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SERUM ALBUMIN BINDING MOLECULES

RELATED APPLICATIONS
This application claims the benefit of U.S. Utility Application No. 13/098,851 filed May
2, 2011 and U.S. Provisional Application No. 61/330,672 filed May 3, 2010, which applications

ar¢ hereby incorporated by reference in their entireties.

INTRODUCTION

The utility of many therapeutics, particularly biologicals such as peptides, polypeptides
and polynucleotides, suffer from 1nadequate serum half-lives. This necessitates the
administration of such therapeutics at high frequencies and/or higher doses, or the use of
sustained release formulations, 1n order to maintain the serum levels necessary for therapeutic
ctfects. Frequent systemic administration of drugs 1s associated with considerable negative side
ctfects. For example, frequent systemic injections represent a considerable discomfort to the
subject, and pose a high risk of administration related infections, and may require hospitalization
or frequent visits to the hospital, in particular when the therapeutic 1s to be administered
intravenously. Morecover, 1n long term treatments daily intravenous injections can also lead to
considerable side effects of tissue scarring and vascular pathologies caused by the repeated
puncturing of vessels. Similar problems are known for all frequent systemic administrations of
therapeutics, such as, for example, the administration of 1nsulin to diabetics, or interteron drugs
in patients suffering from multiple sclerosis. All these factors lead to a decrease 1n patient
compliance and increased costs for the health system.

This application provides compounds that increase the serum half-life of various
therapeutics, compounds having increased serum half-life, and methods for increasing the serum
halt-life of therapeutics. Such compounds and methods for increasing the serum half-life of
therapeutics can be manufactured m a cost effective manner, possess desirable biophysical
properties (¢.g., Tm, substantially monomeric, or well-folded), and are of a size small enough to

permit tissue penetration.

SUMMARY OF THE INVENTION
The present invention relates to serum albumin binding fibronectin type III tenth (‘"Fn3)
domains, and their use. Also disclosed herein are fusion molecules comprising serum albumin

binding '"Fn3, and their use.
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In one aspect, the present invention provides a polypeptide comprising a fibronectin type
I1I tenth ("’Fn3) domain, wherein the ""Fn3 domain binds to domain I or II of human serum
albumin (HSA) with a Kp of 1 uM or less, and wherein the serum half-life of the polypeptide 1n
the presence of albumin 18 at least 5-fold greater than the serum half-life of the polypeptide 1n the
absence of serum albumin. In one embodiment, the '“Fn3 domain comprises a modified amino
acid sequence in one or more of the BC, DE and FG loops relative to the wild-type '“Fn3
domain.

In certain embodiments, the '"Fn3 domain binds to HSA at a pH range of 5.5 to 7.4. In
one embodiment, the '’Fn3 domain binds to HSA with a Ky of 200 nM or less at pH range of 5.5
to 7.4. In another embodiment, the 'YFn3 domain binds to HSA with a Kp of 200 nM or less at
pH 5.5.

In some aspects, provided herein is a polypeptide comprising a '"Fn3 domain, wherein
the '"Fn3 domain binds to HSA and comprises an amino acid sequence at least 70% identical to
SEQ ID NO: 2. In one embodiment, the '“Fn3 domain comprises one or more of a BC loop
comprising the amino acid sequence set forth in SEQ ID NO: 5, a DE loop comprising the amino
acid sequence set forth in SEQ ID NO: 6, and an FG loop comprising the amino acid sequence
set forth 1n SEQ ID NO: 7.

In any of the foregoing aspects and embodiments, the '"Fn3 domain also binds to one or
more of rhesus serum albumin (RhSA), cynomolgous monkey serum albumin (CySA), or murine
serum albumin (MuSA). In certain embodiments, the '"Fn3 domain does not cross-react with
on¢ or more of RhSA, CySA or MuSA.

In any of the foregoing aspects and embodiments, the '’Fn3 domain binds to HSA with a
Kp of 1 uM or less. In some embodiments, the '°Fn3 domain binds to HSA with a Kp of 500 nM
or less. In other embodiments, the '“Fn3 domain binds to HSA with a K of at least 200 nM,
100 nM, 50 nM, 20 nM, 10 nM, or 5 nM.

In any of the foregoing aspects and embodiments, the '"Fn3 domain binds to domain I or
IT of HSA. In one embodiment, the '’Fn3 domain binds to both domains I and II of HSA. In
some embodiments, the ''Fn3 domain binds to HSA at a pH range of 5.5 to 7.4. In other
embodiments, the '®FPn3 domain binds to HSA with a Ky of 200 nM or less at pH 5.5. In another
embodiment, the '’Fn3 domain binds to HSA with a Kp of at least 500 nM, 200 nM, 100 nM, 50
nM, 20 nM, 10 nM, or 5 nM at a pH range of 5.5 to 7.4. In onec embodiment, the "“Fn3 domain
binds to HSA with a Kp of at least 500 nM, 200 nM, 100 nM, 50 nM, 20 nM, 10 nM, or 5 nM at
pH 5.5.



10

15

20

25

30

CA 02798510 2012-11-02
WO 2011/140086 PCT/US2011/034998

In any of the foregoing aspects and embodiments, the serum half-life of the polypeptide
in the presence of serum albumin 1s at least 2-fold greater than the serum half-life of the
polypeptide 1n the absence of serum albumin. In certain embodiments, the serum half-life of the
polypeptide 1n the presence of serum albumin 1s at least 5-fold, 7-fold, 10-fold, 12-fold, 15-fold,
20-fold, 22-fold, 25-fold, 27-fold, or 30-fold greater than the serum half-life of the polypeptide
in the absence of serum albumin. In some embodiments, the serum albumin 1s any one of HSA,
RhSA, CySA, or MuSA.

In any of the foregoing aspects and embodiments, the serum half-life of the polypeptide
in the presence of serum albumin 1s at least 20 hours. In certain embodiments, the serum half-
life of the polypeptide in the presence of serum albumin 1s at least 2 hours, 2.5 hours, 3 hours, 4
hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 12 hours, 15 hours, 20 hours, 25
hours, 30 hours, 40 hours, 50 hours, 75 hours, 90 hours, 100 hours, 110 hours, 120 hours, 130
hours, 150 hours, 170 hours, or 200 hours. In some embodiments, the half-life of the
polypeptide 1s observed 1n a primate (¢.g., human or monkey) or a murine.

In one aspect, the present invention provides a polypeptide comprising a ' Fn3 domain,
wherein the '’Fn3 domain binds to HSA and comprises a BC loop comprising the amino acid
sequence set forth in SEQ ID NO: 5, a DE loop comprising the amino acid sequence set forth in
SEQ ID NO: 6, and an FG loop comprising the amino acid sequence set forth in SEQ ID NO: 7.
In another aspect, the '"Fn3 domain comprises one or more of a BC loop comprising the amino
acid sequence set forth in SEQ ID NO: 5, a DE loop comprising the amino acid sequence set
forth in SEQ ID NO: 6, and an FG loop comprising the amino acid sequence set forth in SEQ ID
NO: 7.

In one aspect, the present invention provides a polypeptide comprising a ' Fn3 domain,
wherein the '’Fn3 domain binds to HSA and comprises a BC loop comprising the amino acid
sequence set forth in SEQ ID NO: 9, a DE loop comprising the amino acid sequence set forth in
SEQ ID NO: 10, and an FG loop comprising the amino acid sequence set forth in SEQ ID NO:
11. In another aspect, the '"Fn3 domain comprises one or more of a BC loop comprising the
amino acid sequence set forth in SEQ ID NO: 9, a DE loop comprising the amino acid sequence
set forth in SEQ ID NO: 10, and an FG loop comprising the amino acid sequence set forth 1n
SEQ ID NO: 11.

In one aspect, the present invention provides a polypeptide comprising a ' Fn3 domain,
wherein the '’Fn3 domain binds to HSA and comprises a BC loop comprising the amino acid
sequence set forth in SEQ ID NO: 13, a DE loop comprising the amino acid sequence set forth in
SEQ ID NO: 14, and an FG loop comprising the amino acid sequence set forth in SEQ ID NO:

3
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15. In another aspect, the '"Fn3 domain comprises one or more of a BC loop comprising the
amino acid sequence set forth in SEQ ID NO: 13, a DE loop comprising the amino acid
sequence set forth in SEQ ID NO: 14, and an FG loop comprising the amino acid sequence set
forth in SEQ ID NO: 15.

In one aspect, the present invention provides a polypeptide comprising a ' Fn3 domain,
wherein the '’Fn3 domain binds to HSA and comprises a BC loop comprising the amino acid
sequence set forth in SEQ ID NO: 17, a DE loop comprising the amino acid sequence set forth in
SEQ ID NO: 18, and an FG loop comprising the amino acid sequence set forth in SEQ ID NO:
19. In another aspect, the '"Fn3 domain comprises one or more of a BC loop comprising the
amino acid sequence set forth in SEQ ID NO: 17, a DE loop comprising the amino acid
sequence set forth in SEQ ID NO: 18, and an FG loop comprising the amino acid sequence set
forth in SEQ ID NO: 19.

In any of the foregoing aspects and embodiments, the '"Fn3 domain also binds to one or
more of rhesus serum albumin (RhSA), cynomolgous monkey serum albumin (CySA), or murine
serum albumin (MuSA). In some embodiments, the '"Fn3 domain does not cross-react with one
or more of RhSA, CySA or MuSA. In certain embodiments, the '““Fn3 domain binds to HSA
with a Kp of 1 uM or less. In other embodiments, the 'YFn3 domain binds to HSA with a Kp of
at least 1.5 uM, 1.2 uM, 1 uM, 700 nM, 500 nM, 300 nM, 200 nM, 100 nM, 75 nM, 50 nM, 25
nM, 10 nM, or 5 nM.

In any of the foregoing aspects and embodiments, the '"Fn3 domain binds to domain I or
IT of HSA. In certain embodiments, the '"Fn3 domain binds to both domains I and II of HSA. In
certain embodiments, the ' 'Fn3 domain binds to HSA at a pH range of 5.5 to 7.4. In one
embodiment, the 'YFn3 domain binds to HSA with a Kp of 200 nM or less at pH 5.5. In another
embodiment, the "Fn3 domain binds to HSA with a Ky of at least 500 nM, 200 nM, 100 nM, 50
nM, 20 nM, 10 nM, or 5 nM at a pH range of 5.5 to 7.4. In one embodiment, the "“Fn3 domain
binds to HSA with a Kp of at least 500 nM, 200 nM, 100 nM, 50 nM, 20 nM, 10 nM, or 5 nM at
pH 5.5.

In any of the foregoing aspects and embodiments, the serum half-life of the polypeptide
in the presence of serum albumin 1s at least 2-fold greater than the serum half-life of the
polypeptide 1n the absence of serum albumin. In certain embodiments, the serum half-life of the
polypeptide 1n the presence of serum albumin 1s at least 5-fold, 7-fold, 10-fold, 12-fold, 15-fold,
20-fold, 22-fold, 25-fold, 27-fold, or 30-fold greater than the serum half-life of the polypeptide
in the absence of serum albumin. In some embodiments, the serum albumin 1s any one of HSA,

RhSA, CySA, or MuSA.
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In any of the foregoing aspects and embodiments, the serum half-life of the polypeptide
in the presence of serum albumin 1s at least 20 hours. In certain embodiments, the serum half-
life of the polypeptide 1n the presence of serum albumin is at least 2 hours, 2.5 hours, 3 hours, 4
hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 12 hours, 15 hours, 20 hours, 25
hours, 30 hours, 40 hours, 50 hours, 75 hours, 90 hours, 100 hours, 110 hours, 120 hours, 130
hours, 150 hours, 170 hours, or 200 hours. In some embodiments, the half-lite of the
polypeptide 1s observed 1n a primate (¢.g., human or monkey) or a murine.

In one aspect, the present invention provides a fusion polypeptide comprising a
fibronectin type 1T tenth ('°Fn3) domain and a heterologous protein, wherein the '"Fn3 domain
binds to HSA with a Kp of 1 uM or less. In certain embodiments, the '“Fn3 domain comprises
an amino acid sequence at least 70% identical to SEQ ID NO: 4. In one embodiment, the '“Fn3
domain comprises a BC loop having the amino acid sequence set forth in SEQ ID NO: 5, a DE
loop having the amino acid sequence set forth in SEQ ID NO: 6, and an FG loop having the
amino acid sequence set forth in SEQ ID NO:7. In another embodiment, the '"Fn3 domain
comprises one or more of a BC loop having the amino acid sequence set forth in SEQ ID NO: 5,
a DE loop having the amino acid sequence set forth in SEQ ID NO: 6, and an FG loop having
the amino acid sequence set forth in SEQ ID NO: 7.

In one embodiment, the heterologous protein 1s selected from fibroblast growth factor 21
(FGF21), mnsulin, insulin receptor peptide, GIP (glucose-dependent insulinotropic polypeptide),
bone morphogenctic protein 9 (BMP-9), amylin, peptide YY (PYY3.36), pancreatic polypeptide
(PP), interleukin 21 (IL-21), glucagon-like peptide 1 (GLP-1), Plectasin, Progranulin,
Osteocalcin (OCN), Apelin, or a polypeptide comprising a '’Fn3 domain. In other embodiments,
the heterologous protein 1s selected from GLP-1, Exendin 4, adiponectin, IL-1Ra (Interleukin 1
Receptor Antagonist), VIP (vasoactive intestinal peptide), PACAP (Pituitary adenylate cyclase-
activating polypeptide), leptin, INGAP (islet ncogenesis associated protein), BMP (bone
morphogenetic protein), and osteocalcin (OCN). In one embodiment, the heterologous protein
comprises the sequence set forth in SEQ ID NO: 118.

In certain embodiments, the heterologous protein comprises a second '"Fn3 domain that
binds to a target protein other than serum albumin. In other embodiments, the fusion
polypeptide further comprises a third '“Fn3 domain that binds to a target protein. In one
embodiment, the third '"Fn3 domain binds to the same target as the second '“Fn3 domain. In
other embodiments, the third '’Fn3 domain binds to a different target than the second '"Fn3

domain.
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In one embodiment, the '"Fn3 domain of the fusion polypeptide also binds to one or more
of rhesus serum albumin (RhSA), cynomolgous monkey serum albumin (CySA), or murine
serum albumin (MuSA). In other embodiments, the ''Fn3 domain does not cross-react with one
or more of RhSA, CySA or MuSA.

In certain embodiments, the '"Fn3 domain of the fusion polypeptide binds to HSA with a
Kp of 1 uM or less. In some embodiments, the '’Fn3 domain binds to HSA with a Kp of 500 nM
or less. In other embodiments, the '’Fn3 domain binds to HSA with a Kp of at least 200 nM ,
100 nM, 50 nM, 20 nM, 10 nM, or 5 nM.

In other embodiments, the '“Fn3 domain of the fusion polypeptide binds to domain I or 11
of HSA. In one embodiment, the '“Fn3 domain binds to both domains I and I of HSA. In some
embodiments, the ''Fn3 domain binds to HSA at a pH range of 5.5 to 7.4. In other
embodiments, the '"Fn3 domain binds to HSA with a Kp of 200 nM or less at pH 5.5. In another
embodiment, the '"Fn3 domain binds to HSA with a Kp of at least 500 nM, 200 nM, 100 nM, 50
nM, 20 nM, 10 nM, or 5 nM at a pH range of 5.5 to 7.4. In one embodiment, the "“Fn3 domain
binds to HSA with a Kp of at least 500 nM, 200 nM, 100 nM, 50 nM, 20 nM, 10 nM, or 5 nM at
pH 5.5.

In some embodiments, the serum half-life of the fusion polypeptide in the presence of
serum albumin 1s at least 5-fold greater than the serum half-life of the polypeptide 1in the absence
of secrum albumin. In certain embodiments, the serum half-life of the fusion polypeptide 1n the
presence of serum albumin 1s at least 2-fold, 5-fold, 7-fold, 10-fold, 12-fold, 15-fold, 20-fold,
22-fold, 25-fold, 27-fold, or 30-fold greater than the serum half-life of the polypeptide 1n the
absence of serum albumin. In some embodiments, the serum albumin 1s any one of HSA, RhSA,
CySA, or MuSA.

In certain embodiments, the serum half-life of the fusion polypeptide 1in the presence of
serum albumin 1s at least 20 hours. In certain embodiments, the serum half-life of the fusion
polypeptide in the presence of serum albumin 1s at least 2 hours, 2.5 hours, 3 hours, 4 hours, 5
hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 12 hours, 15 hours, 20 hours, 25 hours, 30
hours, 40 hours, 50 hours, 75 hours, 90 hours, 100 hours, 110 hours, 120 hours, 130 hours, 150
hours, 170 hours, or 200 hours. In some embodiments, the half-life of the fusion polypeptide 1s
observed 1n a primate (¢.g., human or monkey) or a murine.

In any of the foregoing aspects and embodiments, the '""Fn3 domain comprises a
sequence selected from SEQ ID NO: 8, 12, 16, 20, and 24-44.

In one aspect, the present invention provides a polypeptide comprising a fibronectin type

I1I tenth ('°Fn3) domain, wherein the '“Fn3 domain (i) comprises a modified amino acid

6
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sequence 1n one or more of the AB, BC, CD, DE, EF and FG loops relative to the wild-type
"“Fn3 domain, (ii) binds to a target molecule not bound by the wild-type ''Fn3 domain, and (iii)
comprises a C-terminal tail having a sequence (ED),, wherein n 1s an integer from 3 to 7. In
certain embodiments, the '“Fn3 domain comprises an amino acid sequence having at least 60%
identity with the amino acid sequence set forth m residues 9-94 of SEQ ID NO: 1. In one
embodiment, the C-terminal tail further comprises an E, I or EI at the N-terminus. In some
embodiments, the C-terminal taill enhances the solubility and/or reduces aggregation of the
polypeptide.

In certain embodiments, the '"Fn3 domain comprises a modified amino acid sequence in
each of the BC, DE and FG loops relative to the wild-type ''Fn3 domain. In other embodiments,
the polypeptide binds to the target with a Kp of 1 uM or less.

In some aspects, the present invention provides a pharmaceutical composition comprising
the polypeptide of any of the foregoing aspects and embodiments. In certain embodiments, the
pharmaceutical composition comprises succinic acid, glycine, and sorbitol. In exemplary
embodiments, the composition comprises 5 nM to 30 mM succinic acid, 5% to 15% sorbitol, and
2.5% to 10% glycine at pH 6.0. In certain embodiments, the composition comprises 10 mM
succinic acid, 8% sorbitol, and 5% glycine at pH 6.0. In other embodiments, the pharmaceutical

composition further comprises a physiologically acceptable carrier.

BRIEF DESCRIPTION OF THE DRAWINGS AND TABLES

Figure 1. In vivo HSA halt-life in mice. HSA was injected into mice at 20 mg/kg
(Figure 1A) or 50 mg/kg (Figure 1B).

Figure 2. Half-life determination of SABAI1-4 in mice. Figure 2A: SABAI1.1; Figure
2B: SABA2.1; Figure 2C: SABA3.1; and Figure 2D: SABA4.1.

Figure 3. Graph showing summary of half-life enhancement 1n mice of SABA1-4 when
co-1njected with HSA.

Figure 4. Halt-life determination for SABA1.1 (Figure 4A) and SABAS.1 (Figure 4B) 1n
cynomolgous monkey.

Figure 5. SABA1.2 binding to albumins from human, mouse and rat by direct binding
ELISA assay.

Figure 6. Determination of SABA1.1 and HSA stoichiometry. SABA1.1 and HSA bind
with a stoichiometry of 1:1.

Figure 7. Biacore analysis of SABA1.2 binding to recombinant domain fragments of

HSA.
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Figure 8. Pharmacokinetic profile for SABAI1.2 in monkeys dosed at 1 mpk and 10
mpk.

Figure 9. Pharmacokinetic profile for SABA1.2 in monkeys dosed intravenously or
subcutanecously at 1 mpk.

Figure 10. Plamsid map of the pET29b vector used in the productive expression of
FGF21 and SABA fusions.

Figure 11. Representative 1sothermal titration calorimetry of a SABA-FGF21v1 fusion
with HSA at 37 °C in PBS buffer. Values determined 1n this assay: N = 0.87; Kp = 3.8x107 M;

AH = -15360 cal/mole.

Figure 12. SPR sensogram data for the binding of SABA1-FGF21v1 to HSA (A), CySA
(B), and MuSA (C), or SABA1-FGF21v3 to HSA (D), CySA (E), and MuSA (F) at 37°C.

Figure 13. Comparison of His-tagged FGF21 vs. SABAI1-FGF21vl activity 1n

stimulating pERK 1/2 levels in HEK [-Klotho cells 1n the presence of human serum albumin.

Figure 14. Comparison of FGF1, His6-tagged FGF21 and SABA1-FGF21vl activity 1n
stimulating pERK 1/2 levels in HEK parental cells vs. HEK [-Klotho cells. Representative
graphs of dose response stimulation of pERK 1/2 levels in HEK parental cells (Figure 14A) and

HEK [B-Klotho expressing cells (Figure 14B). Data 1s plotted as mean £sem of triplicate samples.

Figures 15A and B. Examination of in vivo efficacy of SABA1-FGF21vl 1n diabetic
ob/ob mice. Postprandial plasma glucose levels.

Figure 16. SABA and FGF21 fusions increased t, ~27-fold compared to His-tagged
FGF21 1n monkeys.

Figures 17A and B. Shows two views of the HuSA/SABA1.2 complex with the second

view (Figure 17B) rotated 70° about the vertical axis from first view (Figure 17A). The HuSA 1s

shown 1n a surface representation with SABA1.2 shown as a cartoon, 1.¢., with the [3-strands as
arrows and the loops as strings. The diversified loops on SABA1.2 are shown 1n black, while
the contacting residues on the HuSA are shown 1n a lighter shade of gray. The three structural
domains of HuSA are marked (1.¢., I, II and III).

Figure 18. Schematic of Dose Escalation and Treatment Cohorts (see Example A9).
Study week 1ndicates overall duration of the study. Weeks (Wk) within each cohort indicate
duration from the start of treatment 1n that cohort. (a) Treatment 1n a given cohort will not begin
until approximately 4 weeks after the last subject 1in the previous cohort completes the Day 29
visit to allow for PK analyses. (b) Rows 1, 2, or 3 in each cohort indicate subgroups that begin
at 1-week staggered intervals (15-day interval between subgroups 1 and 2 1n Cohort 1). Group 1
will comprise 1 SABA1.2 treated subject and 1 placebo subject; Group 2 will comprise 4
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SABAI1.2 treated subjects and 1 placebo subject; Group 3 will comprise 5 (for Cohort 1) or 4
(for Cohorts 2 and 3) SABA1.2 treated subjects and 1 (for all cohorts) placebo subjects. Arrows
(1) indicate treatment (Days 1 and 15 for each group); solid lines (—) indicate active observation
period; and dotted lines () indicate safety follow-up.

Figure 19. Levels of HbAlc in ob/ob mice after 14 days of treatment with SABAI-
FGF21vl.

Figure 20. Mean plasma concentration vs. time profile (mean £ SD) of SABAI-
FGF21v1 in Monkeys.

Figure 21. Examples of orthogonally protected amino acids for use in solid phase
peptide synthesis (top). Other building blocks useful for solid phase synthesis are also 1llustrated
(bottom).

DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, the following terms and phrases shall have the meanings set forth below.
Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood to one of ordinary skill in the art.

The singular forms “a,” ““an,” and “the” include plural reference unless the context
clearly dictates otherwise.

The terms “comprise” and “comprising” arc¢ used 1n the inclusive, open sense, meaning
that additional elements may be included.

The term “including” 1s used to mean “including but not limited to”. “Including” and
“including but not limited to” are used interchangeably.

The term “antibody-like protein” refers to a non-immunoglobulin protein having an
“immunoglobulin-like fold”, 1.e., comprising about 80-150 amino acid residues that are
structurally organized into a set of beta or beta-like strands, forming beta sheets, where the beta
or beta-like strands are connected by intervening loop portions. The beta sheets form the stable
core of the antibody-like protein, while creating two “faces” composed of the loops that connect
the beta or beta-like strands. As described herein, these loops can be varied to create customized
ligand binding sites, and such variations can be generated without disrupting the overall stability
of the protein. An example of such an antibody-like protein 1s a “fibronectin-based scaffold

protein”, by which 1s meant a polypeptide based on a fibronectin type III domain (Fn3). In one

aspect, an antibody-like protein is based on a tenth fibronectin type 11T domain (' "Fn3).
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By a “polypeptide” 1s meant any sequence of two or more amino acids, regardless of

2% &6

length, post-translation modification, or function. ‘“Polypeptide,” “peptide,” and “protein” are
used interchangeably herein.

“Percent (%) amino acid sequence 1dentity” herein 1s defined as the percentage of amino
acid residues 1n a first sequence that are i1dentical with the amino acid residues 1in a second
sequence, after aligning the sequences and introducing gaps, 1f necessary, to achieve the
maximum percent sequence 1dentity, and not considering any conservative substitutions as part
of the sequence 1dentity. Alignment for purposes of determining percent amino acid sequence
identity can be achieved in various ways that are within the skill in the art, for instance, using
publicly available computer software such as BLAST, BLAST-2, ALIGN, ALIGN-2 or
Megalign (DNASTAR) software. Those skilled 1n the art can determine appropriate parameters
for measuring alignment, including any algorithms needed to achieve maximal alignment over
the full-length of the sequences being compared. For purposes herein, however, % amino acid
sequence 1dentity values are obtained as described below by using the sequence comparison
computer program ALIGN-2. The ALIGN-2 sequence comparison computer program was
authored by Genentech, Inc. has been filed with user documentation 1in the U.S. Copyright
Office, Washington D.C., 20559, where 1t 1s registered under U.S. Copyright Registration No.
TXUS510087, and 1s publicly available through Genentech, Inc., South San Francisco, Calif. The
ALIGN-2 program should be compiled for use on a UNIX operating system, preferably digital
UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2 program and do not
vary.

For purposes herein, the % amino acid sequence 1dentity of a given amino acid sequence
A to, with, or against a given amino acid sequence B (which can alternatively be phrased as a
given amino acid sequence A that has or comprises a certain % amino acid sequence 1dentity to,
with, or against a given amino acid sequence B) 1s calculated as follows: 100 times the fraction
X/Y where X 18 the number of amino acid residues scored as 1dentical matches by the sequence
alignment program ALIGN-2 1n that program’s alignment of A and B, and where Y 1s the total
number of amino acid residues in B. It will be appreciated that where the length of amino acid
sequence A 18 not equal to the length of amino acid sequence B, the % amino acid sequence
identity of A to B will not equal the % amino acid sequence 1dentity of B to A.

The term “‘therapeutically effective amount” refers to an amount of a drug effective to

treat a disease or disorder in a mammal and/or relieve to some extent one or more of the

symptoms associated with the disorder.
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The term “SABA” refers to a Serum Albumin Binding Adnectins' . Adnectins
(Adnexus, a Bristol-Myers Squibb R&D Company) are ligand binding scaffold proteins based on
the tenth fibronectin type 11T domain, i.e., the tenth module of Fn3, ('"Fn3).

The half-life (t,,,) of an amino acid sequence or compound can generally be defined as
the time taken for the serum concentration of the polypeptide to be reduced by 50% in vivo due
to, ¢.g., degradation of the sequence or compound and/or clearance or sequestration of the
sequence or compound by natural mechanisms. The half-life can be determined 1n any manner
known 1n the art, such as by pharmacokinetic analysis. See e€.g., M Gibaldi & D Perron
“Pharmacokinetics™, published by Marcel Dekker, 2nd Rev. edition (1982). Half-life can be
expressed using parameters such as the ty,-alpha, t;,-beta and the area under the curve (AUC).
An “increase 1n half-life” refers to an increase 1n any one of these parameters, any two of these
parameters, or all three these parameters. In certain embodiments, an increase in half-life refers
to an increase 1n the typ-beta, either with or without an increase 1n the ty-alpha or the AUC or
both.

The term “PK” 1s an acronym for “pharmokinetic” and encompasses properties of a
compound 1ncluding, by way of example, absorption, distribution, metabolism, and elimination
by a subject. A “PK modulation protein” or “PK moiety” refers to any protein, peptide, or
moiety that affects the pharmokinetic properties of a biologically active molecule when fused to

or administered together with the biologically active molecule.

Overview

Fn3 refers to a type III domain from fibronectin. An Fn3 domain 1s small, monomeric,
soluble, and stable. It lacks disulfide bonds and, therefore, 1s stable under reducing conditions.
The overall structure of Fn3 resembles the immunoglobulin fold. Fn3 domaimns comprise, in
order from N-terminus to C-terminus, a beta or beta-like strand, A; a loop, AB; a beta or beta-
like strand, B; a loop, BC; a beta or beta-like strand, C; a loop, CD; a beta or beta-like strand, D;
a loop, DE; a beta or beta-like strand, E; a loop, EF; a beta or beta-like strand, F; a loop, FG; and
a beta or beta-like strand, G. The seven antiparallel B-strands are arranged as two beta sheets
that form a stable core, while creating two “faces” composed of the loops that connect the beta
or beta-like strands. Loops AB, CD, and EF are located at one face and loops BC, DE, and FG
arc located on the opposing face. Any or all of loops AB, BC, CD, DE, EF and FG may
participate 1n ligand binding. There are at least 15 different modules of Fn3, and while the
sequence homology between the modules 1s low, they all share a high similarity in tertiary

structure.
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Adnectins  (Adnexus, a Bristol-Myers Squibb R&D Company) are ligand binding
scaffold proteins based on the tenth fibronectin type III domain, 1.¢., the tenth module of Fn3,
(‘“Fn3). The amino acid sequence of a naturally occurring human '“Fn3 is set forth in SEQ ID
NO: 1:
VSDVPRDLEVVAATPTSLLISWDAPAVTVRYYRITYGETGGNSPVQEFTVPGSKST
ATISGLKPGVDYTITVYAVTGRGDSPASSKPISINYRT (SEQ ID NO:1) (the AB, CD and

EF loops arc underlined, and the BC, FG, and DE loops are emphasized in bold).

In SEQ ID NO:1, the AB loop corresponds to residues 15-16, the BC loop corresponds to
residues 21-30, the CD loop corresponds to residues 39-45, the DE loop corresponds to residues
51-56, the EF loop corresponds to residues 60-66, and the FG loop corresponds to residues 76-
87. (Xu et al., Chemistry & Biology 2002 9:933-942). The BC, DE and FG loops align along
on¢ face of the molecule and the AB, CD and EF loops align along the opposite face of the
molecule. In SEQ ID NO: 1, beta strand A corresponds to residues 9-14, beta strand B
corresponds to residues 17-20, beta strand C corresponds to residues 31-38, beta strand D
corresponds to residues 46-50, beta strand E corresponds to residues 57-59, beta strand F
corresponds to residues 67-75, and beta strand G corresponds to residues 88-94. The strands are
connected to each other through the corresponding loop, ¢.g., strands A and B are connected via
loop AB 1n the formation strand A, loop AB, strand B, etc. The first 8 amino acids of SEQ ID
NO:1 (italicized above) may be deleted while still retaining binding activity of the molecule.
Residues 1involved 1n forming the hydrophobic core (the “core amino acid residues”) include the
amino acids corresponding to the following amino acids of SEQ ID NO: 1: L8, V10, A13, L18,
120, W22, Y32, 134, Y36, F48, V50, A57, 159, L62, Y68, 170, V72, A74, 188, 190 and Y92,
wherein the core amino acid residues are represented by the single letter amino acid code
followed by the position at which they are located within SEQ ID NO: 1. See ¢.g., Dickinson et
al., J. Mol. Biol. 236: 1079-1092 (1994).

'“Fn3 are structurally and functionally analogous to antibodies, specifically the variable
region of an antibody. While '"Fn3 domains may be described as “antibody mimics” or
“antibody-like proteins”, they do offer a number of advantages over conventional antibodies. In
particular, they exhibit better folding and thermostability properties as compared to antibodies,
and they lack disulphide bonds, which are known to impede or prevent proper folding under
certain conditions. Exemplary serum albumin ''Fn3 based binders are predominantly
monomeric with Tm’s averaging ~65 °C.

The BC, DE, and FG loops of '"Fn3 are analogous to the complementary determining

regions (CDRs) from immunoglobulins. Alteration of the amino acid sequence 1n these loop
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regions changes the binding specificity of '"Fn3. '“Fn3 domains with modifications in the AB,
CD and EF loops may also be made 1n order to produce a molecule that binds to a desired target.
The protein sequences outside of the loops are analogous to the framework regions from
immunoglobulins and play a role in the structural conformation of the '’Fn3. Alterations in the
framework-like regions of '"Fn3 are permissible to the extent that the structural conformation is

not so altered as to disrupt ligand binding. Methods for generating '"Fn3 ligand specific binders

have been described in PCT Publication Nos. WO 00/034787, WO 01/64942, and WO

02/032925, disclosing high affinmity TNFo binders, PCT Publication No. WO 2008/097497,
disclosing high affimity VEGFR2 binders, and PCT Publication No. WO 2008/066752,
disclosing high affinity IGFIR binders. Additional references discussing ''Fn3 binders and
methods of selecting binders include PCT Publication Nos. WO 98/056915, WO 02/081497, and
WO 2008/031098 and U.S. Publication No. 20031863835.

As described above, amino acid residues corresponding to residues 21-30, 51-56, and 76-
&7 of SEQ ID NO: 1 define the BC, DE and FG loops, respectively. However, 1t should be
understood that not every residue within the loop region needs to be modified in order to achieve
a ''Fn3 binder having strong affinity for a desired target, such as human serum albumin. For
example, in many of the examples described herein, only residues corresponding to amino acids
23-30 of the BC loop and 52-55 of the DE loop were modified to produce high affinity '°Fn3
binders. Accordingly, 1n certain embodiments, the BC loop may be defined by amino acids
corresponding to residues 23-30 of SEQ ID NO: 1, and the DE loop may be defined by amino
acids corresponding to residues 52-55 of SEQ ID NO: 1. Additionally, insertions and deletions
in the loop regions may also be made while still producing high affinity '’Fn3 binders. For
example, SEQ ID NO: 4 (SABA 1) is an example of an HSA binder in which the the FG loop
contains a four amino acid deletion, 1.¢., the 11 residues corresponding to amino acids 21-29 of
SEQ ID NO:1 were replaced with seven amino acids. SEQ ID NO: 113 1s an example of an
HSA binder in which the FG loop contains an amino acid insertion, 1.e., the 11 residues
corresponding to amino acids 21-29 of SEQ ID NO:1 were replaced with twelve amino acids.

Accordingly, 1n some embodiments, one or more loops selected from BC, DE, and FG
may be extended or shortened 1n length relative to the corresponding loop 1n wild-type human
'“Fn3. In some embodiments, the length of the loop may be extended by from 2-25 amino acids.
In some embodiments, the length of the loop may be decreased by 1-11 amino acids. In
particular, the FG loop of '"Fn3 is 12 residues long, whereas the corresponding loop in antibody
heavy chains ranges from 4-28 residues. To optimize antigen binding, therefore, the length of the

FG loop of '’Fn3 may be altered in length as well as in sequence to cover the CDR3 range of
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4-28 residues to obtain the greatest possible flexibility and affinity in antigen binding. In some
embodiments, the integrin-binding motif “arginine-glycine-aspartic acid” (RGD) may be
replaced by a polar amino acid-neutral amino acid-acidic amino acid sequence (in the N-terminal
to C-terminal direction).

'“Fn3 generally begin with the amino acid residue corresponding to number 1 of SEQ ID
NO: 1. However, domains with amino acid deletions are also encompassed by the invention. In
some embodiments, amino acid residues corresponding to the first eight amino acids of SEQ ID
NO: 1 are deleted. Additional sequences may also be added to the N- or C-terminus. For
example, an additional MG sequence may be placed at the N-terminus of ""Fn3. The M will
usually be cleaved off, leaving a G at the N-terminus. In some embodiments, extension
sequences may be placed at the C-terminus of the '"Fn3 domain, e.g., EIDKPSQ (SEQ ID NO:
54), EIEKPSQ (SEQ ID NO: 60), or EIDKPSQLE (SEQ ID NO: 61). Such C-terminal
sequences are referred to herein as tails or extensions and are further described herein. In some
embodiments, a His6-tag may be placed at the N-terminus or the C-terminus.

The non-ligand binding sequences of '“Fn3, i.c., the “'’Fn3 scaffold”, may be altered
provided that the '’Fn3 retains ligand binding function and/or structural stability. In some
embodiments, one or more of Asp 7, Glu 9, and Asp 23 are replaced by another amino acid, such
as, for example, a non-negatively charged amino acid residue (e.g., Asn, Lys, etc.). These
mutations have been reported to have the effect of promoting greater stability of the mutant
'""Fn3 at neutral pH as compared to the wild-type form (See, PCT Publication No. WO
02/04523). A variety of additional alterations in the '"Fn3 scaffold that are either beneficial or
necutral have been disclosed. See, for example, Batori et al., Protein Eng. 2002 15(12):1015-20;
Koide et al., Biochemistry 2001 40(34):10326-33.

The '"Fn3 scaffold may be modified by one or more conservative substitutions. As many
as 5%, 10%, 20% or even 30% or more of the amino acids in the '“Fn3 scaffold may be altered
by a conservative substitution without substantially altering the affinity of the '"Fn3 for a ligand.
For example, the scaffold modification preferably reduces the binding affinity of the '“Fn3
binder for a ligand by less than 100-fold, 50-fold, 25-fold, 10-fold, 5-fold, or 2-fold. It may be
that such changes will alter the immunogenicity of the '"Fn3 in vivo, and where the
immunogenicity 1s decreased, such changes will be desirable. As used herein, “conservative
substitutions” are residues that are physically or functionally similar to the corresponding
reference residues. That 18, a conservative substitution and its reference residue have similar
size, shape, electric charge, chemical properties including the ability to form covalent or

hydrogen bonds, or the like. Preferred conservative substitutions are those fulfilling the criteria
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defined for an accepted point mutation in Dayhofft et al., Atlas of Protein Sequence and Structure
5:345-352 (1978 & Supp.). Examples of conservative substitutions are substitutions within the
following groups: (a) valine, glycine; (b) glycine, alanine; (¢) valine, 1soleucine, leucine; (d)
aspartic acid, glutamic acid; (¢) asparagine, glutamine; (f) serine, threonine; (g) lysine, arginine,
methionine; and (h) phenylalanine, tyrosine.

In certain embodiments, antibody-like proteins based on the '"Fn3 scaffold can be
defined generally by following the sequence:
EVVAAT(X),SLLI(X),YYRITYGE(X),QEFTV(X),ATI(X).DYTITVYAV(X).ISINYRT (SEQ
ID NO:2).

In SEQ ID NO:2, the AB loop 1s represented by X,, the CD loop 1s represented by X,, the EF

loop 1s represented by X., the BC loop 1s represented by X, the DE loop 1s represented by X,,
and the FG loop 1s represented by X.. X represents any amino acid and the subscript following
the X represents an integer of the number of amino acids. In particular, @ may be anywhere from
1-15, 2-15, 1-10, 2-10, 1-8, 2-8, 1-5, 2-5, 1-4, 2-4, 1-3, 2-3, or 1-2 amino acids; and b, ¢, x, y and
z may ¢ach independently be anywhere from 2-20, 2-15, 2-10, 2-8, 5-20, 5-15, 5-10, 5-8, 6-20,
6-15, 6-10, 6-8, 2-7, 5-7, or 6-7 amino acids. In preferred embodiments, ¢ 1s 2 amino acids, b 1s
7 amino acids, ¢ 18 7 amino acids, x 1s 9 amino acids, y 18 6 amino acids, and z 1s 12 amino acids.
The sequences of the beta strands may have anywhere from 0 to 10, from 0 to &, from 0 to 6,
from O to 5, from O to 4, from 0 to 3, from 0 to 2, or from 0 to 1 substitutions, deletions or
additions across all 7 scatfold regions relative to the corresponding amino acids shown in SEQ
ID NO: 1. In an exemplary embodiment, the sequences of the beta strands may have anywhere
from 0 to 10, from 0 to &, from 0 to 6, from 0 to 5, from 0 to 4, from 0 to 3, from 0 to 2, or from
0 to 1 conservative substitutions across all 7 scaffold regions relative to the corresponding amino
acids shown 1n SEQ ID NO: 1. In certain embodiments, the core amino acid residues are fixed
and any substitutions, conservative substitutions, deletions or additions occur at residues other
than the core amino acid residues. In exemplary embodiments, the BC, DE, and FG loops as
represented by (X)y, (X),, and (X)., respectively, are replaced with polypeptides comprising the
BC, DE and FG loop sequences from any of the HSA binders shown 1n Table 2 below (1.¢., SEQ
ID NOs: 4, 8, 12, 16, 20, and 24-44 1n Table 2).

In certain embodiments, Antibody-like proteins based on the '’Fn3 scaffold can be
defined generally by the sequence:
EVVAATPTSLLI(X) YYRITYGETGGNSPVOEFTV(X),ATISGLKPGVDYTITVYAV(X),ISI
NYRT (SEQ ID NO:3)
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In SEQ ID NO:3, the BC loop 1s represented by Xy, the DE loop 1s represented by Xy, and the
FG loop 1s represented by X,. X represents any amino acid and the subscript following the X
represents an integer of the number of amino acids. In particular, X, y and z may cach
independently be anywhere from 2-20, 2-15, 2-10, 2-8, 5-20, 5-15, 5-10, 5-8, 6-20, 6-15, 6-10,
6-8, 2-7, 5-7, or 6-7 amino acids. In preferred embodiments, x 18 9 amino acids, y 1s 6 amino
acids, and z 1s 12 amino acids. The sequences of the beta strands may have anywhere from 0 to
10, from 0 to 8, from 0 to 6, from 0 to 5, from 0 to 4, from 0 to 3, from 0 to 2, or from 0 to 1
substitutions, deletions or additions across all 7 scaffold regions relative to the corresponding
amino acids shown in SEQ ID NO: 1. In an exemplary embodiment, the sequences of the beta
strands may have anywhere from 0 to 10, from 0 to &, from 0 to 6, from 0 to 5, from 0 to 4, from
0 to 3, from 0 to 2, or from 0 to 1 conservative substitutions across all 7 scaffold regions relative
to the corresponding amino acids shown in SEQ ID NO: 1. In certain embodiments, the core
amino acid residues are fixed and any substitutions, conservative substitutions, deletions or
additions occur at residues other than the core amino acid residues. In exemplary embodiments,
the BC, DE, and FG loops as represented by (X)x, (X)y, and (X),, respectively, are replaced with
polypeptides comprising the BC, DE and FG loop sequences from any of the HSA binders
shown 1n Table 2 below (1.¢., SEQ ID NOs: 4, §, 12, 16, 20, and 24-44 1n Table 2).

"“Fn3 Domains with ED Tails

In one aspect, the present invention provides a polypeptide comprising a fibronectin type
I1I tenth (‘°Fn3) domain, wherein the '“Fn3 domain (i) comprises a modified amino acid
sequence 1n one or more of the AB, BC, CD, DE, EF and FG loops relative to the wild-type
"“Fn3 domain, (ii) binds to a target molecule not bound by the wild-type '"Fn3 domain, and (iii)
comprises a C-terminal tail having a sequence (ED),, wherein n 18 an integer from 2-10, 2-8, 2-5,
3-10, 3-8, 3-7, 3-5,0or4-7, or whereinnis 2, 3,4,5,6,7, 8,9, or 10.

In certain embodiments, the '°Fn3 domain comprises an amino acid sequence having at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%., 98%, or 99% i1dentity with the amino
acid sequence set forth in residues 9-94 of SEQ ID NO: 1. In certain embodiments, the 'Fn3
domain comprises SEQ ID NO: 1, 2 or 3. In certain embodiments, the '°"Fn3 domain comprises
the amino acids 9-94 of SEQ ID NO: 1.

In certain embodiments, the '°Fn3 domain with an ED tail comprises an E, I or EI at the
C-terminus just before the ED repeats. In some embodiments, the ED repeats enhance the
solubility and/or reduces aggregation of the'"Fn3 domain.

In certain embodiments, a '"Fn3 domain with an ED tail comprises a modified amino

acid sequence in each of the BC, DE and FG loops relative to the wild-type '°Fn3 domain. In
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other embodiments, a '"Fn3 domain with an ED tail binds to a desired target with a Kp of 1 uM
or less.
Serum Albumin Binders

'“Fn3 domains are cleared rapidly from circulation via renal filtration and degradation
due to their small size of ~10 kDa (t;, = 15—45 minutes 1n mice; 3 hours in monkeys). In certain
aspects, the application provides '°Fn3 domains that bind specifically to serum albumin, e.g.,
human serum albumin (HSA) to prolong the t;/; of the '“Fn3 domain.

HSA has a serum concentration of 600 uM and a t;, of 19 days 1n humans. The extended
ti», of HSA has been attributed, 1n part, to 1ts recycling via the neonatal Fc receptor (FcRn). HSA
binds FcRn 1n a pH-dependent manner after endosomal uptake into endothelial cells; this
interaction recycles HSA back into the bloodstream, thereby shunting 1t away from lysosomal
degradation. FcRn 1s widely expressed and the recycling pathway 1s thought to be constitutive.
In the majority of cell types, most FCRn resides in the intracellular sorting endosome. HSA 1s
readily internalized by a nonspecific mechanism of fluid-phase pinocytosis and rescued from
degradation 1n the lysosome by FcRn. At the acidic pH found 1n the endosome, HSA’s affinity
for FcRn increases (SuM at pH 6.0). Once bound to FcRn, HSA 1s shunted away from the
lysosomal degradation pathway, transcytosed to and released at the cell surface.

In one aspect, the disclosure provides antibody-like proteins comprising a serum albumin
binding '“Fn3 domain. In exemplary embodiments, the serum albumin binding '"Fn3 proteins
described herein bind to HSA with a Kp of less than 3 uM, 2.5 uM, 2 uM, 1.5 uM, 1 uM, 500
nM, 100 nM, 50 nM, 10 nM, 1 nM, 500 pM, 100 pM. 100 pM, 50 pM or 10 pM. In certain
embodiments, the serum albumin binding '’Fn3 proteins described herein bind to HSA with a K
of less than 3 uM, 2.5 uM, 2 uM, 1.5 uM, 1 uM, 500 nM, 100 nM, 50 nM, 10 nM, 1 nM, 500
pM, 100 pM. 100 pM, 50 pM or 10 pM at a pH range of 5.5 to 7.4 at 25 °C or 37 °C. In some
embodiments, the serum albumin binding '"Fn3 proteins described herein bind more tightly to
HSA at a pH less than 7.4 as compared to the binding atfinity for HSA at a pH of 7.4 or greater.

In certain embodiments, the HSA binding '“Fn3 proteins described herein may also bind
serum albumin from one or more of monkey, rat, or mouse. In certain embodiments, the serum
albumin binding 'Fn3 proteins described herein bind to rhesus serum albumin (RhSA) or
cynomolgous monkey serum albumin (CySA) with a Kp of less than 3 uM, 2.5 uM, 2 uM, 1.5
uM, 1 uM, 500 nM, 100 nM, 50 nM, 10 nM, 1 nM, 500 pM or 100 pM.

In certain embodiments, the serum albumin binding '°Fn3 proteins described herein bind
to domain I and/or domain II of HSA. In one embodiment, the serum albumin binding '"Fn3

proteins described herein do not bind to domain 111 of HSA.
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In certain embodiments, the serum albumin binding '"Fn3 (SABA) comprises a sequence
having at least 40%, 50%, 60%, 70%, 75%, 80% or 85% 1dentity to the wild-type "“Fn3 domain
(SEQ ID NO: 1). In one embodiment, at least one of the BC, DE, or FG loops 1s modified
relative to the wild-type '““Fn3 domain. In another embodiment, at least two of the BC, DE, or
FG loops are modified relative to the wild-type '"Fn3 domain. In another embodiment, all three
of the BC, DE, and FG loops are modified relative to the wild-type '"Fn3 domain. In other
embodiments, a SABA comprises a sequence having at least 40%, 50%, 60%, 70%, 75%, 80%,
85%., 90%, or 95% 1dentity to any one of the 26 core SABA sequences shown 1n Table 2 (1.e.,
SEQ ID NO: 4, 8, 12, 16, 20, and 24-44) or any on¢ of the extended SABA sequences shown in
Table 2 (1.e., SEQ ID NO: 89-116, minus the 6xHIS tag).

In certain embodiments, a SABA as described herein may comprise the sequence as set
forth in SEQ ID NO: 2 or 3, wherein the BC, DE, and FG loops as represented by (X)y, (X)y, and
(X), respectively, are replaced with a respective set of specified BC, DE, and FG loops from any
of the 26 core SABA sequences (1.¢., SEQ ID NOs: 4, 8, 12, 16, 20, and 24-44 1n Table 2), or
sequences at least 75%, 80%, 85%, 90%, 95%., 97%, 98%, or 99% 1dentical to the BC, DE and
FG loop sequences of the 26 core SABA sequences. In exemplary embodiments, a SABA as
described herein 1s defined by SEQ ID NO: 3 and has a set of BC, DE and FG loop sequences
from any of the 26 core SABA sequences (1.€., SEQ ID NOs: 4, §, 12, 16, 20, and 24-44 1n Table
2). The scaffold regions of such SABA may have anywhere from 0 to 20, from 0 to 15, from 0
to 10, from O to &, from 0 to 6, from O to 5, from 0O to 4, from 0 to 3, from 0 to 2, or from 0 to 1
substitutions, conservative substitutions, deletions or additions relative to the scattold amino
acids residues of SEQ ID NO: 1. For example, SABATI has the core sequence set forth in SEQ
ID NO: 4 and comprises BC, DE, and FG loops as set forth in SEQ ID NO: 5-7, respectively.
Therefore, a SABA based on the SABA1 core may comprise SEQ ID NO: 2 or 3, wherein (X)y
comprises SEQ ID NO: 5, (X), comprises SEQ ID NO: 6, and (X), comprises SEQ ID NO: 7.
Stmilar constructs are contemplated utilizing the set of BC, DE and FG loops from the other
SABA core sequences. The scaffold regions of such SABA may comprise anywhere from 0 to
20, from O to 15, from 0 to 10, from O to 8, from 0 to 6, from 0 to 5, from 0 to 4, from 0 to 3,
from 0 to 2, or from O to 1 substitutions, conservative substitutions, deletions or additions
relative to the scaffold amino acids residues of SEQ ID NO: 1. Such scaffold modifications may
be made, so long as the SABA 1s capable of binding serum albumin, ¢.g., HSA, with a desired
Kbp.

In certain embodiments, a SABA (¢.g., a SABA core sequence or a sequence based

thercon as described above) may be modified to comprise an N-terminal extension sequence
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and/or a C-terminal extension sequence. Exemplary extension sequences are shown in Table 2.
For example, SEQ ID NO: 89 designated as SABA1.1 comprises the core SABA 1 sequence
(SEQ ID NO: 4) with an N-terminal sequence MGVSDVPRDLE (SEQ ID NO: 45, designated
as AdNT1), and a C-terminal sequence EIDKPSQ (SEQ ID NO: 54, designated as AdCT1).
SABAI.1 further comprises a His6 tag at the C-terminus, however, 1t should be understood that
the His6 tag 1s completely optional and may be placed anywhere within the N- or C-terminal
extension sequences. Further, any of the exemplary N- or C-terminal extension sequences
provided in Table 2 (SEQ ID NO: 45-64 and 215), and any variants thercof, can be be used to
modify any given SABA core sequence provided 1n Table 2. In certain embodiments, a linker
sequence provided in Table 2 (SEQ ID NOs: 65-88, 216-221 and 397) may be used as a C-
terminal tail sequence, either alone or in combination with one of SEQ ID NOs: 54-64 or 215.

In certain embodiments, the C-terminal extension sequences (also called “tails”),
comprise E and D residues, and may be between 8 and 50, 10 and 30, 10 and 20, 5 and 10, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>