a UCOE sequence to facilitate gene expression. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired
constructs are confirmed by DNA sequencing. The final construct is designated pBC0207 (CET1019-HS-BDD FVIII-STOP), which encodes the BDD FVIII protein under the control of a human CMV promoter (sequence in Table 21).
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Introduction of the pBC0207 construct into mammalian cells is expected to allow expression of the BDD FVIII protein with an internal XTEN_AE288. The same protocol is used to introduce, transform and express constructs
containing other variants and lengths of XTEN; e.g. AE42, AG42, AG288, AM288, AE8B64, AG864, or other XTEN of Table 4.

Construction of BDD FVIIl-/-XTEN AE864 expression vectors

[0384] The BDD FVIII fragment with Nhel and Sfil flanking the 5' and 3' end is generated by digesting the pBC0025 construct. This digested fragment is then ligated to a Nhel/Sfil digested pSecTag vector (pBC0048 pSecTag-
FVIII-~XTEN_AE864) encoding the FVIII followed by the XTEN_AE864 sequence. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs are
confirmed by DNA sequencing. The final construct is pBC0060, which encodes the BDD FVIII-~-XTEN_AE864 protein under the control of a human CMV promoter. Introduction of the pBC0060 construct into mammalian cells is
expected to express the FVIII protein with a C terminal XTEN fusion (BDD FVIII-~XTEN_AE864) with procoagulant activity.

Construction of BDD FVIIl-/FXI/-XTEN AE864 expression vectors

[0385] The BDD FVIII fragment with Nhel and Sfil flanking the 5' and 3' end is generated by digesting the pBC0025 construct. This digested fragment is then ligated to a Nhel/Sfil digested pSecTag vector (pBC0047 pSecTag-
FVIII-FXI-XTEN_AE864) encoding the FVIII followed by the FXI cleavage sequence (/FXI/) and XTEN_AE864. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and
the desired constructs are confirmed by DNA sequencing. The final construct is pBC0051, which encodes the BDD FVIII-/FXI/~ XTEN_AE864 protein under the control of a human CMV promoter. Introduction of the pBC0051
construct into mammalian cells is expected to express the FVIII protein with a C terminal XTEN fusion (BDD FVIII-/FXI/-XTEN AE864), which could be subsequently cleaved by FXI, therefore liberating the BDD FVIII protein with
procoagulant activity.

Construction of BDD FVIIl-/FXI/-XTEN ion vectors ising AE288 or AG288

[0386] The fused AE864 XTEN sequence in pBC0060 is replaced by digesting the XTEN sequences AE288 and AG288 with Bsal and Hindlll. A subsequent ligation step using the respective AE288 or AG288 XTEN fragment and
BsalMHindlll digested pBC0051 allows the exchange of the AE288 or AG288 sequences into the BDD FVIII expression vector. The resulting final constructs are pBC0061 for BDD FVIII-AE288 and pBC0062 for BDD FVIII-AG288.
Introduction of the pBC0061 construct into mammalian cells is expected to express the FVIII protein with a C-terminal AE288 XTEN fusion (BDD FVIII-~XTEN_AE288) with procoagulant activity. Introduction of the pBC0062
construct into mammalian cells is expected to express the FVIII protein with a C-terminal AG288 XTEN fusion (BDD FVIII---XTEN_AG288) with procoagulant activity.

Construction of BDD FVIIl-/FXI/-XTEN ion vectors with XTEN

[0387] The fused XTEN sequence in pBC0051 is replaced by digesting DNA encoding other XTEN sequences (e.g. other variants and lengths of XTEN; e.g. AE42, AG42, AG288, AM288) with Bsal and Hindlll. A ligation using the
XTEN fragment and Bsal/Hindlll digested pBC0051 allows the exchange of the various XTEN-encoding sequences into the BDD FVIII expression vector, providing the alternate constructs. Introduction of the alternate constructs
into mammalian cells is expected to express the FVIII protein with a C-terminal XTEN (BDD FVIII-/FXI/-XTEN) that can be subsequently cleaved by FXI, releasing the FVIII, resulting in procoagulant FVIII fusion with procoagulant
activity.

Example 18: C ion of i ids for FVII signal peptide-XTEN-/F XI/- BDD FVIl

[of ion of ion vectors for F\II signal peptide-XTEN AE864

[0388] The coding sequences for the FVIII signal peptide is generated by annealing the following two oligos: 5'-
CTAGCATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGTG GGTCTCC-3' (SEQ ID NO: 1679); 5'-

ACCTGGAGACCCACTAAAGCAGAATCGCAAAAGGCACAGAAAGAAGCAGGTGGAGAGCTC TATTTGCATG-3' (SEQ ID NO: 1680). The annealed oligos are flanked by the Nhel and Bsal restriction enzyme sites on either end, and
is ligated to Nhel/Bsal digested pCWO0645 vector which encodes the FVII-XTEN_AE864. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants is screened by DNA miniprep and the desired constructs
are confirmed by DNA sequencing. The final construct is designated pBC0029, which encodes the signal peptide-XTEN_AE864 protein under the control of a human CMV promoter. This construct is used as an intermediate
construct for creating an expression construct with XTEN fused on the N-terminus of the FVIII protein, and can also be used as a master plasmid for creating expression constructs that allow XTEN fusion on the N-terminus of a
secreted protein.

[of ion of signal tide-XTEN AE864-/FXI/-BDD FVIIl expression vectors

[0389] An 1800bp fragment within the FVIII coding region is amplified using primers that introduce Nhel-Bbsl-/FXI/-Agel sites on the 5' and endogenous Kpnl restriction enzyme on the 3' end. The Nhel/Kpnl digested FVIII fragment
is ligated with Nhel/Kpnl digested pBC0027 vector. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired are by DNA

The resulting construct is designated pBC0052, which contains sequences that encode the /FXI~FVIII protein without the FVIII signal peptide. This construct is used as an intermediate construct for creating an expression construct
with XTEN fused on the N-terminus of the FVIII protein.

[0390] The pBC0052 vector is digested with Bbsl/Xhol enzymes, and is used to ligate with Bbsi/Xhol digested pBC0029. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA
miniprep and the desired constructs are confirmed by DNA sequencing. The final construct is designated pBC0053, which encodes the signal peptide-XTEN_AE864-/FXI/-BDD FVIII protein under the control of a human CMV
promoter. Introduction of the pBC0053 construct into mammalian cells is expected to express the FVIII protein with an N-terminal XTEN fusion (signal peptide-XTEN_AE864-/F XI/-BDD FVIII), which could be subsequently cleaved
by FXI, therefore liberating the BDD FVIII protein.

(o] ion of signal peptide-XTEN -/FXI/-BDD FVIIl expression vectors

[0391] The fused XTEN sequence in pBC0053 can be replaced by digesting other XTEN fragments (e.g. AM, AF, AG) with Bsal and Bbsl. A ligation using the XTEN fragment and Bsal/Bbsl digested pBC0053 allows the exchange
of various XTEN pieces (e.g. AM, AF, AG) into the BDD FVIII expression vector. Various XTEN fusions can increase the half lives of these proteins differently, allowing modification of the properties (e.g. efficacy, potency) of these
proteins. Introduction of any of these fusion constructs into mammalian cells is expected to express the FVIII protein with an N-terminal XTEN fusion (signal peptide-XTEN-/FXI~BDD FVIIl), in which the fused XTEN peptide can be
subsequently cleaved by FXI, generating the BDD FVIII protein.

Example 19: Construction of BDD FVIIl with interdomain XTEN insertion

Construction of BDD FVIIl expression vectors with an XTEN i ion atthe A2-B domain

[0392] The pBC0027 construct (pMK-BDD FVIII-STOP) is a cloning vector designed to contain the BDD FVIII protein coding sequences, but not a promoter positioned to initiate the expression of BDD FVIII. This construct is used
for i ion of the coding of BDD FVIII as the vector backbone contains very few restriction enzyme sites. therefore allowing easy cloning strategies. The BDD FVIII proteins contain 1457 amino acids at a total
molecular weight of 167539.66. There are 6 domains within the wild-type FVIII protein, the A1, A2, B, A3, C1 and C2 domains. In the BDD FVIII protein, most of the B domain has been deleted as it is believed to be an unstructured
domain and the removal of the domain does not alter critical functions of this protein. However, the B domain boundaries seem to be excellent positions for creating XTEN fusions to allow extension of the protein half lives.

[0393] Within the pBC0027 construct, there is a unique Hindlll restriction enzyme site at the boundary of A2-B junction. The XTEN (e.g., sequences of Tables 4, or 13-17) are amplified using primers that introduce a Hindlll and FXI
cleavage site on either end of the XTEN coding sequence. The fused XTEN sequence can be altered by amplifying various XTEN fragments. Various XTEN fusions can increase the half lives of these proteins differently, allowing
modification of the properties (e.g. efficacy, potency) of these proteins. The Hindlll-/FXI--XTEN-/F XI/-Hindlll fragment is digested with Hindlll and ligated with Hindlll digested pBC0027. The ligated DNA mixture is used to transform
DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired are by DNA i The final construct is designated pBC0054, which encodes the BDD FVIIl protein with an
interdomain XTEN fusion (FVIII(A1-A2)-/FXI~XTEN-/FXI~FVII(C1-C2)) but not a promoter to initiate gene expression.

[0394] The pBC0054 construct is digested with Nhel /Sall, and ligated with Nhel/Sall digested CET1019-HS vector (Milipore). The CET1019-HS vector contains a human CMV promoter and a UCOE sequence to facilitate gene
expression. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs are confirmed by DNA sequencing. The final construct is designated
pBC0055 (CET1019-HS- FVIII(A1-A2)-/FXI/- XTEN-/FXI-FVII(C1-C2)), which encodes the BDD FVIII protein with an interdomain (inter-A2/B domain) XTEN fusion (FVIII(A1-A2)-/FXI/-XTEN-/FXI/-FVIII(C1-C2)) under the control of
a human CMV promoter. Introduction of the pBC0055 construct into mammalian cells is expected to express the BDD FVIII protein with an interdomain XTEN fusion (FVIII(A1-A2)-/F XI-XTEN-/FXI~FVIII(C1-C2)), which could be
subsequently cleaved by FXI, therefore liberating the BDD FVIII protein.

Construction of BDD FVIIl expression vectors with an XTEN i ion at the A1-A2 domain

[0395] The pBC0027 construct is designed as a template for two PCR reactions using the following four primers:

(Reaction 1) 5-ATGATGGCATGGAAGCCTAT-3' (SEQ ID NO: 1681); 5'-ATCCCTCACCTTCGCCAGAACCTTCAGAACCCTCACCTTCAGAACCTTCACCAGAACCTTCA CCATCTTCCGCTTCTTCATTATTTTTCAT-3' (SEQ ID NO:
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1682).

(Reaction I1) 5'-TTCTGGCGAAGGTGAGGGATCTGAAGGCGGTTCTGAAGGTGAAGGTGGCTCTGAGGGTTCC GAATATGATGATGATCTTACTGATTCTGAAAT-3' (SEQ ID NO: 1683); 5-TATTCTCTGTGAGGTACCAGC-3' (SEQ ID
NO: 1684).

[0396] The PCR products generated are 150bps and 800 bps respectively. The 800 bp product is used as the template for the next round of PCR reaction with the 150bp product as one primer and 5'-
TATTCTCTGTGAGGTACCAGC-3' (SEQ ID NO: 1685) as the other. The product for the second round of PCR is 930 bps and is digested with PshAl and ACC65I restriction enzymes. This PshAl/Accé5l flanked DNA fragment is
ligated with PshAl/Acc65] digested pBC0027. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants is screened by DNA miniprep and the desired constructs are confirmed by DNA sequencing. The final
construct is designated pBC0058 (pMK-BDD FVIII-D345-XTEN Y36), which encodes the BDD FVIII protein with an interdomain (inter-A1/A2 domain) XTEN fusion after the D345 residue.

[0397] The pBC0058 construct is digested with Nhel /Sall, and ligated with Nhel/Sall digested CET1019-HS vector (Milipore). The CET1019-HS vector contains a human CMV promoter and a UCOE sequence to facilitate gene
expression. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs are confirmed by DNA sequencing. The final construct is designated
pBC0059 (CET1019-HS-BDD FVIII D345-XTEN Y36), which encodes the BDD FVIII protein with an interdomain (inter-A1/A2 domain) XTEN fusion after the D345 residue under the control of a human CMV promoter. Introduction of
the pBC0059 construct into mammalian cells is expected to express the BDD FVIII protein with an interdomain XTEN fusion (BDD FVIII D345-XTEN Y36).

Example 20: Ci ion of FVIII with il in XTEN i

Construction of BDD FVIIl expression vectors with an XTEN i ion after P598 (within the A2 domain)

[0398] The coding sequences for XTEN_Y36 is amplified using PCR techniques with the following primers: 5'-
GAAGCTGGTACCTCACAGAGAATATACAACGCTTTCTCCCCAATCCAGGTGAAGGTTCTGGT GAAGG-3' (SEQ ID NO: 1686)

5'-AACTCTGGATCCTCAAGCTGCACTCCAGCTTCGGAACCCTCAGAGCC-3' (SEQ ID NO: 1687).

[0399] The 184 bp PCR product is flanked by the Kpnl and BamHI restriction enzyme sites on either end, and is ligated to Kpnll/BamHI digested pBC0027 vector which encodes the BDD FVIII gene. The ligated DNA mixture is
used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs are confirmed by DNA sequencing. The final construct is designated pBC0056, which contains DNA sequences
encoding the FVIII protein with an XTEN_Y36 fusion after the P598 residue. This cloning strategy is used to introduce various forms of XTEN into the BDD FVIII protein by altering the template for the PCR reaction and changing
the primers accordingly.

[0400] The pBC0056 construct is digested with Nhel /Sall, and ligated with Nhel/Sall digested CET1019-HS vector (Milipore). The CET1019-HS vector contains a human CMV promoter and a UCOE sequence to facilitate gene
expression. The ligated DNA mixture is used to transform DH5a bacterial cells. Transformants are screened by DNA miniprep and the desired constructs are confirmed by DNA sequencing. The final construct is designated
pBC0057 (CET1019-HS- FVIII P598-XTEN_Y32), which encodes the BDD FVIII protein with an intradomain (within A2 domain) XTEN fusion under the control of a human CMV promoter. Introduction of the pBC0057 construct into
mammalian cells is expected to express the BDD FVIII protein with an intradomain XTEN fusion (FVIII P598-XTEN Y32).

Construction of BDD FVIIl ion vectors with other i in XTEN i

[0401] To introduce various XTEN segments into other intradomain sites within BDD FVIII (e.g., the XTEN of Tables 4, or 13-17), primers are designed that amplify XTEN with an overhang that can anneal with BDD FVIIl. The
coding sequence of FVIIl (pMK-BDD FVIII) is designed with various unique restriction enzyme sites to allow these specific insertions. The unique restriction enzymes are listed below with their cut site: Nhel 376, Sacl 391, Afill 700,
Spel 966, PshAl 1417, Acc65l 2192, Kpnl 2192, BamHI 2250, Hindlll 2658, Pfol 2960, PfIMI 3413, Apal 3893, Bsp1201 3893, Swal 4265, Olil 4626, Xbal 4644, BstBl 4673, Sall4756, and Xhol 4762. The Nhel and Sall sites on
either end of the coding sequence are used to insert the DNA fragment into a human CMV promoter driven vector, the CET1019-HS (Millipore) for exp ion in ian cells. These express the BDD FVIII protein
with an XTEN fusion with sequences listed in Table 21.

Example 21: Construction of FVIIl with XTEN insertions

CFXTEN with two XTEI

[0402] To obtain CFXTEN with two XTEN insertions in various regions (from N-termini to C-termini: A1-R1, A1-R2, A2-R1, A2-R2, B domain, a3, A3-R1, A3-R2, C-termini), contructs that expressed fusions with single-XTEN
insertions that retained FVIII activity were utilized. The coding sequence of FVIII (pBC0114 pcDNA4-FVIII_4-X10-Myc-SPATG-His extra RE) (SPATG' disclosed as SEQ ID NO: 1662) was designed with various unique restriction
enzyme sites to allow these specific combinations. The unique restriction enzymes are listed in Table 18 below with their relative sites between different regions: BsiMl (between N-termini and A1-R1), Aflll (between A1-R1 and A1-
R2), Nhel (between A1-R2 and A2-R1), Kpnl (between A2-R1 and A2-R2), BamHI (between A2-R2 and B domain), Clal (between a3 and A3-R1), PfIMI (between A3-R1 and A3-R2), Xbal (between A3-R2 and C-termini), Agel

(between FVIII C-termini and stop codon). Building blocks and restriction enzymes for cloning the libraries were chosen, as listed in the table below. The chosen components in each region were mixed at molar ratio of 1:1, and two
sets of DNA mixtures were digested with unique restriction enzymes. DNA fragments were separated with 1% agarose gel and purified by Qiagen gel extraction kit. DNA with XTEN insertion in the first desired region was regarded
as the insert (the smaller DNA fragment in agarose gel), while DNA with XTEN insertion in the second desired region was regarded as vector (the bigger DNA fragment in agarose gel). The insert and vector were ligated in order to
reconstitute the plasmid. The ligated DNA mixture was used to transform DH5a E. coli competent host cells. Transformants were screened by rolling circle amplification (RCA) and Sanger sequencing to cover approximately 3-4
times the potential library size. Unique clones were identified and minipreped. Two distinct icti i i were then used to further confirm the integrity of XTEN in each region. The amino acid and the encoding DNA
sequences for the resulting CFXTEN fusion proteins are listed in Table 21.

CEXTEN with one or two XTEN insertions within the B/a3 domain and C terminus:

[0403] The B/a3 domain and C-terminus of FVIII are unstructured regions that tolerated XTEN insertions well. The B/a3 domain further mediated interactions with other cofactors, including the von Willibrand Factor. To investigate
the optimal XTEN insertions at the B/a3 domain, select deletions and mutations of the region were made via PCR-based mutagenesis methods. Select PCR reactions and the vectors were digested with unique restriction enzymes
as listed in Table 18. DNA fragments were separated with 1% agarose gel and purified by Qiagen gel extraction kit. DNA with XTEN insertion in the first desired region was regarded as the insert (the smaller DNA fragment in
agarose gel), while DNA with XTEN insertion in the second desired region was regarded as vector (the bigger DNA fragment in agarose gel). The insert and vector were ligated in order to reconstitute the plasmid. The ligated DNA
mixture was used to transform DH5a E. coli competent host cells. Transformants were screened by colony PCR and Sanger sequencing to cover approximately 8X the potential library size. Unique clones were identified and
minipreped. One three-enzyme restriction digestion was then used to further confirm the integrity of XTEN in each region. The amino acid and the encoding DNA sequences for the resulting CFXTEN fusion proteins are listed in
Table 21.

Table 18. Cloning design for FVIIl libraries with two XTEN il
Library ID Insert components (XTEN region) Vector components (XTEN region) Resttriction enzymes
LSD0001 pSDO00S, pSDO006, pSDO007, pSDO008, pSD0017, pSD0018, pBCO136, pSD0013 (C-termini) Nhel + Clal
pBC0137 (B-domain)
LSD0002 pSDO00S, pSDO006, pSDO007, pSDO008, pSD0017, pSD0018, pBCO136, pSD0014 (C-termini) Nhel + Clal
pBC0137 (B-domain)
LSD0003 pSDO00S, pSDO006, pSDO007, pSDO008, pSD0017, pSD0018, pBCO136, pSD0019 (C-termini) Nhel + Clal
pBC0137 (B-domain)
LSD0004 pSDO00S, pSDO006, pSDO007, pSDO008, pSD0017, pSD0018, pBCO136, pSD0020 (C-termini) Nhel + Clal
pBC0137 (B-domain)
LSD0005 pSD0045, pSD0046, pSD0048, pSD0049, pSDO050, pSD0051, pSDO052 (A1-R1) {pSDO00T (A2-R1) BsiWI+AflIl
LSD0006 pSD0045, pSD0046, pSD0048, pSD0049, pSDO050, pSD0051, pSDO052 (A1-R1) JpSDO002 (A2-R1) BsiWI+AflIl
LSD0007 pSD0045, pSD0046, pSD0048, pSD0049, pSDO050, pSDO051, pSDO052 (A1-R1) {pSDO003 (A2-R1) BsiWI+AflIl
LSD0008 pSD0045, pSD0046, pSD0048, pSD0049, pSDO050, pSDO051, pSDO052 (A1-R1) {pSDO004 (A2-R1) BsiWI+AfIl
LSD0037 pSDO045, pSD0046, pSD0049, pSDO050, pSDO051, pSDO052 (A1-R1) pSD0032 (A2-R1) BsiWI+AflIl
LSD0038 pSDO039 (a3) pSD0O045, pSD0046, pSD0049, pSDO050, pSDO051, BamHI+Clal
pSD0052 (A1-R1)
LSD0039 pSD0039 (a3) pSD0032, pSD0001, pSD0003 (A2-R1) BamHI+Clal
LSD0040 pSDO040, pSDO010, pSDO041 (A3-R1) pSD0045, pSDO046, pSD0O049, pSDO0S0, pSDO051, Clal+Xbal
pSD0052 (A1-R1)
LSD0041 pSD0040, pSD0010, pSD0041 (A3-R1) pSD0032, pSDO001, pSD0003 (A2-R1) Clal+Xbal
LSD0042 pSDO062, pSDO063, pSD0O043, pSD0O044 (A3-R2) pSD0045, pSDO046, pSDO049, pSDO0S0, pSDO0S51, Clal+Xbal
pSD0052 (A1-R1)
LSD0043 pSD0062, pSD0063, pSD0043, pSD0044 (A3-R2) pSD0032, pSD0001, pSD0003 (A2-R1) Clal+Xbal
LSD0044 pSD0062, pSD0063, pSD0043, pSD0044 (A3-R2) pSD0040, pSD0010, pSD0041 (A3-R1) PAIMI + Xbal
LSD0045 pSD0039 (a3) pSD0040, pSD0O010, pSD0041 (A3-R1) BamHI+Clal
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Insert components (XTEN region) Vector components (XTEN region) Resttriction enzymes
pSDU03S (a3) pSD0063, pSDO063, pSD0043, pSD0044 (A3-R2) BamHi+Clal
LSD0047 pSDO046 (A1-R1) pSD000I, pSDO003 (A2-R1) BsiWI+AflIl
LSD0048 pSDO045, pSDO051 (A1-R1) pSD0003 (A2-R1) BsiWI+AflIl
pNLOOO6 PCR product LSD0003.006 (B Domain and C termini) BamHI+PfiMI
pNLOOO7 PCR product LSD0003.006 (B Domain and C termini) Clal+PfIMI
pNLOOO8 PCR product LSD0003.009 (B Domain and C termini) Clal+PfIMI
pNLOO09 PCR product pSDO0039 (a3 Domain) BamHI+Ascl
pNLOO10 LSD0003.006 (B Domain and C termini) pNLOQO9 (a3 Domain) Xbal+Agel

Example 22; C of BDD FVIIl vectors with 3-5 XTEN i at sites 18/26. 403, 7451656, 1720, 1900 or 2332

[0404] FVIII-fusion constructs with XTEN insertions at sites 18/26, 403, 745/1656, 1720, 1900 or 2332 were chosen to recombine and generate constructs with 3, 4, 5 or 6 XTEN insertions.

Construction of BDD FMIIl vectors with 3-5 XTEN i at sites 26. 403, 1656, 1720, or 1900

[0405] The chosen constructs with single XTEN at the desired sites were: pSD0050, pSD0001, pSD0039, pSD0010, and pSD0062. Constructs with double XTENs at the desired sites included LSD0005.002, LSD0038.001,
LSD0040.002, LSD0042.013, LSD0039.010, LSD0041.008, LSD0043.008, LSD0045.002, LSD0046.002, and LSD0044.002. Building blocks and restriction enzymes for cloning the constructs were chosen, as listed in Table 19
below. Chosen components were digested with unique restriction enzymes. DNA of inserts and vectors were separated with 1% agarose gel and purified by Qiagen gel extraction kit. The insert and vector were ligated, and then
transformed into DH5a £. colf competent host cells. Four colonies for each construct were analyzed by RCA and DNA sequencing. Clones with desired XTEN insertions were minipreped. Restriction digestions were then used to
further confirm the integrity of XTEN in each region. The amino acid and the encoding DNA sequences for the resulting CFXTEN fusion proteins are listed in Table 21. The resulting constructs were numbered pSD0077 to
pSD0092.

Construction of BDD FMIIl

vectors with 4-6 XTEN il at sites 18, 403. 1656, 1720, 1900 or 2332

[0406] Constructs pSD0077 to pSD0092 served as building blocks to generate 4- to 6-XTEN constructs with insertions at 18, 403, 1656, 1720, 1900 and 2332. Building block constructs and restriction enzymes for cloning the
constructs were chosen, as listed in Table 19 below. Chosen components were digested with unique restriction enzymes. DNA of inserts and vectors were separated with 1% agarose gel and purified by Qiagen gel extraction kit.
The insert and vector were ligated, and then transformed into DH5a E. coli competent host cells. Eight colonies for each construct were analyzed by colony PCR and DNA sequencing. Clones with desired XTEN insertions were
minipreped. Restriction digestions were then used to further confirm the integrity of XTEN in each region. The amino acid and the encoding DNA sequences for the resulting CFXTEN fusion proteins are listed in Table 21. The
resulting constructs were numbered pBC0247 to pBC0257, pNL0022, 23, 24, 25, and 30

Construction of BDD FVIl

vectors with 4-6 XTEN i at sites 18, 403, 745, 1720, 1900 or 2332

[0407] Constructs pBC0247 to pBC0252, pBC0255, pNL0022 to pNL0025 served as building blocks to generate 4- to 6-XTEN constructs with insertions at 18, 403, 745, 1720, 1900 and 2332. Building block constructs and
restriction enzymes for cloning the constructs were chosen, as listed in Table 19 below. Chosen components were digested with unique restriction enzymes. DNA of inserts and vectors were separated with 1% agarose gel and
purified by Qiagen gel extraction kit. The insert and vector were ligated, and then transformed into DH5a E£. coli competent host cells. Eight colonies for each construct were analyzed by colony PCR and DNA sequencing. Clones
with desired XTEN insertions were minipreped. Restriction digestions were then used to further confirm the integrity of XTEN in each region. The amino acid and the encoding DNA sequences for the resulting CFXTEN fusion

proteins are listed in Table 21. The resulting constructs were numbered pBC0258 to pBC0268.

able 19: Cloning design for F\MII libraries with 3-5 XTEN il at sites 26,403, 1656, 1720, or 190

Cons Na truct me Insert components (XTEN region) Vector comp (XTEN re onents gion) Restriction enzymes
pSD0077 pSDO0S0 (A1-R1) LSD0039.010 (A2-R1, a3) BsiWI+Aflll
pSDO078 pSDO010 (A3-R1) LSD0005.002 (A1-R1, A2-R1) Clal+Xbal
pSDO079 pSDO062 (A3-R2) LSD0005.002 (A1-R1, A2-R1) Clal+ Xbal
pSD0080 pSDO050 (A1-R1) LSD0045.002 (a3, A3-R1) BsiWI+Aflll
pSDO081 pSDO0S0 (A1-R1) LSD0046.002 (a3, A3-R2) BsiWI+Aflll
pSD0082 pSDO0S0 (A1-R1) LSD0044.002 (A3-R1, A3-R2) BsiWI+Aflll
pSDO083 pSDO010 (A3-R1) LSD0039.010 (A2-R1, a3) Clal+Xbal
pSDO084 pSDO062 (A3-R2) LSD0039.010 (A2-R1, a3) Clal+Xbal
pSDO085 pSDO062 (A3-R2) LSD0041.008 (A2-R1, A3-R1) PfiMI+Xbal
pSDO086 pSDO062 (A3-R2) LSD0045.002 (a3, A3-R1) PfiMI+Xbal
pSDO087 LSD0039.010 (A2-R1, a3) LSD0040.002 (A1-R1, A3-R1) Nhel+Clal
pSDO088 LSD0039.010 (A2-R1, a3) LSD0042.013 (A1-R1, A3-R2) Nhel+Clal
pSDO089 LSD0044.002 (A3-R1, A3-R2) LSD0005.002 (A1-R1, A2-R1) Clal+Xbal
pSDO0S0 LSD0044.002 (A3-R1, A3-R2) LSD0038.001 (A1-R1, a3) Clal+Xbal
pSD0091 LSD0044.002 (A3-R1, A3-R2) LSD0039.010 (A2-R1, a3) Clal+Xbal
pSD0092 LSD0044.002 (A3-R1, A3-R2) pSDO077 (A1-R1, A2-R1, a3) Clal+Xbal
pBC0247 pSDO077 LSD0050.003 Nhel+BstBI
pBC0248 pSDO078 LSD0050.003 Nhel+BstBI
pBC0249 pSDO079 LSD0050.003 Nhel+BstBI
pBC0250 pSDO080 LSD0050.003 Nhel+BstBI
pBC0251 pSDO082 LSD0050.003 Nhel+BstBI
pBC0252 pSDO080 LSD0050.003 Nhel+BstBI
pBC0253 pSDO087 LSD0050.003 Nhel+BstBI
pBC0254 pSDO088 LSD0050.003 Nhel+BstBI
pBC0255 pSDO089 LSD0050.003 Nhel+BstBI
pBC0256 pSDO0S0 LSD0050.003 Nhel+BstBI
pBC0257 pSD0092 LSD0050.003 Nhel+BstBI
pNL0O022 LSD0003.009 pSDO083 Xbal+Agel
pNL0O023 LSD0003.009 pSD0084 Xbal+Agel
pNL0O024 LSD0003.009 pSDO085 Xbal+Agel
pNL0025 LSD0003.009 pSD0086 Xbal+Agel
pNLOO30 LSD0003.009 pSDO091 Xbal+Agel
pBC0258 LSD0003.006 pBCO247 BamHI+Clal
pBC0259 LSD0003.006 pBC0248 BamHI+Clal
pBC0260 LSD0003.006 pBCO249 BamHI+Clal
pBC0261 LSD0003.006 pBCO250 BamHI+Clal
pBC0262 LSD0003.006 pBCO251 BamHI+Clal
pBC0263 LSD0003.006 pBC0252 BamHI+Clal
pBC0264 LSD0003.006 pBCO255 BamHI+Clal
pBC0265 LSD0003.006 pNL0022 BamHI+Clal
pBC0266 LSD0003.006 pNL0O023 BamHI+Clal
pBC0267 LSD0003.006 pNL0O024 BamHI+Clal
pBC0268 LSD0003.006 pNLO025 BamHI+Clal

Example 23: C

of CFXTEN

A3 domains

vectors with three or four XTENs: the first XTEN in the B domain, the second XTEN at the C-terminus, and the third or fourth XTEN insertion within the A1 or A2 or
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[0408] Libraries of CFXTEN fusion proteins were constructed with three XTEN insertions by combining coagulation-active clones with XTEN insertions in the A1, A2, or A3 domains and clones with XTEN inserted within the B

domain and at the C-t

libraries were

with a fourth XTEN added in the A1, A2, or A3 domains to select members of the 3 XTEN libraries. The design of the cloning scheme is summarized in the table

below. DNA was prepared for the inserts and vectors by restriction enzyme digestion and agarose gel purification. After ligating the inserts with the corresponding vectors, the ligated DNA mixture was used to transform DH5a

competent E. cof host cells. Transformants were screened by RCA and sequencing to cover approximately 3-4 times the potential library size. Unique clones were identified and mini-prepped. Three distinct restriction digestions
were then used to further confirm the integrity of each XTEN. The amino acid and the encoding DNA sequences for the resulting CFXTEN fusion proteins are listed in Table 21.
Table 20: Cloning design for FMIl libraries with 3 XTEN insertions at sites B domain. C-termini, and A1/A2/A3 domain

Library I D Insert co mponents (XTEN region) Vector co mponents (XTEN region) Restriction enzymes
LSD0049 LSD0003.006 (B domain and C-termini) pSDO045, pSD0046, pSD0049, pSD0050, pSD0051, pSD0052 (A1-R1) BamHI+Agel
LSD0050 LSD0003.009 (B domain and C-termini) pSDO045, pSD0046, pSD0049, pSDO050, pSD0051, pSDO052 (A1-R1) BamHI+Agel
LSD0051 LSD0003.006 (B domain and C-termini) pSDO032, pSDO001, pSDO003 (A2-R1) BamHI+Agel
LSD0052 LSD0003.009 (B domain and C-termini) pSDO032, pSDO001, pSDO003 (A2-R1) BamHI+Agel
LSD0053 pSD0040, pSDO010, pSDO041 (A3-R1) LSD0003.006 (B domain and C-termini) Clal+Xbal
LSD0054 pSD0040, pSDO010, pSDO041 (A3-R1) LSD0003.009 (B domain and C-termini) Clal+Xbal
LSD0055 pSDO062, pSDO063, pSD0043, pSD0044 (A3-R2) LSD0003.006 (B domain and C-termini) Clal+Xbal
LSD0056 pSDO062, pSDO063, pSD0043, pSD0044 (A3-R2) LSD0003.009 (B domain and C-termini) Clal+Xbal
LSD0057 pSDO001 (A2-R1) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Nhel+BamHI

and C-termini)
LSD0058 pSDO003 (A2-R1) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Nhel+BamHI
and C-termini)
LSD0059 pNLOQOS (A2-R1) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Nhel+BamHI
and C-termini)
LSD0060 pBC0246 (A2-R1) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Nhel+BamHI
and C-termini)
LSD0061 pSDO00Y (A3-R1) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Clal+Xbal
and C-termini)
LSD0062 pSDO010 (A3-R1) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Clal+Xbal
and C-termini)
LSD0063 pNLO004 (A3-R2) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  {Clal+Xbal
and C-termini)
LSD0064 pSDO063 (A3-R2) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  jClal+Xbal
and C-termini)
LSD0065 pNLO002 (A3-R2) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  iClal+Xbal
and C-termini)
LSD0066 pSDO043 (A3-R2) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  jClal+Xbal
and C-termini)
LSD0067 pNLOOO03 (A3-R2) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  jClal+Xbal
and C-termini)
LSD0068 pSDO044 (A3-R2) LSD0049.021, LSD0049.002, LSD0049.011, LSD0049.012 (A1-R1, B domain  }Clal+Xbal
and C-termini)
LSD0069 pSDO009 (A3-R1) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0070 pSDO010 (A3-R1) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0071 pNLO004 (A3-R2) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0072 pSDO063 (A3-R2) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0073 pNLO002 (A3-R2) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0074 pSD0043 (A3-R2) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0075 pNLO0O3 (A3-R2) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
LSD0076 pSD0044 (A3-R2) LSD0051.002, pBC0244, pBC0245 (A2-R1, B domain and C-termini) Clal+Xbal
pSD0093 pNLO004 (A3-R2) LSD0053.022 (A3-R1, B domain and C-termini) PfiMI+Xbal
pSD0094 pSD0063 (A3-R2) LSD0053.022 (A3-R1, B domain and C-termini) PfiMI+Xbal
pSDO095 pNLO002 (A3-R2) LSD0053.022 (A3-R1, B domain and C-termini) PfiMI+Xbal
pSDO09%6 pSD0043 (A3-R2) LSD0053.022 (A3-R1, B domain and C-termini) PfiMI+Xbal
pSD0097 pNLO0O3 (A3-R2) LSD0053.022 (A3-R1, B domain and C-termini) PfiMI+Xbal
pSDO098 pSD0044 (A3-R2) LSD0053.022 (A3-R1, B domain and C-termini) PfiMI+Xbal
pCS0001 pBC0168 (A1) LSD0055.021 (A3-R1, B domain and C-termini) BsivWi+BamH|
pCS0002 pBC0134 (A2_R2) LSD0055.021 (A3-R1, B domain and C-termini) BsivWi+BamHI
pCS0003 pBCO179 (C1) LSD0055.021 (A3-R1, B domain and C-termini) Apal+Xbal
pCS0004 pBCO143 (C1) LSD0055.021 (A3-R1, B domain and C-termini) Apal+Xbal
pCS0005 pBC0182 (C2) LSD0055.021 (A3-R1, B domain and C-termini) Apal+Xbal
pCS0006 pBCO144 (C2) LSD0055.021 (A3-R1, B domain and C-termini) Apal+Xbal
pBCO269 pBCO165 (A1_R1) LSD0003.006 (B domain and C-termini) BsiWI+BamHI
pBC0270 pBCO132 (A2_R1) LSD0003.006 (B domain and C-termini) BsiWl+BamHI
pBCO271 pBCO138 (A3_R1) LSD0003.006 (B domain and C-termini) Clal+Xbal
pBCO272 pBCO176 (A3_R2) LSD0003.006 (B domain and C-termini) Clal+Xbal
pBCO273 pSDO0001 (A2_R1) LSD0003.006 (B domain and C-termini) BsiWWI+BamHI
pBCO274 pSD0009 (A3_R1) LSD0003.006 (B domain and C-termini) Clal+Xbal
pBCO275 pNLO004 (A3_R2) LSD0003.006 (B domain and C-termini) Clal+Xbal
pBCO276 pBC0280 (A1_R1) LSD0003.006 (B domain and C-termini) BsiWI+BamHI
pBCO277 pBCO0281 (A2_R1) LSD0003.006 (B domain and C-termini) BsiWI+BamHI
pBCO278 pBC0282 (A3_R1) LSD0003.006 (B domain and C-termini) Clal+Xbal
pBCO279 pBC0283 (A3_R2) LSD0003.006 (B domain and C-termini) Clal+Xbal
L09_01 pBC0284 (CT) pBC0285, 286, 287, 288, 289, 290, 291, 292, 293 (B domain and A3_R2) Xbal+Agel
L09_01 pSD0014 (CT) pBC0285, 286, 287, 288, 289, 290, 291, 292, 293 (B domain and A3_R2) Xbal+Agel
L09_01 pSD0020 (CT) pBC0285, 286, 287, 288, 289, 290, 291, 292, 293 (B domain and A3_R2) Xbal+Agel
Table 21: DNA and Amino Acid Sequences of FMIL-XTEN C«
Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:
pBCO114 595 596
pBCO126 597 598
pBCO127 599 600
pBCO165 601 602
pBCO183 603 604
pBCO184 605 606
pBCO166 607 608
pBCO185 609 610
pBCO167 611 612
pBCO128 613 614
pBCO168 615 616
pBCO129 617 618
pBCO169 619 620
pBCO130 621 622
pBCO131 623 624
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Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:
pBCO132 625 626
pBCO170 627 628
pBCO133 629 630
pBCO171 631 632
pBCO134 633 634
pBCO172 635 636
pBCO135 637 638
pBCO149 639 640
pBCO136 641 642
pBCO137 643 644
pBCO138 645 646
pBCO139 647 648
pBCO140 649 650
pBCO173 651 652
pBCO174 653 654
pBCO175 655 656
pBCO176 657 658
pBCO177 659 660
pBCO178 661 662
pBCO141 663 664
pBCO179 665 666
pBCO180 667 668
pBCO142 669 670
pBCO143 671 672
pBCO181 673 674
pBCO182 675 676
pBCO144 677 678
pBCO145 679 680
pBCO146 681 682
pSD0001 683 684
pSD0002 685 686
pSDO003 687 688
pSDO004 689 690
pSDO005 691 692
pSDO006 693 694
pSDO007 695 696
pSDO008 697 698
pSDO009 699 700
pSDO010 701 702
pSDO011 703 704
pSDO012 705 706
pSDO013 707 708
pSDO014 709 710
pSDO017 71 712
pSD0O018 713 714
pSD0O019 715 716
pSD0020 717 718
pSD0O015 719 720
pSD0O016 721 722
pSD0021 723 724
pSD0022 725 726
pSD0023 727 728
pSD0024 729 730
pSD0025 731 732
pSD0026 733 734
pSD0O027 735 736
pSD0028 737 738
pSD0029 739 740
pSD0O030 741 742
pSD0O031 743 744
pSD0O032 745 746
pSD0O033 747 748
pSD0034 749 750
pSD0O035 751 752
pSD0O036 753 754
pSD0O037 755 756
pSD0O038 757 758
pSD0O039 759 760
pSD0040 761 762
pSD0O041 763 764
pSD0042 765 766
pSD0O043 767 768
pSD0044 769 770
pSD0O062 771 772
pSD0O063 773 774
pSD0O045 775 776
pSD0O046 777 778
pSD0O047 779 780
pSD0048 781 782
pSD0O049 783 784
pSD0O050 785 786
pSD0O051 787 788
pSD0O052 789 790
pSD0O053 791 792
pSD0O054 793 794
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Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:
pSDO055 795 796
pSDO056 797 798
pSDO057 799 800
pSDO058 801 802
pSDO059 803 804
pSDO060 805 806
pSDO061 807 808
LSD0001.002 809 810
LSD0001.005 811 812
LSD0001.006 813 814
LSD0001.011 815 816
LSD0001.012 817 818
LSD0001.013 819 820
LSD0001.016 821 822
LSD0001.021 823 824
LSD0002.001 825 826
LSD0002.002 827 828
LSD0002.014 829 830
LSD0003.004 831 832
LSD0003.006 833 834
LSD0003.009 835 836
LSD0003.014 837 838
LSD0004.010 839 840
LSD0004.011 841 842
LSD0004.014 843 844
LSD0004.016 845 846
LSD0004.022 847 848
LSD0003.016 849 850
LSD0005.002 851 852
LSD0005.004 853 854
LSD0005.005 855 856
LSD0005.011 857 858
LSD0005.018 859 860
LSD0006.002 861 862
LSD0006.005 863 864
LSD0006.007 865 866
LSD0006.011 867 868
LSD0007.002 869 870
LSD0007.004 871 872
LSD0007.013 873 874
LSD0008.001 875 876
LSD0008.002 877 878
LSD0008.006 879 880
LSD0008.009 881 882
LSD0008.017 883 884
LSD0002.025 885 886
LSD0002.013 887 888
LSD0003.025 889 890
LSD0004.025 891 892
LSD0003.005 893 894
LSD0007.008 895 896
LSD0044.002 897 898
LSD0044.005 899 900
LSD0044.039 901 902
LSD0044.022 903 904
LSD0044.003 905 906
LSD0044.001 907 908
LSD0038.001 909 910
LSD0038.003 91 912
LSD0038.008 913 914
LSD0038.012 915 916
LSD0038.013 97 918
LSD0038.015 919 920
LSD0039.001 921 922
LSD0039.003 923 924
LSD0039.010 925 926
LSD0045.001 927 928
LSD0045.002 929 930
LSD0042.014 931 932
LSD0042.023 933 934
LSD0042.006 935 936
LSD0042.013 937 938
LSD0042.001 939 940
LSD0042.039 941 942
LSD0042.047 943 944
LSD0042.003 945 946
LSD0042.004 947 948
LSD0042.008 949 950
LSD0042.038 951 952
LSD0042.082 953 954
LSD0042.040 955 956
LSD0037.002 957 958
LSD0037.009 959 960
LSD0037.011 961 962
LSD0047.002 963 964
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Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:

LSD0047.005 965 966

LSD0048.007 967 968

LSD0046.001 969 970

LSD0046.002 971 972

LSD0046.003 973 974

LSD0040.011 975 976

LSD0040.042 977 978

LSD0040.002 979 980

LSD0040.008 981 982

LSD0040.021 983 984

LSD0040.037 985 986

LSD0040.046 987 988

LSD0040.003 989 990

LSD0040.006 991 992

LSD0040.007 993 994

LSD0040.010 995 996

LSD0040.039 997 998

LSD0040.052 999 1000
LSD0041.001 1001 1002
LSD0041.004 1003 1004
LSD0041.006 1005 1006
LSD0041.008 1007 1008
LSD0041.010 1009 1010
LSD0041.014 1011 1012
LSD0041.016 1013 1014
LSD0041.035 1015 1016
LSD0043.001 1017 1018
LSD0043.002 1019 1020
LSD0043.005 1021 1022
LSD0043.006 1023 1024
LSD0043.007 1025 1026
LSD0043.008 1027 1028
LSD0043.015 1029 1030
LSD0043.029 1031 1032
LSD0043.043 1033 1034
pSD0077 1035 1036
pSDO078 1037 1038
pSDO079 1039 1040
pSDO080 1041 1042
pSDO081 1043 1044
pSD0082 1045 1046
pSDO083 1047 1048
pSDO084 1049 1050
pSDO085 1051 1052
pSD0O086 1053 1054
pSD0O087 1055 1056
pSD0O088 1057 1058
pSD0O089 1059 1060
pSD0O090 1061 1062
pSD0O091 1063 1064
pSD0092 1065 1066
LSD0049.002 1067 1068
LSD0049.008 1069 1070
LSD0049.011 1071 1072
LSD0049.012 1073 1074
LSD0049.020 1075 1076
LSD0049.021 1077 1078
LSD0050.002 1079 1080
LSD0050.003 1081 1082
LSD0050.007 1083 1084
LSD0050.010 1085 1086
LSD0050.012 1087 1088
LSD0050.014 1089 1090
LSD0051.002 1091 1092
LSD0051.003 1093 1094
LSD0052.001 1095 1096
LSD0052.003 1097 1098
LSD0053.021 1099 1100
LSD0053.022 1101 1102
LSD0053.024 1103 1104
LSD0054.021 1105 1106
LSD0054.025 1107 1108
LSD0054.026 1109 1110
LSD0055.021 Rk 112
LSD0055.022 113 114
LSD0055.026 115 116
LSD0056.021 117 118
LSD0056.024 119 120
LSD0056.025 121 122
pNLO0O1 123 1124
pNLO002 125 126
pNLO003 127 128
pNLO004 129 130
pNLO00S 131 132
pNLO006 133 1134
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Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:
pNLO0O7 1135 1136
pNLO008 137 1138
pNLO009 139 1140
pNLOO10 141 142
pBC0244 1143 1144
pBC0245 1145 1146
pBC0246 1147 1148
pBC0247 1149 150
pBC0248 151 152
pBC0249 153 1154
pBC0250 155 1156
pBC0251 157 1158
pBC0252 159 1160
pBC0253 161 162
pBC0254 1163 1164
pBC0255 1165 1166
pBC0256 167 1168
pBC0257 1169 170
pBC0259 M7 172
pBC0260 173 174
pBC0262 175 176
pBC0263 n77 178
pBC0264 179 1180
pBC0266 1181 182
pBC0267 1183 1184
pBC0268 1185 1186
pNLOO16 187 1188
pNLOO17 1189 1190
pNLOO18 191 192
pNLO022 193 1194
pNLO023 1195 1196
pNLO024 197 1198
pNLO025 1199 1200
pNLOQ30 1201 1202
LSD0057.001 1203 1204
LSD0057.004 1205 1206
LSD0057.005 1207 1208
LSD0057.010 1209 1210
LSD0058.003 1211 1212
LSD0058.005 1213 1214
LSD0058.006 1215 1216
LSD0059.002 1217 1218
LSD0059.003 1219 1220
LSD0059.005 1221 1222
LSD0059.006 1223 1224
LSD0060.001 1225 1226
LSD0060.003 1227 1228
LSD0060.004 1229 1230
LSD0061.002 1231 1232
LSD0061.007 1233 1234
LSD0061.008 1235 1236
LSD0061.012 1237 1238
LSD0062.001 1239 1240
LSD0062.002 1241 1242
LSD0062.006 1243 1244
LSD0062.007 1245 1246
LSD0063.001 1247 1248
LSD0063.003 1249 1250
LSD0063.011 1251 1252
LSD0064.017 1253 1254
LSD0064.018 1255 1256
LSD0064.020 1257 1258
LSD0064.021 1259 1260
LSD0065.001 1261 1262
LSD0065.007 1263 1264
LSD0065.014 1265 1266
LSD0066.001 1267 1268
LSD0066.002 1269 1270
LSD0066.009 1271 1272
LSD0066.011 1273 1274
LSD0067.004 1275 1276
LSD0067.005 1277 1278
LSD0067.006 1279 1280
LSD0067.008 1281 1282
LSD0068.001 1283 1284
LSD0068.002 1285 1286
LSD0068.005 1287 1288
LSD0068.010 1289 1290
LSD0069.004 1291 1292
LSD0069.008 1293 1294
LSD0070.003 1295 1296
LSD0070.004 1297 1298
LSD0070.005 1299 1300
LSD0071.001 1301 1302
LSD0071.002 1303 1304
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Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:
LSD0071.008 1305 1306
LSD0072.001 1307 1308
LSD0072.002 1309 1310
LSD0072.003 1311 1312
LSD0073.002 1313 1314
LSD0073.004 1315 1316
LSD0073.006 1317 1318
LSD0074.007 1319 1320
LSD0074.010 1321 1322
LSD0074.011 1323 1324
LSD0075.003 1325 1326
LSD0075.004 1327 1328
LSD0075.007 1329 1330
LSD0076.002 1331 1332
LSD0076.003 1333 1334
pSDO093 1335 1336
pSD0094 1337 1338
pSDO095 1339 1340
pSDO0%6 1341 1342
pSDO097 1343 1344
pSDO098 1345 1346
pSDO099 1347 1348
pSDO100 1349 1350
pSDO101 1351 1352
pSDO102 1353 1354
pSDO103 1355 1356
pSDO104 1357 1358
pCS0001 1359 1360
pCS0002 1361 1362
pCS0003 1363 1364
pCS0004 1365 1366
pCS0005 1367 1368
pCS0006 1369 1370
pBC0269 1371 1372
pBC0270 1373 1374
pBC0271 1375 1376
pBC0272 1377 1378
pBC0273 1379 1380
pBC0274 1381 1382
pBC0275 1383 1384
pBC0276 1385 1386
pBC0277 1387 1388
pBC0278 1389 1390
pBC0279 1391 1392
pBC0280 1393 1394
pBC0281 1395 1396
pBC0282 1397 1398
pBC0283 1399 1400
pBC0284 1401 1402
pBC0285 1403 1404
pBC0286 1405 1406
pBC0287 1407 1408
pBC0288 1409 1410
pBC0289 1411 1412
pBC0290 1413 1414
pBC0291 1415 1416
pBC0292 1417 1418
pBC0293 1419 1420
pBC0294 1421 1422
pBC0295 1423 1424
pBC0296 1425 1426
pBC0297 1427 1428
pBC0298 1429 1430
pBC0299 1431 1432
pBCO300 1433 1434
pBC0O301 1435 1436
pBC0O302 1437 1438
pBCO303 1439 1440
pBC0O304 1441 1442
pBCO305 1443 1444
pBC0O306 1445 1446
pBC0O307 1447 1448
pBC0O308 1449 1450
pBC0O309 1451 1452
pBCO0310 1453 1454
pBCO311 1455 1456
pBC0312 1457 1458
pBCO313 1459 1460
pBC0314 1461 1462
pBC0315 1463 1464
pBC0316 1465 1466
pBC0317 1467 1468
pBC0318 1469 1470
pBC0319 1471 1472
pBC0320 1473 1474
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Construct Name Amino acid sequence disclosed as SEQ ID NO: DNA sequence disclosed as SEQID NO:

pBCO321 1475 1476
PBC0322 1477 1478
PBC0323 1479 1480
pNLO040 1481 1482
pNLO041 1483 1484
pNL0O042 1485 1486
pNLO043 1487 1488
Example 24: ion of ian Cells, Exp! ion of FVIII-XTEN and Assessment of FVIIl Activity

[0409] Mammalian cells, including but not limited to CHO, BHK, COS, and HEK293, are suitable for transformation with the vectors of the Examples, above, in order to express and recover FVIII-XTEN fusion protein. The following
are details for methods used to express BDD FVIII and FVIII-XTEN fusion protein constructs pBC0114, pBC0135, pBC0136, pBC0137, pBC0145, pBC0146, and pBC0149 by transient transfection, which includes electroporation
and chemical (PEI) transfection methods.

[0410] Adherent HEK293 cells purchased from ATCC were revived in medium of vendor's recommendation and passaged for a few generations before multiple vials were frozen in the medium with 5% DMSO. One vial was revived
and passaged one more time before transfection. The HEK293 cells were plated 1-2 days before transfection at a density of approximately 7x 10% per ml in one T175 per transfection, using 35 ml medium. On the day of
transfection the cells were trypsinized, detached and counted, then rinsed in the medium until an even cell suspension was achieved. The cells were counted and an appropriate volume of cells (based on cell count above) were

transferred to 50mL centrifuge tube, such that there were approximately 4 x 108 cells per transfection. Cells were centrifuged for 5min at 500 RCF, the supernatant discarded, and the cells resuspended in 10m| of D-PBS.

[0411] Electroporation: For electroporation, an appropriate volume of resuspension buffer was added using a micropipette (supplied in the Neon™ Transfection System 100 pL Kit), such that 110 pl of buffer was available per
transfection. Separate volumes of 110 pl of cell suspension were added to each Eppendorf tube containing 11 pl of plasmid DNA for each of the individual FVIII-XTEN constructs for a total of 6 ug (volume of DNA may be less, gs to
11 pl with sterile H20). A Neon™ Transfection Device was used for transfection. The program was set to electroporate at 1100v for a pulse width of 20ms, for a total of two pulses. A Neon™ Tube (supplied in the Neon™
Transfection System 100 pL Kit) was placed into Neon™ Pipette Station. A volume of 3 mL of Electrolytic Buffer E2 (supplied in the Neon ™ Transfection System 100 L Kit) was added to the Neon™ Tube. Neon™ Pipettes and 100
pl Neon™ Tips were used to electroporate 100 i of cell-plasmid DNA mixture using the Neon™ Pipette Station. The electroporation was executed and when complete, the Neon™ Pipette was removed from the Station and the
pipette with the transfected cells was used to transfer the cells, with a circular motion, into a 100 mm x 20mm petri plate containing 10 ml of Opti-MEM | Reduced-Serum Medium (1X, Invitrogen), such that transfected cells were
evenly distributed on plate. The cells for each transfection were incubated at 37°C for expression. On day 3 post-transfection, a 10% volume of salt solution of 10mM Hepes, 5mM CacCl;, and 4M NaCl was added to each cell

culture and gently mixed for 30 minutes. Each cell culture was transferred to a 50 ml conical centrifuge tube and was centrifuged at 3000 rpm for 10 minutes at 4°C. The supernatants for each culture were placed into a new 50 ml
conical tube and then split into aliquots of 5x1 mlin Eppendorf and 2x15ml conical tubes for assay or were flash frozen before testing for expression of FVIII-XTEN in ELISA and performance in an FVIII activity assay, as described
herein.

[0412] Chemical tr ion: Chemical ion can be I using standard methods known in the art. In the present Example, PEI is utilized, as described.

[0413] Suspension 293 Cells are seeded the day before transfection at 7 x 10° cells/mL in sufficient Freestyle 293 (Invitrogen) medium to provide at least 30 ml working volume, and incubated at 37°C. On the day of transfection,
an aliquot of 1.5 ml of the transfection medium is held at room temperature, to which 90 uL of 1mg/ml PEl is added and vortexed briefly. A volume of 30 ul of DNA encoding the FVIII-XTEN_AE288 construct (concentration of
1mg/ml) is added to the PEI solution, which is vortexed for 30 sec. The mixture is held at room temperature for 5-15 min. The DNA/PEI mixture is added to the HEK293 cells and the suspension is incubated at 37°C using pre-
established shake flask conditions. About four hours after the addition of the DNA/PEI mix, a 1x volume of expansion media is added and the cells incubated at 37°C for 5 days. On the day of harvest, a 10% volume of salt solution
of 10mM Hepes, 5mM CaCl;, and 4M NaCl is added to the cell culture and gently mixed for 30 minutes. The cell culture is transferred to a 50 ml conical centrifuge tube and is centrifuged at 4000 rpm for 10 minutes at 4°C. The
supernatant is placed into a new 50 ml conical tube and then split into aliquots of 5x1 ml in Eppendorf and 2x15ml conical tubes for assay or are flash frozen before testing for expression of FVIII-XTEN in ELISA and/or
performance in an FVIIl activity assay, as described herein.

Generation of stable pools and cell lines that produce FVIIl-XTEN

[0414] Stable pools are generated by culturing transfected cells for 3-5 weeks in medium containing selection antibiotics such as puromycin, with medium change every 2-3 days. Stable cells can be used for either production or
generation of stable clones. For stable cell line selection during primary screening, cells from stable pools either from on-going passaging or revived from frozen vials are seeded in 96-well plates at a target density of 0.5 celliwell.
About 1 week after seeding spent medium from wells with single cell cluster as observed under microscope are tested for expression of FVIII by activity assay or antigen measurement.

[0415] For additional rounds of screening, normalized numbers of cells are seeded in multi-well plates. Spent medium is harvested and tested for FVIIl concentration by ELISA and FVIII activity assay. Cells would also be harvested
from the plates and counted using Vi-Cell. Clones are ranked by (1) FVIII titers according to ELISA and activity; (2) ratios of ELISA titer/cell count and activity titer/cell count; and (3) integrity and homogeneity of products produced
by the clones as measured by Western blots. A number of clones for each of the constructs are selected from the primary screening for additional rounds of screening.

[0416] For the second round of screening, cells in 96-well plates for the top clones selected from primary screening are first expanded in T25 flasks and then seeded in duplicate 24-well plates. Spent medium is collected from the
plates for FVIII activity and antigen quantification and cells harvested and counted by Vi-Cell. Clones are ranked and then selected according to titers by ELISA and activity assay, ELISA titer/cell and activity titer/cell count ratios.
Frozen vials are prepared for at least 5-10 clones and again these clones were screened and ranked according to titers by ELISA and activity, and ratios of ELISA titer/cell count and activity titer/cell count, and product integrity and
homogeneity by Western blot, and 2-3 clones are selected for productivity evaluation in shake flasks. Final clones are selected based on specific productivity and product quality.

Production of FVIII-XTEN secrete cell culture medium by suspension 293 stable clones

[0417] HEK293 stable cell clones selected by the foregoing methods are seeded in shake flasks at 1-2 x 10° celis/ml in expression medium. Cell count, cell viability, FVIIl activity and antigen expression titers are monitored daily. On
the day when FVIII activity and antigen titers and product quality are optimal, the culture is harvested by either centrifugation/sterile filtration or depth filtration/sterile filtration. The filtrate is either used immediately for tangential flow
filtration (TFF) processing and purification or stored in -80°C freezer for TFF processing and purification later.

Example 25: ification and CI ization of CFXTEN C

[0418] Exemplary methods for the purification and characterization of CFXTEN constructs with one or more XTEN follow.

PBurification of FVII-XTEN AE864 by FVIIl affinity chromatography

[0419] CFXTEN containing supernatant is filtered using a Cuno ZetaPlus Biocap filter and a Cuno BioAssure capsule and subsequently concentrated by tangential flow filiration using a Millipore Pellicon 2 Mini cartridge with a
30,000 Da MWCO. Using the same tangential flow filtration cartridge the sample is diafitered into 10 mM histidine, 20 mM calcium chloride, 300 mM sodium chloride, and 0.02% Tween 80 at pH 7.0. FVIlISelect resin (GE 17-5450-
01) selectively binds FVIII or B domain deleted FVIII using a 13kDa recombinant protein ligand coupled to a chromatography resin. The resin is equilibrated with 10 mM histidine, 20 mM calcium chloride, 300 mM sodium chloride,
and 0.02% Tween 80 at pH 7.0 and the supernatant loaded. The column is washed with 20 mM histidine, 20 mM calcium chloride, 300 mM sodium chloride, and 0.02% Tween 80 at pH 7.0, then is washed with 20 mM histidine, 20
mM calcium chloride, 1.0 M sodium chloride, and 0.02% Tween 80 at pH 7.0, and eluted with 20 mM histidine, 20 mM calcium chloride, 1.5 M sodium chloride, and 0.02% Tween 80 dissolved in 50% ethylene glycol at pH 7.0.

[of ion and Buffer by T: ial Flow Filtration and Diafiltration

[0420] Supernatant batches totaling at least 10 L in volume, from stable CHO cells lines expressing CFXTEN are filtered using a Cuno ZetaPlus Biocap filter and a Cuno BioAssure capsule. They are subsequently concentrated
approximately 20-fold by tangential flow filtration using a Millipore Pellicon 2 Mini cartridge with a 30,000 Da MWCO. Using the same tangential flow filtration cartridge the sample is diafiltered with 10 mM histidine, 20 mM calcium
chloride, 300 mM sodium chloride, and 0.02% Tween 80 at pH 7.0 10 mM tris pH 7.5, 1 mM EDTA with 5 volumes worth of buffer exchange. Samples are divided into 50 ml aliquots and frozen at -80°C.

of CEXTEN by Anion

[0421] Using an Akta FPLC system the sample is purified using a SuperQ-650M column. The column is equilibrated into buffer A (0.02 mol/L imidazole, 0.02 moliL glycine ethylester hydrochloride, 0.1 5 mol/L, NaCl, 2.5% glycerol,
pH 6.9) and the sample loaded. The sample is eluted using buffer B (5 mmol/L histidine HCI (His/HCI), 1.15 mol/L NaCl, pH 7.0). The 215 nm chromatogram is used to monitor the elution profile. The eluted fractions are assayed
for FVIII by ELISA, SDS-PAGE or activity assay. Peak fractions are pooled and stored or j to thrombin activation i i (O'Brien et al., Blood (1990) 75:1664-1672). Fractions are assayed for FVIII activity using an
aPTT based factor assay. A Bradford assay is performed to determine the total amount of protein in the load and elution fractions.

of CEXTEN by It jon C

[0422] CFXTEN samples in Buffer A (50 mmolA histidine, 1 mmolA CaCl 2, 1 M NaCl, and 0.2 g/l Tween 808, pH 7.0) are loaded onto a toyopearl ether 650M resin equilibrated in Buffer A. The column is washed with 10 column
volumes of Buffer A to remove DNA, incorrectly folded forms and FVIII, and other contaminant proteins. The CFXTEN is eluted with Buffer B (25 mmolA histidine, 0.5 mmolA CaCl 2 and 0.4 molA NaCl, pH 7.0) as a single step
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elution (US patent 6005082). Fractions are assayed for FVIII activity using an aPTT based factor assay. A Bradford assay is performed to determine the total amount of protein in the load and elution fractions.

Removal of Aggregated protein from monomeric CEXTEN with Anion Cl

[0423] Using an Akta FPLC system the sample is purified using a macrocap Q column. The column is equilibrated into buffer A (20 mM MES, 1mM CaClI2, pH 7.0) and the sample is loaded. The sample is eluted using a linear
gradient of 30% to 80% buffer B (20 mM MES, 1mM CacCl2, pH 7.0 + 500 mM NaCl) over 20 column volumes. The 215 nm chromatogram is used to monitor the elution profile. The fractions corresponding to the early portion of the
elution contain primarily monomeric protein, while the late portion of the elution contains primarily the aggregated species. Fractions from the macrocapQ column is analyzed via size exclusion chromatography with 60 cm BioSep
G4000 column to determine which to pool to create an aggregate free sample.

Activation of FMll by Thromb

[0424] Purified FVIIl in 5 mmol/L histidine HCI (His/HCI), 1.15 mol/L NaCl, pH 7.0 is treated with thrombin at a 1:4 ratio of units of human thrombin to units FVIII, and the sample is incubated at 37°C for up to 2 hours. To monitor the
activation process, aliquots of this sample are then withdrawn, and acetone precipitated by the addition of 4.5 vol ice-cold acetone. The sample is incubated on ice for 10 minutes, and the precipitate is collected by centrifugation at
13,000 g in a microfuge for 3 minutes. The acetone is removed, and the precipitate is resuspended in 30 uL SDS-PAGE reducing sample buffer and boiled for 2 minutes. Samples are then assayed by SDS-PAGE or western blot.
The conversion of FVIII to FVIlla is examined by looking for the conversion of the heavy chain into 40 and 50 kDa fragments and the conversion of the light chain into a 70 kDa fragment (O'Brien et al., Blood (1990) 75:1664-1672).

SEC Analysis of CFXTEN

[0425] FVII-XTEN purified by affinity and anion exchange chromatography is analyzed by size exclusion chromatography with 60 cm BioSep G4000 column. A isp pulation with a hydr ic radius of ~10 nm /
apparent MW of ~1.7 MDa (XTEN-288 fusion) or ~12 nm / an apparent MW of 5.3 MDa (XTEN-864 fusion) is indicative of an aggregation-free sample. CFXTEN is expected to have an apparent molecular weight factor up to or
about 8 (for an XTEN-288 fusion with FVIII) or up to or about ~15 (for an XTEN-864 fusion with FVIII).

ELISA based C: i ination of CEXTEN

[0426] The quantitative determination of factor VIll / CFXTEN antigen concentrations using the double antibody enzyme linked immuno-sorbent assay (ELISA) is performed using proven antibody pairings (VisuLizeYM FVIII Antigen
kit, Affinity Biologicals, Ontario Canada). Strip wells are precoated with sheep polyclonal antibody to human FVIII. Plasma samples are diluted and applied to the wells. The FVIII antigen that is present binds to the coated antibody.
After washing away unbound material, peroxidase-labeled sheep detecting antibody is applied and allowed to bind to the captured FVIIl. The wells are again washed and a solution of TMB (the peroxidase substrate
tetramethylbenzidine) is applied and allowed to react for a fixed period of time. A blue color develops which changes to yellow upon quenching the reaction with acid. The color formed is measured spectrophotometrically in a
microplate reader at 450 nm. The absorbance at 450 nm is directly proportional to the quantity of FVIII antigen captured onto the well. The assay is calibrated using either the calibrator plasma provided in the kit or by substituting a
CFXTEN standard in an appropriate matrix.

Assessment of CEXTEN Activity via a FXa Coupled Chromogenic Substrate Assay

[0427] Using the Chromogenix Coamatic Factor VIII (Chromogenix, cat# 82258563) the activity of FVIIl or CFXTEN comprising FVIIl is assessed as follows. In the presence of calcium ions and phospholipids, factor X is activated to
factor Xa by factor 1Xa. This activation is greatly stimulated by factor VIl which acts as a cofactor in this reaction. By using optimal amounts of Ca2*, phospholipid and factor 1Xa, and an excess of factor X, the rate of activation of
factor X is linearly related to the amount of factor VIIl. Factor Xa hydrolyses the chromogenic substrate $-2765 thus liberating the chromophoric group, pNA. The color is then read spectrophotometrically at 405 nm. The generated
factor Xa and thus the intensity of color is proportional to the factor VIIl activity in the sample. Hydrolysis of S-2765 by thrombin formed is prevented by the addition of the synthetic thrombin inhibitor 1-2581 together with the
substrate. The activity of an unknown sample is determined by comparing final A405 of that sample to those from a standard curve constructed from known FVIIl amounts. By also determining the amount of FVIIl antigen present in
the samples (via A280 or ELISA), a specific activity of a sample is determine to understand the relative potency of a particular preparation of FVIII. This enables the relative efficiency of different isolation strategies or construct
designs for CFXTEN fusions to be assessed for activity and ranked.

aPTT Based Assays for CEXTEN Act

[0428] CFXTEN acts to replace FVIII in the intrinsic or contact activated coagulation pathway. The activity of this coagulation pathway is assessed using an activated partial thromboplastin time assay (aPTT). FVIII activity
specifically is measured as follows: a standard curve is prepared by diluting normal control plasma (Pacific Hemostasis cat# 100595) two-fold with FVIII deficient plasma (cat# 100800) and then conducting 6, 4-fold serial dilutions
again with factor VIII deficient plasma. This creates a standard curve with points at 500, 130, 31, 7.8, 2.0, 0.5 and 0.1 IU/m| of activity, where one unit of activity is defined as the amount of FVIIIC activity in 1 ml of normal human
plasma. A FVIIl-deficient plasma also is included to determine the background level of activity in the null plasma. The sample is prepared by adding CFXTEN to FVIII deficient plasma at a ratio of 1:10 by volume. The samples is
tested using an aPTT assay as follows. The samples are incubated at 37C in a molecular devices plate reader spectrophotometer for 2 minutes at which point an equal volume of aPTT reagent (Pacific Hemostasis cat# 100402) is
added and an additional 3 minute 37C incubation performed. After the incubation the assay is activated by adding one volume of calcium chloride (Pacific Hemostasis cat# 100304). The turbidity is monitored at 450 nm for 5
minutes to create reaction profiles. The aPTT time, or time to onset of clotting activity, is defined as the first time where OD405 nm increased by 0.06 over baseline. A log - linear standard curve is created with the log of activity
relating linearly to the aPTT time. From this the activity of the sample in the plate well is determined and then the activity in the sample is determined by multiplying by 11 to account for the dilution into the FVIII deficient plasma. By
also determining the amount of FVIII antigen present in the samples (via A280 or ELISA), a specific activity of a sample can be determine to understand the relative potency of a particular preparation of FVIIl. This enables the
relative efficiency of different isolation strategies or construct designs for CFXTEN fusions to be ranked.

Blot A is of FVIIL/ FVIIL-XTE! :

[0429] Samples were run on a 8% homogeneous SDS gel and subsequently transferred to PVYDF membrane. The samples in lanes 1-15 were: MW Standards, FVIII(42.5 ng), pBC0100B, pBC0114A, pBC0100, pBC0114, pBC0126,
pBC0127 (8/5/11; #9), pBC0128, pBC0135, pBC0136, pBCO137, pBC0145, pBC0149, and pBC0146, respectively. The membrane was initially blocked with 5% milk then probed with anti-FVIIl monoclonal antibody, GMA-012,
specific to the A2 domain of the heavy chain (Ansong C, Miles SM, Fay PJ.J Thromb Haemost. 2006 Apr;4(4):842-7). Insertion of XTEN288 in the B-domain was observed for pBC0136 (lane 8, FIG. 22) and pBC0137 (lane 9, FIG.
22), whereas XTEN288 insertion at the C-terminus was observed for pBC0146 (lane 12, FIG. 22). All of the assayed FVIII-XTEN proteins revealed the presence of single chain protein with mole cular weight of at least 21 kDa higher
than that of pBC0114 base construct or FVIII standard. In addition, AE42 insertion was observed for pBC0135 (lane 7, FIG. 22) and pBC0149 (lane 11, FIG. 22) with the single chain running ~5 kDa higher than that of pBC0114
base protein and heavy chain running at ~5 kDa higher than 90 kDa band of the base protein.

Assay of Expressed F\Il by ELISA

[0430] To verify and quantitate the expression of FVIII-XTEN fusion proteins of the constructs by cell culture, an ELISA assay was established. Capture antibodies, either SAF8C-AP (Affinity Biologicals), or GMA-8002 (Green
Mountain Antibodies), or GMA011 antibodies (Green Mountain Antibodies) for FVIII-LC ELISA) or by GMA016 antibodies were immobilized onto wells of an ELISA plate. The wells were then incubated with blocking buffer (1x
PBS/3% BSA) to prevent non-specific binding of other proteins to the anti-FVIIl antibody. FVIII standard dilutions (~50 ng-0.024 ng range), quality controls, and cell culture media samples were then incubated for 1.5 h in the wells
to allow binding of the expressed FVIII protein to the coated antibody. Wells were then washed extensively, and bound protein is incubated with anti-FVIIl detection antibody, SAF8C-Biotinylated (Affinity Biologicals). Then
streptavidin-HRP, which binds the biotin conjugated to the FVIII detection antibody, is added to the well and incubated for 1h. Finally, OPD substrate is added to the wells and its hydrolysis by HRP enzyme is monitored with a plate

reader at 490 nm gth. C i of FVIII ining samples were then calculated by comparing the colorimetric response at each culture dilution to a standard curve. The results, in Table 22, below, show that FVIII-
XTEN of the various constructs are expressed at 0.4 - 1 pg/ml in the cell culture media. The results obtained by ELISA and the activity data indicate that FVIII-XTEN fusion proteins were very well expressed using the described
tr ion methods. F e, under the experi i the results that the specific activity values of the FVIII-XTEN proteins were similar or greater than that of pBC0114 base construct (expressing

BDD FVIII) and support that XTEN insertion into the C-terminus or B-domain of FVIII results in preservation of FVIII protein function.

Chromogenic Activity Assay for CFXTEN fusion protei

[0431] BDD FVIIl and CFXTEN fusion protein constructs pBC0114, pBC0135, pBC0136, pBC0137, pBC0145, pBC0146, and pBC0149, in various configurations, including XTEN AE288 and AG288 inserted at the C-terminus of the
FVIII BDD sequence and FVIII-XTEN fusion proteins with AE42 and AE288 inserted after residue 745 (or residue 743) and before residue 1640 (or residue 1638) of the B-d i with the P1648 p
site mutated to alanine), were expressed in transiently transfected Freestyle 293 cells, as described above, and tested for pr activity. The pr activity of each of the FVIII-XTEN proteins present in ceII culture

medium was assessed using a Chromogenix Coamatic® Factor VIll assay, an assay in which the activation of factor X was linearly related to the amount of factor VIl in the sample. The assay was performed according to
manufacturer's instructions using the end-point method, which was measured spectrophotometrically at OD405 nm. A standard curve was created using purified FVIII protein at concentrations of 250, 200, 150, 100, 75, 50, 37.5,
25,125, 6.25, 3.125 and 1.56 mU/ml. Dilutions of factor VIl standard, quality controls, and samples were prepared with assay buffer and PEI culture medium to account for the effect of the medium in the assay performance.
Positive controls consist of purified factor VIl protein at 20, 40, and 80 mU/ml concentrations and cell culture medium ofpBC0114 FVIIl base construct, lacking the XTEN insertions. Negative controls consisted of assay buffer or PEI
culture medium alone. The cell culture media of the FVIII-XTEN constructs were obtained as described, above, and were tested in replicates at 1:50, 1:150, and 1:450 dilutions and the activity of each was calculated in U/ml. Each
FVIII-XTEN construct exhibited procoagulant activity that was at least comparable, and in some cases greater than that of the base construct positive control, and support that under the conditions of the experiments, the linkage of
XTEN, including AE288 or AG288, at the C-terminus of FVIII or insertion of XTEN, including AE42 or AE288 within the B-domain resulted in retention or even enhancement of FVIII procoagulant activity,

Table 22: Results of ELISA and Chromogenic FMII activity assays

Construct FVIII-XTEN {Activity (IU/ml) Concentration (ug/ml) Specific Activity (IU/mg) Description of Construct

pBCO114 3.0 0.6 5000 BDD FVIII base construct used for XTEN insertions

pBCO146 7.4 0.6 12759 FVIII construct with XTEN AG288 inserted at the C-terminus of FVIII
pBCO145 3.1 0.6 4844 FVIII construct with XTEN AE288 inserted at the C-terminus of FVIII
pBCO135 4.0 1.0 4124 FVIII construct with XTEN AE42 inserted between residue 745 and 1640
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Construct FVIII-XTEN  {Activity (IU/ml) Concentration (ug/ml) Specific Activity (IU/mg) Description of Construct

pBCO149 4.9 0.9 5581 FVIII construct with XTEN AE42 inserted between residue 745 and 1640 and with Arg
1648 to Ala mutation

pBCO136 27 0.4 7670 FVIII construct with XTEN AE288 inserted between residue 745 and 1640

pBCO137 1.9 0.3 6013 FVIII construct with XTEN AE288 inserted between residue 745 and 1640 and with
Arg1648 to Ala mutation

[0432] Using the Coatest assay, the activity of FVIIl or CFXTEN comprising FVIII is assessed as follows.

[0433] Assay Matrix: All wells in the same plate were adjusted to the same percentage of media to control for matrix effects. The test samples were diluted such that the OD405 reading would fall within the linear range of the
standard. The range of concentrations for the FVIIl standard was 100 mU/mL to 0.78 mU/mL, prepared by four-fold serial dilutions of the FVIII standard in 1X Coatest buffer (DiaPharma) plus the pre-determined percentage of
culture media.

[0434] The Coatest SP FVIIl (DiaPharma) reagent package includes the 10x Coatest buffer stock solution, factor IXa + factor X, phospholipid, CaCl,and substrate. The 1x Coatest solution was prepared by adding 9X volume of
cold ddH;0 to 1X volume of the stock. The cell culture media was then added to the prepared 1X solution at a pre-determined ratio to normalize the percentage of matrix in all test wells. Factor IXa + factor X, phospholipid, and
substrate were i ing to {

Coatest Assay Procedure:

[0435] Assay reagents were prepared and kept on ice until needed. 25 i of the diluted test samples and standards were added to a 96 well plate in duplicate. 50 I of phospholipid/factor IXa/factor X was added to each well and
mixed by gently tapping the side of the plate. Plates were incubated at 37°C for 5 min on a 37°C plate heater. 25 pl of CaCI2 was added to each well and mixed. The plates were incubated at 37°C for 5 min on a plate heater. 50 pl
of substrate was then added to each well, mixed, and the plates incubated at 37°C for an additional 5-10 min until the top standard developed an OD405 reading of about 1.5. 25 I of 20% acetic acid was added to each well with

mixing to stop the reaction and wells were read at OD405 using a x® plus
was generally 0.0039 |U/ml.

Devices) spectr Data analysis was performed using the SoftMax program (verion 5.2). The LLOQ varied per assay, but

[0436] Results: The data are presented in Tables 23-26. Table 23 presents results from CFXTEN fusion proteins wih XTEN inserted in single sites chosed on the basis of criteria described herein, including Example 34. The
pBC00114 FVIII positive control showed good expression and FVIII activity. Of the 106 single-XTEN fusion proteins assayed, 68% retained measurable FVIII activity, with 30% exhibiting 3+ to 4+ activity in the coagulation assay.
Thirty-one percent of the fusion proteins assayed had results below the limits of quantitation (which may be due to poor expression, reflected in the corresponding expression ELISA results). All four B-domain insertion constructs
exhibited good activity, as did the C-terminal linked constructs, indicating that these are likely favorable insertion sites

[0437] The results of the single insertion site data guided the creation of XTEN constructs with 2 XTEN insertions, the results of which are presented in Table 24. Overall, the positivity rate was 67%, with 31% of fusion proteins
exhibiting 3+ to 4+ activity in the coagulation assay.

[0438] The results of the foregoing data guided the creation of XTEN constructs with 3 XTEN insertions, the results of which are presented in Table 25. Overall, 92% of the samples had measurable FVIII activity, with fully 79%
exhibiting 3+ to 4+ activity in the coagulation assay.

[0439] A limited number of constructs with 4 XTEN inserted in the A1, A2 and A3 domains were created and assayed, with 4 of 5 exhibiting FVIII activity (Table 26), suggesting that insertion of multiple XTEN does not compromise
the ability of the resulting fusion proteins to retain FVIII activity.

[0440] Conclusions: Under the conditions of the experiments, the results support that the criteria used to select XTEN insertion sites are valid, that insertion of one or more XTEN into the selected sites of FVIII is more likely than
not to result in retention of procoagulant activity of the resulting CFXTEN molecule, and that insertion of three XTEN appears to result in a greater proportion of fusion proteins retaining high levels of FVIIl procoagulant activity
compared to single or double XTEN insertion constructs.

Table 23: Results of Coagulation Activity Assays for CFXTEN comprising one XTEN

Insertion Site Domain Construct Expression ELISA
pBCO114 e

3 Al pBCO126 LLOQ
3 A1l pBCO127 + +

18 Al pBCO165 ++ ++

22 A1l pBCO183 +++ ++

26 Al pBCO184 ++ ++

40 A1l pBCO166 ++ ++

60 A1l pBCO185 LLOQ LLOQ
16 Al pBCO167 LLOQ LLOQ
130 A1l pBCO128 LLOQ LLOQ
188 Al pBCO168 ++ ++
216 A1l pBCO129 ++ ++
230 A1l pBCO169 LLOQ LLOQ
333 Al pBCO130 ++ ++
375 A2 pBCO131 LLOQ +++
403 A2 pBCO132 ++ ++
442 A2 pBCO170 ++ ++
490 A2 pBCO133 + ++
518 A2 pBCO171 LLOQ +

599 A2 pBCO134 ++ ++
713 A2 pBCO172 + +H+
745 B pBCO135 +H+ +H+
745 B pBCO149 +H+ +++
745 B pBCO136 ++ ++
745 B pBCO137 +H+ +H+
1720 A3 pBCO138 +H+ +H+
1796 A3 pBCO139 + ++
1802 A3 pBCO140 + ++
1827 A3 pBCO173 LLOQ LLOQ
1861 A3 pBCO174 LLOQ LLOQ
1896 A3 pBCO175 LLOQ LLOQ
1900 A3 pBCO176 +++ +H+
1904 A3 pBCO177 + +
1937 A3 pBCO178 LLOQ LLOQ
2019 A3 pBCO141 LLOQ +
2068 c1 pBCO179 ++ ++
2111 c1 pBCO180 LLOQ LLOQ
2120 c1 pBCO142 LLOQ +
2171 c2 pBCO143 ++ +H+
2188 Cc2 pBCO181 LLOQ LLOQ
2227 c2 pBCO182 ++ +H+
2277 Cc2 pBCO144 ++ ++
2332 CT pBCO145 +++ +++
2332 CcT pBCO146 +++ +H+
403 A2 pSDO001 +++ +H+
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Insertion Site Domain Construct Activity Expression ELISA
599 A2 pSD0002 + +
403 A2 pSDO003 +++ +H+
599 A2 pSDO004 + +
745 B pSDO00S +++ ++
745 B pSDO006 +++ +++
745 B pSDO007 +++ ++
745 B pSDO008 +++ +++
1720 A3 pSDO009 + +
1720 A3 pSDO010 ++ ++
2171 Cc2 pSDO011 + ++
2171 c2 pSDO012 + ++
2332 CT pSDO013 +++ ++
2332 CT pSDO014 +++ +H+
745 B pSD0017 +++ +++
745 B pSD0018 +++ +++
2332 CcT pSDO019 +++ +H+
2332 CcT pSD0020 +++ +H+
2332 CT pSDO015 ++ ++
2332 CcT pSDO016 +++ +H+
0 N-term pSD0021 + +
32 A1l pSD0022 +++ +++
65 A1l pSD0023 LLOQ LLOQ
81 A1l pSD0024 LLOQ LLOQ
19 A1l pSD0025 LLOQ LLOQ
21 A1l pSD0026 + +
220 A1l pSD0027 + +
224 A1l pSD0028 + +
336 A1l pSD0029 ++ +H+
339 A1l pSDO030 ++ +H+
378 A2 pSDO031 LLOQ ++
399 A2 pSD0032 ++ ++
409 A2 pSDO033 ++ ++
416 A2 pSDO034 + +
487 A2 pSDO035 LLOQ +
494 A2 pSDO036 LLOQ +
500 A2 pSDO037 LLOQ +
603 A2 pSDO038 + +
1656 A3 pSDO039 +++ +H+
1656 A3 PNLOOS™ e ND
1711 A3 pSDO040 ++ +
1725 A3 pSDO041 LLOQ ++
1749 A3 pSDO042 LLOQ LLOQ
1905 A3 pSD0043 ++ ++
1910 A3 pSDO044 + +
1900 A3 pSDO062 ++ ++
1900 A3 pSDO063 +++ ++
18 A1l pSD0045 +++ +++
18 A1l pSD0046 +++ +++
22 Al pSDO047 LLOQ LLOQ
22 A1l pSDO048 LLOQ LLOQ
26 A1l pSD0049 +++ +++
26 A1l pSDO05S0 +++ +++
40 A1l pSD0O051 +++ +++
40 A1l pSD0052 +++ +++
216 A1l pSDO053 LLOQ LLOQ
216 A1l pSDO054 LLOQ LLOQ
375 A2 pSDO055 LLOQ +
442 A2 pSDO056 LLOQ LLOQ
442 A2 pSDO057 LLOQ LLOQ
1796 A3 pSDO058 LLOQ LLOQ
1796 A3 pSDO059 + +
1802 A3 pSDO060 + +
1802 A3 pSDO061 LLOQ LLOQ
*LLOQ: below the limits of quantitation
** pNLO09 includes a deletion of 745-1656
Table 24: Results of Coagulation Activity Assays for CFXTEN comprising two XTEN
Insertion 1 Insertion 2
Insertion Site Domain Insertion Site Domain Construct Activity
745 B 2332 CT LSD0001.002 +++
745 B 2332 CcT LSD0001.005 +++
745 B 2332 CcT LSD0001.006 +++
745 B 2332 CT LSDO0001.011 +++
745 B 2332 CcT LSD0001.012 +++
745 B 2332 CT LSD0001.013 +++
745 B 2332 CcT LSD0001.016 +++
745 B 2332 CcT LSD0001.021 +++
745 B 2332 CT LSD0002.001 +++
745 B 2332 CcT LSD0002.002 +++
745 B 2332 CcT LSD0002.014 +++
745 B 2332 CcT LSD0003.004 +++
745 B 2332 CcT LSD0003.006 +++
745 B 2332 CT LSD0003.009 +++
745 B 2332 CT LSD0003.014 +
745 B 2332 CcT LSD0004.010 +++
745 B 2332 CcT LSD0004.011 LLOQ
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Insertion 1 Insertion 2
Insertion Site Domain Insertion Site Domain Construct Activity
745 B 2332 CT LSD0004.014 +++
745 B 2332 CcT LSD0004.016 +++
745 B 2332 CT LSD0004.022 +++
745 B 2332 CcT LSD0003.016 +++
0745 B 2332 CT pNLO06 +++
0745 B 2332 CcT pNLOO7 +++
0745 B 2332 CcT pNLO08 ++
1656 a3 2332 CT pNLO10 +++
26 Al 403 A2 LSD0005.002 ++
26 Al 403 A2 LSD0005.004 ++
40 Al 403 A2 LSD0005.005 ++
40 Al 403 A2 LSD0005.011 ++
18 Al 403 A2 LSD0005.018 ++
26 A1l 599 A2 LSD0006.002 +
40 Al 599 A2 LSD0006.005 ++
40 Al 599 A2 LSD0006.007 ++
40 Al 599 A2 LSD0006.011 +++
40 Al 403 A2 LSD0007.002 +
40 A1l 403 A2 LSD0007.004 +
26 Al 403 A2 LSD0007.013 ++
26 Al 599 A2 LSD0008.001 ++
40 A1l 599 A2 LSD0008.002 ++
26 Al 599 A2 LSD0008.006 +
18 A1l 599 A2 LSD0008.009 ++
40 Al 599 A2 LSD0008.017 +
745 B 2332 CcT LSD0002.025 +++
745 B 2332 CT LSD0002.013 +++
745 B 2332 CcT LSD0003.025 +++
745 B 2332 CcT LSD0004.025 +++
745 B 2332 CT LSD0003.005 ++
26 Al 403 A2 LSD0007.008 ++
1720 A3 1900 A3 LSD0044.002 LLOQ
1725 A3 1900 A3 LSD0044.005 LLOQ
1720 A3 1900 A3 LSD0044.039 LLOQ
1711 A3 1905 A3 LSD0044.022 LLOQ
1720 A3 1905 A3 LSD0044.003 LLOQ
1725 A3 1905 A3 LSD0044.001 LLOQ
1656 A3 26 A1l LSD0038.001 ++
1656 A3 18 Al LSD0038.003 ++
1656 A3 18 Al LSD0038.008 +++
1656 A3 40 Al LSD0038.012 ++
1656 A3 40 Al LSD0038.013 ++
1656 A3 26 A1l LSD0038.015 ++
1656 A3 399 A2 LSD0039.001 +
1656 A3 403 A2 LSD0039.003 ++
1656 A3 403 A2 LSD0039.010 ++
1656 A3 1725 A3 LSD0045.001 +
1656 A3 1720 A3 LSD0045.002 ++
1900 A3 18 A1l LSD0042.014 +
1900 A3 18 Al LSD0042.023 +
1900 A3 26 Al LSD0042.006 +
1900 A3 26 A1l LSD0042.013 ++
1900 A3 40 Al LSD0042.001 +
1900 A3 40 A1l LSD0042.039 +
1900 A3 26 Al LSD0042.047 +
1905 A3 18 Al LSD0042.003 +
1905 A3 40 A1l LSD0042.004 LLOQ
1905 A3 26 Al LSD0042.008 LLOQ
1905 A3 26 Al LSD0042.038 LLOQ
1905 A3 40 A1l LSD0042.082 LLOQ
1910 A3 26 Al LSD0042.040 LLOQ
18 A1l 399 A2 LSD0037.002 ++
26 Al 399 A2 LSD0037.009 +
40 Al 399 A2 LSD0037.011 ++
18 Al 403 A2 LSD0047.002 ++
18 Al 403 A2 LSD0047.005 +
18 Al 403 A2 LSD0048.007 +
1656 A3 1900 A3 LSD0046.001 ++
1656 A3 1900 A3 LSD0046.002 +
1656 A3 1905 A3 LSD0046.003 +
1711 A3 40 A1l LSD0040.011 LLOQ
1711 A3 26 Al LSD0040.042 LLOQ
1720 A3 26 Al LSD0040.002 +
1720 A3 40 Al LSD0040.008 +
1720 A3 18 Al LSD0040.021 +
1720 A3 26 A1l LSD0040.037 LLOQ
1720 A3 18 Al LSD0040.046 +
1725 A3 26 Al LSD0040.003 LLOQ
1725 A3 40 A1l LSD0040.006 LLOQ
1725 A3 26 Al LSD0040.007 LLOQ
1725 A3 18 A1l LSD0040.010 LLOQ
1725 A3 40 Al LSD0040.039 LLOQ
1725 A3 18 Al LSD0040.052 +
1720 A3 403 A2 LSD0041.001 +
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Insertion 1 Insertion 2
Insertion Site Domain Insertion Site Domain Construct Activity
1720 A3 399 A2 LSD0041.004 LLOQ
1711 A3 403 A2 LSD0041.006 LLOQ
1720 A3 403 A2 LSD0041.008 LLOQ
1725 A3 403 A2 LSD0041.010 LLOQ
1725 A3 403 A2 LSD0041.014 LLOQ
1725 A3 399 A2 LSD0041.016 LLOQ
1711 A3 403 A2 LSD0041.035 LLOQ
1900 A3 399 A2 LSD0043.001 LLOQ
1900 A3 403 A2 LSD0043.002 LLOQ
1905 A3 403 A2 LSD0043.005 LLOQ
1900 A3 399 A2 LSD0043.006 LLOQ
1900 A3 403 A2 LSD0043.007 LLOQ
1900 A3 403 A2 LSD0043.008 LLOQ
1905 A3 399 A2 LSD0043.015 LLOQ
1905 A3 403 A2 LSD0043.029 LLOQ
1910 A3 403 A2 LSD0043.043 LLOQ
Table 25: Results of Coagulation Activity Assays for CFXTEN comprising three XTEN
Insertion 1 Insertion 2 Insertion 3
Insertion Site Domain Insertion Site Domain Insertion Site Domain Construct Activity
26 A1l 403 A2 1656 A3 pSDO077 +++
26 Al 403 A2 1720 A3 pSDO078 ++
26 A1l 403 A2 1900 A3 pSDO079 ++
26 Al 1656 A3 1720 A3 pSDO080 +++
26 Al 1656 A3 1900 A3 pSDO081 LLOQ
26 A1l 1720 A3 1900 A3 pSDO0082 +
403 A2 1656 A3 1720 A3 pSD0083 +++
403 A2 1656 A3 1900 A3 pSD0084 +++
403 A2 1720 A3 1900 A3 pSDO085 +
1656 A3 1720 A3 1900 A3 pSDO086 +++
18 A1l 745 B 2332 CT LSD0049.002 +++
26 Al 745 B 2332 CcT LSD0049.008 +++
26 Al 745 B 2332 CT LSD0049.011 +++
40 A1l 745 B 2332 CT LSD0049.012 +++
40 Al 745 B 2332 CT LSD0049.020 +++
18 Al 745 B 2332 CT LSD0049.021 +++
40 Al 745 B 2332 CT LSD0050.002 +++
18 Al 745 B 2332 CT LSD0050.003 +++
26 A1l 745 B 2332 CT LSD0050.007 LLOQ
18 Al 745 B 2332 CT LSD0050.010 +++
26 Al 745 B 2332 CT LSD0050.012 +++
40 Al 745 B 2332 CT LSD0050.014 +++
403 A2 745 B 2332 CT LSD0051.002 +++
399 A2 745 B 2332 CT LSD0051.003 +++
403 A2 745 B 2332 CT LSD0052.001 +++
399 A2 745 B 2332 CT LSD0052.003 +++
1725 A3 745 B 2332 CT LSD0053.021 LLOQ
1720 A3 745 B 2332 CT LSD0053.022 +++
1711 A3 745 B 2332 CT LSD0053.024 +++
1720 A3 745 B 2332 CT LSD0054.021 +++
1711 A3 745 B 2332 CT LSD0054.025 ++
1725 A3 745 B 2332 CT LSD0054.026 +++
1900 A3 745 B 2332 CT LSD0055.021 +++
1905 A3 745 B 2332 CT LSD0055.022 +++
1900 A3 745 B 2332 CT LSD0055.026 +++
1900 A3 745 B 2332 CT LSD0056.021 +++
1900 A3 745 B 2332 CT LSD0056.024 +++
1910 A3 745 B 2332 CT LSD0056.025 +++
0745 B 1900 A3 2332 cT PBC0204"
0745 B 1900 A3 2332 cT PBC0295*
0745 B 1900 A3 2332 cT PBC0296"
0745 B 1900 A3 2332 cT PBC0297"
0745 B 1900 A3 2332 cT PBC0298"
0745 B 1900 A3 2332 cT PBC0299"
0745 B 1900 A3 2332 cT PBC0300°
0745 B 1900 A3 2332 cT pBCO301*
0745 B 1900 A3 2332 cT pBC0302°
0745 B 1900 A3 2332 cT pBC0303"
0745 B 1900 A3 2332 cT PBC0304"
0745 B 1900 A3 2332 cT PBCO305*
0745 B 1900 A3 2332 cT PBC0306*
0745 B 1900 A3 2332 cT pBCO307*
0745 B 1900 A3 2332 cT PBC0308"
0745 B 1900 A3 2332 cT pBC0309"
0745 B 1900 A3 2332 cT pBCO310"
0745 B 1900 A3 2332 cT PBCO311"
0745 B 1900 A3 2332 cT pBCO312°
0745 B 1900 A3 2332 cT PBC0313°
0745 B 1900 A3 2332 cT PBCO314°
0745 B 1900 A3 2332 cT pBCO315"
0745 B 1900 A3 2332 cT PBCO316*
0745 B 1900 A3 2332 cT PBCO317*
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Insertion 1 Insertion 2 Insertion 3
Insertion Site Domain Insertion Site Domain Insertion Site Domain Construct Activity
0745 B 1900 A3 2332 CcT pBCO318*
0745 B 1900 A3 2332 CcT pBCO319*
0745 B 1900 A3 2332 CcT pBCO320*
0018 Al 0745 B 2332 CcT pBC0269*
0403 A2 0745 B 2332 CcT pBCO270*
1720 A3 0745 B 2332 CcT pBCO271*
1900 A3 0745 B 2332 CcT pBCO272"
0403 A2 0745 B 2332 CcT pBCO273*
1720 A3 0745 B 2332 CcT pBCO274*
1900 A3 0745 B 2332 CcT pBCO275*
0018 Al 0745 B 2332 CcT pBCO276*
0403 A2 0745 B 2332 CcT pBCO277*
1720 A3 0745 B 2332 CcT pBC0278*
1900 A3 0745 B 2332 CcT pBCO279*
*Construct with R1648A mutation
Table 26: Results of Coagulation Activity Assays for CFXTEN comprising four XTEN
XTEN Insert 1 XTEN Insert 2 XTEN Insert 3 XTEN Insert 4 XTEN Insert 5 XTEN Insert 6 Construct ID Activity
26 403 1656 1720 - - pSDO087 +++
26 403 1656 1900 - - pSDO088 +++
26 403 1720 1900 - - pSDO089 LLoQ
26 1656 1720 1900 - - pSDO090 ++
403 1656 1720 1900 - - pSDO091 ++
0040 0403 745 2332 - - LSD0058.006* ++
0018 0409 745 2332 - - LSD0059.002* +
0040 0409 745 2332 - - LSD0059.006* +
0040 0409 745 2332 - - LSD0060.001* +
0018 0409 745 2332 - - LSD0060.003* +
0040 1720 745 2332 - - LSD0061.002* +
0026 1720 745 2332 - - LSD0061.007* ++
0018 1720 745 2332 - - LSD0061.008* ++
0018 1720 745 2332 - - LSD0061.012* has
0018 1720 745 2332 - - LSD0062.001* ++
0026 1720 745 2332 - - LSD0062.002* ++
0018 1720 745 2332 - - LSD0062.006* ++
0018 1900 745 2332 - - LSD0063.001* ++
0018 1900 745 2332 - - LSD0064.017* has
0026 1900 745 2332 - - LSD0064.020* ++
0040 1900 745 2332 - - LSD0064.021* ++
0040 1905 745 2332 - - LSD0065.001* +
0018 1905 745 2332 - - LSDO0065.014* *
0040 1905 745 2332 - - LSD0066.001* +
0026 1905 745 2332 - - LSD0066.002* +
0018 1905 745 2332 - - LSD0066.009* ++
0018 1905 745 2332 - - LSD0066.011* A
0018 1910 745 2332 - - LSD0067.004* ++
0018 1910 745 2332 - - LSD0067.005* +
0040 1910 745 2332 - - LSD0067.006* +
0026 1910 745 2332 - - LSD0067.008* +
0018 1910 745 2332 - - LSD0068.001* +
0026 1910 745 2332 - - LSD0068.002* +
0040 1910 745 2332 - - LSD0068.005* +
0018 1910 745 2332 - - LSD0068.010* ++
0409 1720 745 2332 - - LSD0069.004* +
0403 1720 745 2332 - - LSD0069.008* +
0409 1720 745 2332 - - LSD0070.003* +
0403 1720 745 2332 - - LSD0070.004* has
0403 1720 745 2332 - - LSD0070.005* A
0403 1900 745 2332 - - LSD0071.001* ++
0403 1900 745 2332 - - LSD0071.002* +
0409 1900 745 2332 - - LSD0071.008* A
0403 1900 745 2332 - - LSD0072.001* has
0403 1900 745 2332 - - LSD0072.002* *
0409 1900 745 2332 - - LSD0072.003* *
0409 1905 745 2332 - - LSD0073.002* +
0403 1905 745 2332 - - LSD0073.004* +
0403 1905 745 2332 - - LSD0073.006* +
0403 1905 745 2332 - - LSD0074.007* ++
0409 1905 745 2332 - - LSD0074.010* +
0403 1905 745 2332 - - LSD0074.011* *
0409 1910 745 2332 - - LSD0075.004* +
0403 1910 745 2332 - - LSD0075.007* +
0403 1910 745 2332 - - LSD0076.002* +
0403 1910 745 2332 - - LSD0076.003* +
0403 1910 745 2332 - - pSD0O093* *
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XTEN Insert 1 XTEN Insert 2 XTEN Insert 3 XTEN Insert 4 XTEN Insert 5 XTEN Insert 6 Construct ID Activity
1720 1900 745 2332 - - pSD0094" ++
1720 1905 745 2332 - B pSD00OS" ¥
1720 1910 745 2332 - - pSDO0OT" +
1720 1910 745 2332 - - pSD0098" +
0403 1656 1720 2332 - - pNL0O022 +
0403 1656 1900 2332 - - pNL0O023 +
0403 1720 1900 2332 - - pNL0O024 LLOQ
1656 1720 1900 2332 - - pNL0O025 +
0018 0403 1656 2332 - - pBC0247 ++
0018 0403 1720 2332 - - pBC0248 +
0018 0403 1900 2332 - - pBC0249 +
0018 1656 1720 2332 - - pBCO250 +
0018 1656 1900 2332 - - pBC0251 ++
0018 1720 1900 2332 - - pBC0252 LLOQ
0018 0403 0745 2332 - - LSD57.005 ++
0018 0745 1720 2332 - - LSD62.001 ++
0018 0745 1900 2332 - - pBC0262 ++
0403 0745 1720 2332 - - LSD70.004 +
0403 0745 1900 2332 - - pBC0266 +
0745 1720 1900 2332 - - pBC0268 +
0188 1900 0745 2332 - - PCS0001* ND
0599 1900 0745 2332 - - pCS0002* ND
2068 1900 0745 2332 - - PCS0003" ND
2171 1900 0745 2332 - - pCS0004" ND
2227 1900 0745 2332 - - PCS0005* ND
2277 1900 0745 2332 - - pCS0006” ND
0403 1656 1720 1900 2332 - pNLO030 LLOQ
0018 0403 1656 1720 2332 - pBCO253 +
0018 0403 1656 1900 2332 - pBCO254 +
0018 0403 1720 1900 2332 - pBCO255 LLOQ
0018 1656 1720 1900 2332 - pBC0256 +
0018 0403 0745 1720 2332 - PBC0259" +
0018 0403 0745 1900 2332 - pBC0260" +
0018 0745 1720 1900 2332 - pBC0263 +
0403 0745 1720 1900 2332 - pBC0267 LLOQ
0018 0403 1656 1720 1900 2332 pBCO257 LLOQ
0018 0403 0745 1720 1900 2332 pBC0264 LLOQ
*Construct with R1648A mutation

Example 26: Determination of XTEN Radii and related parameters

[0441] In order to quantify the hydrodynamic radii of the XTEN components of CFXTEN fusion proteins and how the value of multiple XTEN versus single XTEN varies, a series of formulae were created based on empirically-
derived data from size exclusion chromatography assays of various fusion proteins comprising one or more XTEN. It is believed that the incorporation of multiple XTEN into a CFXTEN provides a higher total hydrodynamic radius of
the XTEN component compared to CFXTEN with fewer XTEN yet having approximately the same total of XTEN amino acids. The maximum radius of a single XTEN polypeptide is calculated (hereinafter "XTEN Radius") according
to the formula given by Equation II:

XTEN Radius - (¥XTEN length 0.2037) +3.4627 i

[0442] The sum of the maximum of the XTEN Radii for all XTEN segments in a CFXTEN is calculated (hereinafter "Sum XTEN Radii") according to the formula given by Equation I11:
Z XTEN Rudius;

Sum XTEN Radii =t i

wherein: n =the number of XTEN segments

and iis an iterator

[0443] The ratio of the SUM XTEN Radii of a CFXTEN comprising multiple XTEN to that of an XTEN Radius for a single XTEN of an equivalent length (in total amino acid residues to that of the CFXTEN) is calculated (hereinafter
"Ratio XTEN Radii") according to the formula given by Equation 1V:

i XTEN Radius;
XTEN Tength; «0.2037) 4 34627

3
Ratio XTEN Radii = ( pr

v
wherein: n =the number of XTEN segments

and iis an iterator

[0444] Results: Equation Il was applied to XTEN of lengths 144, 288, 576 and 864. The results are presented in Table 27. Equation IV was applied to various CFXTEN fusion proteins described herein with two, three, or four XTEN.
The Ratio of XTEN Radii has a value of 1 for all CFXTEN that contain a single XTEN. The Ratio XTEN Radii are presented in Table 28. The Ratio of XTEN Radii for pSD0092, which contains 5 XTEN insertions, has a value of 3.31.
Collectively, the results indicate that the inclusion of multiple XTEN increases the Ratio XTEN Radii to values greater than 2, with four insertions resulting in higher values than three insertions.

Table 27: Results of Radii i for CFXTEN ising XTEN

XEN Length XTEN Radius
42 4.8
144 5.9
288 6.9
576 8.4
864 9.5
Table 28: Results of Radii i for CFXTEN ising XTEN
Insertion 1 Insertion 2 Insertion 3 Insertion 4
Insert Site Domain Insert Site Domain Insert Site Domain Insert Site Domain Construct Rat:sa)é;li'EN
40 Al pBCO166 1.00
745 B 2332 CcT LSD0001.002 1.67
745 B 2332 CT LSD0001.005 1.71
745 B 2332 CT LSD0001.006 1.71
745 B 2332 CcT LSD0001.011 1.71
745 B 2332 CT LSD0001.012 1.71
745 B 2332 CcT LSD0001.013 1.67
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Insertion 1 Insertion 2 Insertion 3 Insertion 4
Insert Site Domain Insert Site Domain Insert Site Domain Insert Site Domain Construct Rat:sa)é;li'EN

745 B 2332 CcT LSD0001.016 1.67
745 B 2332 CcT LSD0001.021 1.67
745 B 2332 CT LSD0002.001 1.67
745 B 2332 CcT LSD0002.002 1.67
745 B 2332 CcT LSD0002.004 1.71
745 B 2332 CT LSD0002.008 1.67
745 B 2332 CcT LSD0002.014 1.67
745 B 2332 CT LSD0003.001 1.67
745 B 2332 CcT LSD0003.004 1.66
745 B 2332 CcT LSD0003.006 1.67
745 B 2332 CT LSD0003.009 1.67
745 B 2332 CcT LSD0003.014 1.66
745 B 2332 CcT LSD0003.018 1.67
745 B 2332 CT LSD0004.010 1.66
745 B 2332 CcT LSD0004.011 1.67
745 B 2332 CT LSD0004.014 1.66
745 B 2332 CcT LSD0004.016 1.66
745 B 2332 CcT LSD0004.022 1.66
745 B 2332 CT LSD0003.016 1.67
26 Al 403 A2 LSD0005.002 1.71
26 Al 403 A2 LSD0005.004 1.71
40 Al 403 A2 LSD0005.005 1.71
40 Al 403 A2 LSD0005.011 1.71

18 Al 403 A2 LSD0005.018 1.71
26 A1l 599 A2 LSD0006.002 1.71
40 Al 599 A2 LSD0006.005 1.71
40 Al 599 A2 LSD0006.007 171
40 Al 599 A2 LSD0006.011 1.71
40 Al 403 A2 LSD0007.002 1.71
40 A1l 403 A2 LSD0007.004 1.71
26 Al 403 A2 LSD0007.013 1.71
26 Al 599 A2 LSD0008.001 1.71
40 Al 599 A2 LSD0008.002 1.71
26 Al 599 A2 LSD0008.006 1.71

18 A1l 599 A2 LSD0008.009 1.71
40 Al 599 A2 LSD0008.017 171
745 B 2332 CcT LSD0002.025 1.71
745 B 2332 CT LSD0002.013 1.67
745 B 2332 CcT LSD0003.025 1.67
745 B 2332 CcT LSD0004.025 1.67
745 B 2332 CT LSD0003.005 1.66

26 Al 403 A2 LSD0007.008 1.71
1720 A3 1900 A3 LSD0044.002 1.71
1725 A3 1900 A3 LSD0044.005 1.71
1720 A3 1900 A3 LSD0044.039 1.71
1711 A3 1905 A3 LSD0044.022 1.71
1720 A3 1905 A3 LSD0044.003 1.71
1725 A3 1905 A3 LSD0044.001 1.71
1656 A3 26 Al LSD0038.001 1.71
1656 A3 18 Al LSD0038.003 1.71
1656 A3 18 Al LSD0038.008 1.71
1656 A3 40 A1l LSD0038.012 1.71
1656 A3 40 Al LSD0038.013 1.71
1656 A3 26 Al LSD0038.015 1.71
1656 A3 399 A2 LSD0039.001 1.71
1656 A3 403 A2 LSD0039.003 1.71
1656 A3 403 A2 LSD0039.010 1.71
1656 A3 1725 A3 LSD0045.001 1.71
1656 A3 1720 A3 LSD0045.002 1.71
1900 A3 18 A1l LSD0042.014 1.71
1900 A3 18 Al LSD0042.023 1.71
1900 A3 26 A1l LSD0042.006 1.71
1900 A3 26 Al LSD0042.013 1.71
1900 A3 40 Al LSD0042.001 1.71
1900 A3 40 A1l LSD0042.039 1.71
1900 A3 26 Al LSD0042.047 1.71
1905 A3 18 Al LSD0042.003 1.71
1905 A3 40 Al LSD0042.004 1.71
1905 A3 26 Al LSD0042.008 1.71
1905 A3 26 A1l LSD0042.038 1.71
1905 A3 40 A1l LSD0042.082 1.71
1910 A3 26 Al LSD0042.040 1.71

18 A1l 399 A2 LSD0037.002 1.71

26 Al 399 A2 LSD0037.009 1.71

40 Al 399 A2 LSD0037.011 1.71

18 Al 403 A2 LSD0047.002 171

18 Al 403 A2 LSD0047.005 1.71

18 Al 403 A2 LSD0048.007 1.71
1656 A3 1900 A3 LSD0046.001 1.71
1656 A3 1900 A3 LSD0046.002 1.71
1656 A3 1905 A3 LSD0046.003 1.71
1711 A3 40 Al LSD0040.011 1.71
1711 A3 26 Al LSD0040.042 1.71
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Insertion 1 Insertion 2 Insertion 3 Insertion 4
Insert Site Domain Insert Site Domain Insert Site Domain Insert Site Domain Construct Rat:sa)é;li'EN
1720 A3 26 Al LSD0040.602 1.71
1720 A3 40 Al LSD0040.008 1.71
1720 A3 18 A1l LSD0040.021 1.71
1720 A3 26 Al LSD0040.037 1.71
1720 A3 18 Al LSD0040.046 1.71
1725 A3 26 A1l LSD0040.003 1.71
1725 A3 40 Al LSD0040.006 1.71
1725 A3 26 Al LSD0040.007 1.71
1725 A3 18 Al LSD0040.010 1.71
1725 A3 40 Al LSD0040.039 1.71
1725 A3 18 Al LSD0040.052 1.71
1720 A3 403 A2 LSD0041.001 1.71
1720 A3 399 A2 LSD0041.004 1.71
1711 A3 403 A2 LSD0041.006 1.71
1720 A3 403 A2 LSD0041.008 1.71
1725 A3 403 A2 LSD0041.010 1.71
1725 A3 403 A2 LSD0041.014 1.71
1725 A3 399 A2 LSD0041.016 1.71
1711 A3 403 A2 LSD0041.035 1.71
1900 A3 399 A2 LSD0043.001 1.71
1900 A3 403 A2 LSD0043.002 1.71
1905 A3 403 A2 LSD0043.005 1.71
1900 A3 399 A2 LSD0043.006 1.71
1900 A3 403 A2 LSD0043.007 1.71
1900 A3 403 A2 LSD0043.008 1.71
1905 A3 399 A2 LSD0043.015 1.71
1905 A3 403 A2 LSD0043.029 1.71
1910 A3 403 A2 LSD0043.043 1.71
26 Al 403 A2 1656 A3 pSDO077 230
26 Al 403 A2 1720 A3 pSDO078 230
26 Al 403 A2 1900 A3 pSDO079 2.30
26 Al 1656 A3 1720 A3 pSDO080 2.30
26 Al 1656 A3 1900 A3 pSDO081 2.30
26 Al 1720 A3 1900 A3 pSDO082 2.30
403 A2 1656 A3 1720 A3 pSDO083 2.30
403 A2 1656 A3 1900 A3 pSDO084 2.30
403 A2 1720 A3 1900 A3 pSDO085 2.30
1656 A3 1720 A3 1900 A3 pSDO086 2.30
26 Al 403 A2 1656 A3 1720 A3 pSDO087 2.83
26 Al 403 A2 1656 A3 1900 A3 pSDO088 2.83
26 Al 403 A2 1720 A3 1900 A3 pSDO089 2.83
26 Al 1656 A3 1720 A3 1900 A3 pSDO090 2.83
403 A2 1656 A3 1720 A3 1900 A3 pSDO091 2.83
26 Al 403 A2 1656 A3 1720 A3 pSD0092 2.83
18 Al 745 B 2332 CcT LSD0049.002 2.24
26 Al 745 B 2332 CcT LSD0049.008 2.24
26 Al 745 B 2332 CT LSD0049.011 2.24
40 Al 745 B 2332 CcT LSD0049.012 2.24
40 Al 745 B 2332 CT LSD0049.020 2.24
18 A1l 745 B 2332 CT LSD0049.021 2.24
40 Al 745 B 2332 CcT LSD0050.002 2.24
18 Al 745 B 2332 CT LSD0050.003 2.24
26 Al 745 B 2332 CcT LSD0050.007 2.24
18 Al 745 B 2332 CcT LSD0050.010 2.24
26 A1l 745 B 2332 CT LSD0050.012 2.24
40 Al 745 B 2332 CcT LSD0050.014 2.24
403 A2 745 B 2332 CcT LSD0051.002 2.24
399 A2 745 B 2332 CT LSD0051.003 2.24
403 A2 745 B 2332 CcT LSD0052.001 2.24
399 A2 745 B 2332 CT LSD0052.003 2.24
1725 A3 745 B 2332 CcT LSD0053.021 2.24
1720 A3 745 B 2332 CcT LSD0053.022 2.24
1711 A3 745 B 2332 CT LSD0053.024 2.24
1720 A3 745 B 2332 CcT LSD0054.021 2.24
1711 A3 745 B 2332 CcT LSD0054.025 2.24
1725 A3 745 B 2332 CcT LSD0054.026 2.24
1900 A3 745 B 2332 CcT LSD0055.021 2.24
1905 A3 745 B 2332 CT LSD0055.022 2.24
1900 A3 745 B 2332 CT LSD0055.026 2.24
1900 A3 745 B 2332 CcT LSD0056.021 2.24
1900 A3 745 B 2332 CcT LSD0056.024 2.24
1910 A3 745 B 2332 CcT LSD0056.025 2.24

Example 27: Binding Interference of FVIII-XTEN to anti-F\ll Antibody

[0445] The ability of XTEN inserted into different locations of CFXTEN fusion proteins to affect the binding of anti-FVIIl antibodies was determined by sandwich ELISA assays. Two anti-FVIIl antibodies; i.e. GMA-8021 (Green
Mountain Antibodies, Burlington, VT) and ESH8 (American Diagnostica Inc., Stamford, CT), that bind to the A2 and C2 domains, respectively were utilized as capture antibodies. A non-XTEN containing FVIII-His-Myc protein was
used as a calibration standard and positive control for all ELISAs. Ten CFXTEN fusion proteins with single XTEN insertions in either the A1, A2 or A3 domains were created that additionally contained His and Myc affinity tags. The
protein concentrations of each test sample was normalized to 100% based on an anti-His capture-anti-Myc detection ELISA run concurrently on the same plate as the anti-FVIIl antibody capture-anti-Myc detection ELISA.

[0446] Briefly, appropriate wells on a 96-well plate were coated with GMA-8021, ESH8 or anti-His antibody overnight at 4°C, then were washed and blocked with BSA. Equal volumes of the respective control or fusion proteins were
introduced into duplicate wells and allowed to interact with coated GMA-8021, ESH8 or anti-His antibody for 2h at room temperature. After incubation, unbound material was washed away and a rabbit anti-Myc detection antibody
was added and incubated for an additional h at room temperature. The plate was then washed and a peroxidase-conjugated donkey anti-rabbit secondary antibody was introduced and incubated for 1h at room temperature. The
plate was washed again, followed by the addition of TMB substrate and the reaction was allowed to proceed for 5-20 min. H2S04 was introduced to stop the reaction and absorbance was read by spectrophotometer at 450nm.



DK/EP 3564260 T5

[0447] Results: The results are p in Table 29. C ively, the results that the two antibodies against the CFXTEN fusion proteins with XTEN inserted into the A2 domain exhibited reduced binding of FVIII
compared to CFXTEN with XTEN inserted into the A1 or A3 domain when the anti-FVIII capture antibody was GMA-8021 (with binding affinity to the A2 domain). In contrast, there was no discernible pattern of inhibition or
enhancement of binding by any of the CFXTEN when the anti-FVIIl capture antibody was ESH8, with binding affinity to the C2 domain.

T d:
] “(Domain, site, XTEN) Concentration on aFVIII/Myc + concentration on aHis/Myc
His/Myc GMA-8021/Myc (A2 domain) ESH8/Myc (C2 domain)
FVIII -His-Myc None 100% 92% 104%
FVII-XTEN-His-Myc A2, 403, AE144 100% 103% £ 1% 141% + 24%
A2, 403, AG144 100% 104% * 6% 129% + 12%
A2,399, AE144 100% 100% * 8% 140% * 18%
A3, 1656, AG144 100% 153% 158%
A1,18, AE144 100% 129% 130%
A1, 18, AG144 100% 150% 131%
A1, 26, AE144 100% 155% 87%
A1, 26, AG144 100% 157% 147%
A1, 40, AE144 100% 137% 147%
A1, 40, AG144 100% 164% + 0% 153% + 18%
aFVIliMyc = GMA-8021/Myc or ESH8Myc antibody condition; aHisMyc = anti-His/Myc antibody condition

Inhibitor Testing Titration Procedure:

[0448] Select antibodies inhibiting FVIII pr activity were p from ial sources. The antibodies target select domains of FVIII (e.g. A2, A3, C1, C2) and inhibit FVIll-dependent procoagulant activity. In order
to establish the optimal concentration of FVIII inhibitors to utilize in the assay, an initial titration experiment was performed using varying amounts of each inhibitory antibody incubated at 37°C for 2 hrs with the base vector
expressing wild-type FVIII with a HisMyc double tag, and a second sample with antibody and at least one CFXTEN fusion protein. The samples were then utilized in a coagulation assay to determine the FVIII activity. The activity
was measured by the Coatest assay procedure described herein. The concentration that resulted in optimal inhibition of FVIII activity was determined for each antibody individually.

Inhibitor Testing Procedure:

[0449] The FVIII inhibitor antibodies were then used at their optimal concentration for assay of test samples. CFXTEN and positive control samples were individually incubated with each antibody at 37°C for 2 hrs and the samples
were then collected and utilized in the Coatest activity assay, along with untreated aliquots of the CFXTEN and positive control. In some cases, CFXTEN constructs with a R1648A mutation were tested to determine the effect, if
any, of this mutation on resistance to inhibitors as measured by the retention of FVIII activity.

Results;

[0450] The results of the titration experiment are shown in FIG. 26. The data indicate a right-shift of approximately 0.7 order of magnitude in the amount of antibody required to inhibit the procoagulant activity of the CFXTEN
LSD0049.002 to the 50% level, compared to FVIII positive control, indicating that the CFXTEN with three XTEN insertions (at insertion points corresponding to amino acid residue 18, 745 and 2332 of the BDD-FVIII) had lower
binding with the antibody compared to FVIII, reflected in the retention of coagulation activity.

[0451] The results of the Coatest assays are presented in Tables 30 and 31, for the FVIII inhibitor antibodies GMA8008 and GMAB8021, respectively. All of the untreated CFXTEN fusion protein constructs tested exhibited
procoagulant activity, as did the pBC00114 FVIIl positive control. The positive control sample pre-incubated with FVIII inhibitor antibodies resulted in a sharp decrease in the measured coagulation activity to 0.05-0.15 (5-15%)
relative to the untreated sample, as did the majority of the CFXTEN constructs treated with the GMA8008 antibody to the C2 domain. However, three CFXTEN fusion proteins retained at least twice the relative remaining activity
compared to the FVIII control; LSD0049.020, LSD0053.024, and LSD0056.025, each with three XTEN inserts.

[0452] The CFXTEN samples showed a lower degree of inhibition with the GMA8021 antibody to the A2 domain compared to untreated samples that was further reduced by either the additional numbers of XTEN inserts (tabular
data shown in Table 30). FIG. 29 shows the graph of median values of the ratio to control of retained activity showing a linear relationship between numbers of XTEN inserted and reduced inhibition to the GMA8021 antibody
relative to the inhibition of the FVIII control. Similarly, the means + S.E. for the ratio to control values were 2.26+0.12 for 1 XTEN, 3.48+0.26 for 2 XTEN and 5.70+0.29 for 3 XTEN insertions. CFTXEN with at least three XTEN
inserts treated with the GMA8021 antibody had at least 4.5 to 9.2-fold greater retention of FVIII activity compared to FVIIl control. In addition, in those CFXTEN with three XTEN insertions, constructs with a higher degree of
separation (in numbers of amino acid residues) between any two insertions appeared to result in a higher degree of procoagulant activity and, hence, less binding by the FVIII inhibitor antibody, compared to insertions clustered
more closely; e.g. on the C-terminal side of the B-domain. The assay results of constructs with the R1648A mutation appeared to be comparable to those without the mutation.

[0453] Conclusions: The results support that, under the conditions of the experiments, insertion of XTEN into FVIII resulted in protection against binding by FVIII inhibitors, with retention of procoagulant activity, and that inclusion of
multiple XTEN inserts increased resistance to, in particular, the A2 domain inhibitor antibody. Lastly, there appears to be an effect by having spatial separation between the XTEN inserts.
Table 30: Results of Coagulation Assay with CFXTEN treated with antibody GMA8008 to C2 Domain

Construct Name Relative Remaining Activity Ra atio to C ontrol XTEN Insertion 1 XTEN Insertion 2 XTEN Insertion 3 Mutations
pBCO114 CT 0.05-0.15 1
pBCO149 0.1 0.8 0745_AE42_1
pSDO045 03 1.1 0018_AE144_5A
pSDO046 03 1.0 0018 AG144 F
pSDO050 0.2 09 0026 AG144 F
pSDO051 03 13 0040_AE144_5A
pSDO052 0.2 1.0 0040 AG144 F
pSD0001 02 09 0403_AE144_2 A
pBCO136 02 1.2 0745_AE288_1
pBCO137 0.2 1.1 0745_AE288_1 R1648A
pSDO013 01 09 2332 AE144 6B
pSDO014 01 08 2332_AG144_1
Construct Name Relative Remaining Activity Ratio to Control XTEN Insertion 1 XTEN Insertion 2 XTEN Insertion 3 Mutations
pBCO145 0.1 0.6 2332_AE288_1
pSDO019 01 05 2332_AE288_1
pBCO146 01 07 2332_AG288_1
pSDO015 0.1 08 2332_AE864
LSD0038.008 01 09 0018_AG144_F 1656_AG144_C
LSD0038.013 01 06 0040_AG144_F 1656_AG144_C
LSD003.09 0.1 09 0745_AE144_3B 2332_AE288_1
LSD003.06 00 08 0745_AE144_3B 2332_AE288_1 R1648A
LSD0046.001 0.0 06 1656_AG144_C 1900_AG144_C
PSD0O77 0.1 1.0 0026 AG144 F 0403_AE144_2 A 1656_AG144_C
PSD080 01 1.0 0026 AG144 F 1656_AG144_C 1720_AG144_C
PSD083 0.1 0.8 0403_AE144_2 A 1656_AG144_C 1720_AG144_C
PSD084 01 09 0403_AE144_2 A 1656_AG144_C 1900_AE144_4A
LSD0050.010 01 07 0018_AE144_5A 0745_AE144_3B 2332_AE288_1
LSD0049.021 00 0.6 0018_AE144_5A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.002 01 09 0018_AG144_F 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.008 0.1 09 0026_AE144_5A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.011 0.1 09 0026_AG144 F 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.020 02 26 0040_AE144_5A 0745_AE144_3B 2332_AE288_1 R1648A
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Construct Name Relative Remaining Activity Ratio to Control XTEN Insertion 1 XTEN Insertion 2 XTEN Insertion 3 Mutations
LSD0050.002 0.0 0.2 0040_AG144_F 0745_AE144_3B 2332_AE288_1
LSD0053.024 0.2 25 1711_AE144_4 A 0745_AE144_3B 2332_AE288_1
LSD0054.021 0.2 15 1720_AG144_C 0745_AE144_3B 2332_AE288_1
LSD0055.021 0.2 1.6 1900_AE144_4 A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0056.021 0.2 16 1900_AG144_C 0745_AE144_3B 2332_AE288_1
LSD0056.025 0.3 2.0 1910_AG144_C 0745_AE144_3B 2332_AE288_1
proportion of activity remaining relative to corresponding untreated sample
[0454] The ratio of the relative remaining activity (relative to its own control) compared to FVIIl pBC0114 positive control
Con N nstruct ame Relative Remaining Activity Ratio to Control XTEN Insertion 1 XTEN Insertion 2 XTEN Insertion 3 Mutations
pBCO114 0.05-0.15 1
pBC0149 02 1.3 0745_AE42_1
pSD0O045 0.3 27 0018_AE144_5A
pSD0046 0.2 21 0018_AG144_F
pSD0O050 0.2 2.4 0026_AG144_F
pSDO051 03 3.1 0040_AE144_5A
pSD0O052 03 27 0040_AG144_F
pSDO001 0.2 1.6 0403_AE144_2A
pBC0136 03 24 0745_AE288_1
pBC0137 03 2.4 0745_AE288_1 R1648A
pSDO013 02 1.8 2332_AE144_6B
pSD0O014 02 21 2332_AG144_1
pBC0145 03 21 2332_AE288 1
pSD0019 0.3 23 2332_AE288_1
pBC0146 03 21 2332_AG288_1
pSD0O015 03 2.8 2332_AE864
LSD0038.008 0.4 3.0 0018_AG144_F 1656_AG144_C
LSD0038.013 0.4 3.0 0040_AG144_F 1656_AG144_C
LSD003.09 03 3.6 0745_AE144_3B 2332_AE288 1
LSD003.06 03 3.4 0745_AE144_3B 2332_AE288 1 R1648A
LSD0046.001 02 4.4 1656_AG144_C 1900_AG144_C
PSDO77 0.4 5.8 0026_AG144_F 0403_AE144_2A 1656_AG144_C
PSDO080 0.4 5.7 0026_AG144_F 1656_AG144_C 1720_AG144_C
PSD083 03 5.0 0403_AE144_2A 1656_AG144_C 1720_AG144_C
PSD084 0.3 4.5 0403_AE144_2A 1656_AG144_C 1900_AE144_4A
LSD0050.010 0.4 6.7 0018_AE144_5A 0745_AE144_3B 2332_AE288_1
LSD0049.021 0.4 6.7 0018_AE144_5A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.002 05 9.2 0018_AG144_F 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.008 0.4 5.9 0026_AE144_5A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.011 0.4 5.6 0026_AG144_F 0745_AE144_3B 2332_AE288_1 R1648A
LSD0049.020 03 5.0 0040_AE144_5A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0050.002 03 6.2 0040_AG144_F 0745_AE144_3B 2332_AE288_1
LSD0053.024 0.3 4.5 1711_AE144_4A 0745_AE144_3B 2332_AE288_1
LSD0054.021 05 5.2 1720_AG144_C 0745_AE144_3B 2332_AE288_1
LSD0055.021 0.5 5.4 1900_AE144_4A 0745_AE144_3B 2332_AE288_1 R1648A
LSD0056.021 05 5.1 1900_AG144_C 0745_AE144_3B 2332_AE288_1
LSD0056.025 0.5 4.8 1910_AG144_C 0745_AE144_3B 2332_AE288_1

proportion of activity remaining relative to corresponding untreated sample The ratio of the relative remaining activity (relative to its own control) compared to FVIIl pBC0114 positive control

Example 29: Protein Purification of CFXTEN fusion proteins pBC0145 and pBC0146

[0455] Two CFXTEN constructs with C-terminal XTEN were utilized to establish a purification method. For both pBC0145 with a C-terminal XTEN of 288 amino acids of the AE family (see sequence in Table 21) and pBC0146 with a
C-terminal XTEN of 288 amino acids of the AG family (see sequence in Table 21), a tangential flow filtration (TFF) step was used to buffer exchange the clarified conditioned media from cell culture. Products were then captured
using a strong anion exchange chromatography resin, and then further purified using ViliSelect affinity chr (GE .An i size exclusion aphy (GE Healthcare) was applied to FVIII-pBC0146
as a third polish step to remove high molecule weight species. The purity of both fusion proteins was deemed acceptable by HPLC-SEC and was further confirmed by SDS-PAGE analysis of the two CFXTEN constructs showing
CFXTEN products at expected sizes. The specific activity of both was to B-d: in deleted FVIII, as measured by aPTT coagulation assay and ELISA determination of FVIIl concentration.

Example 30: Pharmacokinetics of CFXTEN fusion proteins pBC0145 and pBC0146 in HemA and FVIIAWF DKO mice

[0456] Male FVIII knock-out (HemA) mice or FVIIIAVWF double knock-out (DKO) mice, 8-12 weeks old, were treated with a single i inis ion of either i BDD-FVIII, the CFXTEN pBC0145 or pBC0146
fusion purified proteins (from Example 23) at 200 IU/kg dose (n=4/time point). At select time points, blood samples were collected via vena cava sampling. In HemA mice, blood samples were collected at 5 min, 1 4, 8, 16, 20, 24,
32, and 48 hrs post-dosing for rBDD-FVIII, and at 5 min, 8, 16, 24, 32, 48, 55 and 72 hrs post-dosing for pBC0145 and pBC0146 fusion proteins. In the FVIIIAVWF DKO mice, blood samples were collected at 5min, 30 min and 1hr
post-dosing for rBDD-FVIII, and at 5 min, 4, 8, 16 and 24 hr post-dosing for the pBC0145 and pBC0146 fusion proteins. Plasma FVIII activity was measured by FVIII chromogenic assay and the PK profile was analyzed by the
WinNonlin program.

[0457] Results: As show in Table 32 and FIG. 24, CFXTEN with the AE C-terminus XTEN insertion (pBC0145) exhibited 1.6-fold and 14 .1-fold FVIII half-life (T1/2) extension compared to rBDD FVIII in HemA mice and FVIIIAVWF
DKO mice, respectively. The CFXTEN with the AG C-terminus XTEN insertion (pBC0146) had 1.4-fold and 14.4-fold extended half-life compared to rBDD-FVIII in the HemA mice and FVIIA/WF DKO mice, respectively. The
magnitude of the FVIII half-life extension conferred by XTEN insertion was much more pronounced in the FVIIIA/WF DKO mice compared to the HemA mice, demonstrated by the 14-fold longer FVIII half-life from both FVIII-AE-
XTEN and FVIII-AG-XTEN compared to rBDD-FVIII. In addition, in comparison to rBDD-FVIII, FVIII with C-terminal AE or AG-XTEN insertion also had significantly improved FVIII recovery at the 5 min interval, reduced clearance
and volume of distribution, and increased AUC in the DKO mice. Under the conditions of the experiment, CFXTEN with C-terminus XTEN insertions demonstrated great potential on FVIII half-life extension, and, when combined
with other FVIII intra-d in il i could p ially further extend FVIII half-life.

Table 32: Pharmacokinetic parameters of CFXTEN in HemA and FVILVWE DKO mice
“Mouse Strain Treatment ] 5 min Recovery (%) | Tus (1) § MRT (hr) | Cl(mLhrkg) | Ves(mLkg) |  AUC_D (hrkgmiU/m LimiU) Ty, Fold Increase Mouse Strain
HemA pBC0145 73 11.88 16.47 381 62.74 026 16 HemA
pBC0146 64 10.54 1331 566 75.34 018 14
YBDD-FVIII 89 758 1102 433 47.68 023
FVII'VWF DKO | pBC0145 74 338 376 13.06 63.68 0.0765 139 FVIIl/ VWF DKO

pBC0146 61 3.45 361 17.40 86.63 0.0575 142
YBDD-FVIIi 23 0.24 024 460,62 16151 0.0022

Compared to rBDD-FVIII

Example 31: Cell culture and concentration of cell culture media for CFXTEN fusion proteins pSD0050 and pSD0062

[0458] CFXTEN construct variants pSD0050 with an intradomain AG XTEN of 144 amino acids inserted after amino acid residue 26 of BDD FVIII, pSD0062 with an intradomain AE XTEN of 144 amino acids inserted after residue
1900 of BDD FVIII (Note: amino acid numbering based full length FVIII), as well as a construct encoding rBDD-FVIII, were transfected into HEK293F cells (Invitrogen, Carlsbad, CA) using poly imine (PEI, i Inc.
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Warrington, PA). The transiently transfected cells were grown in 293 Free Style medium media (Invitrogen, Carlsbad, CA) for 4 days and 50-100 ml cell culture media were then concentrated 10- to 20-fold by Centricon Spin
Column (100 kDa MW cut-off) to reach 10-30 IU/m| FVIII activity. The concentrated materials were then flash-frozen and stored at -80°c¢ for future i7 vitro analysis and in vivo pharmacokinetic studies.

Example 32: Pharmacokinetics of CFXTEN fusion proteins pSD0050 and pSD0062 in HemA and FVIII'VWF DKO mice

[0459] Male HemA or FVIII/VWF double knock-out (DKO) mice, 8-12 weeks old, were treated with a single intravenous administration of cell culture concentrates from Example 31 containing either recombinant BDD-FVIII, the
CFXTEN pBD0050 or pBD062 at 100-300 IU/kg (n=3/group). At select time points, blood samples were collected via retro orbital bleeds from the same set of mice. In HemA mice, blood samples were collected at 5 min, 24 hr and
48 hr post-dosing, while in FVIIIAVWF DKO mice blood samples were collected at 5 min, 8 hr and 16 hr. The FVIII activity of plasma samples and cell culture concentrates were analyzed by a FVIIl chromogenic assay, and the PK
profile of rBDD FVIIl and FVIII-XTEN variants were analyzed using the WinNonlin program.

[0460] Results: The PK profiles of the two CFXTEN intradomain insertion variants pSD0050 and pSD0062 and rBDD-FVIIl in HemA mice and FVIIIAVWF DKO mice are shown in FIG. 25 and Table 33. In HemA mice, a comparable
initial recovery at the 5 min interval was observed for the three test FVIIl molecules. Both CFXTEN fusion proteins demonstrated two-fold longer half-life compared to wild-type BDD-FVIII. In FVIII-VWF DKO mice, because of the
loss of VWF protection, rBDD-FVIII had only a 15 min plasma half-life. In the case of the two CFXTEN, however, half-life were extended to 3.15 hr and 3.83 hr, respectively; values that are comparable to the CFXTEN with 288 C-
terminus XTEN il i E: ple 24), that further of the XTEN length at a given insertion point may not be necessary. Under the experimental conditions, the study results clearly demonstrate that
intradomain insertion of an XTEN with 144 amino acid residues not only preserved FVIII activity, but also provided similar FVIII half-life benefit as the C-terminus 288 amino acid XTEN insertion variants, suggesting that the
combination of the FVIII intradomain and C-terminus insertions may allow further extension of FVIII half-life.

Table 33: of CFXTEN in HemA and FVIIMWF DKO mice
Mouse Strain Treatment 5 min Recovery (%) Tis2 (h) MRT (hr) Cl (mLthrkg) Vss (mL/kg) AUC_D (hrkgmlU/mL fmIU) Ty, Fold Increase
HemA pSDO050 40 14.12 14.25 527 75.03 0.19 23
pSDO062 43 12.96 14.79 4.24 62.67 0.24 2.1
rBDD-FVII 47 6.19 2.62 6.35 16.62 0.16
FWIIl/ VWF DKO pSDO050 34 3.15 2.59 2173 56.28 0.05 ~12
pSDO062 35 3.83 3.71 18.51 68.69 0.05 ~15
rBDD-FVII 23 ~0.25
Compared to rBDD-FVIII

Example 33: Pharmacokinetic analysis of CFXTEN fusion polypeptides in rats

[0461] The pharmacokinetics of various CFXTEN fusion proteins, compared to FVIII alone, are tested in Sprague-Dawley rats. CFXTEN and FVIII are administered to female Sprague-Dawley rats (n=3) IV through a jugular vein
catheter at 3-10 pg/rat. Blood samples (0.2 mL) are collected into pre-chilled heparinized tubes at predose, 0.08, 0.5, 1, 2,4, 8, 24, 48, 72 hour time points, and processed into plasma. Quantitation of the test articles is performed
by ELISA assay using an anti-FVIIl antibody for both capture and detection. A non-: partmental analysis is p in WinNonLin with all time points included in the fit to determine the PK parameters. Results are expected to
show increased terminal half-life and area under the curve, and a reduced volume of distribution for the CFXEN compared to FVIIl alone, and the results are used in conjunction with results from coagulation and pharmacodynamic
assays to select those fusion protein configurations with desired properties.

Example 34: Analysis of FVIIl for XTEN insertion sites

[0462] The selection of XTEN insertion sites within the factor VIIl molecule was performed by predicting the locations of permissive sites within loop structures or otherwise flexible surface exposed structural elements. For these
analyses, the atomic coordinates of two i X-ray cr structures of FVIII were use (Shen BW, et al. The tertiary structure and domain organization of coagulation factor VIIl. Blood. (2008) Feb
1:111(3):1240-1247; Ngo JC, et al. Crystal structure of human factor VIII: |mp||cal|ons for the formation of the factor IXa-factor Vllla complex. Structure (2008) 16(4):597- 606) as well as those of factor VIl and factor Villa derived
from dynamic sil (MDS) D. Structural il i of ic and activated forms of human blood factor VIII: a y study. BMC Struct Biol. (2010)
10:7). Atomic coordinates in Protein Data Bank (PDB) format were analyzed to identify regions of the FVIII/FVIlla predicted to have a high degree solvent accessible surface area using the algorithms ASAView (Ahmad S, et al.
ASAvView: database and tool for solvent accessibility representation in proteins. BMC Bioinformatics (2004) 5:51) and GetArea (Rychkov G, Petukhov M. Joint neighbors appr solvent surface
area. J Comput Chem (2007) 28(12): 1974-1989). The resulting set of sites was then further prioritized on the basis of high predicted atomic positional fluctuation based on the basis of the published results of the MDS study. Sites
within the acidic peptide regions flanking the A1, A2, and A3 domains, as well as those that appeared by visual inspection to be in areas other than surface exposed loops were deprioritized. The resulting set of potential sites was
evaluated on the basis of interspecies sequence conservation, with those sites in regions of high sequence conservation among 20 vertebrate species being ranked more favorably. Additionally, putative clearance receptor binding
sites, FVIII interaction sites with other molecules (such as VWF, FIX), domain and exon boundaries were also considered in fusion site selection. Finally, sites within close proximity to mutations implicated in hemophilia A listed in
the Haemophilia A Mutation, Search, Test and Resource Site (HAMSTeRS) database were eliminated (Kemball-Cook G, et al. The factor VIII Structure and Mutation Resource Site: HAMSTeRS version 4. Nucleic Acids Res. (1998)
26(1):216-219). Based on these criteria, the construction of 42 FVIII-XTEN variants was proposed for XTEN insertions. Of these, three represent XTEN insertions within the residual B domain sequence, two represent extensions to
the C-terminus of the factor VIl molecule, and 37 represent XTEN insertions within structurally defined inter- and intradomain structural elements; i.e., residues 3, 18, 22, 26, 40, 60, 116, 130, 188, 216, 230, 333, 375, 403, 442,
490,518, 599, 713, 745, 1720, 1796, 1802, 1827, 1861, 1896, 1900, 1904, 1937, 2019, 2068, 2111, 2120, 2171, 2188, 2227, 2277, and 2332.

of macr

Example 35: Functional analysis of FVIII-XTEN constructs

[0463] Two FVIII-XTEN fusion proteins, FVIII-AE288 (F8X-40) and FVIII-AG288 (F8X-41), contain an AE288_1 XTEN or an AG288_1 XTEN, p , fused at the C-ts of FVIII C2 domain. To determine if FVIII activity
was retained after XTEN fusion, HEK293 cells were transfected separately with these two FVIII-XTEN fusion constructs by using polyethylenimine (PEl) in serum-free medium. At 3 or 5 days post-transfection, the cell culture
supernatant was tested for FVIII activity by a two-stage chromogenic assay. Purified recombinant FVIII, calibrated against WHO international standard, was used to establish the standard curve in the chromogeinic assay. The
fusion protein products of both F8X-40 and F8X-41 constructs were expressed at levels comparable to those of wild-type BDD-FVIII constructs. (Table 34).

Table 34. F\II Titer of FVII-XTEN fusion proteins in cell culture

FVIII Molecules FVIII 0667 pBC 01142 F8X-40 F8X-41
FVIIl activity Sample A 6.42 6.68 747 3320
(IU/ml)y Sample B 7.13 7.61 8.25 Not done
a. Both FVII1 066 and pBC 0114 contain B-domain deleted FVIII without XTEN fusion.

b. The F8X-41sample was from a 3-day transfection while other samples were from a 5-day transient transfection.

Example 36: Functional analysis of FVIII-XTEN constructs: F\VII activity and PK properties

[0464] The half-life extension potential of the F8X-40 and F8X-41 constructs was evaluated in FVIII and von Willebrand factor double knock-out mice by hydrodynamic plasmid DNA injection, with a FVIIIFc DNA construct serving
as a positive control. Mice were randomly divided into 3 groups with 4 mice per group. Plasmid DNA encoding BDD FVIIIFc fusion protein, F8X-40 or F8X-41, all sharing the same DNA vector backbone, was administered to mice in
the respective groups. Approximately 100 micrograms of the appropriate plasmid DNA was injected into each mouse via hydrodynamic injection, and blood plasma samples were collected at 24 hours and 48 hours post-injection.
The plasma FVIII activity was by at tage chr ic assay using calibrated recombinant FVIIl as a standard. As shown in FIG. 23, samples from the F8X-40 and F8X-41 groups showed higher plasma FVIIl titers
than did those from the BDD FVIIIFc, suggesting FVIII fusion with XTEN prolongs the half-life of FVIII in vivo. Taken together, these data support the conclusion that FVII-XTEN fusion proteins retained FVIII activity in transient
transfection and exhibited prolonged circulating half-life in an animal model.

Example 37: Pharmacodynamic evaluation of CFXTEN in animal models

[0465] The in vivo pharmacologic activity of CFXTEN fusion proteins are assessed using a variety of preclinical models of bleeding including but not limited to those of hemophilia, surgery, trauma, thrombocytopenia/platelet
dysfunction, clopidogrelheparin-induced bleeding and ic injection. These models are developed in multiple species including mice, rat, rabbits, and dogs using methods equivalent to those used and published for other
FVIIl approaches. CFXTEN compositions are provided in an aqueous buffer compatible with in vivo administration (for example: phosphate-buffered saline or Tris-buffered saline). The compositions are administered at appropriate
doses, dosing frequency, dosing schedule and route of administration as optimized for the particular model. Efficacy include of FVIII activity, one-stage clotting assay, FVIII chromogenic assay,
activated partial prothrombin time (aPTT), bleeding time, whole blood clotting time (WBCT), thrombelastography (TEG or ROTEM), among others.

[0466] In one example of a PD model, CFXTEN and FVIII are ed to i deficient or experil induced HemA mice. At various time points post-administration, levels of FVIIl and CFXTEN are measured by
ELISA, activity of FVIIl and CFXTEN is measured by commercially-available FVIII activity kits and clotting time is measured by aPTT assay. Overall, the results can indicate that the CFXTEN constructs may be more efficacious at
inhibiting bleeding as p to FVIII and/or in potency to dosage of FVIII with less frequent or more convenient dosing intervals.

[0467] In a mouse bleeding challenge PD model CFXTEN and FVIIl are ini to { deficient or experil induced HemA mice and effect on i is .k i can
include tail . joint bleeding or saphenous vein challenge among others. At various time points post-administration levels of FVIIl and CFXTEN are measured by ELISA, activity of FVIII
and CFXTEN are measured by commerclally available FVIII activity kit, bleeding time is measured and clotting time is measured by aPTT assay. Overall the results are expected to indicate that the CFXTEN constructs are more
efficacious at inhibiting bleeding as compared to FVIII and/or equivalent in potency to comparable dosage of FVIII with less frequent or more convenient dosing intervals, and the results are used in conjunction with results from
coagulation and other assays to select those fusion protein configurations with desired properties.

[0468] In a dog PD model, CFXTEN and FVIII are ini to i deficient dogs. At various time points post administration, levels of FVIIl and CFXTEN are measured by ELISA, activity of FVIII and
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CFXTEN are measured by commercially available FVIII activity kit and clotting time is measured by aPTT assay. Overall the results indicates that the CFXTEN constructs may be more efficacious at inhibiting bleeding as compared
to FVIII and/or equivalent in potency to comparable dosage of FVIIl with less frequent or more convenient dosing, and the results are used in j ion with results from ion and other assays to select those fusion protein
configurations with desired properties.

[0469] In a dog bleeding challenge PD model CFXTEN and FVIII are inistered to i deficient philiac dogs and effect on i is t i includes cuticle bleeding time
among others. At various time points post-administration levels of FVIIl and CFXTEN are measured by ELISA, activity of FVIIl and CFXTEN are measured by commercially available FVIII activity kit, bleeding time is measured and
clotting time are measured by aPTT assay. Overall the results indicate that the CFXTEN constructs may be more efficacious at inhibiting bleeding as compared to FVIIl and/or equivalent in potency to comparable dosage of FVIII
with less frequent or more convenient dosing intervals, and the results are used in conjunction with results from coagulation and other assays to select those fusion protein configurations with desired properties.

[0470] Additional preclinical models of bleeding include but are not limited to those of hemophilia, surgery, trauma, i ion, clopidogr in-induced bleeding and hydrodynamic injection. These
models can developed in multiple species including mice, rat, rabbits, and dogs using methods equivalent to those used and publlshed for other FVIII approaches. Overall the results indicate that the CFXTEN constructs may be
more efficacious at inhibiting bleeding as compared to FVIII and/or equivalent in potency to comparable dosage of FVIII with less frequent or more convenient dosing intervals, and the results are used in conjunction with results
from coagulation and other assays to select those fusion protein configurations with desired properties.

Example 38: CFXTEN with cleavage sequences

C-terminal XTEN by FXla

[0471] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.

Exemplary sequences are provided in Table 51. In this case, the release site cleavage sequence is incorporated into the CFXTEN that contains an amino acid sequence that is recognized and cleaved by the FXla protease (EC

3.4.21.27, Uniprot P03951). Specifically the amino acid sequence KLTRAET (SEQ ID NO: 1688) is cut after the arginine of the sequence by FXla protease. FXI is the procoagulant protease located inmediately before FVIII in the

intrinsic or contact activated coagulation pathway. Active FXla is produced from FXI by proteolytic cleavage of the zymogen by FXlla. Production of FXla is tightly controlled and only occurs when coagulation is necessary for proper

hemostasis. Therefore, by incorporation of the KLTRAET cleavage sequence (SEQ ID NO: 1688), the XTEN domain is only be removed from FVIII concurrent with activation of the intrinsic coagulation pathway and when
is required i i This creates a situation where the CFXTEN fusion protein is processed in one additional manner during the activation of the intrinsic pathway.

C-terminal XTEN by Flla (th

[0472] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.

In this case, the release site contains an amino acid sequence that is recognized and cleaved by the Flla protease (EC 3.4.21.5, Uniprot P00734). Specifically the sequence LTPRSLLV (SEQ ID NO: 1618) [Rawlings N.D., et al.

(2008) Nucleic Acids Res., 36: D320], is cut after the arginine at position 4 in the sequence. Active Flla is produced by cleavage of FIl by FXa in the presence of phospholipids and calcium and is down stream from factor IX in the

coagulation pathway. Once activated its natural role in coagulation is to cleave fibrinogen (FIG. 2), which then in turn, begins clot formation. Flla activity is tightly controlled and only occurs when coagulation is necessary for proper

hemostasis. Therefore, by incorporation of the LTPRSLLV sequence (SEQ ID NO: 1618), the XTEN domain is only removed from FVIII concurrent with activation of either the extrinsic or intrinsic coagulation pathways, and when
is required i i This creates a situation where CFXTEN fusion is processed in one additional manner during the activation of coagulation.

C-terminal XTEN by Elastase-2

[0473] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.
Exemplary sequences are provided in Table 51. In this case, the release site contains an amino acid sequence that is recognized and cleaved by the elastase-2 protease (EC 3.4.21.37, Uniprot P08246). Specifically the sequence
LGPVSGVP (SEQ ID NO: 1689) [Rawlings N.D., et al. (2008) Nucleic Acids Res., 36: D320], is cut after position 4 in the sequence. Elastase is constitutively expressed by neutrophils and is present at all times in the circulation. Its
activity is tightly controlled by serpins and is therefore minimally active most of the time. Therefore as the long lived CFXTEN circulates, a fraction of it is cleaved, creating a pool of shorter-lived FVIII to be used in coagulation. In a
desirable feature of the inventive composition, this creates a circulating pro-drug depot that constantly releases a prophylactic amount of FVIII.

C-terminal XTEN by MMP-12

[0474] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.
Exemplary sequences are provided in Table 51. In this case, the release site contains an amino acid sequence that is recognized and cleaved by the MMP-12 protease (EC 3.4.24.65, Uniprot P39900). Specifically the sequence
GPAGLGGA (SEQ ID NO: 1690) [Rawlings N.D., et al. (2008) Nucleic Acids Res., 36: D320], is cut after position 4 of the sequence. MMP-12 is constitutively expressed in whole blood. Therefore as the long lived CFXTEN
circulates, a fraction of it is cleaved, creating a pool of shorter-lived FVIII to be used in coagulation. In a desirable feature of the inventive composition, this creates a circulating pro-drug depot that constantly releases a prophylactic
amount of FVIII.

C-terminal XTEN by MMP-13

[0475] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.
Exemplary sequences are provided in Table 51. In this case, the release site contains an amino acid sequence that is recognized and cleaved by the MMP-13 protease (EC 3.4.24 -, Uniprot P45452). Specifically the sequence
GPAGLRGA (SEQ ID NO: 1691) [Rawlings N.D., et al. (2008) Nucleic Acids Res., 36: D320], is cut after position 4. MMP-13 is constitutively expressed in whole blood. Therefore as the long lived CFXTEN circulates, a fraction of it is
cleaved, creating a pool of shorter-lived FVIII to be used in coagulation. In a desirable feature of the inventive composition, this creates a circulating pro-drug depot that constantly releases a prophylactic amount of FVIII.

C-terminal XTEN by MMP-17

[0476] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.
Exemplary sequences are provided in Table 51. In this case, the release site contains an amino acid sequence that is recognized and cleaved by the MMP-20 protease (EC.3.4.24.-, Uniprot Q9ULZ9). Specffically the sequence
APLGLRLR (SEQ ID NO: 1692) [Rawlings N.D., et al. (2008) Nucleic Acids Res., 36: D320], is cut after position 4 in the MMP-17 is itutively exp inwhole blood. Therefore as the long lived CFXTEN circulates,
a fraction of it is cleaved, creating a pool of shorter-lived FVIIl to be used in coagulation. In a desirable feature of the inventive composition, this creates a circulating pro-drug depot that constantly releases a prophylactic amount of
FviIL.

-terminal XTEN by MMP-20

[0477] A CFXTEN fusion protein consisting of an XTEN protein fused to the C-terminus of FVIIl is created with an XTEN release site cleavage sequence placed in between the FVIIl and XTEN components, as depicted in FIG. 12.
Exemplary sequences are provided in Table 51. In this case, the release site contains an amino acid sequence that is recognized and cleaved by the MMP-20 protease (EC.3.4.24 -, Uniprot 060882). Specifically the sequence
PALPLVAQ (SEQ ID NO: 1693) [Rawlings N.D., et al. (2008) Nucleic Acids Res., 36: D320], is cut after position 4 (depicted by the arrow). MMP-20 is constitutively expressed in whole blood. Therefore as the long lived CFXTEN
circulates, a fraction of it is cleaved, creating a pool of shorter-lived FVIII to be used in coagulation. In a desirable feature of the inventive composition, this creates a circulating pro-drug depot that constantly releases a prophylactic
amount of FVIII.

Op ation of the release rate of XTEN

[0478] Variants of the foregoing Examples can be created in which the release rate of XTEN incorporated at the C-terminus, the N-terminus, or internal XTEN is altered. As the rate of XTEN release by an XTEN release protease is
dependent on the sequence of the XTEN release site, by varying the amino acid sequence in the XTEN release site one can control the rate of XTEN release. The sequence specificity of many proteases is well known in the art,
and is documented in several data bases. In this case, the amino acid specificity of proteases is mapped using combinatorial libraries of substrates [Harris, J. L., et al. (2000) Proc Nat/ Acad Sci USA, 97: 7754] or by following the
cleavage of substrate mixtures as illustrated in [Schellenberger, V., et al. (1993) Biochemistry, 32: 4344]. An alternative is the identification of optimal protease cleavage sequences by phage display [Matthews, D., et al. (1993)
Science, 260: 1113]. Constructs are made with variant sequences and assayed for XTEN release using standard assays for detection of the XTEN polypeptides.

Example 39: Human Clinical Trial Designs for Evaluating CFXTEN comprising FVII

[0479] O Fsisr i human ion factor VIII, intended for promoting hemostasis in hemophilia A subjects. Due to its short half- life, Kogenate is dosed intravenously every other day for prophylaxis and 8 to
every 12 hin treatment of bleeds until hemostasis is achieved. It is believed that fusion of one or more XTEN to FVIIl improves the half-life of the protein, enabling a reduced dosing frequency using such CFXTEN-containing fusion
protein compositions.

[0480] Clinical trials are designed such that the efficacy and advantages of CFXTEN, relative to Kogenate or other commercially available FVIII preparations, can be verified in humans. Such studies comprises three phases. First,

a Phase | safety and pharmacokinetics study in adult patients is to the i tolerated dose and phar inetics and phar ics in humans (either normal subjects or patients with hemophilia),
as well as to define potential toxicities and adverse events to be tracked in future studies. The Phase | studies are conducted in which single rising doses of CFXTEN compositions are administered by the route (e.g., subcutaneous,
intr or intr and bi i PK, and clinical are at defined intervals. This permits the determination of the minimum effective dose and the maximum tolerated dose and establishes the
threshold and maximum concentrations in dosage and ci ing drug that i the peutic window for the pecth as well as bi ilability when inistered by the intr or

routes. From this information, the dose and dose schedule that permits less frequent administration of the CFXTEN compositions, yet retains the pharmacologic response, is obtained. Thereafter, clinical trials are conducted in
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patients with the condition, verifying the effectiveness of the CFXTEN compositions under the dose conditions, which can be conducted in comparison to a positive control such as Kogenate to establish the enhanced properties of
the CFXTEN compositions.

[0481] Phase Il and Ill clinical trials are conducted in patients suffering from any disease in which factor VIIl may be expected to provide clinical benefit. For example, the CFXTEN is used in clinical trials for treatment of indications
approved for use of factor VIII; such indications include bleeding episodes in hemophilia A, patients with inhibitors to factor VI, prevention of bleeding in surgical interventions or invasive procedures in hemophilia A patients with

inhibitors to factor VIII, treatment of bleeding episodes in patients with ital factor VIII i and p ion of bleeding in surgical interventions or invasive procedures in patients with congenital factor VIIl deficiency.
CFXTEN may also be indicated for use in additional patient populations. A phase Il dosing study is conducted in hemophilia A patients where pharmacodynamlc coagulation, bleeding and other physiologic, PK, safety and clinical
parameters and clinical endpoints appropriate for trials are measured as a function of the dosing of the fusion proteins iti yielding d 9 ion on doses that is appropriate for a subsequent Phase Il trial, in

addition to collecting safety data related to adverse events. The PK parameters are correlated to the physiologic, clinical and safety parameter data lo establish the therapeutic window and the therapeutic dose regimen for the
CFXTEN composition, permitting the clinician to establish the approprlale dose ranges for the composition. In one trial, hemophilia A patients with factor VIl inhibitors would be evaluated to establish doses and dose regimen of
CFXTEN pharmaceutical compositions that result in ieving and and pi ing or ing bleeding episodes. Finally, a phase Ill efficacy study is conducted wherein patients are administered the
CFXTEN pharmaceutical composition and a positive control (such as a i ilable K te) are inis using a dosing schedule deemed appropriate given the inetic and phar ic properties
of the respective compositions derived from the Phase Il findings, with all agents administered for an appropriately extended period of time to achieve the study endpoints. Parameters that are monitored include aPTT assay, one-
or two-stage clotting assays, control of bleeding episodes, or the occurrence of spontaneous bleeding episodes; parameters that are tracked relative to the placebo or positive control groups. Efficacy outcomes are determined
using standard statistical methods. Toxicity and adverse event markers are also be followed in this sludy to verlfylhal the compound is safe when used in the manner described. In another phase Il trial, hemophilia A patients with

factor VIIl inhibitors would be evaluated to establish the i of CFXTEN i p in ieving and maintainil and p! ing or ing bleeding episodes.
Example 40: ytical size i of XTEN fusion proteins with diverse payloads
[0482] Size exclusion chromatography analyses were performed on fusion proteins containing various therapeutic proteins and r i proteins of i ing length. An exemplary assay used a TSKGel-G4000

SWXL (7.8mm x 30cm) column in which 40 pg of purified glucagon fusion protein at a concentration of 1 mg/ml was separated at a flow rate of 0.6 ml/min in 20 mM phosphate pH 6.8, 114 mM NaCl. Chromatogram profiles were
monitored using OD214nm and OD280nm. Column calibration for all assays were performed using a size exclusion calibration standard from BioRad; the markers include thyroglobulin (670 kDa), bovine gamma-globulin (158 kDa),
chicken ovalbumin (44 kDa), equine myoglobuin (17 kDa) and vitamin B12 (1.35 kDa). Rep -aphic profiles of Y288, Y144, Y72, Y36 are shown as an overlay in FIG.
21. The data show that the apparent molecular weight of each compound is proportional to the length of the attached XTEN sequence. However, the data also show that the apparent molecular weight of each construct is
significantly larger than that expected for a globular protein (as shown by comparison to the standard proteins run in the same assay). Based on the SEC analyses for all constructs evaluated, including a CFXTEN composition, the
apparent molecular weights, the apparent molecular weight factor (expressed as the ratio of apparent weight to the weight) and the hydrodynamic radius (Ry in nm) are shown in Table 35. The

results indicate that incorporation of different XTENs of 576 amino acids or greater confers an apparent molecular weight for the fusion protein of approximately 339 kDa to 760, and that XTEN of 864 amino acids or greater confers
an apparent molecular weight greater than approximately 800 kDA. The results of proportional i in apparent weight to actual weight were i for fusion proteins created with XTEN from several
different motif families; i.e., AD, AE, AF, AG, and AM, with increases of at least four-fold and ratios as high as about 17-fold. Additionally, the incorporation of XTEN fusion partners with 576 amino acids or more into fusion proteins
with the various payloads (and 288 residues in the case of glucagon fused to Y288) resutted with a hydrodynamic radius of 7 nm or greater, well beyond the pore size of approxi 3-5 nm. Accordingly, it is expected
that fusion proteins comprising growth and XTEN have reduced renal clearance, contributing to increased terminal half-life and improving the therapeutic or biologic effect relative to a corresponding un-fused biologic payload
protein.

Table 35: SEC analysis of various polypeptides

Construct Name XTEN or fusion partner Therapeutic Protein Actual MW Apparent MW (kDa) : Apparent Molecular Weight Factor Ry (hm)
(kDa)

AC14 Y288 Glucagon 28.7 370 12.9 7.0
AC28 Y144 Glucagon 16.1 17 73 5.0
AC34 Y72 Glucagon 99 58.6 59 3.8
AC33 Y36 Glucagon 6.8 29.4 43 26
AC89 AF120 Glucagon 14.1 76.4:54 4.3
AC88 AF108 Glucagon 13.1 61.214.7 39
AC73 AF144 Glucagon 16.3 95.2;5.8 4.7
AC53 AG576 GFP 74.9 339;4.5 7.0
AC39 AD576 GFP 76.4 546:7.1 77
AC41 AE576 GFP 80.4 760:i9.5 8.3
AC52 AF576 GFP 78.3 526;6.7 76
AC398 AE288 FVIl 76.3 650;8.5 82
AC404 AE864 FVII 129 1900314.7 10.1
AC85 AE864 Exendin-4 83.6 938:11.2 89
AC114 AM8B75 Exendin-4 82.4 1344116.3 9.4
AC143 AM875 hGH 100.6 846}8.4 8.7
AC227 AM875 IL-1ra 95.4 1103;11.6 92
AC228 AM1318 IL-1ra 134.8 2286117.0 10.5
Example 41: inetics of polypepti fused to GFP in cynomolgus monkeys

[0483] The pharmacokinetics of GFP-L288, GFP-L576, GFP-XTEN AF576, GFP-XTEN_Y576 and XTEN _AD836-GFP were tested in cynomolgus monkeys to determine the effect of composition and length of the unstructured
polypeptides on PK parameters. Blood samples were analyzed at various times after injection and the concentration of GFP in plasma was measured by ELISA using a polyclonal antibody against GFP for capture and a biotinylated
preparation of the same polyclonal antibody for detection. Results are summarized in FIG. 19. They show a surprising increase of half-life with increasing length of the XTEN sequence. For example, a half-life of 10 h was
determined for GFP-XTEN_L288 (with 288 amino acid residues in the XTEN). Doubling the length of the unstructured polypeptide fusion partner to 576 amino acids increased the half-life to 20-22 h for multiple fusion protein
constructs; i.e., GFP-XTEN_L576, GFP-XTEN_AF576, GFP-XTEN_Y576. A further increase of the unstructured polypeptide fusion partner length to 836 residues resulted in a half-life of 72-75 h for XTEN_AD836-GFP. Thus,
increasing the polymer length by 288 residues from 288 to 576 residues increased in vivo half-life by about 10 h. However, increasing the polypeptide length by 260 residues from 576 residues to 836 residues increased half-life by
more than 50 h. These results show that there is a surprising threshold of unstructured polypeptide length that results in a greater than proportional gain in in vivo half-life. Thus, fusion proteins comprising extended, unstructured
polypeptides are expected to have the property of phar inetics compared to p i of shorter lengths.

Example 42: Serum stability of XTEN

[0484] A fusion protein containing XTEN_AE864 fused to the N-terminus of GFP was incubated in monkey plasma and rat kidney lysate for up to 7 days at 37°C. Samples were withdrawn at time 0, Day 1 and Day 7 and analyzed
by SDS PAGE followed by detection using Western analysis and detection with antibodies against GFP as shown in FIG. 20. The sequence of XTEN_AE864 showed negligible signs of degradation over 7 days in plasma. However,
XTEN_AE864 was rapidly degraded in rat kidney lysate over 3 days. The in vivo stability of the fusion protein was tested in plasma samples wherein the GFP _AE864 was immunoprecipitated and analyzed by SDS PAGE as
described above. Samples that were withdrawn up to 7 days after injection showed very few signs of degradation. The results demonstrate the resistance of CFXTEN to degradation due to serum proteases; a factor in the
enhancement of pharmacokinetic properties of the CFXTEN fusion proteins.

Example 43: Increasing solubility and stability of a peptide payload by linking to XTEN

[0485] In order to evaluate the ability of XTEN to enhance the physicochemical properties of solubility and stability, fusion proteins of glucagon plus shorter-length XTEN were prepared and evaluated. The test aricles were
prepared in Tris-buffered saline at neutral pH and characterization of the Gcg-XTEN solution was by reverse-phase HPLC and size exclusion chromatography to affirm that the protein was homogeneous and non-aggregated in
solution. The data are presented in Table 36. For comparative purposes, the solubility limit of unmodified glucagon in the same buffer was measured at 60 uM (0.2 mg/mL), and the result demonstrate that for all lengths of XTEN
added, a substantial increase in solubility was attained. Importantly, in most cases the glucagon-XTEN fusion proteins were prepared to achieve target concentrations and were not to the { solubility
limits for the given construct. However, in the case of glucagon linked to the AF-144 XTEN, the limit of solubility was determined, with the result that a 60-fold increase in solubility was achieved, compared to glucagon not linked to
XTEN. In addition, the glucagon-AF144 CFXTEN was evaluated for stability, and was found to be stable in liquid formulation for at least 6 months under refrigerated conditions and for approximately one month at 37°C (data not
shown).

[0486] The data support the conclusion that the linking of short-length XTEN p i to a bi i active protein such as glucagon can markedly enhance the solubility properties of the protein by the resulting fusion
protein, as well as confer stability at the higher protein concentrations.

Table 36: Solubility of Gl TEN

Test Article Solubility
Glucagon 60 uM
Glucagon-Y36 >370 uM
Glucagon-Y72 >293 uM
Glucagon-AF108 >145 yM
Glucagon-AF120 >160 uM
Glucagon-Y144 >497 uM
Glucagon-AE144 >467 uM
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Test Article Solubility
Glucagon-AF144 >3600 uM
Glucagon-Y288 >163 uM
Example 44: Analysis of seq for Y by

[0487] Amino acid sequences can be assessed for secondary structure via certain computer programs or algorithms, such as the well-known Chou-Fasman algorithm (Chou, P. Y., et al. (1974) Biochemistry, 13: 222-45) and the
Garnier-Osguthorpe-Robson, or "GOR" method (Garnier J, Gibrat JF, Robson B. (1996). GOR method for predicting protein secondary structure from amino acid sequence. Methods Enzymol 266:540-553). For a given sequence,
the algorithms can predict whether there exists some or no secondary structure at all, expressed as total and/or percentage of residues of the sequence that form, for example, alpha-helices or beta-sheets or the percentage of
residues of the sequence predicted to result in random coil formation.

[0488] Several representative sequences from XTEN "families" have been assessed using two algorithm tools for the Chou-Fasman and GOR methods to assess the degree of secondary structure in these sequences. The Chou-
Fasman tool was provided by Wiliam R. Pearson and the University of Virginia, at the "Biosupport" internet site, URL located on the World Wide Web at .fasta.bioch virginia.edufasta_www2fasta_www.cgi?rm=misc1 as it existed
on June 19, 2009. The GOR tool was provided by Pole Informatique Lyonnais at the Network Protein Sequence Analysis internet site, URL located on the World Wide Web at .npsa-pbil.ibcp.fr/icgi-bin/secpred_gor4 .pl as it existed
on June 19, 2008.

[0489] As a first step in the analyses, a single XTEN sequence was analyzed by the two algorithms. The AE864 composition is an XTEN with 864 amino acid residues created from multiple copies of four 12 amino acid sequence
motifs consisting of the amino acids G, S, T, E, P, and A. The sequence motifs are characterized by the fact that there is limited repetitiveness within the motifs and within the overall sequence in that the sequence of any two
consecutive amino acids is not repeated more than twice in any one 12 amino acid motif, and that no three contiguous amino acids of full-length the XTEN are identical. Successively longer portions of the AF 864 sequence from
the N-terminus were analyzed by the Chou-Fasman and GOR algorithms (the latter requires a minimum length of 17 amino acids). The sequences were analyzed by entering the FASTA format sequences into the prediction tools
and running the analysis. The results from the analyses are presented in Table 37.

[0490] The results indicate that, by the Chou-Fasman calculations, short XTEN of the AE and AG families, up to at least 288 amino acid residues, have no alpha-helices or beta-sheets, but amounts of predicted percentage of
random coil by the GOR algorithm vary from 78-99%. With increasing XTEN lengths of 504 residues to greater than 1300, the XTEN analyzed by the Chou-Fasman algorithm had predicted percentages of alpha-helices or beta-
sheets of 0 to about 2%, while the calculated percentages of random coil increased to from 94-99%. Those XTEN with alpha-heli or beta-sheets were those seq with one or more instances of three contiguous serine
residues, which resulted in predicted beta-sheet formation. However, even these sequences still had approximately 99% random coil formation.

[0491] The data provided herein suggests that 1) XTEN created from multiple sequence motifs of G, S, T, E, P, and A that have limited repetitiveness as to contiguous amino acids are predicted to have very low amounts of alpha-
helices and beta-sheets; 2) that increasing the length of the XTEN does not appreciably increase the probability of alpha-helix or beta-sheet formation; and 3) that progressively increasing the length of the XTEN sequence by
addition of non-repetitive 12-mers consisting of the amino acids G, S, T, E, P, and A results in increased percentage of random coil formation. Results further indicate that XTEN sequences defined herein (including e.g., XTEN
created from sequence motifs of G, S, T, E, P, and A) have limited repetitiveness (including those with no more than two identical contiguous amino acids in any one motif) are expected to have very limited secondary structure. Any
order or combination of sequence motifs from Table 3 can be used to create an XTEN polypeptide that will result in an XTEN sequence that is substantially devoid of secondary structure, though three contiguous serines are not
preferred. The unfavorable property of three contiguous series however, can be ameliorated by increasing the length of the XTEN. Such sequences are expected to have the characteristics described in the CFXTEN aspects of the
teaching disclosed herein.

able 37: CHOU-FASMAN and GOR icti i of polypeptide
SEQ NAME SEQID NO: No. Residues Chou- Fasman Calculation GOR Calculation
AE36: LCW0402_002 1489 36 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 94.44%
AE36: LCW0402_003 1490 36 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 94.44%
AG36: LCVW0404_001 1491 36 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 77.78%
AG36: LCVW0404_003 1492 36 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 83.33 %
AF42_1- 1493 42 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 90.48%
AE42_1- 1494 42 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 90.48%
AG42_1- 1495 42 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 88.10%
AG42_2- 1496 42 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 88.10%
AE144 1497 144 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 98.61%
AG144_1 1498 144 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 91.67%
AE288 1499 288 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 99.31%
AG288_2 1500 288 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 92.71
AF504 1501 504 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 94.44%
AD 576 1502 576 Residue totals: H: 7 E: 0 percent: H: 1.2 E: 0.0 99.65%
AE576 1503 576 Residue totals: H: 2 E: 0 percent: H: 0.4 E: 0.0 99.65%
AG576 1504 576 Residue totals: H: 0 E: 3 percent: H: 0.4 E: 0.5 99.31%
AF540 1505 540 Residue totals: H: 2 E: 0 percent: H: 0.4 E: 0.0 99.65
AD836 1506 836 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 98.44%
AE864 1507 864 Residue totals: H: 2 E: 3 percent: H: 0.2 E: 0.4 99.77%
AF864 1508 875 Residue totals: H: 2 E: 0 percent: H: 0.2 E: 0.0 95.20%
AG864 1509 864 Residue totals: H: 0 E: 0 percent: H: 0.0 E: 0.0 94.91%
AM875 1510 875 Residue totals: H: 7 E: 3 percent: H: 0.8 E: 0.3 98.63%
AM1318 1511 1318 Residue totals: H: 7 E: 0 percent: H: 0.7 E: 0.0 99.17%
AM923 1512 924 Residue totals: H: 4 E: 3 percent: H: 0.4 E: 0.3 98.70%
AE912 1513 913 Residue totals: H: 8 E: 3 percent: H: 0.9 E: 0.3 99.45%
BC 864 1514 Residue totals: H: O E: O percent: H: 0 E: O 99.77%
H: alpha-helix E: beta-sheet
Example 45: Analysis of polypepti q forrep
[0492] In this Example, different polypeptides, including several XTEN seq . were for repetiti in the amino acid peptide amino acid can be for repetiti by
quantifying the number of times a shorter subsequence appears within the overall polypeptide. For example, a polypeptide of 200 amino acid residues length has a total of 165 overlapping 36-amino acid "blocks" (or "36-mers")
and 198 3-mer "subsequences”, but the number of unique 3-mer subsequences will depend on the amount of repetitiveness within the sequence. For the analyses, different i were forrep
by determining the subsequence score obtained by application of the following equation:
b coni= S count; )
m
wherein: m = (amino acid length of polypeptide) - (amino acid length of subsequence) +
1; and Count; = cumulative number of occurrences of each unique subsequence within sequence;
[0493] In the analyses of the present Example, the q score for the polypepti of Table 38 were determined using the foregoing equation in a computer program using the algorithm depicted in FIG. 27, wherein the

subsequence length was set at 3 amino acids. The resulting subsequence score is a reflection of the degree of repetitiveness within the polypeptide.

[0494] The results, shown in Table 38, indicate that the unstructured polypeptides consisting of 2 or 3 amino acid types have high subsequence scores, while those of consisting of the 12 amino acid motifs of the six amino acids G,
S, T, E, P, and Awith a low degree of internal repetitiveness, have subsequence scores of less than 10, and in some cases, less than 5. For example, the L288 sequence has two amino acid types and has short, highly repetitive
sequences, resulting in a subsequence score of 50.0. The polypeptide J288 has three amino acid types but also has short, repetitive sequences, resulting in a subsequence score of 33.3. Y576 also has three amino acid types, but
is not made of internal repeats, reflected in the subsequence score of 15.7 over the first 200 amino acids. W576 consists of four types of amino acids, but has a higher degree of internal repetitiveness, e.g., "GGSG" (SEQ ID NO:
1694).", resulting in a subsequence score of 23.4. The AD576 consists of four types of 12 amino acid motifs, each consisting of four types of amino acids. Because of the low degree of internal repetitiveness of the individual motifs,
the overall subsequence score over the first 200 amino acids is 13.6. In contrast, XTEN's consisting of four motifs contains six types of amino acids, each with a low degree of internal repetiti have lower scores;
i.e., AEB64 (6.1), AF864 (7.5), and AM875 (4.5), while XTEN consisting of four motifs containing five types of amino acids were intermediate; i.e., AE864, with a score of 7.2.

[0495] Conclusions: The results indicate that the combination of 12 amino acid q motifs, each isting of four to six amino acid types that are non-repetitive, into a longer XTEN polypeptide results in an overall
sequence that is substantially non-repetitive, as indicated by overall subsequence scores less than 10 and, in many cases, less than 5. This is despite the fact that each subsequence motif may be used multiple times across the
sequence. In contrast, polymers created from smaller numbers of amino acid types resulted in higher q scores, with polypepti isting of two amino acid type having higher scores that those consisting of three

amino acid types.
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Seq Name SEQID NO: Score
J288 1515 333
K288 1516 46.9
L288 1517 50.0
Y288 1518 26.8
Q576 1519 18.5
Us76 1520 18.1
W576 1521 234
Y576 1522 15.7
AE288 1523 6.0
AG288_1 1524 6.9
AD576 1525 13.6
AES576 1526 6.1
AF540 1527 8.8
AF504 1528 70
AE864 1529 6.1
AF864 1530 75
AG864 1531 72
AG868 1532 75
AM875 1533 45
AE912 1534 45
AMO23 1535 45
AM1296 1536 45

Example 46: Calculation of TEPITOPE scores

[0496] TEPITOPE scores of 9mer peptide sequence can be calculated by adding pocket potentials as described by Sturniolo [Sturniolo, T., et al. (1999) Nat Biotechnol, 17: 555]. In the present Example, separate Tepitope scores
were calculated for individual HLA alleles. Table 39 shows as an example the pocket potentials for HLA0101B, which occurs in high frequency in the Caucasian population. To calculate the TEPITOPE score of a peptide with
sequence P1-P2-P3-P4-P5-P6-P7-P8-P9, the corr ing indivi pocket ials in Table 39 were added. The HLA0101B score of a 9mer peptide with the sequence FDKLPRTSG (SEQ ID NO: 1695) is the sum of 0,-1.3, 0,
0.9,0,-1.8,0.09,0,0.

[0497] To evaluate the TEPITOPE scores for long peptides one can repeat the process for all 9mer subsequences of the sequences. This process can be repeated for the proteins encoded by other HLA alleles. Tables 40-43 give
pocket potentials for the protein products of HLA alleles that occur with high frequency in the Caucasian population.

[0498] TEPITOPE scores calculated by this method range from approximately -10 to +10. However, 9mer peptides that lack a hydrophobic amino acid (FKLMVWY (SEQ ID NO: 1696)) in P1 position have calculated TEPITOPE
scores in the range of -1009 to -989. This value is biologically meaningless and reflects the fact that a hydrophobic amino acid serves as an anchor residue for HLA binding and peptides lacking a hydrophobic residue in P1 are
considered non binders to HLA. Because most XTEN sequences lack hydrophobic residues, all inati of 9mer q will have TEPITOPES in the range in the range of -1009 to -989. This method confirms that
XTEN polypeptides may have few or no predicted T-cell epitopes.

Table 39: Pocket potential for HLA0101B allele.

Amino Acid P P2 P3 P4 P5 P6 P7 P8 P9
A -999 0 0 0 - 0 0 - 0
c -999 0 0 0 - 0 0 - 0
Amino Acid P1 P2 P3 P4 P5 P6 P7 P8 P9
D -999 13 -13 24 - 2.7 -2 - -19
E -999 0.1 -1.2 0.4 - 24 0.6 - 19
F 0 08 038 008 - 21 03 - 0.4
G -999 05 02 07 - 03 -1.1 - 0.8
H -999 0.8 02 07 - 22 0.1 - -1
1 -1 11 15 05 - 19 06 - 07
K -999 1A 0 2.1 - -2 -0.2 - 17
L -1 1 1 09 - 2 03 - 05
M -1 1.1 14 0.8 - -1.8 0.09 - 0.08
N -999 0.8 05 0.04 - 1.1 0.1 - -12
P -999 05 03 19 - 0.2 0.07 - 1.1
Q -999 1.2 0 0.1 - -1.8 0.2 - -16
R -999 22 07 2.1 - 18 0.09 - -1
s -999 -0.3 02 07 - 0.6 -0.2 - 0.3
T -999 0 0 -1 - 12 0.09 - -0.2
v -1 2.1 05 0.1 - 1.1 07 - 03
W 0 -0.1 0 1.8 - 24 -0.1 - 1.4
Y 0 09 038 11 - 2 05 - 0.9
Table 40: Pocket potential for HLA0301B allele.
Amino acid Pi P2 P3 P4 P5 P6 P7 P8 P9
A -999 0 0 0 - 0 0 - 0
c -999 0 0 0 - 0 0 - 0
D -999 1.3 13 23 - 2.4 0.6 - 0.6
E -999 0.1 12 -1 - 14 02 - 03
F -1 08 038 -1 - 14 05 - 09
G -999 05 0.2 05 - 0.7 0.1 - 0.4
H -999 0.8 0.2 0 - 0.1 -0.8 - 05
I 0 11 15 05 - 07 04 - 06
K -999 1 0 -1 - 13 09 - 02
L 0 1 1 0 - 02 02 - -0
M 0 1.1 1.4 0 - 0.9 1.4 - 1.1
N -999 0.8 05 0.2 - 0.6 -0.1 - -0.6
P -999 05 03 -1 - 05 07 - 03
Q -999 12 0 0 - 0.3 -0.1 - 02
Amino acid P1 P2 P3 P4 P5 P6 P7 P8 P9
R -999 22 0.7 - - 1 09 - 05
s -999 0.3 0.2 07 - -0.1 0.07 - 1.1
T -999 0 0 -1 - 038 -0.1 - 05
v 0 2.1 05 0 - 1.2 02 - 03
W -1 0.1 0 -1 - 1.4 06 - -1
Y -1 09 08 -1 - 1.4 0.1 - 03
" Table 41: Pocket potential for HLAO401E aliele.
{Amino acid P1 {P2 {P3 P4 7 P8 iPo

el
@

iA -999 {0 {0 {0 - {0 {0
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Amino acid P1 P2 P3 P4 P5 P& P7 P8 P9

[+] -999 0 0 0 - 0 0 - 0

D -999 -1.3 -1.3 1.4 - -1.1 -0.3 - -1.7

E -999 0.1 -1.2 15 - -2.4 0.2 - -1.7

F 0 0.8 0.8 -0.9 - -1.1 -1 - -1

G -999 0.5 0.2 -1.6 - -1.5 -1.3 - -1

H -999 0.8 0.2 1.1 - -1.4 0 - 0.08

1 -1 1.1 1.5 0.8 - -0.1 0.08 - -0.3

K -999 1.1 0 -1.7 - -2.4 -0.3 - -0.3

L -1 1 1 0.8 - -1.1 0.7 - -1

M -1 1.1 1.4 0.9 - -1.1 0.8 - -0.4

N -999 0.8 0.5 0.9 - 13 0.6 - -1.4

P -999 -0.5 0.3 -1.6 - 0 -0.7 - -1.3

Q -999 1.2 0 0.8 - -1.5 0 - 0.5

R -999 22 0.7 -1.9 - -2.4 -1.2 - -1

S -999 -0.3 0.2 0.8 - 1 -0.2 - 0.7

T -999 0 0 0.7 - 19 -0.1 - -1.2

\ -1 21 0.5 -0.9 - 0.9 0.08 - -0.7
W 0 -0.1 0 -1.2 - -1 -1.4 - -1

Y 0 0.9 0.8 -1.6 - -1.5 -1.2 - -1
Table 42: Pocket pote for HLA0701B allele.

Amino acid P1 P2 P3 P4 P5 P6 P7 P8 P9
A -999 0 0 0 - 0 0 - 0

C -999 0 0 0 - 0 0 - 0

D -999 -1.3 -1.3 -1.6 - -2.5 -1.3 - -1.2
E -999 0.1 -1.2 -1.4 - -2.5 0.9 - -0.3
F 0 0.8 08 0.2 - -0.8 2.1 - 2.1
G -999 0.5 0.2 -1.1 - -0.6 0 - -0.6
H -999 0.8 0.2 0.1 - -0.8 0.9 - -0.2
1 -1 1.1 15 1.1 - -0.5 2.4 - 3.4
K -999 1.1 0 -1.3 - -1.1 0.5 - -1.1
L -1 1 1 -0.8 - -0.9 2.2 - 3.4
M -1 1.1 14 -0.4 - -0.8 1.8 - 2

N -999 0.8 0.5 -1.1 - -0.6 1.4 - -0.5
P -999 -0.5 0.3 -1.2 - -0.5 -0.2 - -0.6
Q -999 1.2 0 -1.5 - -1.1 1.1 - -0.9
R -999 22 0.7 -1.1 - -1.1 0.7 - -0.8
S -999 -0.3 0.2 15 - 0.6 0.4 - -0.3
T -999 0 0 1.4 - -0.1 0.9 - 0.4
\ -1 21 0.5 0.9 - 0.1 16 - 2
w 0 -0.1 0 -1.1 - -0.9 1.4 - 0.8
Y 0 0.9 08 -0.9 - -1 17 - 1.1
Table 43: Pocket potential for HLA1501B allele.

Amino acid P1 P2 P3 P4 P5 P6 P7 P8 P9

A -999 0 0 0 - 0 0 - 0

c -999 0 0 0 - 0 0 - 0

D -999 -1.3 -1.3 -0.4 - -0.4 -0.7 - -1.9

E -999 0.1 -1.2 -0.6 - -1 -0.7 - -1.9

F -1 0.8 0.8 2.4 - -0.3 1.4 - -0.4
G -999 0.5 0.2 0 - 0.5 0 - -0.8
H -999 0.8 0.2 1.1 - -0.5 0.6 - -1.1

1 0 1.1 1.5 0.6 - 0.05 1.5 - 0.7

K -999 1.1 0 -0.7 - -0.3 -0.3 - -1.7

L 0 1 1 0.5 - 0.2 1.9 - 0.5

M 0 1.1 1.4 1 - 0.1 1.7 - 0.08
N -999 0.8 0.5 -0.2 - 0.7 0.7 - -1.2

P -999 -0.5 0.3 -0.3 - -0.2 0.3 - -1.1
Q -999 1.2 0 -0.8 - -0.8 -0.3 - -1.6
R -999 22 0.7 0.2 - 1 -0.5 - -1

S -999 -0.3 0.2 -0.3 - 0.6 0.3 - -0.3

T -999 0 0 -0.3 - -0 0.2 - -0.2
\ 0 21 0.5 0.2 - -0.3 0.3 - 03
w -1 -0.1 0 0.4 - -0.4 0.6 - -1.4
Y -1 0.9 0.8 25 - 0.4 0.7 - -0.9
Example 46: of i ion of XTEN into p issive loops.

XTEN AE42-4 Insertion

[0499] The construction and expression of FVIII with XTEN AE42 insertions were described in Example 17 and 24. Thus, where residue X designates the site of insertion and residue Z designates the next residue in the native
FvIlI i .the ide resulting from insertion of XTEN AE42 would contain the sequence:
GSPTSTEEGTSESAT TSGSETPASS-Z (SEQ ID NO: 1697)

[0500] 16 different sites in the FVIII sequence were selected for XTEN AE42 insertion, and these were designed Batch 1. An additional 21 sites selected for XTEN AE42 insertion were designed Batch 2. Collectively, the Batch 1
and Batch 2 sites represent 12 sites in the A1 domain, 7 sites in the A2 domain, 10 sites in the A3 domain, 4 sites in the C1 domain, and 3 sites in the C2 domain. Locations of Batch 1 and 2 sites in the 3-D structure of FVIII are
depicted in FIG. 32.

[0501] The location of these Batch 1 and Batch 2 insertion sites results in 37 constructs designated pSD0001- pSD0004, pSD0009- pSD0012, pSD0023- pSD0032, pSD0034- pSD0063 [the foregoing ranges include all intermediate
numbers, as well], the sequences of which are set forth in Table 21 and the insertions sites of which are set forth in Table 23.

In vitro assays

[0502] To assess FVIII tolerability to XTEN AE42-4 insertion, the FVIII activity in culture media samples from FVIII-XTEN cell cultures was analyzed using a FVIIl chromogenic assay. Antigen expression levels were analyzed by
FVIII-HC (FVIII heavy chain) and FVIII-LC (FVIII light chain) ELISA.

FMII Activity Measurement by Chromogenic Assay
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[0503] The FVIII activity was measured using the COATEST® SP FVIIl kit from DiaPharma (lot# N089019) and all incubations were performed on a 37°C plate heater with shaking. Cell culture harvests from transient transfection

media of FVIII-XTEN AE42-4 variants from & well plates were diluted to the desired FVIII activity range using 1x FVIII COATEST® buffer. FVIII standards were prepared in 1x FVIII COATEST® buffer containing mock transfection
media with matching culture media concentration as the testing sample. The range of recombinant Factor VIII (rFVIIl) standard was from 100 mIU/mL to 0.78 mIU/mL. The standards, diluted cell culture samples, and a pooled

normal human plasma assay control were added to Immulon® 2HB 96-well plates in duplicates (25 pLAwell).

[0504] Freshly prepared |Xa/F X/Phospholipid mix (50 uL), 25 pL of 25mM CaCI2, and 50 uL of FXa substrate were added sequentially into each well, with 5 minutes incubation between each addition. After incubating with the

substrate, 25 L of 20% acetic acid was added to terminate the color reaction, and the absorbance at 405 nm was measured with a SpectraMAX® plus (Molecular Devices) instrument.

[0505] Data analysis was performed using SoftMax Pro software (version 5.2). The Lowest Level of Quantification (LLOQ) was 39 mIU/mL. Results are presented in Table 22.

Expression Measurement by FVII-HC and F\VII-LC ELISA

[0506] Exp ion of variants was q ified using ELISA. The FVIII antigen expression levels of DNA constructs corresponding to XTEN insertions in the A1 and A2 domains of FVIIl were analyzed by FVIII-LC ELISA. The FVIII
antigen expression levels of DNA constructs corresponding to XTEN insertions in the A3, C1 and C2 domains of FVIIl were analyzed by FVIII-HC ELISA. Results are presented in Table 22.

[0507] FVIII-XTEN antigens in cell culture media after harvest were captured by GMA011 antibodies (Green Mountain Antibodies) for FVIII-LC ELISA) or by GMAO16 antibodies (Green Mountain Antibodies) for FVIII-HC ELISA.

Immulon® 2HB 96-well plates were coated with 100pl/well of anti-FVIIl antibody (2ug/ml) by overnight incubation at 40C. Plates were then washed four times with Phosphate Buffer saline with Tween-20 (PBST) and blocked with
blocking buffer (PBST with 10% heat inactivated horse serum) for 1 hour at room temperature.

[0508] Cell culture harvests from transient transfection media of FVIII-XTEN variants from a 6-well plate were diluted to the desired FVIII antigen range using 1x blocking buffer. FVIII standards were prepared in 1x FVIII blocking
buffer containing mock transfection media with matching media concentration as the testing samples. The range of rFVIII standard was from 50 ng/mL to 0.39 ng/mL.

[0509] Standards, diluted cell cuture samples, and a pooled normal human plasma assay control were added into Inmulon® 2HB 96-well plates in duplicates (100 pLAwell) and incubated at 370C for 2 hours. Following four times

washing with PBST, 100 pl of HRP-sheep anti-hFVIIl antibody (Affinity Biologicals, F8C-EIC-D) were added into each well and plates were incubated for 1 hour at 370C. After another four washes with PBST, 100 pl of TMB Super

Sensitive Substrate (BioFX) were added to each well, followed by 5-10 min color development. To terminate the color reaction, 50 uL of H2S04 were added to each well, and the absorbance of at 450 nm was measured with a
X plus (I Devices) i

[0510] Data analysis was performed using SoftMax Pro software (version 5.4). The Lowest Level of Quantification (LLOQ) was 0.0039 pg/mL. Results are presented in Table 22.

[0511] Permissive sites into which XTEN sequences were inserted without eliminating procoagulant activity of the recombinant protein, or the ability of the recombinant proteins to be expressed in the host cell were clustered within
loops in each of the three A domains of FVIII. FIG. 36 shows the location of insertion sites in the recombinant FVIII proteins that showed FVIII activity on domains A1, A2 and A3. FIG. 33 shows a structural representation depicting
the location of insertion sites in the recombinant FVIII proteins that showed FVIII activity.

[0512] The permissive sites clustered in solvent exposed, highly flexible surface loops (XTEN permissive loops). The A1 domain loops were located in a region corresponding approximately to amino acid positions 15 to 45, and
201 to 232, respectively, in the sequence of mature human FVIII (FIG. 30). The A2 domain loops were located in a region corresponding approximately to amino acid positions 395 to 421, and 577 to 635, respectively, in the
sequence of mature human FVIII (FIG. 30). The A3 domain loops were located in a region corresponding approximately to amino acid positions 1705 to 1732, and 1884 to 1917, respectively, in the sequence of mature human
FVIII (FIG. 30). FIGS. 37A and 37B show the location of the XTEN permissive loops relative to secondary structure elements in the tridimensional structure of FVIII.

Example 47: CFXTEN with insertions of XTEN having 144 amino acids

[0513] Analysis of the preliminary data p above (E: ple 46) the exists of defined regions within the linear polypeptide sequences and 3-D structures of the FVIII A domains that can accommodate the
insertion of XTEN sequences. To test this hypothesis and further define the boundaries of putative regions that can accommodate the insertion of XTEN sequences without loss of FVIII activity, 23 additional insertion sites not
present in either Batch 1 or 2 were chosen and designated Batch 3.

[0514] Batch 3 constructs were generated by the insertion of a 144 residue XTEN AE polypeptide, comprising amino acid residues Gly (G), Ala (A), Pro (P), Ser (S), Thr (T), and Glu (E), or a 144 residue XTEN AG polypeptide,
comprising amino acid residues Gly (G), Ala (A), Pro (P), Ser (8), and Thr (T). Five different version of the 144 residue AE polypeptide were and i XTEN-AE144-2A, XTEN-AE144-3B, XTEN-AE144-4A, XTEN-
AE144-5A, XTEN-AE144-6B. The amino acid sequences are as set forth in Table 4. Five different versions of the 144 residue polypeptide were generated and designated XTEN-AG144-1, XTEN-AG144-A, XTEN-AG 144-B, XTEN-
AG144-C, and XTEN-AG144-F. The amino acid sequences are as set forth in Table 4.

[0515] The 144 residue XTEN encoding DNA sequence was introduced by the chemical synthesis of DNA segments (DNA 2.0, Redwood City, CA) spanning the nearest unique restriction sites within the base vector on either side
of the site of insertion.

[0516] The DNA sequences corresponding to the XTEN 144 peptides were inserted such that the resulting DNA construct would encode a FVIII protein in which the XTEN 144 protein sequence is inserted inmediately after the
residue indicated in the site selection, and flanked by Ascl and Xhol sites.

[0517] In addition to these sites, those sites from Batch 1 and 2 at which insertion of the XTEN AE42 polypeptide did not abolish FVIII procoagulant acitivity were modified by excision of the AE42 polypeptide encoding DNA
segment with restriction enzymes Ascl and Xhol, and introduction of XTEN AE144 and XTEN AG144 coding sequences at the same sites. The location of these Batch 1, Batch 2 and Batch insertion sites is summarized in Table IIl.
FIG. 34 presents a structural representation of FVIIl showing the location of the XTEN 144 insertion sites.

[0518] A total of 48 constructs with 144 XTEN inserts were created. The constructs are pSD0001-pSD0004, pSD0009-pSD0012, pSD0023-63 [the foregoing ranges include all intermediate numbers, as well], the sequences of
which are set forth in Table 21 and the insertion sites of which are detailed in Table 22.

Expression of FVIII-XTEN 144 Variants

[0519] FVIII variants with XTEN 144 insertions were tranfected into HEK293F cells (Invitrogen, Carlsbad, CA) using p imine (PEI, i Inc. Warrington, PA) or Lip i ion reagent itrogen,
Carlsbad, CA). The transiently transfected cells were grown in 293 Free Style medium or a mixture of 293 Free Style and CD Opti CHO media (Invitrogen, Carlsbad, CA). The cell culture medium was harvested 3-5 days after
transfection and analyzed for FVIII expression by chromogenic FVIIl activity assay and FVIII ELISA conducted as described herein.

[0520] Cell culture media from transient transfection were concentrated 10-fold in Centricon® spin columns (100kd cut-off). Concentrated material was then flash frozen and stored at -80°C for future i? vitro analysis and in vivo PK
studies.

In vitro assays

[0521] To assess FVIII tolerability to insertions, the FVIII activity in culture media samples from cell cultures was analyzed using a FVIIl chromogenic assay. Antigen expression levels were analyzed by FVIII-HC (FVIII heavy chain)
and FVIII-LC (FVIII light chain) ELISA.

[0522] FVIII Activity Measurement by Chr ic Assay and Exp i by FVIII-HC and FVIII-LC ELISA

[0523] Chromogenic and ELISA assay methods were conducted as described. The results obtained are summarized in Table 23.

[0524] Permissive sites into which XTEN sequences were inserted without eliminating procoagulant activity of the recombinant protein, or the ability of the recombinant proteins to be expressed in the host cell clustered within loops
in each of the three A domains of FVIIl. The same XTEN permissive loop regions tolerating the shorter XTEN sequences inserted were found to tolerate the insertion of the longer XTEN sequences. FIG. 38 shows the location of
XTEN 144 insertion sites in the recombinant FVIII proteins that showed FVIII activity on domains A1, A2 and A3. FIG. 35 shows a structural representation depicting the location of insertion sites in the recombinant FVIII proteins
that showed FVIII activity.

[0525] These observation indicate that two regions within each of the A domains of FVIII are able to accommodate insertion of XTEN sequences without loss of FVIII cofactor activity. A structural depiction of these so-called XTEN
permissive loops (FIGS. 40 and 41) demonstrate that they occupy structurally analogous positions in each of the A domains and project from one face of the FVIIl molecule. The identified XTEN permissive loops correspond to

highly flexible loops located between beta strands in the three-dimensional structures of the A1, A2, and A3 domains, as shown in FIGS. 37A and 37B.

[0526] The in vivo evaluation of XTEN 144 insertions on FVIIl Half-life Extension, as determined by pharmacokinetics, is described in Example 32.

Example 48: Rescue or of FVIll ion by i ion of an XTEN sequence within the a3 acidic peptide region of FVIII.

[0527] Adherent HEK293 cells were transfected (as described in Example 24) with FVIII-XTEN DNA constructs in which the coding sequence of a B-domain deleted factor VIl contained 2 to 4 XTEN insertions of 144 amino acid
residues each, of composition and insertion location as indicated in Table 44, below. At 5 days post-transfection, cell culture supernatants were assayed for FVIII activity by the chromogenic assay (as described in Example 25).
Results are shown in Table 44.

Table 44. Expression levels of FVII Activity by CFXTEN variants ining an XTEN at position 1720 and one, two, or three additional XTEN insertions.
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Construct Name Domain, Position, and Type of XTEN Insertion Activity (mIU/mL)
Al A2 a3 A3-1 A3-2
LSD0040.002 26 AG144 1720 AG144 175
LSD0041.008 403 AE144 1720 279
AG144
LSD0045.002 1656 AG144 1720 AG144 2598
PSD080.002 26 AG144 1656 AG144 1720 AG144 1081
PSD083.001 403 AE144 1656 AG144 1720 AG144 789
PSD082.001 26 AG144 1720 AG144 1900 AE144 <LLOQ
PSD090.003 26 AG144 1656 AG144 1720 AG144 1900 AE144 316

[0528] For the purpose of comparison, all FVIII-XTEN constructs had an AG144 XTEN insertion at amino acid position 1720 (numbered relative to full-length factor VIIl) within the A3 domain. Expression levels of FVIII-XTEN
varians were by chr assay and expl in units of mIU/mL. Constructs with a single additional XTEN insertion at either position 26 in the A1 domain (LSD0040.002) or position 403 in the A2 domain
(LSD0041.008) yielded expression levels of 175 and 279 mIU/mL, respectively. In contrast, a construct with a single additional XTEN insertion at position 1656 within the a3 acidic peptide yielded an expression level of 2598
miU/mL, i of level for the a3 XTEN insertion construct relative to the A1 and A2 insertion constructs. In addition, in comparison to the FVIII-XTEN construct with XTEN insertions at positions
26 in the A1 domain and 1720 in the A3 domain (LSD0040.002), the construct with an additional XTEN insertion at position 1656 within the a3 acidic peptide region (PSD080.002) yielded significantly higher expression (175 and
1081 mIU/mL, respectively). Consistent with these findings, the construct with XTEN insertions at positions 403 in the A2 domain and 1720 in the A3 domain (LSD0041.008) yielded an expression level of 279 mIU/mL, whereas an
additional XTEN insertion at position 1656 within the a3 acidic peptide region (PSD083.001) resulted in an increase in the expression level to 789 mIU/mL. Lastly, the FVIII-XTEN construct with an XTEN insertion at position 26
within the A1 domain and two XTEN insertions at positions 1720 and 1900 within the A3 domain (PSD082.001) did not yield activity above the lower limit of quantitation. However, the FVIII-XTEN construct with an additional XTEN
insertion within the a3 acidic peptide region (PSD090.003) resulted in detectable activity, demonstrating that inclusion of an XTEN sequence within the a3 domain can result in recovery of expression (as measured by activity) in
FVII-XTEN that are p at levels below the lower limit of Under the of the experil . the results support the conclusion that insertion of XTEN at the 1656 posttion and, by
extension, within the a3 region, results in enhanced expression of p| FVII-XTEN

Example 49: Effect of XTEN insertion on F\II activity measured by aPTT

[0529] A one stage activated partial prothrombin (aPTT) coagulation assay was employed in addition to the chromogenic assay (as described in Example 25) to determine FVIII activity of various FVIII-XTEN fusion proteins.

[0530] Method: The FVIII-XTEN aPTT activity was measured using the Sysmex CA-1500 instrument (Siemens Healthcare Diagnostics Inc.,Tarrytown, NY). To create a standard curve for the assay, WHO factor VIIl standard was
diluted with 2% mock transfection media to 100 mU/mL and a two-fold serial dilution series was then performed, with the last standard being 0.78 mU/mL. FVIII-XTEN cell culture samples were first diluted at 1:50 with aPTT assay
buffer, further dilutions were made with 2% mock transfection media when needed.

After dilution, the aPTT assay was performed using Sysmex instrument as follow: 50 i of diluted standards and samples were mixed with 50 pl human FVIII deficient plasma and then 50 pl of aPTT reagent. The mixture was
incubated at 37°C for 4 min, and following incubation, 50 I of CaCl2 was added to the mixture, and the clotting time was measured immediately.

To determine test samples FVIII activity, the clotting time of the standards were plotted using semi-log scale (Clotting time: Linear; Standard concentration: Log) to extrapolates the equation between clotting time and FVIII activity,
and FVIII-XTEN activity was then calculated against the standard curve. The assay sensitivity was 40 mU/mL factor VIII.

[0531] Results: The results are summarized in FIGS. 44-46. When single XTEN of 144 or 288 amino acids were inserted into the FVIII, all of the FVII-XTEN fusion proteins exhibiting activity in the chromogenic assay were also
active in aPTT assay. The aPTT activity followed the trend of chromogenic assay, for example, those molecules that showed low FVIII activity in the chromogenic assay also had low aPTT values. Generally, the aPTT results for the
fusion proteins were lower than those obtained by the chr ic assay, with a ic to aPTT ratio of 1.1 up to 2.2, as illustrated in FIG. 44, for the single XTEN insertions. The FVIII-XTEN fusion proteins with multiple
XTEN insertions, in general, showed further reductions in aPTT activity in comparison to chromogenic assay. Assays of FVIII-XTEN with two XTEN insertions showed activity with all constructs, but with chromogenic/aPTT ratios
approaching 4, in some instances (FIG. 45). Assays of FVIII-XTEN with some three XTEN insertions also showed activity in both assays, with chromogenic/aPTT ratios approaching 5, in some instances (FIG. 46), while the ratios
for the BDD-FVIII control were more comparable (right side of FIG 46). Additionally, the site of XTEN insertion appeared to contribute to the differences seen between aPTT and chromogenic activities. For example, while some
molecules with 2 XTEN insertions resulted in up to 4-fold lower activity than chromogenic values, the aPTT activity of other FVIII molecules with 2 XTEN were fairly comparable to chromogenic activity (FIG. 45). Some molecules
with 3 XTEN insertions showed up to 5 -fold lower than chromogenic activities, other FVIIl molecules with 3 XTEN have aPTT activity less than 2-fold lower than chromogenic activity (FIG. 45). Under the conditions of the
experiment, the results support the conclusion that FVIII-XTEN fusion protein constructs do retain procoagulant activity, but that the chromogenic assay generally provides higher activity levels than that in the aPTT assay system
employed in the study.

Example 50: Evaluations of the Effect of XTEN Insertion Site onf FVIl Half-life Extension

[0532] Methods: Six FVIII-XTEN fusion proteins with single XTEN AG-144 insertions at defined locations were tested in FVIIIVWF DKO mice (as generally described in Example 32) to evaluate the effect of XTEN insertion site on
FVIII half-life. Six representative XTEN variants (listed in table 1) with XTEN insertion in either within A1, A2, a3, A3-region1 (A3-R1), A3-region 2 (A3-R2) or at the C-terminus were selected for this study, and BDD-FVIII generated
from the base vector was used as the control. FVIIAVWF DKO mice were treated with a single i inis of transient tr cell culture media concentrate from the six FVIII-XTEN constructs (or positive
control media) at 100-200 IU/kg, and plasma samples were subsequently collected at 5min, 7 hours and 16 hours post-dosing. Plasma FVIII activity was tested using the FVIIl chromogenic assay and FVII-XTEN half-life was
estimated using the WinNonlin program. The study data are summarized in Table 45 and FIG 47.

[0533] Results: A significantly longer half-life was observed for all FVIII-XTEN variants tested compared to BDD-FVIII control, but the degree of the half-life increase varied, with the variant with XTEN at the 403 insertion site
conferring the least half-life extension at 10-fold (in comparison to control), while the 1900 insertion variant conferred the most half-life extension at 18-fold. The differences of XTEN insertion site on FVIII half-life extension may
reflect the roles of different FVIII domains in FVIII clearance in vivo.

Table 45: FVIII-XTEN single AG-144 insertion variants PK in FVIIVWF DKO mice

Treatment BDD-FVIIl pSD -050 pSD-0003 pSD-0039 pSD-0010 pSD-063 pSD-014
Insertion site None 26 403 1656 1720 1900 CT
Recovery 21.3 33.8 34.8 36.0 33.6 39.6 324

142 (hr) 0.25 3.15 24 33 4.28 4.54 3.91

1/2 Increase (fold) 13 10 13 17 18 16

Example 51: Evaluations of the Additive Effect of XTEN ilsertions on FVIII Half-life Extension.

[0534] Methods: To evaluate the effects of multiple XTEN insertions on FVIII-XTEN fusion protein half-life, the half-livesof FVIII-XTEN variants with 1-3 XTEN insertions were determined in FVIII-XTEN DKO mice using the cell
culture from five (as generally in Example 32). Five FVIII-XTEN variants were tested in the study: pSD-062, with AE144 insertion at position 1900 (numbered relative to full-length factor VIIl); pSD-
0005 with AE144 in the FVIII B domain (B-domain amino acid position 745); pSD-0019 with AE288 at the FVIII C-terminus (CT); LSD0003.006 with AE144 inserted in the B-domain and AE288 inserted at the C-terminus, and
LSD0055.021 with three XTEN of AE144, AE144, and AE288 inserted at position 1900, with the B domain and at the C-terminus. The FVIII-XTEN half-life values were estimated using the WinNonlin program.

[0535] Results: The study results are summarized in Table 46, and the PK curves are shown in FIG. 48. The study results clearly demonstrated the additive effect of multiple XTEN insertions on FVIII half-life extension. With single
XTEN insertions, the half-life of FVIIl was extended from 0.25 hr to 3.2-4.0 hr, a 13 to 16-fold increase. When the B and CT XTEN insertions were combined together, the FVIII half-life was further extended to 10.6 hr, a 42-fold
prolongation. Finally, in the case of a third XTEN insertion added at position 1900 to the B/CT construct, , the half-life reached 16 hr in the FVIII-VWF DKO mice, a 64-fold increase.

Table 46: Additive effect of XTEN il on FMIll ty, in FVIIVWF DKO mice

Treatment BDD-FVIII pSD-062 pSD-0005 pSD-0019 LSD-0003.006 LSD-0055.021
XTEN Insertion site None 1900 B CcT B/CT 1900/B/CT
Recovery 213 353 44.9 333 39.0 37.2

142 (hr) 025 3.8 3.2 4.0 10.6 16.0

t1/2 Increase (fold) 15 13 16 42 64

Example 52: Evaluation of FVIII-XTEN Interference with the Binding of Anti-F\II Antibodies using the Bethesday Assay

[0536] The ability of XTEN insertions in the FVIII molecule to interfer with binding by pre-existing anti-FVIIl antibodies to the FVIII-XTEN fusion protein was evaluated in order to determine their utility in treating patients with anti-
FVIIl inhibitory antibodies.

[0537] Methods: To assess the binding of anti-FVIIl antibodies, two FVIII-XTEN variants (PSD088, with 144 XTEN inserted at the locations of 26/403/1656/1900; and PSD-090, with 144 XTEN inserted at the locations of
26/1656/1720/1900) were tested in comparison with Refacto (a marketed rFVIIl) against plasma samples from three hemophilia A patients with factor VIIl inhibitors (designated 04-483, 05-505, and GK1838-2079), as well as a
sheep anti-FVIIl poly-clonal antibody from Affinity Biologicals Inc (F8C-EIA-C). The Bethesda titer of the four anti-FVIII ab against the two FVIII-XTEN variants (pSD-088 and pSD-090) and the Refacto control were determined using
modified Bethesda assay methods, detailed as follows. Heat inactivated anti-FVIIl antibody samples at various dilutions were incubated with 1 IU/mL of each FVIII variant (diluted in 1X in FVIIl chromogenic assay buffer) at a 1:1
ratio. The FVIll/antibody mixtures were then incubated for 2 hours in a 37°C incubator. After the incubation, the samples were diluted for 10-fold with 1 x FVIII chromogenic assay buffer, and 25 pL of diluted mixture were then used
for a FVIIl chromogenic assay, The percentage of remaining FVIIl activity was against the post-i activity of a known alizing sample. units were using the following formula:
BU-=dilution factor X (LN(percent of remaining activity) +6.6438).
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[0538] Results: The results are listed in Table 47. Decreased Bethesda unit (BU) titers were observed for all four antibodies when tested against the two FVII-XTEN variants, in comparison with Refacto. A 5 to 8-fold fold decrease
against PSD-088 and a 3 to 5-fold decrease against pSD-090, respectively, were obtained. The inhibition curves against FVIII variants for each antibody were plotted (FIG. 49) and compared to Refacto, and demonstrates a clear
left-shift of the inhibition curve for the two FVIII-XTEN molecules, with the pSD-088 FVIII-XTEN variant resulting in a further left-shift compared to pSD-090. These results clearly demonstrate that: 1) both FVIII-XTEN variant fusion
proteins are more resistant to pre-existing anti-FVIIl inhibitory antibodies than Refacto; and 2) PSD-088 is more resistant to anti-FVIIl antibodies than PSD-090, which may provide information useful in determining the differences

on the XTEN insertion sites in interferring with the binding of anti-FVIIl antibodies. Under the i of the experil . the results provide some support for the potential use of FVIII-XTEN compositions for treating hemophilia A
patients with factor VIIl inhibitors.
Table 47: Anti-FVTIl antibody Bethesda titer against FVII-XTEN variants
Anti-FVIIT ab,
04-483 05505 | GKI§38-2079 | FSC-EIAC

FVIT

PSD-U8S (16/403/1638/1900) 25 ] 47 57

PSD-090 (26/1656/1720/1900) 34 12 B %

Relacto 1 66 268 337
Example 53: Half-life Evaluations of FVIIl XTEN fusion ining four XTEN i i in ilia A mice

[0539] Methods: Eight FVIII-XTEN fusion proteins with four XTEN insertions each at defined locations were tested in FVIIIA/WF DKO mice to evaluate the effect of the XTEN insertions on FVIII half-life extension: LSD0071.001,
contains 403-AG144, 1900-AE144, 745(B)-AE144, 2332(CT)-AE288 XTEN insertions (designated as the FVIIl amino acid number and the XTEN inserted); LSD0071.002, containing 403-AE144, 1900-AE144, 745(B)-AE144,
2332(CT)-AE288 XTEN insertions; LSD0072.001, containing 403-AG144, 1900-AG144, 745(B)-AE144, 2332(CT)-AE288 XTEN i { LSD0072.002, ining 403-AE144, 1900-AG 144, 745(B)-AE144, 2332(CT)-AE288
XTEN insertions; pBC0247.004, containing 18-AG 144, 403-AE144, 1656-AG144, 2332(CT)-AE288 XTEN insertions; pBC0251.002, containing 18-AG144, 1656-AG 144, 1900-AE144, 2332(CT)-AE288 XTEN insertions; pSD088,
containing 26-AG144, 403-AE144, 1656)-AG 144, 1900-AE144 XTEN insertions and pSD090, containing 26-AG144, 1656-Ag144, 1720-AG144, 1900-AE144 XTEN insertions. FVIIAWF DKO mice were treated, as generally
described in Example 32, with a single i ini ion of FVIII-XTEN ion cell media concentrate of the eight constructs at 100-200 IU/kg, and plasma samples were subsequently collected at 5 min, 8 hrs, 24
hrs, 48 hrs, 72 hrs and 96 hrs post-dosing. Plasma FVIIl activity was tested using the FVIIl chromogenic assay and FVIII-XTEN half-life was estimated using the WinNonlin program.

[0540] Results: All of the eight FVIII XTEN fusion ining four XTEN i i exhibited longer half-life than unmodified FVIII (results in Table 48). Three molecules with XTEN insertions at positions 403, 1900, B
domain, and C-terminal achieved half-life up to 16.3 hrs, which is a 65-fold improvement in comparison to unmodified BDD FVIIl. However, the molecules tested with XTEN insertions at 26/403/1656/1900 (pSD088), or at
26/1656/1720/1900 (pSD090) showed half-life of 9.1 hrs and 9.5 hrs, resp , which, in i to BDD FVIII, rep an increase of 36-fold and 38-fold, respectively. pBC247.004 (XTEN insertions at 18/403/1656/CT)
and pBC251.002 (XTEN insertions at 18/1900/1656/CT) achieved half-life values of 14.1 hrs and 13 hrs, respectively. The results demonstrate that multiple XTEN insertions (in this case, four XTEN insertions for each FVIII
molecule) can significantly improve FVIII half-life. It further shows that the effect of XTEN on FVIII half-life is insertion site dependent, even in the event of multiple XTEN insertions.

Table 48: PK of FVIII-XTEN variants with four XTEN i i in FVIIIVWF DKO mice

Treatment XTEN Insertions t 1/2 (hr) t1/2 Increase (fold)

BDD-FVIIl None 0.25 NA

LSD0071.001 403AG/1900AE/B/CT 16.2 64.8

LSD0071.002 403AE/M900AE/B/ICT 16.3 65.2

LSD0072.001 403AG/1900AG/B/CT 1.8 47.2

LSD0072.002 403AE/900AG/B/CT 16.1 64.4

pBC247.004 18/403/1656/CT 14.1 56.4

pBC251.002 18/1900/1656/CT 13.0 52

pSD088 26/403/1656/1900 9.1 36.4

pSDO90 26/1656/1720/1900 9.5 38
Table 49: y Biological Act Assays and Preferred

Biologically Active Protein Biological Activity Exemplary Activity Assays Preferred Indication:

Factor VIl (Factor VIII; Octocog Coagulation factor VIl is a factor essential for hemostasis. This Chromogenix assay (Rosen S, Scand J Haematol (1984) 33 (Suppl {Hemophilia A; bleeding;

alfa; Moroctocog alfa; gene encodes coagulation factor VIII, which participates in the 40): 139-45); Chromogenix Coamatic® Factor VIll assay; one-stage {Factor VIII deficiency;
Recombinant Antihemophilic intrinsic pathway of blood coagulation; factor VIil is a cofactor for  iciotting assay (Lethagen, S., et al., Scandinavian J b y bleeding in patients
factor; Nordiate; ReFacto; factor [Xa which, in the presence of Ca + 2 and phospholipids, (1986) 37:448-453. with factor VIl inhibitor;
Kogenate; Kogenate SF; Helixate; jconverts factor X to the activated form Xa. This gene produces twoiOne-stage clotting assay and two-stage clotting assay (Barrowclifie {Surgery-related hemorrhagic
Recombinate) alternatively spliced transcripts. TW, Semin Thromb Hemost. (2002) 28(3):247-256); Development of {episodes

Transcript variant | encodes a large glycoprotein, isoform a, which $a simple chromogenic factor VIl assay for clinical use. (Wagenvoord
circulates in plasma and associates with von Willebrand factor in a Ry, Hendrix HH, Hemker HC. Haemostasis 1989; 19(4): 196-204)
noncovalent complex. This protein undergoes multiple cleavage  iBethesda assay (Verbruggen B, et al. Improvements in factor VIII
events. Transcript variant 2 encodes a putative small protein, inhibitor detection: From Bethesda to Nijmegen. Semin Thromb
isoform b, which consists primarily of the phospholipid binding Hemost. 2009 Nov;35(8):752-759)

domain of factor Vlllc. This binding domain is essential for
coagulant activity.

Defects in this gene results in hemophilia A, a common recessive
X-linked coagulation disorder.
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Erov PR AL TSsA LR LG
R VY SR 1L O ARG RVOULASCON LW AR AR LIV AR §1KE 3
LCVDLLAPMUIIGLK TQUARQIES SLYISQRUMYSLDGKK WG TYRGMSTGTLMVEFGR VDS
SEIKHIPNPPIARVIRCHPTHY SIRST) EVFLMOCDL KSCOMPLGUASKAIIDAQITASS
TNMPATWSPSK AT OGRS 3 SYRPOVNNPE IS OV TGYTTOGY
MYVKETLISSSODGHOW TLIFONGKVKVFOGNODST TPV R SLDeR LIRS
QUATRMAT GCRAQDT Y

FVIIl BDD2 (A1-A375-AE576-K376-N745-AE144-

TP YLGAVELS DYMOSDLGELPYD At FPRVPRSHVETSY Y K ILEVERTUILENT
P1 640—Y2332) AKPRPPWMGLLGE FQAEY Y LIV VT LNMASHFVSLHAVGVSY WKASEGAEY DD $Q
REL DD VYL DUGASDIL LTV LS DLVRDLSL AL
LGSLAKLK I 1LHKILL G
RSP ASA W NGHTIH Ers Drwr gt i
LGP FCITSSTIOMDGMEAYVEVDSCTRRIOLAMIAS m

DXSPSFIRSVACGSP: TLGTSESATPISGPGTSTERSL 5P I
ITSES TSCSETMGSED
\ltl’s:.(m'\m.lsltvsu.s/\ SPACSY

BEGTS TEPSELSAPG

TRGSFTPCTSTRP
TBILSGPGI SESATRLSGROSPAGEPTS TIIGTSI S ATISG
PGS LPSEGY APUTS TLPSLG APGT [UPSLGY APGTNT

STEEGTSESATREN

B u\wmsu FSLGSAPGT
1P ATSGSLTRG ISLSAT
FaRORAMOTET IS AAAPOTTFTSRAPCATACK RATCTSFRATPR
TPUTSES ATPESGPGST PATSGSTTTRGTST 5 TPTSGPGTSTT PSS APGT

=
i ww\umm\ HYTAARREDWDY AP VT APDDRSY XSOV ANGPORIGRKYKR VR
GV IENGASREYNIVFHCIDVIGLYSIL

unm:-mm EIMR YN TVIVIDGPTISLPRCL ASGLIGPLLL
ronts TENIORFLY NTAGVOLEDIEFGACNIM
e vt D QL EVEL A b i
i WILGCHNSDFRNRGN
EIATSCSE LG SES,
5 I N 3
RETTRTTLOSDOEEYDDTISVEMKKEDF
uwuwuvesmwommnm\\\uuwummmmmuu\o POEKE VYO
TDGSETQPLY RGELNEHLGLLGP

Bk,
ED

EPRINFVKPHETKT DO, FKDVISG1IGPUL VT
T o RN TV AL T DR IS or 4 T MTRNC A AT BB TN YA
INGYIMDTLPGLA M AQDORIRWY1LSM PIVRKIPRVKMALYN Y00

IGEHL HAGMSTLELVYSNKCY
uw\\w\mu‘rswmmL'wwIHmKlQrm\QKr\SLH\QHmh
SLOGKWOTY RGNSTGL PPIARYRLHITH
GEDLASCSHIMLCMESK MSDAQLIASSYE TA AL WS AL ey
IMKVICTIOGVKSLL ISMYVIKEFLISSS QDGO TLHFONGRVC VOGN
OIS AN GLLL T HPOSH OLALAMEVL O EAGSL

YGOWAUKLARLE

FVIIl BDD2 (A1-Y1792-AF144-E1793-Y2332-
AE864 )

ATPRYYL OSDLGEL SEPENTSVYYKRILFVEFTVHLIND
ARPRPRNCILGPTIO VT KASRGARYDDO

TYVWOVLK LLYCR
FoSIA Auurm HKFILT PAVFEGRSWHSETRINSI M
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o 7D
APL BRSYKSOYLANOPORIGRIY
RRVAINAY IR | EAIOHES \L(,vu.\nnuu\LLHH\VQWWYM\m(ﬂm\ku
YSRRLPKGVELILIDFPILPULIN YK WY IVEDGPTRSDPRCLURY Y SSINNMURDLASGLY
GHLLICYEAVBORGROIVSDIR VLS VPDENKS 1) TORM A PAGYGLEDPEROA

LGOFIIFC m;sunrmrm

SMVHSINGY VEDSLOLSVCLHEYAYWYILSIGAQTDELSVEFSCY TERIMVYEDTL LT
AT SE NPV UAOEITR T QSDQRETD YT RN
SFORKTRHYFIAAVER] RNRAQSGS TOTRKVVTOEFTLGSFTY

rlMmnwu-»mnnmwmwn,\\w\\m\w ISVGETIS ITHSGSASIG 189G ESS
S TAPGSTSSTALS PGPUSTSLSPSGTAPGS TSSTALSPGPUTSPSGESSTAPGT
STPISGSASPGST < TDORG
EPRKNFYKINETKTYE ESHROILY
T NP AIGROVTVGHIALEF IR SR TN ARNCRAPE N QWD PR FNY R
HAIKGYIMDTLPGLYMAQDORIR WY1 LSVIGSNENTHSTHFRGHVFTVRKKFEVK VAL YN

YPGVITTVTMILPSKAGIRR VTICT IGTHTH AGVETL .YV SKECQTET GMASCRTRDT QITA
SGOT L AKLELYSGSIN, LAPMIEGETOGARQRFSILTISCFT
vt ar LGILMVEFCR. ML SUSILIN
(GEDLASCIMUL GME SK AISDAQ ASS H\mlb*\k\\bv KLt VAN
FREWLGUDFONT Y 110 e RS
GBSO e Rl\\m\\\r\w\w R CUONLY G AT T
TSFS ATPTSGPGTSTEE S STGSAPGTSES
ettty Y P ALL TSIS
a SATPESGIGSEPATSGS s IS TEFSECSAPGISESATS
FAGPGTSFS: FRGTSRS ATPRSGPGSRPATS GSRTPGTSRS ATPRSGRC

I SAPGLS SILPSL

: s 3 SAPGTSES ATPLSGP mrsmrwnsrsnvr G
LGS

Fasural

PTXTRRGSPACKPTSTRRGTSE
TTPGTSTSATPTSGPGSFP. ﬂspsv'w(,Tsri»\TPrCr‘wrvKTrPSrmAnQSP \r,wrcrrrm
S ATPLSGRGSEPATSGSITP

seirt
mFAc<PT<TrrnTs’rrPer< APGITSTTPSTGS APCSTPATSGSTTRGTST SATPTSCRGTSTT.

PSEG

FVIII BDD2 (A1-Y2043-AG144-G2044-Q2222-
AG864-V2223-Y2332)

ATRRYVL.GAVELSWDYRMOSDLGRLPVD ARFPPRVPKSFPRRTSVVYKKTLEVEFTVIICRR]
AXPEPPUMGI CPTIOATY Iy ITL KM ASHP'S RAVOVSY WK 4SEGATY DTSy
VTPGGSHTY VWOV &

EGSLAKEK’ ARARPOBITNGYY

SLIPGLIGCHIKSVY WHYIGNGI TPEVHSIFLEGHIFL VRN HRQASLEISPIFLTAQTL

L0 LSO DA A v VDS PR REEAED Y DDLYDSE MDD

DASPSFIGIREVAKKLPKTW VI Y LAAEEEDWD YABLVL APDDRS LINGPORIGRKY

RKVRFMAYTOFTRKTREAIQFSGILGPLLY GRVGDT I »

VSRR PRGVICITKDIPILPGEITRYKWTVTYTDGPTRSTPRCT ASGLT

LYK VDORG UMDY ILES VDN RS I TEN R INRAGNOL IR
IVHSINGY VPDSLOLSVCLHRVAYWYTLSIGAQTORL SVIFSGY TRK HKMAYIDT T1.IP

rsrrT\rMmrNPm e

SONPPYLKRHOREITRTTLOSDOECIDY DDTIE

s QFKEVVEQEFTDGSFTOPLYRG:
LLGLLGEY RALVLDN MY TPRRGASRPYSEYSSLISY LEDOROG ALPRKNIVIKPNL |

n\ FUCVOIIITMAPTEDEFDCK AW AV ESDVDLEKDV ISGLICPLLYCHTNTINPAIGROY
OFTAl FFTIFDITKSWYITENMIERNCRAPCN IO DPTTKTNYRFIANGYIHIDTLPGLY

MADORIRWYLLIMGSNEN EVITRKAITVIMAL N PGTETVENLPS K

mm\vmsrwmmmm R o

PGSQT
SGGOWATEL EPFSWIKVDLLAPMIEGIKTQOGARGEE SSLYTS

LM RGNSIGLL 2 3 ARYIRLHITE XS
MELMGCDLRSCSMPL SDAGIASSYHINMF A TWSPSKARL i 6
ISGLASSSPUSY LGSPGSSPS

ASTOTGRG
GSPGASPGTSSTOSPG TPCSOTASSSPG

PSGATGSPOASPGTSSTOSPOTPUSCTASSSPG
TGSPGSSTPSCATGSPGASPG

SPGASPGISS LOSPGSSPSASIGIGRGLPOSG LASSSPGASEG] SS1GSPGASPGTSS IGSPG.
ATGSPGISTPGA 55 358 g

SPGTSS S
ATGSIGSSIPEG
PEIFGIGL, ASIGIE 9 .
GSG1AS SITSGALGS SGIASSSPGSSLPSGA I G GIPGSGT SSUPSG
TCSPGSSITSGATOIG IS GG ITGRGTASSS
BGSSIPSGA TGPGASPGL

TPSGATGSPGSSPS S SEPS s
TOSPGBSTPSGATGRPGAPG TS TGSPG VNN PKEWLOVDF QK TMEVTGVTTQGVESLLTS
MYVKEFLISSSODGHOW NLFEGhGRVK VFQGNQUSHI PYNSLDPPLULRYLRIHLQSW VH
OALRMEVLOCEAQULY

FVIIl BDD2 (A1-G 1799-AE144-A1800-F2093-
AE42-52094-V2223-AE42-N2224-AE42-

TRRY VLGRS PYDARIPORVPES P S0V IGCTLI VLI
1 GPTIQATY DT VITY GARYDDOTS
PGGSHTSVWOVLKINGPMASDRLCLTY DLV EDLNSGLIOALLY

CHEGSLAKERLO ILHK FILLEAVFDEGKS MODIDAASARAWPRMHVNGY

VARSLPGLIGCHRKSVY WHVIGMG1PLVHSLLLGHITL VRN HROASLLISPILIL AL

LMDIGOFL LECHISSHONDGMEAY VK VDSCPERIQLRMRNN AR DDDLTBSEN

REDDDNSPSFIGIRIVAKKIIPRTWVIIYI AATATOWDYAPLVLAPDDRSYKEOY]NNGPOR

GV VRV TILTITRTA OIS, G Y GEVGTT LT OASKE TG

(TYSSFYNMERD

PR 1GHLLICX L VI QG OMSITAVILES VE DESIE Y L N ORAL A AV GLE

DPEROASIMIISINGY VFDSLO1 SVELITEVA YW 1L SIGAGTOFL SVFFCY TRKIIK VY

N2225-G2278-AE42-K2279-Y2332)

DILILIPFSGLT LLEVSSCDRKTGDYYEDSYLD
T e
DLNQSPRSUQRKTRLIV FAAVLRLDY GMSSSPLIVLRNR A0SGSVPOI KK VVIQLITOGS

FTQULYRGE] NFHT 11,6 FTFINQAS 5

GSETPGTSES SEPATS s TSG
SETPGSEPATS SETPGSEPA S APGTSESATPESGPGSEPATSGSETP
IS IEPSEGSAPGAEPRKNFVICPIETKTYEWE YOI MAPTIDEFDCKAWAYFSOVDLEK

ezl o T N TR OVTVORT 41 PP STrV PR AMIRIR APCATES
MEDP PCLVMAGDORRWYLL SGHVPTVT

RREYONALIN VY SKAGIWEVECLIGENLLAGNS LLFLVYSNKOQTPL
GUASCITRDROITASGQYGUPAPL SR IV SGSNAW STIEPTSIII VD] LAPMIT GTKT

QUARCKIGSEPATSGS YISOFIMYS
IREWOL

FrenA r.wwumhon SEYETIMEATHSPAKARITT mmmmm\ PACE

TSTECGTSIEPSLG: IPLSG DROKTMICVTOVTT

QGVRSLLTSMYVKER L ESAT

BESGRUS
CRAQDLY

TSR VK VU DA TPV SLDPPLL R YLRIMPOS W HOIALRVIEVLG

FVIIl BDD2 (A1-R28-AG144-F29-G244-AG288-
L245-R2090-AG576-Q2091-Y2332-AG864)

ATRR YLGAVTLSTIVMOSD] OF) PYDARGPOSSPASTATRGS P ST TORUTR G
Sps 5P ATGS
i

\wm e rw-n FRIARPRFRIGL GFTIOA

T KNMASHPVSTHAVGVSY

GGSHTY VWL TYSYLSHYDL

N S byt MADRDAASA

RAWPKMHTYNGY VNRSL

SGAICSPEITPOSTTASSPOSST wmnwmmc( TASESPGSS| PRGATGSPSSTPSOA I

TG TSSTUSPGTRGSC ATGSPG
SPTSATGSRGSST

TP IGCTRISYY
TP L e SR L AL LT ciission
DEFAY VK VDSCPREPOLS 3
TS AT T AT T AP DRSNSV \GPORIGRE R N TORT
KTREAIOHESGILGPLL Y GLVGDTLLIMENOASREY NIYPHGITDVRPLY SRRLPE GVKHLE.
DTPT PGEIFK YK WTVTVTDOPTRSIPRCT S RO ASGEIGPTTICYKTSVDOR
GQIMSDKRNVILT VOLEDELT: !

LSVCLHEY. TLSIGAQTDFLS VFFEGYTFKHEMVYEDTLTLFPF SGETVFVISMERD
GLWILGCHNSDIRNRGM LALLK Y SSCDEN IGDY YEDSYLDISAYLLSK NNALERSFSORP
PVLKRHQREITRTTLQSDOEEIDYDDT
NEULWDYCMSSSPLVLRMRAGSGSVIQRK I VVFQRE TGS LQULY RG
RAEVEDMMVIFRNOASRPYSE VALY EEDQROUARPRKA KK KT
APTRDEFDCRAW:

v MASGHLEDFOITASGOY GOWAPRLARLIVSGSINAWS ¢

ELPLSWIKVOLLUMUIGIK I QGARGSPAGSPIS LG IS YLPLAGHG ISTLISLUSARLS

TIFSCPGSFY

TSGPGTSTERSLGSAP

SE:

EEGTSESATPESGPGSEPATSGS s

5 1S TISECSAVGLS st

ISGSE IDGTS:

TSTEPSEGS APGTSESAT!
IVESCGPGLS [EPSEGS ALGOKE SLHKOH\MVwu)«mw\olvl((.mlr.n_Mwn.Wu@‘
GIKHNIFNPPUAR Y IRLHPLH YIRS LK SMELUM!

TSP AR LT RN RO YHIEWL GV ORTI T TTOCVIAL LT
VKEELISODGIOW TLAOGE VKGN QDK PV NSLOBPLLIRYLRITPOSY V1
8L RMV1 (O AQDLYGOSPAGSFTSTR 5 TRPSFGS APGRPAGSPTS:

LG TS1EPSIGEARG ISTIESI USAPGT S SATE ATSCEITEGS PATSGSI PSP
A TSTT R s A oS T AT AT AAPT ST G APCEP AP TP STIFSE

G SATESGIGIST AL PESGRGSEPAISGSE TG
STRTGRAPGTSTTES s(vmsrsmfm STARCTSTISA
TPGTSES, EPSEGSA
,»mwm 4,\.\»(\\\\wluxwmummu\'mwwswn APG1SH
A PGSEPATSGALTE PGISTEFSEG
sn:m( ACTSESNTPLSGROSER H1SCS SATPESGPOSEP.
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GEPAGSPTSTERGS SEGEAPGTSES ATFESGTGTSESATPESGPGTS
5 ETDOSEPATE S1EPSE
APGSTFATSGSTTPGTST SATPISGRGTSTIPST.GSAP

FVIII (A1-T1651-AG576-R1652-K1808-AG144-
P1809-F2093-AG288-52094-Y2332)

ATRRYYLGAVELSWDYMQSDLGELPYDARFEPRYPK SFPFNTSVVYRK TLFVEFTDHLFN]
LGPUQARYY DTVVITI K NMASHPVSLITAVEVEY WK ASEGAEYDIOTS
SITAHOVLKENGPMASDPLELTY SYLSIIDLVKDLKSC) o
TGSLARMKTOTLI K TILLFAVFDTGK: MODRDAASARAWPKMITTYNGYVN
RSIPGLIGE R B TGILT TP R EOTTI VRNIROAS PSP TA0T VD
F1 1 FCHISSHOHTIGMEAY VKV TISCPREPQLRMENNER AFDYDILTTTSFVDVVREDD
RSOV AMMPILWVHY LA ALLEWDY APLVLAPDDRSSKSOYLI GRORIGRI Y
R RIMAY TDE T TREAIGHBSOILGPLL YORYCDTLLITRN 03
RPN CHLEDIPL POPIaTE WL T E LGP SDTRCL TR 867 SGLI
GPLLICY KESVDORGNOIMSDKRNVILESVE DENRSW YLTENGQRELENPAGVOLHDPEFOA
SMIMISINGY VFDSLOLSVELIEY AVWY ILSIGAGTOF LEVFESGY 1ERT MYV ED ILTLIY

FSGETYFMSMENPGLWILGUINSURRNRUMTALLKYSSCORN IGDY YEDS YEDISAYLLY
KNNATEIRSFSONSRHTE TRORQINATTIPERTIFK TIPWE A HRTPMPKIOK VSSSILL ML R
QSPTPHGLSLSDL s
RLNEKLGTTAATELRKLDFKVESTS\DLISTIPSDNLAAGTDNTESLY SOL
TLFGIIKSSPL LSLSE LLESTLMNSOESSWGKNY SSTESGRLFKGKRALCE

ALLTKDNALFKVSISLLKTNETSKNSATRRETIIDGRSLLIENSPSYWONILESDTEFKKNT?
LHIDRMUM K NATALREN IMSN K PSSKNMIEMUORKIGPIPPIAGKPASFEKMLIPL
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AR VSLGPEKS KNKCYY Y GROET TRD VAL
EARTRATT PTG DA HTH o TUQFIVVT POTHTTGTRRFMKN
LFLLS120 DERSLNDSIR KK HLAHES) LGN
VEKYACTRISPN ISQONFVLORS PLEETELER U

SILIOIDY NEREKGATI QSPLSDCL TRSHSIPOANKSPLPLAK Y stmkuwuuum‘
HLEA OGAKKNNLSLAILTI

VINTVIPK P PR ISGRVIILLPRVIVORDLIPTIISNGSPGL L DL ml\
LANBPGKVPFLR KTFSKLLDPL
T SLNACFSKA uAANFm\!KnFWVm AKQGRTRRI CSONPPVT mnnnrrmmm

5 Fesaassir
SSISAS G ICPGASIEISSIGS ARG

rps(:Aruspuss‘[h\ s : 2

SIGSSGRI [LOSO0LK!

DYDIIVEMK (OSPRSFOKKTRHY FLAAVERL
ORGP FOF TS TN LRAF) N 11 (Ve AEVFDIY TP ROy
TS QRQUATPRK Ny L GG SSPUASTRGATUSFGTPUSTASSSPUSSTISG

ATGEPGSSTPSGATUS SPOTPGSGTASSS
PGSSTPSGA VTR VORHVAPTKT)
FPDCE AW AYFSDVDLRKDVHSGLIGRLLVCHTNTI NEAHGRINTOIT A1 ITTITDETCE

KAPCNTQMIDFTT TVILSVICS
DL TSV TVRABIVKVALYNLYPOY, rcm:w.pamuv RVECLIGEHLIAGH

LAl Gt TR e
FRGATGSPOTIGSGY SGATGSPGIPGSG 7
s s s SPGTSSTGS ATGIPGSSPS

SONTCRRGSS

A1 GROASH LSS GG POSG AR

3 LY SO
(i Hw'[ﬂ SRSTLRNE
RL

TL
DL NGy ONEAK ADAGIT AV EATY
PREWI OVDRQR MY EGVTTOGYRS! 115V VKEFL |sS>0hm|0\\ i FPONGKVKYFO.
GNOBSFTRYYKSLOPPLLTRYTRIHPOSWVHOIAL RMEGUTAQD

FVIll BDD2 (A1-A28-AG42-F29-E124-AG42-
D125-E124-AG42-D125-P333-AG42-Q334-
¥2332)

ATRYLGAVELSDYMOSDLGELIVD SSPGESTPS:
RRTI FUFFTVHT 1 GITIQARY.
ASTOAEYD g TASSSEG

mr\'\ 1L

NLSHVDLVADL

O VHASLPGLIGEHAK SV WEVIGMEN ToEVHSIFLLGH T VNI ROASLEIGPIELTAGY
LD GOHLECISIIOIDGMEA YV VDSCIHHICSA [ PCAS CISS TGRIGIIGSG
ATGUOLRMKNNGLALL 10SL ¢
i VIAPDDRSYKSOVL KIVRFMAYTORTF
XYGTVGDTULT RISV HTGTITIVRFLY SKKLIRGVET
DRPILPGTIFEN KWTVTVTGGPTESOPRCT TRYYSSFYNVITRDL ASGHIGPLLIC YATsvooR
MSDKRNYILESVTDENRS WYL AGVOLI
LESVCL TRV &Y WYILSIGAQTDRL SVFFSGYTRRITGMYYEDTLTI FrF\anFu\MFkP
GLWILGOTNSDFRNRGMTAL KYSSCDKNTADY YEDSYIDISAYLI SKNNAIFPRS
PVLKRHOREITRTTLOSD 15V IMKKEDTDY i
KT FOFFTDGSFTCP VGH NFHIGLLGPYT
RALVLDMMVLRNOASRPYSI YSSLISYLIDORQGALY KR VEPLILE 1 Y1 WEVOHHM
ATTKDEFDCK AW AYFSDYDLEKDVIISGLIGILLVC! I TXTLKPAIIGRQVTVOEFALFFTIFD
F1KSWYFTENMERNCRAPCI IQMEDPTRK ENYRFIIAINGY VD FLPGLVMAQDQR IR Y
LSMOSKENTIISIIFSGIVITVREKDEYKMALYNLYPGYTILTVEMLPSKAGIWRVECLIGE
LHAGMSTLFLVYSKKCOTP] GRASGHIRDFOITASGOY GO APKLARLHY SGSIN AWSTIC
TETSHICVTIT APVITIG TOGARQKTSS] VISGTTMYSI DK GTVRGNSTOTIMVIT
5 CSMPLGAMESK AIEDAOIT
A\wrWMnAT\WP\KARv R AR NPRIT I (DT O
1 KT TLRONGRK YRV OGRQDSTTRY Y NS TIPPLI TRYRTITRG
RN vt

FVIII (A1-D345-AE144-Y346-D403-AE144-R405-
R1797-AE288-Q1798-Y2322)

ATRRYYLGAVELSWDYMOQSDLGELPVD ARFFPRVEE SFFFNTSVVYRKTLF VEFTDHLENT
AKPRPPYMGLLGPTIOAEYYDTVVITLRNMASHPVSLHAVGVSYWR ASEGAEY DDOTSQ
EKHDUK SHAGCSI VROV KENGIIASIPLCLT) S3LSIVDLYKDUNSGLIGA | ¥C

S ARIKTUILIIGHLLIAVEDLCKSY ST MODRDANSARAVBR ITNAGYWN
R1PGL m(uw\\\kuwmwmwm POHTE IR FLTAQTLLMD.
LOQR T TAYVKVDSCPRTRQI R TSGSTTRGTST

SAVGYD

IPGSEUATSGSEN ‘wmuwm|<stumm.qw\m E TGS IEPSEG
bDLT VIYIA LAY
& STSETAL
SPCRCITSPSGRAAT AP TATPFSOS ASPCATIST ARSPOROTSPSCRASTAPCISPSCRARTAPG
TSPSUTSST: SOV NNGPORIGRIYKKYRTMAY TORTFKTRIA 0] TSGILGPLLY

v 8 PGP SRRL PGV KDPLEGTIFR YT T

ILIGPLLICY KES VD
DRNREWYT TENIOR AP ACVQLEHEF GASISTIHINGY F&) Q1 SVEITEVAYWALS
IGAQTDRI SYPSG VTR MYVTDTLTLPSGRTVEVISUTRPGLL G NSDFRNROM
TALLKVSSCOENTGDY LSKNNALD ROKQFNATTIPER
DIEKTIIRF AHL LMLLE z
1 NELSENTFHFRPQUHHS GOMY FIPESGLOLIRUNEKLGLTANTELKK LDFKVSSTSNNLIST!
TN AT DR LSV DQLDTTLFGRKSSPLTESGGILSLSEENXDIKLLESG
EMNSOUSSGION S8 ISR ILGR MIGRALLIKONALLCYSISL K ING TSSA DR
e T VAN MY
i SARWIORTHOK NSLKSGOUPSPROLVSLGP
FISTR K VVYORGRFTKDVG] KIMYTPSERITELTNLDNEHTRNTHNORKKL
EETERKETLIQENVVLPOITV T TONRMENLELL ATAPYLODFRSLN
DSINETREHL LGNGO IKOIVER YAC T TQRSKRALK
omwm_mukauuum\nmwmumumm anmnu\mu SLTRSHSL
TRVIFODNSSIILPAAS ac

SLALLTLIMIGDOREVGSLGTSATNSVTYKKVIVLEXPDLPRTSGRVELLPHIYOKD
LEPIETSN LVEGSLLOG LEGAIKWA VPFLRVATESSAK [PSKLLDPLA
SIINICE TP KEWKSQEKSPRR TAFKKKD IS NACKSSI1ALAAINFCQUIPRIE T A
KOGRTERLCSONEEVLKRHOREITRTTLOSDOEELDY DDTIS VEMKKEDIDIYDEDEN QSPR
SEORKTRIVETAAVER] KDY GMSSSTHVLINTAGSGSVIQFEK VY FOFFTDGFTON VG

CLRTHLGLLS FRNOASRPY SFYS RGGTSESATPLSGRGST
ATSGIETPG POSTATACHE &
STEEGSESATPESGIGSER Y SCSET PO SES A TPESGROSPAGSTS [EECSPAGSPISTEEG
T SRSAT TPFSCIPGTSRSA TPRESCPGREPATSGAFTPGSEPAT
SGSTTPGSPAGS] GTS s STPATSGSITRTSTSATPTSG
FPRENFURPNETE TV oK r

ERDVHSGLIGPLLVCH TN LLNPAHGROVIVOEFALKFTIEDE LIGSW YFIENMERNCRAPCNI
QUIEDITFICENY REIAINGYIMI LPGEYMAQDORIRW ¥ L SMGSNHNIISIFSGIIVE IV
KKERYKMALYNLYPGVITTYIMI PSK AGIWRVIICLIGEH] HAGMST] F VYSKKCQTPLG
VASGRRIEOIT A5G0V GOW AT A HYSGSIVAN STIPIFSWICYDT LATMIFGIKTOG

DTV A TLIME MCODLNSC S GRS AISIAGEASSYE NI
Omtﬁnr\\\\u’uwwmtwu)\,ur-’)n\Mn\ 16 LOGYASLL S VicE eSS
TLFFQNOKVE prr MRV GCRAQDLY

FVIII (A1-N745)-AE864-(P1640-Y2332)

ATRRYYLGAVELSWDYMOSDLGRLPYD ARFPPRVPREFPRNTSVUYKKTL FVRFTYHLINI
AKPRPPWMGI L GPTIQATYYDTVVITLKNVASIIPVS 11 AVGVSVIWRASTGATYRROTS)
KEEDDEVTFGSTY VWOV GEMASDPLCL TSI SHYDL VKDL R

FGST AKEKTOTLHKFTTT PAVFDRGK SIVHSFTKN ST MODIDA ATAR A WPKMHTWNGY VI
R 1 Gt P LT KB ASL LTI (A
HIOELLECI IO EAY KDY CPHPULRMKNS EARDYDODL TS MDY RRID

R TN ATATGTSG (o1 1T TSR TYPICH R
YSRRLEKGVKHLKDTPILPGLIPK YKWIVTVEDGETRSDPRCLTRY ASGLL

ST IETRES DO OISR E WT FS PN S TR TNPAGRQLEDIEFQR
SKIVIISTNGY VTS QT SVCT TV VIV SGAQTDIT SVFPSGYTIRT m
GETVEMSY LKV
KXATEIRSFS| ,M—Lﬂki’ﬁ»mu\\ E FRGT
5 5. TFLSGPGSTPATSGST GSPAGSE
s 5 SAPGS STEPSEGSAP
GISIEPSEGSANG [SESAT SATrE 1SGSETPCISTH
SEGSAIGTS, SAPG IPEBGPGTSESATPES GRGSPAGS 1
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Treancaares
TP ATS G PG ISLAA TP SGPGTS | LPSLOSAGEPYLKRHE w11 HLI)\DOLLunuun\
VMK TRITYFTAAVFRL T

FKKUVIQLITDGSI TOPL YRGECNLUILGLLGPY IRALVLDN MY TFRNQASRPY SIY §5LISY
FEDOROGAFPRINFVKPNRTK TYFISK LOIITIMAPTKDRFNCK AWAVESDVDLEKDVIISG
LIGPLLYCTITET RPAIGRQVTVORT ALFFTIFDITKSWYFTTNMIRNCR APCK MIDPTE
KTAVRIHAINGYIVDTLPGLY VAQDGRIRWYILS) GHYTTVRKKREYK
AT YNT YPGYTTTYEMI PSK AGTWRVFCT IGEHT mnmsr 17T VVSKKCQTRT GRASGHT
KDFOIT L

QTS ORI TVRGNSTCTLAIVIT Gy S SO RN FATARY T HETFYS1
RSTTRMIT MGCDI NSCSMPIGMISK ATSD AQITASS VFTNMT ATWSPSK ART HT OGRSNA
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LU T SIS LI MOCDLNSCOVIL GMEShADAGIASS TE INEATVISARL
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FVIIl BDD9 (A1- S743)-AE288-(Q1638-Y2332)

ATRRYYLGAVELSWDYMOSDLGELPVDARIPPRY]
ARPRPSMELLCMTIOSEWD TV VTLER AT
VWOVLKENGPMASDPLCLTY SYLS! H\DL\\\ULWGUMLL\\K
AR MO LIGPT L A DECR ST TSN ASAT AWTAMATT R
LSLUCLIGCURIS Y WIIVIGMG I TPEVLSLELEGLILFL VI NLROASLEISPYLEL TAQTLLVD
LUQELLECIISSIIQIBGMEAY Vi VDS PEEPULRMINN HEAEDYDDDLLDSEMDY VR b
D 11T AALIIDWDY APLYLAPDIRS
kk\RrMA\anTrkTwﬂ.\vQHrsul GPLILYGEYGDTLL] urwmwwvvuum\ww
SRRLPEGYV] KYKWIVT LTRYYSSF"
T DORA DR T DR AL TENTORFL AT ATV G LOPEPGA
SMMIISLNGY VEDSLOLSVCLLEV AY WY L SIGAQLOEL SVEFSCY THKUK MY YEDLL LLEL
FSGETVEMSMENIGLW ILGCIMSDFRNRGMLALLKYSSCDKNTGDYVEDSYEDISAYLLS
KA LPRSISGG 18 SXTPYSGRUSIPNT SGSTPGTSI S XIPLSGPGH PATSGA TP 1515
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AVGYSYWRASEGAEY DX
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TSGSE
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A AL PV BL L ALt R LI BRI LE LS AR
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RIHIPTIVSIRSTL R UL VOO N SCMPL G AI5D SOITASSYE TR AT S ARL
11OGRSNAWRPQVNNPR EWLOVIRON MRV TGVTTQGVRSILTSMY YREFLISSSQDGH
QRTLTONCIKVKVFQNGDSFTPYYNSLDFPLLTRYLAMPOSWHOIAL RMIVLACTAG

FVIIl BDDO (A1- N745)-AG288_2-(P1640-
¥2332)-

ATRIYY1GAVELSWDVMOSDLOELPVDAREEPIVPKSHIFN TSVYYKKTLFVEFT VLN
AKPRPPWMGHLGPTIOATYY DTV VITLCNM ASHPVSI HAVGYS Y WIASTGATYDDOTSQ
REREDDKVFIGGSHTY VW QVLKENGPMASDPLOL TYSYLSHVDLVKDLKSGLIGALLYCR
FOSUAKIK TOTLUKTILLEAVIDEGKSWHSETKNSLMODRDAASARAWPIMIL VNGV VN
RSLPGLIGCHRESVYWHVIGMGTTPEVESIFLEGETTL VRNHRQASL EISPITI TAQTLLMD

AG288_2
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Pt

xmmm-rnmmrru TOHES! X mrk\n HPTNIYPHGITDVRIL
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FVIIl BDDO (A1- S743)-AG288_2-(Q1638-
Y2332)-AG288_2
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FVII BDD10 (A1- S743)-AE288-(Q1638-Y2332)-
AE288
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FVIIl BDD10 (A1- N745)-AG288_2-(P1640-
Y2332)-AG288_2

"DYMOSLLGEL TS VY VKK TLFVEFTORLINT
AKPREPYMGLLGPUIONEY YD TV VITLINMASUPYSLIAVG VS Y WKASEGAE YDDOTSO
TEKEDDK VAPGESHTYVWOVLKFNCPVASDPCLTVSY1STVDLVEDL NSGLIGALLVCR

TS AKTKTOTLHKTILLEAVFDRGKSWHSETKNS| MODRDAASAR AWPRMHTYRGY VN
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RALPGLIGCIRES Y W1 VIGMGTTPEVISIFLEGIITFL VRN IROASLEIPITFLTAQTLLVD
LGQUEECLISSIGDG VAT YK VDSCROLRMIN LAY 1S MDVVRIDD

K HPKTW! L APDDRSYRSOYLENGPORIGRE Y
VR LOE TP TRAAIQHESO GPLL ¥ G VDT TG ASRA IV PG VDL
YSRRLPRGYEHLKDFFILPUEIFK YK W IV TVEDGPIRSDPRELURY YSSFVNMERDLASGLY
QPLLICKESVDORGNQIMADRRVILESVFDE RS YLTENIORFLIPAGYOLEDPEFQA
SMIMISINEYVEDSL SATHVILSIGA | DHLEVERGYIRKIIAY YV L 1P

Av1

\w.,l SOIPRNRGMT ALK VSSCDKNTGDY VDS
IPOSGIASSSPOSSLES Al(_,wmkosmussmaﬂmm\m*o:swm\Ausrcmm»u
STGIGPGESPSASTG PG

GTSs STGTGRGTPGSGTASSSPGSSTPS rrwmnnumrmzwmn
PRSFQR LRHYFLAA VERL
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ROYSIVESLISYIDORGGAIPRINFVEPITICY PRI VOUTMAR TKDIFDCK AWAYITST)
VDLUKDVISGLIGFLLVCHTN TLNPALUGROY TVOLFALTFTILDITISW YITENMURNCRA
PERIQUEDP TN YRFHAINGYIMDTLEGL Y VAQDORIRW VL1

¢ GVELTVE SIWRVECLIGE
L OMARGHTROIT S 0N GO AT ARLEY ACETN AWSTIET 3
QGARQKFSSLY SQFIIM 81 BGKKWOTY RGNS Y

L HPTHYSIRSTURMELMUGCTH NSCSMP] GMRSK ATSTAQIT:
TTTLQURSN AR PGUNNPKTWT QVDTOK TMKY TGV TOGVIST T TSMYVKTITISSSODCIT

PN CVHOLALRMIVLGCTAQ

KV

DLYGAGS AT ss168 s SSUGSSIPSGATRSIG
S TASSSPUSSTPSGA TSPGTPUSGIASSEPS: TGSPGESPSA

CIGPOASPTRS SHIPHGA
TUSGAFTATQKIISTEDI SPAT

FVIIl BDD10 (A1- S743)-AG288_2-(Q1638-
¥2332)-AG288_2

AR LGA VLS DYMOSDLEL VD AR VRSP S OV VKLV DL
ARKTRPPWHICLLG m HAVEVEY Y
TYVWOVEK mmm-x DOVKDLSOLIGAL VR
EGSLAKEKTOTLHKPILLFAR 2 Q 5 S
HSLEGLIGEHRKEVY WHEIONGTTIEVH w\ru_nmn.wwmu‘ﬂ\ EISPITELTAQTLLMD
LEQHLL EIOL UL
D PE TRV AKKILPE W 4 AALLL D OY APLAL ARODAEY KT LA SPORIGRIY
KKVRFMAY TDETFK TRRAIQUESGILGPLLYGEYGDTLLIFKNOASRPYKIVPIGITOVRPI
SRR PG KL KDTEYLPOTIG WY TUEDGRT KSDPR( 1 TRY VSSAVNNTRDL 4361 1
GHLILICYKTSVTIOK ;: ST TENTORTE PRPAGVE TIPRRQ
i o s\u IS SIGAIIT SV ISR 116
SSCDKNTGDY YEDSYEDISAYLLS
SGPGAS GTSSTGSPGTPOSGTASISPGSS TG

SITGIGIGASIG 1 LTS SASLGICE

STCSPOSSPSASTC

QUEIDYDDTINIMKKE KKTRUYIIASVIRL

SFTQPL YRGELNEHLGLL(

VDILRKDVITS(
PN MEOPTEHENYRTA NGV TLRGLA M
TURICKITYK MALYNI YPGYTTTYEMI PSR AGIWRVTCLIGTHLHAGUSTL 1LY

pitesi sbleV I:LU(J-{UQ:\H’KM\H KENETICTYFWE YOI I MAP IKDEFDCKAWAYESD
CIITNTINPAITGROYTVORFALFRTIFDRTK SW YFTENMRRNCR S,
DORIRWYLL MGSNENIHSIHTSGHYE

TQGAIK

K FSSL Y50 HIMY SLUGKKWGTY GRS TGTLMVEE G VUBSGIRIINERPPIARY
LIPS LRNLL ML DLNSG SHPLGNLSCADAQLASS T NMEA WSS AL
T OGRS AN RPGUNNPKT T VT QR T TGV GG VIS LMY T ISSsanct

DLYGAGSPGAETARC S ILoRG)
TRCSGTASSSPCSTTSG ummmm TTSG

STOTGRUSSPSASTGTUPOASD

SPGLSSIOSPGSSISAS [G1GPOLPGSGIASSSPGSS LPSGA IGSGAL | AEOKLISEEDLSPAT
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TOSMOSSPSA

CFXTEN Name

[0541] Sequence name reflects N- to C-terminus configuration of the FVIIl segments (amino acid spanning numbers relative to mature sequence) and XTEN components
Table 51: Exemplary CEXTEN comprising FVIIl, cleavage sequences and XTEN sequences (SEQ ID NOS 155:

590, respectivel order of appearance)|

Amino Acid Sequence

SP-AE288-CS-L-(FVIII_1-745)-AE288-
(FVIII_168 6-2332)-L-CS-AE288

MO STOr T €1 LRI ST A TP GRS AT TR TSI A TRTSGRGSTPATS.)
GISESAT e AR
wws(‘»cﬁma 3 SPISTEEGISIEPSHOSAPGSES TPESCR
o CPUSEPATSGSL
FORAP ST AT0SF TG TS S AT SRGT S TERERGSAT ORPHSFOGHEGHA TR 1 GAVE
LSWDYMOSULGELPVDARFPPRYPESKBEN TS VA VEFIVHLENIAKPRPPWNIGLLG
FIIQAVYITI VYT LM ASIIPYSLIAGYSYWIAR GAIV DG TSARIK DR VPGS
TYVWOVLI 5 SHYDLVKDLNSGLIGALLVCREGSLAKEK 8
LLh\\,’rm:(.KlelbLIKA)L\AK,IJKU/\/\S RAWPKMIIPYNGYVRRSLPGLIGCIRKSVY WL
VIGMGTTRRVHSIFLEGHTRLVRNHROQASLIUSPITRTAQTLLMDLGOR.1FCHISSHOHDGM
EAYNKVDSCEEEPOLISIKN NEEAELY DUDLTDSEMDY V1t DUDNSISFIOIRSYAKKHIK |
WVIVIAAREEDWD Y APLVLAPHDRSY NGPORICRICY KK VRFRAYIDRTHCTREAL
QHLEGILGPLLY GEVODTLLUFKINGASRPY NIY PHOITDVRPLY SRRLPKGVKHLKDTPLLEGEL
EKYKW IVIVEDGE I SDURCL LY YSSE LGPLLICY RESVDRGNQIMSDK
N3ILFS TRNIQRFLPNPAGQL Y VFDSLOLSVOLHEV
AYWYILSIGAQTDILSVIT; Gx‘TrKI-lIleVYID'[L]’LrH‘uGFTVﬂvISl\/mGLWD.GCHN;DI
RNRGMIALLI Y SSCOKNTGDY YEDS YEDISAYLLSKN N AR
ATSGSTTPGTSPSATPRSGROSTPATSGSTTRGTSTS
EEGTSESATFESGPGSEPATSGSETPGTSE
: v X X
TG SAPGTSTIT TS APGSTPATRGSTTPGTSTS ATPESGRUTST
TRHYFIAAVERL NRAGSGSVFOFKK VVFQEFTD
oM POPLY AGELULALLLGRY AL VLNV R ASRPY S S0, T BOROGALPRIC
VTRV P QRHVATTRIFETICE AW VTS VD! FRIVSGTIGI TLCRTTI T
AHGRQVI VOEFALEFIDETI SWYFTENMERNCRAPCAIQMEDP FEKENY RFHAINGY ML
Gl ISR 71 SN OIS0 K ALY R AL Yt YRR YRV
. LIGEHL PYSNEC CTTASGOYGOWAPKLA
RLHYSGSIKAWSTREPFSWIKVDLUAPMIHGIK TQGARQEFSSL YISQOFIMY SLDGRKWQTY
RGNS TGTLMVEFGNVDSSGIRH IR PPILARYIRLHUTHY SIRSTLRVELMG MPLG
AT DAQIT ASSYITNMEATWSPEK ARLLCRSNA BHHOVRN PR IOV LORTIICT

TRGSPACSE

CF XTEN Name

Amino Acid Sequence

KOV IHQGVKSLLISAY VLIS QUGIQW ILIFONCK VA EQUNOSF L VW RSLIRPLL
TRYLRITIPOSWVIOIAT RMFVT GO CPSOSPRSFQGTSFSATPRSGPGSRPATSGS
H\‘marsuwchywm~(N\\‘m3»-5\\w-\m’b\\\H’yrcb\\'ml-r\ch\’mlrrwﬁ
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FVIIl BDD2 S367-FXla-AE42-F368-Y2332-
FXla-AE864
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FVIIl BDD2 N745-FIXa-AG288-FIXa-
P1640-Y2332-FIXa-AG864
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FGTITR ASGLIGPTTICYKTSYT)

HONOSIRRA VL P VDR SYL ENIQ) VOLELPEFQASNIMHSINGY VD
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DK NG Y RENS TG EFONYDSSEIRS ¥k PPUARY LI 1 SRR TR
CDINSCSMPLGMESK AISDAQITASS YFTR MFATWSPSK ARL 1L QGRSN AWRPOYNNPK W
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FVIIl BDD2 V128-FVIla-AG42-FVlla-
G2044-FVIla-AG144-Y2332-FVIla-AG576

ATRRYY1LGAVILSWDYMOSDLGELPYDARTPPR VPR STRIRTSVVYKITLIVITVITLFNLA
KPRPPWMGLLGPTIQAEVYDTVVITLRNMASHPVSLHAVGVSYWKASEGAEYDDQTSOREK
EDBKVLOVRIVGGGAPSPS A5 FGIGPGTPUSG TASSSPUSS TPSGATGSPGPSGPGLOVRIVUG
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NALSKLLESGLMNSQESSWOKNVES ESGHLE LIKDMALCVSISLLKT MK T
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FVIIl BDD3-FXlla-AE144
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s Lok NS AR AT A P o
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FVIIl BDD3-Elastase-AE144

ATRRYYLGAVELSWDY MOSDLGELIVDARFPIRVEKSFPENTSVVYKK ILEVEKIVILINIA

KPRPPWMOLLGPTIQALVYDTVVITLKKMASHPYSLHA VGYSYWKASTGALYDDQTSOREK.

DI FGGSITTY VWOVELKERGIM ASDILCL IYS VLSV DLV KDLNSGLIGALL VCRHGSE
JTLHKTILLT: GKSWHSETKNSLIG MHTVNGY VNRSLEGL
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TN SKRLPKGVE.
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FVIIl BDD3-FXla-AE144
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KIRITEMOLLOTTIAE YDV VTIL M ASHTY ASEGH
3 TYVWQVLK LT SYLSHVDLYEDLASGLIGALLNCRIGEL
LI LAY DL 1] LMODHDAAAA NIV ACY ¢ IRSLICL
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RSVAKKITEK W1 IVIAAFERDWDYAPLVIAPIDRS VSO NNGRORICRK YKKVR-VIAY
¢GDILLIFENGASKPY XIYTHGITD VRIL Y SRRLPEGVE.
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RNRAQSG CVVFOEFTDGSFTOPLYRGILN EHLGLLUPY IR AT
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FVIIl BDD3-Thrombin-AE144

ATRRY YLGAVULSWDYMOSULGLLPYDARIPPRYPESIPPN ISVV VKK LIV VULENIA
KPRPPW T GPTIO AR DTYVITI RNNASTTPYSLITAVGVSY WK ASTGATY DDOTSORTE
EDDENTPGUSHTY VIVQVLKCNGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLY CREGSL
AKBKIOQTLUKFILLFAVFDEGKSWIISELKNSLMOURDAASARAWIKMI | Y NGY VNRSLIGL
IGCHRIS VY S ICHGTIPEV SIFLEGHTI NENHRQAS) FISPITE TAQT LI GO 1
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WDYGVSSSPIVIRNEAQSCSVPQFKKY VFQRFTDGSFTOP YRGELNFITLGLLGPYIRAFYR
DNIMYTERNOASRPYSEY SSLISYEEDQROGALPRKKT YKPNETKTY FWK VOHHMAPTKDEF
DEEAWAIFSOVDLERDVISCLIGULLVCIIL Y ILNVAIGROVLVOLEAL LI IRSW
FNVIFRNCRARC 1PG LSVGSNRNTH
STHFSGHVFTVRKKEE YKMALYNLYTGVFETVEMLPSK AGTWRVECLIGEFLRAGMSTLALY
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ISTLRMELMGCOLNSCIMILGMESKASDAQUIASS YINMERT WIS
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N GKE GNHDST TP S ISRV FHPOVHOIALAMIE GCA.
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AE144-FVIII BDD2-MMP-17-AE864
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T DGO L TCHISSHQRTIGNT, A TVIEVDSCPRTPO] RMICNTT AT Y DITLTDSIDVY
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TRLCSONPRL RACRRITRTTIED

HFTP
e <NNL|~lu’wmxl.u(.luwmu,l'l
NDSKL TG
SN

5 GSFTQLYRGELMEHL.GL

e AT FYSSLISYEEDQUOGAEPRK RFVEPN ETTYFWE VO
HMAPTEDEIDCKAWAYFSDVDLEKDYHSGLIGPLL VCHTNTLXPAHGROYTYOEFALTFTIF
DETKSWYFTENMERNCRAPCNIQMEDPTFKENYRFHATYGYIVDTL PGLVMAQDORIRWIT,
LSMOSNENIISITIFSGHVTVRKRERYKMALY NLYPGYFETVEMLPYKAGIWRVKCLIGHILIT
AGVSTLELVYSNECOTPLOMASGHIRDEOITASGO Y GOWAPKLARLHY SUSINAWSTKPTS
WIKVDLLAPMIHGIKTQGARQKFSSLYISOFIMY SLDGRKWOTYRGK STGTLMVEFGNYDS
SGIKIIMENITILARYIRLILP 1Y SIRS T LIMELMOCDLNSCSMULGMESK AISDAQUTASSYFIN
MFATWSPSKART 111 QGRSNAWRPOVNNPKFWLQYDFOK TUK VTGVTTOGVRSLLTSMTY
KITLISSSQUGHINTLFFONGE VK FOGNGDST TP YNSLDPPLLTRYLRIHPGS WVHOLALK.
MEVLOCAQULY (L IR IYGAEP L S8 1 SEATESGIGSEP M SCSETIGIAGE!
ST FFATSGSETPUSRPATSGSETPGTSTRPSEGSAPG
TRESATTR G ORI A TSR T STSTED S GeAD

AE144-FXla-FVIll BDD9-AE864

AT TSLSA TS GRS PLSPAGHPLS LG 51
SGSLTPUSLPA1SGELLPUSEPATSGSL TFGISLL]
TS PSEGEATOR LIIALIGA Y Y LOAYEL WX HIOSDLCEL DA L SRR AT
SVVYEKTLEVEFTDHLFNIAEPRPPWRLGLLGPTIQAE VYD TVVITLENMASHPVSLHAVGYS
YWKASRGARYDDOTSORFKEDDKVFPGGSIITY VWOVLKERGPMASDPLCLTYSYLSHVDL
VRDLNSGLIGALLVCREGSLAKERTOTLHRFILLE SLMQDRDAASAR
AWPKMHTYNGY Y NRSLPGLIGCHRESY Y WHVIGNG TTPLVHSIFL EGHTFLVRNHRQASL)
SMITELTAQTLLMDLGGFLLFCIISSIQIDGME AYVK YDSCPEEPGLIMKKNEE AEDYY DIDL
TOSTMDVYRIDDDNSPSIIQIRSY AKKHPK TWVHY LA ATTRBRDY APLVT APDDRSYKSQYI
DNGPORIGIRCY I VREMAY IDEI K TR AIQUESGILAPLLYGEVCLY L IFK NQASR Y NI
PHGITDVRPLY SRRLPK GYKHLEDFPILPGEFKYEWT VT VEDG RCLTRYYSSFVIM
RO ASGLICRLLIC YK BEVDORCN VAP YIL T VIDEEOWSL TENIORILP P2
EDPEFOASNIMISINGY VFUSLOLSVCLIEYA YWY ILSIGAQIDFLVFSG
TLILFPFSGETVEMSMENPGLWILGC ummuwmsmn
VLLSKNNATRPRSFSONPPYIKRTIQRFITRTTI QSNQ) i

FRRRGMTALLK

SPSHOK L HARYERL WY GUBSOMI VLI AQSGSVIOI K VY QL IDGSH LY

VTFRNQ.ASRFYSF
PG APT D A AT r«mm FRDVIISGLIGLL VTN TLRPANGRQY
TVQCFALFFIIDETKSWYFIENMERKCRAP IMDTLPGLVM

ADDORIRYYLLSMGSNIN NISHIFSCHIVET VRKKLEY KMALVI RGN T VEMILPSCAGIN
CCLIGEHLH, K
INAWS IEPESWIKYDLLAUMUNGIK TQUARQKF SSLY ISOF 1Y S
LAVITG WVDSSGIR] INTNPRIIAR YIR! 1PV SRSTLAMILACDY
v SPSKARLALOGRSYAWRPQVNNPREWLQUDFOK TMKVTGVTTOG
SMY VKL TLFTONG "TPVVNSLDPPLLTRYLRIHP
gL ALY ALY LS A TR 13T R Tt
GSPTSTLEGTSIL TPSEGS APGTSLSATPLSGPGSLPATSGSETPUSCPATSGSE

S AIPESGIS {SAPG IS TEVSEGS EEGIS |
wm TPSTIGS APG TS ATPRSCPGTS TRPSTIGE APGTSTS A TP SOPUSTPATSCF

T RO
S GMTSKAISD

TPGTS STEPSEGSAPGTSESA B
Anrmcmﬂm GSETPOTSCSATPLSGPGTSTEESLGS

SIIS1EFCIS I SEGRARGTSH

ATPESGICRHPATSGSHT RISESATPRS( wm»mm FTPGTSES A TPRSG TS THINEGEA

PGTSESS SPAGSP GSPTSTLEGTSLSATPLSGPGTSILP

st e e

SGSLTPOTSESATI 2

PISTEEGSEAGSe! SESA S XIPESOPG TS
T H.(,:mspr T S

SGorT PG aTSATS B GPGTST PR

AE48-FXla-FVIIl BDDS-AE864

FGIPGNGTASSSPOSSTPSGATHSPGASPCEISS TGSPORLTRARTGA TRRY Y
LG, SDLG] KKTLIVEFTDHL
DL QAR DML AT IS VSV S ) DO SO -
VL PLCLTY SYLSHVDLVKDLNSGLIGALLVREGSLAKEKTO
IR O SIS LVOPKOA M1 TVNG Y VNRSLPGLLGCLRK
T O A, FISTTTTLTAQTMDLGOP OIS
QHDGMLAY VKVDSCPEERQL
KIPKTWVIIYIAA ERFDWDY APLVUAPDDRS YKSOYL \qumcm\\w\\ww AT
KTREATQHESGIT GP LY GRVGDTLI ITFRRQASRIYNIYPHGTTDVIT YT PKGVKHT KDF.
PLPGEV VIV EDGITODPRCL IRy VS UNMERDL ASGLIGHLLICYKESYDQROND
IMSDKRNVIL] TENIQRFLPRFAGVOLIDPELO
CLIEYAYWY ILSIGAGUIFLSYFESGY IERIRMYY Y LI
HNSDIRNRGMTALLK VSSCDRNTGDY YL YLLSKNX, 2
Iy |Lo~um=mmuu|mwmuumnuwwz RSFOKK JRHYFIAAVERL WDYGMS
VPOFKKVYFORTTGSFTOR Y RGITNTIT GILGPYIRATNTONIRVIT
P SFY SSLISVEEDOROGAEPIINFYKINETKTVFWRVOHHMAPTKDEFDCKAWA
YFSDVDLEKDVISGLIGPLLVCL INTLNFPANIGROVI VOEFALFFTTF DE FKSWY FLENMERNG
RAPCNIOUTDPTRK INYRTHANGY IMDT PGLVMAGDORIRW Y1 SMGSNTIHSTHESGHY
PNLYPGVFETVEMLPSKAGIWR VECLIGEHL HAGMSTLFLVY SNKCQTP
LGVASGHIRDEQNT ASGQYGOW APKLARTHVSGSINAWSTREPISWIR VDLLAPMINIGIK T
GARQRFSSLYISQFIMYSLDGH RGNSTGILE TPIIARYIRLH
PTHYSIRST PFTMGEI NSCSMPT GVIRSK AIDAQITASSYFTNMEATWSPSK ARLALQGR

SMAWKPOVNNPREWLOVDEQK TKV TGV ITQGYK SLL ISTY VKEFLISSSQUGHOW ILKFQ
NGRYKVFOUNQDSFTPVVNSLOPPLLTR Y LRIHPOSWVHOLALEMEVLGCEAUDLY GGSBAG

TS LT SESATEES IS ¥C 5 FISECSAL
GISESATPDSGEGSEPATSGSCTP AGSPTSTLLGTSESATPLSGPOTSTLRS

B 5 TS

STEPSEGRAIG ST HISGSAIR \\mx\rmmmmwsmwmmwwruvmwp"
S T
PAISGSETIGISES ATTESGGTS 5 Y
KPAGS TPISGPG ST 5P
TSGSETTGTSES TTESGRGTSTEPSECS Gs

S

s
o P S PG E S LS AL SN F RS 151

EEGTSTEPSEGSAPGISTEPSEGSAPGSEP A TSGSETPGTSESAT ESGPGTSTEPSEGSAP

FVIIl BDDS-FXla-AG288_2

ATRRYYLGAYI SWDY MOSDIGILPVDARIPPRYPKSIPINTS VYK ILEVIIIDILEN A
KPRPIWIGH GRTIQFVYDTVVTIT KKAA SHPVST HAVGVSYWK ASPGAFYINTSORFK
EDDKVFAGGSHLY YWOVLKENGPMASDPLEL TYSYLSHVELVKDLNSGLIGALL YCRECSL
ARTITQTLITRITLI FAVITTGRSWITSITRNST MODRDA ASARATPEMITVNICYANRST PO,
IS VIO GT T RS T LECRTFLY RN HROASLEISHTTTL TAQTLLVDLOGFLLY
4% VK VIS CREET SEML VI DDDNSESHIOL
wuw\wn»\\m IAARERDVDY AP V1 APDDRSYKSOY] YHGPORICRICYKKVRFMAY
HESGILGPLLYGEVODTLLIFKNQASRPYKIYPHGITD VRPLYSRRLPEGVE
LKDHPILPGHIFL S [V VG | SDIRCLEY VSN ASCD G LI KES YD
[LTSYTDENRSW YLTENIORFLENPAGY
HEVAYWYILSIGAQTDFL SVFFSGY TRRHEMVYEDTLTLFPFSGETVFMSM
INSIHRGMIA VSOOI YYD oA PRRFSONFP]
‘DEDENQSPRSFORKTRHYFIAAVERL
TN LA A VT DD TR 1L s RO L LGt LG YA
DXIMYTFRNQASRPY STV SSLISYMEDGROGATPRK N FYKPNRTKTY FWK YQHH M APTK DI

ALTFIIFDETK:

DCKAW LEEDVHSGLIGPLLYC] : TVOE] s
ENVIERNCRAPCNIOMEDP TEREN YIEKLAING VIMITLIGLAMAOLORIRWYLLSMGSNFNIL
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CF XTEN Name

Amino Acid Sequence

STHFSGHVFTVRKKITYKMAL YNLYPGVFETVEMLPSE AGIWRVECLIGLHLHAGMSTLFLY
YSRKCQUPL AW APLARL STREPESWIKVOLLAP
MIKGIRTUGAROTEE) Vsgrmys) DGKE WOTYRGNSTGTI MYTFORVDSSGIKENIFP

14 RO ELMGCDLNSCMIL CHESKAISDAQITASSFTDFATVSDS
KARLIL OGRS AWK PVNNBRES VORI T LTSMYVK EFLISSSOU
(-HuwAwun(wmnvr(nwoasrH’WMLDWLLH‘mmm‘o(\\\HL)lAumt\u(bA
QLYK TRAK CEPGTPCS TGSPG PG
SGTASESPOSSTRSGATGSPGTRG s(JT»\\s*Pu%TPS(;A[(;SP(;S»TPK(;AT(A%ssP:& TGT
SASTOTGRGASPG AP TASTOSFURSTPAG ATGSPOSSPAASTTGPGASPUTESTG
SPOSSTRASTOTOTOTT SO ASSSTOSSTESGAT:

FVIIl BDDS-FXla-AG864

ATRRYYLGAVILSWIYMQSIIGEPYDARIPPRVPISIPIN ISVVYKICTLEVI TLINA
KPRPPWMGLLGPTIGAEY YDTVYITLENMASHPYSLHAVGYSY WK ASEGARY DDOTSORER.
EDDEVFTGGSHIY VWQVLKENGPMASDPLCLTY SYLSHVDLVEDLNSGLIGALLVCREGSL

RO 1L A LKA ISK T SLMGDIID ARG ANl FAGY VARSLIGL
GEIIRICS VY SIVIGMOTTATVISTLTGITT VENITROASL NSPITTY TAQTLLMDI GUTE (T

RSVAKKHPK [WVHY Y RRYRAIAY
DI TR SGHLGH EYGRGY L UIKNOASRPY Y PHGUTSVRPLYSRRILPIGVC
SEFEYKWTVT SDPRCLTIOYYESFYNMERDLASGLIGPLLIC
QRGRIMSDKRNYILESFDENRSW YLTEN IRFLPNPAGYOLEDPEEOASNIMHSINGY VD
SLOLSVCLIEY AV WYILSIGAQIDELSVITSCY TERTIK VY YT TLEPESGL VIMSUINPG
L KNTGD SKNKATETR VL
3

WIDVGMSSSIIVLRNRAQSCSVPORK KV VEQRFT DGSTQNLYRGRI NFILGLLGPY IR SEVE
DNIMVYTIRNOASRPYSTYSSLISYLEDOROGAEPRENE VEPNETKTY FYKYOHHMAPTKDED
DCKAWAYPSDVDLERDVESGLIGFLLVCHTRTLNPAHGRQVIVOEFALFFTIFLETKSWYFI
EIRNCRAPCNI QUL I VR AINGY I PGSR IR LSS
3G 3 FLY

ASGIIDEQIASOYGON PRLARL VSGSIY G
I TOGAR GRS S0F THYSLDORRWOTYR MYFFGNYDSSGIKHRIFKP

H&m\RSTLELM[L\iGLDLV*LaMPLbMEShAISDAQlT»\Ns&m\L\'-\T\)v&PS
KARLIUQCRSNARRIGYNNIK HWLOVIRO IMKYICGYT IQGYRSLLISV YV VR RFLISSSOR
R T PPN VIV RGNS YNG] BFPL TRV RIPOSWAEOIATAMET n,(u
QLKL IR )

SGATGSIESS < SOTASSS
Gas ISSIOSPG PGS Mcm»\smmmsvwm
GTASSSPGS 3 TGRS SSTRSGATGS

$5143) G bu A TPGSG s
GASPOTSSTOS 5 SGATORPASPCTSSTGSPUTPGSGT ASSSPOSSTP
SGATGSFGISTD 5

CFXTEN Name Amino Acid Sequence
GTPSGT 4SS PGSSTREGATGSPGTPGSGTASSSPUSSTREGATES
SSSP5S s S5GIS516 ASSSPGSSLY
£ I SPOTSSTGSPUSSTPSGATSS
SGAIGSGASIGISSIGE o AR
FVIIl BDDO (1-745) AG288_2-(1640-
RRYYLGAVILSWDYMOSOLGLL TSVVKKTLEVITDHLINL

Y2332)-FXla-AG864

KPR AMGLLGPLIQAEVY LY VL ILKNMASHPVELHAV GVSY W ASEGAEY DDQISQREK.
FDDKVFPGGSIITY VIQVLKENGPMASDPLCLTYS YL VDLVKDLNSCLIGAI L VCRFGS]

KTOTLHKILLTAV DL GKS WHSTTIONSLMODRDAMSAR AWK AT NGY VRS PGL
KN Y WHYVIGMGI LS VHSLEL VASLEISPILELUAQLLLMULGOFLLE
CHISSHQUDUMEAY VICV! mmxw; DY
RSVAKKHPKTWVHYL:
TDETFKTREAIQHESGTL RS IHCITOVISL Y S0

PLLY:

ULKDIPILPGLLY G KDPRCL TR 138 MLRDLASGLIGHLLICYRLSVD

QRONQIMSTE] WYL TRIQRFT D AGVQ

Firhpkaaa: TLSIGAQTDRLSVFFSGY TFRHKMUYEDTLTLFTY GETVRASMENTG

VLGOS KGN ALLICVSSCR N TGS KEDSYED SAYL LS ARPRSFSONGPG
8163 USPGTPGSGTASSSPUSSTPSGATGSPGTPGS iSS1PsG

PO PR TS AT PR TR A TSP P AT O P RSP AASTETGP

SOTASSSPOITTPSGA

PGS
TPGIGTASSSPGSSTPSGATOSPRYT RRHORTTTRIT CEDOTET DTSV nmrnrmmr
DENOSPRSFOKKTRIIVFTAAVER] WY G MSSSPIVI.RNR AQSGSVPOFK K VYFORFTI
QPLYRGELNCHLGLLGPYRACVEDY IMVTFRNOASRPY STY SSLISYELDOROGA
KPRETKTYFWRVOFHMAPTKDEFD: DVHSGLIGPLLVCHTN TLMPAR

SRQVIVOLIALITLIPBL W 1 TLNMLRNCRAPCUGMUDF ITKN VRUTIAINGY iDL
QDQRIRWYT 1. SMGSKTNITTSITTFSGIVFTVRRKTIYR M AT YRLYPGVITS
FAGIRYECLIGERLRAGMATLPL VYSTCOTT LGMASCH OIT

SGOYGH
HYSGSINAW S IREPFSWIK Y DLLAPMUHGLE IQGAR FISOHLIMYSLDGRKWOT ¥ 1€
NSTCIARGN VBSSGIR INENPPIAR VIR va\'w{w RMELMGCDLASCSMPLOME
S AISD AQIT ASSYFINMFATWSPSKARLHL \-mcr FLQVDFQKTMKVIG
O R T o VEEF TSSO T O RV A TG LPPLLTT
VLRITPOSWVIQIALRMLVLGCEAGDL YKL T \ugu\Opun\lm%»vwxmmm»
Psas s SPGSSTTSG A

G TARRSPC 1P “\IGSPC S s 5!
AT 5

1GPGITOSCIAS
SSpaasee rscrmwr ASPOTSTGSPGASTOTSNTC srrncrm ATCSPOSSTPRGATASTOAS

TOPGASFGT : S G,

GEPGTPOSCT ASS: ccwsu wmm,sswcc,\r sprscmwmpcwsmm‘ms
POTSS

(.»m»vc15~ncwmswmu@mssvs«s\r lwu«\»m S CAMOSRPoRS  GHGRTP

FVIIl BDDO (1-743) AG288_2-(1638-
¥2332)-FXla-AG864

ATRRYVLGAVELSWIYMOSDLGELPVDARFPPRVPESEPEN ISVVYRKTLEVEE IDILENIA
KPRPPWMGLLGPTIQAEYYDTVVITLENMASHPYSLHAVGVSY WK ASEGAEYDDOTSOREK.
EDDKVFIGRSI Y YWOVI K ENGPMASOILCLTY 3YLSHVDLYRDLISGLIGALL VORFCSL

AKFKTOTEHKTILLFAVIDEGKSWHSITTRNS] MODRDA AS AR AWPK MHTV Y VNRS]PGI
JGCHRKSVY WHVIGMG T TPEVHSIFLEGH TELYRNHRDASLEISITIFLEAQULLMDLGOFRLLE
CHISSHOHDGMLAY VKVDSCPLEPQLRMKNNECARDY DDDLIDSEMDY YREDDDNSFSFIGH

RSVAKKHPKTWVHYIS ATETDWDY API Y1 NGPORIGRK YKICVRFMAY
e \\QHL\mL(‘pLuGb\m)n.ulrkvo,\(w\ MYPHGITDYRPLYSRRLPGVR
GPLLICYKESVD

R NSNSV, NI FNAGY O EOTE RGN HINY Yo
SLOUSVEI HEY AYWYILSIGAQTIFLSVRFSGY TRKHK VIV YRDTUTLFPRSGRTYFMSUENPG

LWILGEHNSDFRRRGITALLEVSSCORNLGDY YEDSY EDISAVLLSK NNAIEPRSFSGIGAS)

FISSTGSPUTPGSG PSS G ATGSPG PGS ASSSPUSS TP
SPGITGIG 4SS SGATGIIGSS P3G 55148 53308

: sswcssnsm s ssTc.
SPGASPG 5 g
SGTASEEPG v,(,nwngu KRHQRRITRTTE Qs‘\QFFH’)‘v R

DENQSERSFQRKTRHYFIA A VERL WY GMSSSPHVLRNR AQSGSVFQFKE VVFOEFTDGSET

QPLYRGELNEHLGLLGFYIRAEVEDNTMVTFRNQASRPYSFY SSLIS YEEDORQGAEFRKNFV.

KB WV QIUIMARTDLEDK AN AYTSDVDLLKDYUSGLIGILLVG LN ILNEA L
AL DR X3/ TENMFTINE AP NTOMED T

LIMAODORTRALL KRRV YOOV VEVIDS
KGRI I LA AYRL T PRASGITRDIOT ARGOY COW AP ARL
HYSGEIN. LLAPMITHGIK TQGARGKFESLYTSGFIMY SLDGK]

S QTYRG
NS TGTLMVFFGR VISSGIKHNIFNEPIARY IRLHPTHYSIRS L RVELMGCDLNSCSMPLOME
SKAISDAQITASSYITNMIATIVSPSK AR 111 QGRSN AWRPQVNNPKE 1 QUDFOKTMK VTG
VTTOGVRSLLTSMYVKEFLISSSODGHQWTLFFONGKVK VFOGNODSFTFVVNSLDPPLLTR
VLRITPOSWYIIIALEMEY.GORAQDL YKL TR AKTGGASPG 1SS TCSPGSSPEAS IGTORGSS
Psas s SPGSSTRSGATGS S8 a5

IPSGATGSPG s SGTASSS S ASTG
TGPUSSTRSGATGSPGSSTPSGATS S TSSTGSPGTP

SIS IPSGATGSPCSS.
TASSSPUSSTPSGATGSPISSTPSG ATUSPGSSTPSGATUSPUSSPSASTG

TGSPGTPGSGTASSSPUSSTR u.\r

PGSGTASSS
LOAIG3S [ISGA LGS
TASSSPOSSTPRGA' A8 .wrwurupcmq

ISSTPSOA G PGRETTSOAT GRPGAS

IS8 IS

BDD10 (1-745) AG288_2-(1640-Y2332)-
FXla-AG864

ATRRYYLGAVILSWDYMOSDLGLL TSVYYKKTLEVEFTDHLINIA
EPRIPWMGLLGPTIQAEVYDTVVITL NSLHAVGYSY
EOGE 1YV HOVL NI SIS VLS IDLVDLASGICALL VR o1
LEAVTDLGKSWHSETKNSLMUDRDAASAR SWPKVHTYNGY VNRSLPGL
u.¢mmwxm.w.mm‘mumm,mm‘wuw LIS IADLLUDLGOr L

CHISSHQHDGME DSCPRRPOIRMIC

KIHPH VL APDDRSYKSC VRRARPUAY
TR TR0 IS G Yo LIS M YA Y SR RG
HIKDRPLIGRIF VKW TVTVENGRTE SDFCT TR ASC TGP LICVRFEVT)

GNQIMSUKRI VILFSVEDENKSW YL T ENIGRELPNPAGYQLEDPEFQASNINKSING Y VFD
SLOLSVCLUIVA YWY ILSIGAQIDIL SVIFSGY TERTIRMYYUIYTLLIBISGETVIMSMER PG

LGNS DF RO AL SSCDKNTGD VYEDSYEDISATIL

KNNATEPRSFSQNGPG
PG ASSSPGISIPSG

ATGSPUTPOSGTASSSPOS: TG 55 SSPSASTUTGRG
SPGTS SGTASSSPGSSTRSGATASPGES STSAS s
SIGSPGASP s SSPSAS rGPG
TPGSGTA SATOSPPYLXRHE) LITRTTLQSDQLED VDD TIS VIMKKIDFDIYDE
DENQSPRSFORKTRIIVEIAAVER] KR VVRORRTT

OPUYRGELNEHLGLLGHYIRAEVEDN VMYTFRNGASRPYSFY SSLISYEEDOROGAEIRENFY.
KNIV FWKVQUIMAPTKDLEDCKAW AYFSDVOLEKDVISGUIGELLYCI TN TUNPAIL
GRGVTVOLFALFFTITDETE SWYTTERMERNCR APCNIQMEDPTTKEN YKTHATGYTMDTLE
LM AQDORI VLM GN T HSIHF SGHVF VR KEEVIOMALYVLYDGUETVEMLYS
KAGINRYECLIGEH HAGMSTLL VYSNKQQTP] QITASGOVGOY:
MIHGIKTQGAR LYISS
TN P D ST AR A T RS RAMETMGC DL Yo ST
SKAISDAQITANSY FINMIUATWSPSR ARLHTOGRSN AWRPOVANPEITRLQOVIFOITVIEV TG
VTTQUVKSLLTSMYVEEFLISSSUDGHQWILFFONGK VK VFQGNUDSFIPVVNSLLITLLTE
VLRITPQSWVTIQIALRMEVI GORAQIL YKL TR AKIGGASPG IS TOSPGESPS ARTGIGRGRS
. TASSSPGSSTPSGATGSP 2 A5
SRS ITSOAT GRIC PGSO ASSSPGAS G ISSTCS I GASIGIRST GG PR TASSAP(SS
TRSGA SSTGSH SGTASSSPUSTTRSGATG: s
IGFGSS1PSGAGSPGS LFSGA SPGISSIGS!
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CF XTEN Name Amino Acid Sequence

GSGTASSS! STGSTGAS TIGSGTAS
X TGSPGAS

ASSSPGHS TPSGATGSPGIS TENGA

GSPOTPG SPESTATOrOAS
GSPGASPUTSSTGSPOSSTPSGATGSPGSSPSASTG S GTP
GSGTASS SOATGSPGSSTRSGATGS] s

FVIIl BDD10-FXla-AG288_2
ATRIYYLGAVHLSWDYMQSDLE ELIVDARFIIR VIKSEIE TSV YKKTLEVEFTDILINLS

KERPPWMOLLGETIQADVYDTYVITLK X MASHPYSLHAVGYSY WK ASTGACYDDOTSOREK
EDDKYFUGIGSI Y \WOVLKENGIMASDILCLTYSYLSI YDLVIDLASCLIGALLYCREGSL
ARFITQTLHKTI | TAVEDEGKSWHSTTK ST MOPRDAASARAWPKAMHTYNGY YNRST PG
JGCHRR S WHYVIGMGTTPE VHSTFLEGHTFL VINHROASLEISPTFLTAGTLLMDLGOFLLF
IMIAYYSDSCREIRO! DI TS SPSIICN
RSVAKKHPKTWVHYTAAEEEDWDY APLVLAPDDRS YKSQY NNGPORIGRK YKKVRFMAY
TORTFKTREAIGHESGILGPLLYGRYGOTLLIFKNOASREVNTYPHGITIVRPL VSRR PRGVR.
BLADIPILPGLILKYK W IVIVLDGE IKSDPRCL IRY ¥SSEVAMLRDLASGLIGPLLIC YKLSVL)
QR GNOIMSDR RN VILFSVFDENRSW YL TENIGRFLENPAGVOLEDPEFQASNTVHSINGY VFD
SLOLSVCLHEAY WYL S1GAQTDLSVITSGY TFUlIM VY EDTLILIEFSGETVIMSMENEG

LwiLGc: MLIALLKVSSCOKNIGDS YIDSYLDISAYLLS) oL
KRIIQARITRTTI OSPOFFI K SPRSFOKKTRI)VFIAAYFRI
RNRAG DOSFTQNL VKGELNERL GLLGITR AEVE

S VTQPRKYVEQEFT
DX MV TIRNQASRPYSEY SSLISY EEDOROGALPRKNTYK PN ETKTY WK VOHHMAPTKDLT
DCKAWAY FSDYDLERD VHSGLIGILLVCH | NTLPAHGROY IVQEF ALK ITEDETRSWYFT

FNVITRNCRAPCNIQMIDFTER TNV FLAING Y IMIYTLPGTVAACNORIRWYLLSMOSNEHITT
STHTSGHVETVRKKEEVRMALYNLYFVPETVEVLISKAGIWR VECL IGERLIAGMSTLELY

VXNKCQTRL TIYSGSINAWSTKEBISWIEVDLLAP

BT TOOAR O SSL 50TV AL DR YR TNV GV D SSSIEHNT P

PILARVIRLHPTHYS RMELMGCDLN SCSMPLGMESKATSDAQITASS YFTNMFATISDS

KARLILQURSN AWRFQVANPRIWELQYDIQKTMKVTGVT FOGVKSEL TSV Y VKITLISSSOD
ONGKVKVFQGNQDSFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCE A

QDY TRAFTAGSUAFT, STGS SSRGS

b kil -

Sws\Wm(,v(,\svx\\\r‘\cv(.r\wgusw‘sv( vcxnwchsswuco\mwmsw»m

ANSSPUSS TBSCGATGSGAE IAEOK LISEEDLSPALG

FVIIl BDD10-FXla-AG864

ATRRYYLGAVE] SWDYMOSDIGF PYDARTPPRYPKSIPTRTSVAYKK T FYRFTOHL NI

KPRPPSMOLLGETIOARV Y DTVY LK NMASHP VWKASEGAEY DDQTSQRER.

EDDEFPGGSHIT VW VDLYKDLNSGLIGATLVEREGSL

AKEKTON CHUEGRSWHISH K NSLMODIDAASAIARTKMITANGY S SIS

mum\swmmwmwwwwuumuwmmuunwmummxmmu L
SCE

g5

A

ROV AP W TR W NNGPORIGRK YK VRFMAY
IDETFEAIGHESCILOTLYGE SRPYKIYPHGITDVRPLYSRRLPK GV
DUPLLEGEILKY KW IVEDGEILSDPRCLTRY YSSIVEMURDLASULIGPLLICYKES VLY
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[0542] Sequence name reflects N- to C-terminus configuration of the FVIIl variant and XTEN components: signal peptide (SP); linker (L); cleavage sequence (CS) may be denoted by protease name active on the sequence, and
XTEN components by family name and length, with insertion points for components denoted by FVIIl amino acid and numbered positions adjacent to the inserted sequence or A1 being the N-terminus and Y2332 being the C-
terminus of the FVIII.
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Patentkrav

1. Rekombinant faktor VIII (FVIII)-fusionsprotein med
prokoagulationsaktivitet, der omfatter et FVIII-polypeptid
fusioneret med mindst ét forlanget rekombinant polypeptid
(XTEN), hvor FVIII-polypeptidet omfatter et Al-dom®ne, som
omfatter aminosyrerne 1-372 1ifglge SEQ ID NO: 1592, et AZ2-
domene, som omfatter aminosyrerne 373-740 ifglge SEQ ID NO:
1592, en del af et B-domzne, et A3-domxzne, som omfatter
aminosyrerne 1649-2019 ifglge SEQ ID NO: 1592, et Cl-domzne, som
omfatter aminosyrerne 2020-2172 ifglge SEQ ID NO: 1592, og et
C2-dom&ne, som omfatter aminosyrerne 2173-2332 ifglge SEQ ID NO:
1592, hvor det mindst ene XTEN er indsat i FVIII-polypeptidet
pa et sted, der svarer til aminosyre 745 af sekvensen vist i SEQ
ID NO: 1592, og hvor det rekombinante FVIII-fusionsprotein
fremviser en forlanget terminal halveringstid, nar det
administreres til et individ, sammenlignet med et tilsvarende

FVIII-protein, der mangler det mindst ene XTEN.

2. Rekombinant FVIII-fusionsprotein ifglge krav 1, hvor det
mindst ene XTEN er indsat i FVIII-polypeptidet pa et sted, der
svarer til den C-terminale side af aminosyre 745 af sekvensen
vist i SEQ ID NO: 1592,

3. Rekombinant FVIII-fusionsprotein ifglge krav 1 eller 2,
hvor det rekombinante FVIII-fusionprotein omfatter ét, to, tre,
fire, fem eller seks XTEN'er, eventuelt hvor XTEN'et har en
lengde pa mellem 36 aminosyrer og 1000 aminosyrer eller omfatter
mindst 42 aminosyrer, mindst 72 aminosyrer, mindst
96 aminosyrer, mindst 144 aminosyrer eller mindst

288 aminosyrer.

4, Rekombinant FVIII-fusionsprotein 1fglge et hvilket som
helst af kravene 1 til 3, hvor XTEN'et omfatter et eller flere
XTEN-sekvenstemaer, hvor XTEN-sekvenstemaerne omfatter en eller
flere aminosyresekvenser som vist i SEQ ID NO: 23, 24, 25 eller
26.
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5. Rekombinant FVIII-fusionsprotein 1fglge et hvilket som
helst af kravene 1 til 4, hvor XTEN'et omfatter en

identisk med

oo

aminosyresekvens, der er mindst 90 % eller 100
en aminosyresekvens som vist i SEQ ID NO: 50, 51, 52, 67 eller
78.

6. Rekombinant FVIII-fusionsprotein ifelge krav 5, hvor

XTEN'et omfatter aminosyresekvensen som vist i SEQ ID NO: 78.

7. Rekombinant FVIII-fusionsprotein 1fglge et hvilket som
helst af kravene 1 til 6, hvor FVIII-polypeptidet er et
enkeltkadet FVIII-polypeptid.

8. Rekombinant FVIII-fusionsprotein 1fglge et hvilket som
helst af kravene 1 til 7, hvor delen af B-domaenet mangler
aminosyrer svarende til aminosyrerne 747-1638 af sekvensen vist
i SEQ ID NO: 1592.

9. Isoleret nukleinsyre, der koder for det rekombinante FVIII-

fusionsprotein ifglge et hvilket som helst af kravene 1 til 8.

10. Ekspressionsvektor, der omfatter den isolerede nukleinsyre
ifglge krav 9, eventuelt hvor vektoren er et plasmid, et cosmid,
en viruspartikel, en fag, en adenovirusvektor, en

baculovirusvektor eller en autonomt replikerende vektor.

11. Ekspressionsvektor ifeglge krav 10, hvor nukleinsyren er
operativt bundet til en promotor, en ledersekvens, en terminator

eller en enhancer.

12. Veartscelle, der omfatter ekspressionsvektoren ifwlge krav
10 eller 11.

13. Veartscelle ifglge krav 12, hvor vartscellen er en HEK293-

celle.

14. Fremgangsmade til fremstilling af et rekombinant FVIII-

fusionsprotein, hvor fremgangsmaden omfatter dyrkning af
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vaertscellen ifglge krav 12 eller 13 i et medium under
betingelser, der er egnet til fremstilling af fusionsproteinet,

og indvinding af fusionsproteinet.

15. Farmaceutisk sammensatning, der omfatter det rekombinante
FVITII-fusionsprotein ifwlge et hvilket som helst af kravene 1

til 8 og et farmaceutisk acceptabelt bzremateriale.

16. Farmaceutisk sammensatning ifglge krav 15 til anvendelse
til behandling af en koagulopati, eventuelt hvor den
farmaceutiske sammensatning administreres subkutant,

intravengst eller intramuskulert.

17. Farmaceutisk sammensatning ifelge krav 15 til anvendelse

til behandling af en bledningsepisode.

18. Farmaceutisk sammensatning ifglge krav 15 til anvendelse
til behandling af hamofili A.
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EGSLAKEKTQTLHKFILLFAVEDEGKSWHSETKNSLMODRDAASARAWPKMHTVNGYVNR
SLPGLIGCHRKSVYWHVIGMGTTPEVHSIFLEGHTEFLVRNHRQASLEISPITEFLTAQTLL
MDLGOFLLFCHISSHOHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVRE
DDDNSPSEIQIRSVAKKHPKTWVHYIAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPQRIG
REKYKKVREFMAYTDETFKTREATIQHESGILGPLLYGEVGDTLLIIFKNQASRPYNIYPHGI
TDVRPLY SRRLPKGVKHLKDEPILPGEIFKYKWIVIVEDGPTKSDPRCLTRYYSSEVNME
RDLASGLIGPLLICYRKESVDQRGNQIMSDKRNY ILESVEDENRSWYLTENIQRELPNPAG
VOLEDPEFQASNIMHSINGYVEDSLOLSVCLHEVAYWYILSIGAQTDEFLSVEESGYTEKH
KMVYEDTLTLEPFSGETVEMSMENPGLWILGCHNSDERNRGMTALLKVSSCDENTGDYY R
DSYEDISAYLLSKNNAIEPRSEFSONSRHPSTROKQENATTIPENDIEKTDPWEAHRTPMP
KIONVSSSDLLMLLRQSPTPHGLSLSDLOEAKYETESDDPSPGAIDSNNSLSEMTAFREPQ
LHASGDMVFETPESGLOLRLNEKLGTTAATELKKLDFKVSSTSNNLISTIPSDNLAAGTDN
T5SLGPPSMPVHYDSQLDTTLEFGKKSSPLTESGGPLSLSEENNDSKLLESGLMNSQESSW
GKNVSSTESGRLFKGKRAHGPALLTKDNALFKVSISLLKTNKTSNNSATNRKTHIDGPSL
LIENSPSVWONILESDTEFKKVIPLIHDRMLMDKNATALRLNHMSNKTTS SKNMEMVOQOK
KEGPIPPDAQNPDMSEFKMLELPESARWIQRTHGKNSLNSGQGPSPKQLVSLGPELXSVEG
ONFLSEKNKVVVGKGEFTKDVGLKEMVEPSSRNLELTNLDNLHENNTHNQEKKIQ=ETEK
KETLIQENVVLPOQIHTVTIGTKNEMENLELLSTRONVEGSYDGAYAPVLODEFRSLNDSTNR
TKKHTAHEFSKKGEEENLEGLGNOQTKQIVEKYACTTRISPNTSQONFVTORSKRALLXQOFRL
PLEETELEKRIIVDDTSTOQWSKNMKHLTPSTLTQIDYNEKEKGAITQSPLSDCLTRSHSI
POANRSPLPIAKVSSFPSIRPIYLTRVLEFQDNS SHLPAASYRKKDSGVQESSHELOGAKK
NNLSLAILTLEMTGDQREVGSLGTSATNSVTYKKVENTVLPKPDLPKTSGKVELLPKVHI
YOKDLFPTETSNGSPGHLDLVEGSLLOGTEGATKWNEANRPGKVPEFLRVATESSAKTPSK
LLDPLAWDNHYGTQIPKEEWKSQOEKSPEKTAFKKKDTILSLNACESNHATIAAINEGONKP
EIEVIWAKQGRTERLCSONPPVLKRHOREITRTTLOSDOEEIDYDDT ISVEMKKEDEDIY
DEDENQSPRSFORKKTRHYFIAAVERLWDYGMSSSPHVLRNRAQSGSVPOFKKVVEQEETD
GSEFTQPLYRGELNEHLGLLGPYIRAEVEDNIMVTERNQASRPYSEFYSSLISYEEDDORQGA
EPRKNEFVKPNETKTYFWKVOHHMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIGPLLYVCHT
NTLNPAHGROVIVOEFALFFTIFDETKSWYEFTENMERNCRAPCNIOMEDPTEFKENYRFHA
INGYIMDTLPGLVMAQDORIRWYLLSMGSNENIHSTHFSGHVETVRKKEEYKMALYNLYP
GVEFETVEMLPSKAGIWRVECLIGEHLHAGMSTLELVYSNKCOTPLGMASGHIRDEFQITAS
GOYGOWAPKLARLHYSGSINAWSTKEPESWIKVDLLAPMI ITHGIKTQGARQKESSLYISQ
FIIMYSLDGKKWOTYRGNSTGTLMVEEFGNVDSSGIKHNIFNPPITARYIRLHPTHYSIRS
TLRMELMGCDLNSCSMPLGMESKAISDAQITASSYETNMEATWS PSKARLHLOGRSNAWR
POVNNPKEWLOVDFOKTMKVTGVTTQGVKSLLTSMYVKEFLISSSODGHOWTLEFONGKV
KVFQGNQDSFTPVVNSLDPPLLTRYLRIHPOSWVHQIALRMEVLGCEAQDLY
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ATRRYYLGAVELSWDYMQSDLGELPVDARFPPRVPKSEFPENTSVVYRKTLEV
EFTVHLENIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVS
YWKASEGAEYDDOTSOREKEDDKVEPGGSHTYVWOVLKENGPMASDPLCLTY
SYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKEILLEFAVEFDEGKSW
HSETKNSLTMQDRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHVIGM
GITTPEVHSIFLEGHTFLVRNHRQASLEISPITFLTAQTLLMDLGOFLLEFCHI
SSHOHDGMEAYVKEKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVREDDDN
SPSFIQIRSVAKKHPKTWVHYTAAEEEDWDYAPLVLAPDDRSYKSQYLNNGP
OQRIGRKYKKVREFMAYTDETEFKTREATIQHESGILGPLLYGEVGDTLLITEKNQ
ASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDEFPILPGEIFKYKWIVIVEDG
PTKSDPRCLTRYYSSEVNMERDLASGLIGPLLICYKESVDQRGNQIMSDKRN
VILFSVEFDENRSWYLTENIQRFLPNPAGVOQLEDPEFQASNTIMHSINGYVFEDS
LOLSVCLHEVAYWYTLSTGAQTDFLSVEFFSGYTFKHKMVYEDTLTLFPFSGE
TVEMSMENPGLWILGCHNSDERNRGMTALLKVSSCDENTGDYYEDSYEDISA
YLLSKNNATEPRSEFSONPPVLKRHQREITRTTLOSDOEEIDYDDT ISVEMKK
EDFDIYDEDENQSPRSFORKKTRHYFTAAVERLWDYGMSSSPHVLRNRAQSGS
VPOFKEVVEFQEFTDGSFTQPLYRGELNEHLGLLGPY TRAEVEDNTIMVTFRNQ
ASRPYSEYSSLISYEEDQROQGAEPREKNEFVKPNETKTYFWKVQHHMAPTKDEFR
DCKAWAYFSDVDLEKDVHSGLIGPLLVCHTNTLNPAHGRQVTVOEFALFETI
FDETKSWYPFTENMERNCRAPCNIQMEDPTEFKENYRFHAINGY IMDTLPGLVM
AQDORTRWYLTLSMGSNENTHSTHFSGHVEFTVRKKEEYKMALYNLYPGVFETV
EMLPSKAGIWRVECLIGEHLHAGMSTLELVYSNKCOTPLGMASGHIRDEQIT
ASGQYGOWAPKLARLEYSGSINAWSTKEPFSWIKVDLLAPMITEGIKTQGAR
QKFSSLYISQEFIIMYSLDGKKWQTYRGNSTGTLMVEEGNVDSSGIKHNIENP
PITARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKATSDAQITASS
YETNMFATWSPSKARLHLOQGRSNAWRPOQVNNPKEWLOVDFQKTMKVTGVTTQ
GVKSLLTSMYVEKEFLISSSQDGHQWTLEEFONGKVKVEQGNQDSEFTPVVNSLD
PPLLTRYLRIHPOSWVHQIALRMEVLGCEAQDLY
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ATRRYYLGAVELSWDYMOSDLGELPVDARFPPRVPKSEPENTSVVYKKTL
FVEFTVHLENIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHA
VGVSYWKASEGAEYDDOTSQOREKEDDKVEF2?GGSHTYVWOVLKENGPMASD
PLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKFILLFA
VEDEGKSWHSETKNSLMODRDAASARAWPKMHTVNGYVNRSLPGLIGCHR
KSVYWHVIGMGTTPEVHSIFLEGHTEFLVRNHROASLEISPITEFLTAQTLL
MDLGQFLLEFCHISSHQHDGMEAYVKVDSC2EEPQLRMKNNEEAEDYDDDL
TDSEMDVVREDDDNSPSFIQIRSVAKKHPKTWVHY TAAEEEDWDYAPLVL
APDDRSYKSQYLNNGPORIGRKYKKVRFMAYTDETFKTREATIQHESGTILG
PLLYGEVGDTLLITFKNQASRPYNIYPHGITDVRPLY SRRLPKGVKHLKD
FPILPGEIFKYKWTVTVEDGPTKSDPRCLTRYYSSEVNMERDLASGLIGP
LLICYKESVDQRGNQIMSDKRNVILEFSVEDENRSWYLTENIQREFLPNPAG
VOQLEDPEFQASNIMHSINGYVEDSLOLSVCLHEVAYWYILSIGAQTDELS
VEFSGYTFKHKMVYEDTLTLFPESGETVEFMSMENPGLWI LGCHNSDEFRNR
GMTALLKVSSCDENTGDYYEDSYEDISAYLLSKNNAIEPRSESQNPPVLK
RHOREITRTTLOSDQEEIDYDDTISVEMKKEDEFDIYDEDENQSPRSFQKK
TREHYFIAAVERLWDYGMSSSPHVLRNRAQSGSVPOQFKKVVEQEFTDGSET
QPLYRGELNEHLGLLGPYIRAEVEDNIMVTEFRNQASRPYSEFYSSLISYEE
DOROGAEPRKNFVKPNETKTYFWKVOHHMAPTKDEFDCKAWAYFSDVDLE
KDVHSGLIGPLLVCHTNTLNPAHGRQVTVOQEFALFFTIFDETKSWYFTEN
MERNCRAPCNIQMEDPTEFKENYREFHAINGY IMDTLPGLVMAQDORIRWYL
LSMGSNENTHSTHFSGHVETVRKKEEYKMALYNLYPGVEFETVEMLPSKAG
IWRVECLIGEHLHAGMSTLELVYSNKCQT?LGMASGHIRDEFQITASGRYG
OWAPKLARLHYSGSINAWSTKEPESWIKVDLLAPMITHGIKTQGARQKES
SLYTSQFTIMYSLDGKKWOTYRGNSTGTLMVEFFGNVDSSGTIKHNTFNPPT
TARYTRLHPTHYSTIRSTLRMELMGCDLNSCSMPLGMESKATSDAQITASS
YETNMFATWSPSKARLHLOGRSNAWRPQVNNPKEWLQVDEFQKTMKVTGVT
TOGVKSLLTSMYVKEFLISSSQDGHOWT LEFONGKVKVEQGNQDSEFTPVV
NSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLY
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ATRRYYTGAVELSWDYMOSDIGETLPVDARFPPRVPKSEPENTSVVYKKTT
FVEFTVHLENIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHA
VGVSYWKASEGAREYDDOTSOREKEDDKVEFPGGSHTYVWOVLKENGPMASD
PLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTOTLHKFILLFA
VEDEGKSWHSETKNSTMOQDRDAASARAWPKMHTVNGYVNRSLPGLIGCHR
KSVYWHVIGMGTTPEVHSIFLEGHTFLVRNHROQASLEISPITFLTAQTLL
MDLGOFLLFCHISSHOHDGMEAYVKVDSCPEREPOTRMKNNEEAEDYDDDT,
TDSEMDVVREDDDNSPSFIQIRSVAKKHPKTWVHY TAAEEEDWDYAPLVL
APDDRSYKSOYINNGPORIGRKYKKVRFMAYTDETEFKTREATQHESGILG
PLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKD
FPILPGEIFKYKWTVTVEDGPTKSDPRCLTRYYSSFVNMERDLASGLIGP
LLICYKESVDORGNQIMSDKRNVILFSVEDENRSWYLTENIQRELPNPAG
VOLEDPEFQASNIMHSINGYVEDSLQLSVCLEEVAYWYILSIGAQTDELS
VEESGYTEFKHKMYVYEDTLTLEFPESGETVEMSMENPGLWILGCHNSDERNR
GMTALLEVSSCDKENTGDYYEDSYEDTISAYLLSKNNATEPRSEFSQNPPVLK
RHOREITRTTLOSDOEETIDYDDTISVEMKKEDEFDIYDEDENQSPRSEFQKK
TRHYFIAAVERLWDYGMS SSPHVILRNRAQSGSVPQFKKVVEQEFTDGSET
QPLYRGELNEHLGLLGPYIRAEVEDNIMVTERNQASRPYSEYSSLISYEE
DOROGAFPRENFVKPNETKTYFWKVQHHMAPTKDEFDCKAWAYFSDVDLE
KDVHSGLIGPLLVCHTNTLNPAHGROQVIVQEFALFFTIFDETKSWYEFTEN
MERNCRAPCNIOMEDPTEFKENYRFHAINGYIMDTLPGLVMAQDQRIRWY L
LSMGSNENIHSIHEFSGHVETVRKKEEYKMALYNLYPGVEETVEMLPSKAG
IWRVECLIGEHLHAGMSTLEFLVYSNKCOTPLGMASGHIRDFQITASGQYG
OWAPKLARLHYSGSINAWSTKEPEFSWIKVDLLAPMITHGIKTQGARQKES
SLYISQFITMYSLDGKKWOTYRGNSTGTLMVEEFGNVDSSGIKHNIFNPPT
TARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKATSDAQITASS
YEFTNMFATWSPSKARLHLOGRSNAWRPOQVNNPKEWLOQVDEFQKTMKVTGVT
TOGVKSLLTSMYVKEFLISSSQDGHOWTLEFONGEKVEKVEQGNQDSEFTPVV
NSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLY
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AG864_2

GASPGTSSTGSPGSSPSASTGTGPGSSPSASTGTGPGTPGSGTASSSPGSSTPSGATGS
PGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASS
SPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGASPGTSST
GSPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGSSTPSGA
TGS PGS STPSGATGSPGASPGTSSTGSPCGASPGTSSTGSPGASPGTSSTGSPGTPGSGT
ASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSPSASTGTGPGTPGSG
TASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSTP
SGATGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSST
PSGATGSPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGAS
PGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSEGS
STPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPG
SSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSP
GSSTPSGATGSPGSEPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGS
PGSSTPSGATGSPGSSPSASTGTGPGASPGTSSTGSPGSSPSASTGTGPGTPGSGTASS
SPGSSTPSGATGSPGSSTPSGATGSPGASPGTSSTGSP

AG576

PGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGSSTPSGATG
SPGSSTPSGATGSPGASPGTSSTGSPCGASPCGTSSTGSPGASPGTSSTGSPGTPGSGTAS
SSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSPSASTGTGPGTPGSGTA
SSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSTPSG
ATGSPGASPGTSSTGS PCTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSTPS
GATGSPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGASPG
ISSTGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSST
PSGATGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGSS
TPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGS
STPSGATGSPGSSPSASTGTGEPGSSPSASTGTGPGASPGTSSTGS

FIG. 16A
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AG864_2

GASPGTSSTGSPGSSPSASTGTGPGSSPSASTGTGPGTPGSGTASSSPGSSTPSGATGS
PGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASS
SPGASPGTSSTGSPGASEGTSSTGSPGTPGSGTASSSPGSSTEPSGATGSPGASPGTSST
GSPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGSSTPSGA
TGSPGSSTPSGATGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGTPGSGT
ASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSPSASTGTGPGTPGSG
TASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSTP
SGATGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSST
PSGATGSPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGAS
PGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGOPGTPGSGTASSSPGS
STPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPG
SSTPSGATGSPGSSPSASTGTGPGSSEPSASTGTGPGASPGTSSTGSPGTPGSGTASSSP
GSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGS
PGSSTPSGATGSPGSSPSASTGTGPGASPGTSSTGSPGSSPSASTCGTGPGTPGSGTASS
SPGSSTPSGATGSPGSSTPSGATGS PGASPGTSSTGSP

AG288 1

PGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTA
SSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSSPS
ASTGTGPGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGS
SPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGS
PGSSPSASTGTGPGASPGTSSTGSPGSSPSASTGTGPGTPGSGTASSSPGSSTESGA
TGS

FIG. 16B
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AG864_2

GASPGTSSTGSPGSSPSASTGTGPGSSPSASTGTGPGTPGSGTASSSPGSSTPSGATGS
PGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASS
SPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGASPGTSST
GSPGTPGSGTASSSPGSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGSSTPSGA
TGSPGSSTPSGATGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGTPGSGT
ASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSPSASTGTGPGTPGSG
TASSSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGSSTPSGATGSPGSSTR
SGATGSPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGSSTPSGATGSPGSST
PSGATGSPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSPGAS
PGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGASPGTSSTGSPGTPGSGTASSSEGS
STPSGATGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGSSTPSGATGSPG
SSTPSCGATGSPGSSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGTPGSGTASSSP
GSSTPSGATGSPGSSPSASTGTGPGSSPSASTGTGPGASPGTSSTGSPGASPGTSSTGS
PGSSTPSGATGSPGSSPSASTGTGPGASPGTSSTGSPGSSPSASTGTGPGTPGSGTASS
SPGSSTPSGATGSPGSSTPSGATGSPGASPGTSSTGSP

AG144_2

PGSSPSASTGTGPGSSPSASTGIGPGTPGSGTASSSPGSSTPSGATGSPGSSPSAST
GTGPGASPGTSSTGSPGTPGSGTASSSPGSSTPSGATGSPGTPGSGTASSSPGASPG
TSSTGSPGASPGTSSTGSPGTPGSGTASSS

FIG. 16C



DK/EP 3564260 T5

AE864

GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTST
EEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEREGTSTEPSEG
SAPCGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGSPAGSP
ISTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSTEP
SEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPCGTSTEPSEGSAPGSPAG
SPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEP
ATSGSOSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSP
AGSPTSTEEGS PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGS
EPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPG
SPAGSETSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEER
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