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Bl- AND MONOSPECIFIC, ASYMMETRIC ANTIBODIES AND METHODS
SAME OF GENERATING THE

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thercof, relates to bispecific
antibodies, monospecific, asymmetric antibodies and methods of generating same.

Bispecific antibodies (BsAbs) are antibodies with two binding sites, ecach
directed against a different target antigen, to which they can bind simultaneously
(Baeuerle and Reinhardt, 2009). This property enables the development of therapeutic
strategies that are not possible with conventional monoclonal antibodies. The primary
applications of bispccific antibodics include a) simultancous inhibition of two targcts
(c.g. receptors of soluble ligands, a receptor and a ligand or two different ligands), b)
retargeting, where one binding specificity is directed against a target cell (usually a
tumor cell) whereas the other binding site is used to recruit a toxic activity or moiety to
the target cell (T or NK cells; enzyme for prodrug activation; cytokine, radionuclide,
virus, toxin), ¢) increased specificity, when strong binding mediated by simultaneous
engagement of both antibody arms can only occur on cells expressing both antigens
(Fischer and Leger, 2007, Amann et al., 2009; Lutterbuese et al., 2010). Since bispecific
antibodies are regarded as promising therapeutic agents, several bispecific modalitics
have been developed, but their utility is limited due to problems with stability and
manufacturing complexity. Several strategies for the creation of bispecific antibodies
have been proposed over the past 20 years but despite numerous attempts and various
proposcd antibody formats, thc BsAbs suffer from lack of product homogencity and
challenging production problems (Fischer and Leger, 2007; Chames and Baty, 2009).

Initially, attempts were made to produce bispecific antibodies by fusing two
hybridomas, each producing a different antibody, resulting in what was referred to as
“quadromas” or hybrid hybridomas. However, quadromas suffered from genetic
instability and yiclded hetcrogencous mixes of the heavy and light chains. It was found
that on average an at random association of L chains with H chains was found of the
two antibodies, and only a tiny fraction were the desired bispecific antibodies (De Lau

et al.,, 1991; Massino et al., 1997). If one considers creating a bispecific antibody from
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two monospecific antibodies, A and B, efficient assembly of a bispecific antibody in an

IgG format has two basic requirements, one is that each heavy chain associates with the
heavy chain of the second antibody (heavy chain A associates with heavy chain B) and
no homoassociation (A+A or B+B) occurs. The second requirement is that each light
chain associatcs with its cognatc hcavy chain (light chain A with hcavy chain A, and not
light chain B with heavy chain A or light chain A with heavy chain B). The random
association of antibody chains in quadromas could not meet those requirements.

Efficient generation of bispecific antibodies was made possible by advances in
antibody engineering. Advanced antibody engineering enabled the creation of new
rccombinant antibody formats likc tandem singlc-chain variable fragment (scFv)
(Robinson et al.,, 2008), diabodies (Hudson and Kortt, 1999), tandem diabodics
(Kipriyanov, 2009), two-in-one antibody (Bostrom et al., 2009), and dual variable
domain antibodies (Wu et al., 2007). These new antibody formats solved some of the
manufacturing issues, providing homogeneous preparations. However, most of these
scaffolds, due to their small size, suffer from poor pharmacokinetics and therefore
require frequent dosing or conjugation to larger carrier molecules to improve half-life
(Constantinou et al., 2009).

Ridgway et al., 1996 provided a solution to one of the two criteria for making
bispecific antibodies making it possible to re-consider IgG-based bispecific antibodies
technically feasible. They described an engineering approach termed “knobs into holes”
which allows only heterodimerization between the heavy chains of “antibodies A and
B” to form, disallowing homodimerization. While studying the rules for heavy chain
association, the authors postulated that it is primarily dependent on interfacial
interactions between the Cy3 domains of the two heavy chains. When protein domains
or subdomain interact, a knob is a bulky side chains that protrudes into the opposite
domain where it is aligned with a small side chain that makes such invasion possible. In
their approach, knob and hole variants were anticipated to hetcrodimerize by virtuc of
the knob inserting into an appropriately designed hole on the partner Cy3 domain.
Knobs were constructed by replacing small side chains with the largest side chains,
tyrosine or tryptophan. Holes of identical or similar size to the knobs were created by
replacing large side chains with the smaller ones, in this case alanine or threonine. This

way, two heavy chains that are knob variants can not homoassociate because of side
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chain clashes, and the homoassociation of two hole variants is less favored because of
the absence of a stabilizing side-chain interaction. Subsequently, this group engineered
a disulfide bond near the c-terminus of the CH3 domain to further stabilize the
assembled bispecific antibodies (Merchant et al., 1998).

U.S. Patent No. 7,183,076 tcachcs a mcthod of gencrating bifunctional
antibodies using the knob and hole approach.

However, the knobs into holes approach provided a solution only for the
heteroassociation of the heavy chain and did not provide one for the correct pairing of
cach heavy chain with its cognate light chain. Therefore, in that study, a bispecific [gG
capablc of simultancously binding to thc human rcceptors HER3 and cMpl was
prepared by coexpressing a common light chain and the corresponding remodeled heavy
chains followed by protein A chromatography. The engineered heavy chains retain their
ability to support antibody-dependent cell-mediated cytotoxicity as demonstrated with
an anti-HER?2 antibody (Merchant et al., 1998).

International application 2010/115589 teaches trivalent bispecific antibodies in
which to a monospecific 1gG carrying knobs into holes mutations, a Vi and Vi of a
second specificity are fused at the C-terminus of the two CH3 domains.

Similar molecules are described in U.S. patent application US 2010/0256340.

Disulfide-stabilized Fvs were first described by the group of Andreas Pliickthun
(Glockshuber et al., 1990) and later by the group of Ira Pastan (Brinkmann et al., 1993;
Reiter et al., 1994a; Reiter et al., 1994b; Reiter et al., 1995). The Pastan group did
extensive work on dsFvs, and used molecular modeling to identify positions in
conserved framework regions of antibody Fv fragments (Fvs) that are distant from
CDRs, and potentially can be used to make recombinant Fv fragments in which the
unstable Vi1 and Vi, heterodimer is stabilized by an engineered interchain disulfide bond
inserted between structurally conserved framework positions. A disulfide bond was
introduced at onc of thesc positions, Vy44-V 105 or Vy111-V, 48 was shown to
stabilize various Fvs that retain full binding and specificity.

U.S. Patent Nos. 5,747,654, 6,147,203 and 6,558,672 teach disulfide-stabilized
Fvs, wherein the Fvs are engineered to introduce additional disulfide bonds between the

light and heavy chains.
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Additional background art includes Jackman et al., Journal of Biological

Chemistry Vol 285, No.27, pp. 20850-20859, July 2, 2010 and Schaefer et al., Proc Natl
Acad Sci US A. 2011 July 5; 108(27): 11187-11192.

SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there is
provided an antibody comprising an Fc region and a Fab region, wherein:

(1) the Fc region comprises two non-identical heavy chains, wherein at least
one of the two non-identical heavy chains comprises an amino acid modification so as to
form complementation between the two non-identical heavy chains thereby incrcasing
the probability of forming heterodimers of the non-identical heavy chains and decreasing
the probability of forming homodimers of identical heavy chains; and

(ii) the Fab region comprises a first covalent link between a first heavy chain
and a first light chain of the Fab region and a second covalent link between a second
heavy chain and a second light chain of the Fab region, wherein a position of the first
covalent link relative to the first heavy chain is different to a position of the second
covalent link relative to the second heavy chain.

According to an aspect of some embodiments of the present invention there is
provided a method of preparing an antibody, comprising:

(a) providing a first nucleic acid molecule encoding the first heavy chain;

(b) providing a second nucleic acid molecule encoding the second heavy chain;

(¢) providing a third nucleic acid molecule encoding the first light chain;

(d) providing a fourth nucleic acid molecule encoding the second light chain;

(e) culturing host cells comprising the first, second, third and fourth nucleic acid
molecules under conditions that permit expression of the nucleic acid molecules; and

(f) recovering the antibody.

According to an aspcct of some cmbodiments of the present invention there is
provided a pharmaceutical composition comprising as an active agent the antibody
disclosed herein and a pharmaceutically acceptable carrier.

According to an aspect of some embodiments of the present invention there is

provided an antibody for treating an infection or inflammatory disease or disorder.
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According to an aspect of some embodiments of the present invention there is

provided a method of treating an infection or an inflammatory disease or disorder in a
subject in need thercof, the method comprising administering to the subject a
therapeutically effective amount of the antibody disclosed herein, thereby treating the
infcction or inflammatory discasc or disorder.

According to some embodiments of the invention, the antibody is a bispecific
antibody.

According to some embodiments of the invention, the antibody is an asymmetric,
monospecific antibody.

According to somc cmbodiments of thc invention, thc complementation
comprises a steric complementation.

According to some embodiments of the invention, the complementation
comprises a charge complementation.

According to some embodiments of the invention, the Fc region comprises a
protuberance of one heavy chain of the Fc region and a sterically compensatory cavity
on a second heavy chain of the Fc region, the protuberance protruding into the
compensatory cavity.

According to some embodiments of the invention, the protuberance is generated
by substituting an amino acid at one position on a CH3 domain of the one heavy chain
with another amino acid having a larger side chain volume than the original amino acid.

According to some embodiments of the invention, the compensatory cavity is
generated by substituting an amino acid at one position on a CH3 domain of the second
heavy chain with another amino acid having a smaller side chain volume than the
original amino acid.

According to some embodiments of the invention, the first covalent link is
between a CH1 domain of the one heavy chain and a CL domain of the one light chain;
and the sccond covalent link is between a Vyy domain of the sccond heavy chain and a
Vi domain of the second light chain.

According to some embodiments of the invention, the first and the second

covalent links are disulfide bonds.
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According to some embodiments of the invention, the amino acid having a larger
side chain volume than the original amino acid is selected from the group consisting of
tyrosine, arginine, phenylalanine, isoleucine and tryptophan.

According to some embodiments of the invention, the amino acid having a
smaller side chain volume than the original amino acid is sclected from the group
consisting of alanine, glycine, valine and threonine.

According to some embodiments of the invention, the antibody is selected from
the group consisting of a chimeric antibody, a humanized antibody and a fully human
antibody.

According to somc cmbodiments of the invention, the CH3 domain of the first
heavy chain is covalently linked to the CH3 domain of the second heavy chain.

According to some embodiments of the invention, the first antigen binding site of
the antibody binds a first epitope of an antigen and the second antigen binding site of the
antibody binds a second epitope of the antigen.

According to some embodiments of the invention, the first antigen binding site of
the antibody binds an epitope of a first antigen and the second antigen binding site of the
antibody binds an epitope of a second antigen.

According to some embodiments of the invention, each light chain is linked to its
cognate heavy chain via a single disulfide bond.

According to some embodiments of the invention, the antibody is an intact
antibody.

According to some embodiments of the invention, the antibody is selected from
the group consisting of IgA, IgD, IgE and IgG.

According to some embodiments of the invention, the IgG comprises IgGl,
1gG2, 1gG3 or 1gG4.

According to some embodiments of the invention, the first heavy chain
compriscs a T366W mutation; and the sccond hcavy chain compriscs T366S, L368A,
Y407V mutations.

According to some embodiments of the invention, the first heavy chain
comprises an S354C mutation and the second heavy chain comprises a Y349C

mutation.
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According to some embodiments of the invention, the first antigen binding site

binds CD30 and the second antigen binding site binds erbB2.

According to some embodiments of the invention, the first antigen binding site
binds CD30 and the second antigen binding site binds Pseudomonas Exotoxin (PE).

According to somc cmbodiments of the invention, the first antigen binding sitc
binds CD30 and the second antigen binding site binds strepavidin

According to some embodiments of the invention, at least one of the heavy
chains is attached to a therapeutic moiety.

According to some embodiments of the invention, at least one of the heavy
chains is attachcd to an identifiable moicty.

According to some embodiments of the invention, the antibody is selected from
the group consisting of a primate antibody, a porcine antibody, a murine antibody, a
bovine antibody, a goat antibody and an equine antibody.

According to some embodiments of the invention, the host cells comprise
bacterial cells.

According to some embodiments of the invention, the host cells comprise
mammalian cells.

According to some embodiments of the invention, the expression takes place in
inclusion bodies of the bacterial cells.

According to some embodiments of the invention, each of the nucleic acid
molecules are transfected into different host cells.

According to some embodiments of the invention, each of the nucleic acid
molecules are transfected into the same host cell.

According to some embodiments of the invention, the bacterial cells comprise
gram negative bacterial cells.

According to some embodiments of the invention, the method further comprises
purifying the antibody on Protcin A/G/L following stcp (f).

According to some embodiments of the invention, the inflammatory disorder is
cancer.

According to some embodiments of the invention, the inflammatory disease or

disorder is cancer.
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Unless otherwise defined, all technical and/or scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
cxemplary mcthods and/or matcrials arc described below. In casc of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Somc ecmbodiments of the invention arc hercin described, by way of cxample
only, with reference to the accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are by way of example and for
purposes of illustrative discussion of embodiments of the invention. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.

In the drawings:

FIGs. 1A-B are schematic structure of a novel strategy for production of
bispecific antibodies. (A) scheme of an IgG antibody produced by the knobs into holes
approach, there are two different heavy chains but & common light chain. (B) scheme of
a bispecific antibody prepared according to embodiments of the present invention.
There are two different heavy chains, cach paired to its cognate light chain. The “knob”
mutation corresponds to T366W, the “hole” mutations correspond to T366S, L.368A
Y407V replacements. Cysteine replacement mutations S354C and Y349C at CH3
region of “knab” or “hole” heavy chain, respectively, provide 95 % heterodimerization
(Merchant et al., 1998).

FIGs. 2A-H are schematic representation of pHAK-IgH- and pHAK-IgL-based
plasmid maps for cxpression of mono- and bispccific antibodics in £. coli: pHAK-IgL
for expression of antibodies with human x or light chain, pHAK-LC-Cys for
expression of light chains containing dsFv-like intrachain disulfide bond, pHAK-IgH
for expression of antibodies with human yl heavy chain, pHAK-HC-knob for
expression of heavy chain containing S354C and T366W “knob” mutations in the

constant region, pHAK-HC-hole for expression of heavy chain containing Y349C,
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T366S, L368A and Y407V “hole” mutation in constant region, pHAK-HC-hole-PE38

for expression of heavy chain containing “hole” mutations fused to a truncated form of
Pseudomonas exotoxin A (PE38), pHAK-HC-Cys for expression of heavy chain
containing dsFv-like disulfide intrachain bond, pHAK-HC-Cys-knob for expression of
heavy chain containing ‘“knob” mutations in constant rcgion and dsFv-likc intrachain
disulfide bond.

FIG. 3 is a photograph of SDS-PAGE analysis of heavy and light chains
purification. The expressed proteins were collected as inclusion bodies, purified by
sequential centrifugation steps and dissolved in a 6M guanidinium hydrochloride
buffered solution. (1) T427 IgL, (2) T427 IgH, (3) T427-1gH-knob, (4) T427-1gH-PE38,
(5) T427-1gH-hole-PE38. "Knob" mutations correspond to S354C:T366W. "Hole"
mutations correspond to Y349C:T366S:L.368A:Y407V.

FIGs. 4A-B provide analysis of bispecific IgG-like proteins. (A) The schematic
structures of IgG heavy and light chains and the theoretically possible IgG molecules
that can be formed. Each variant can be casily detected according the significant
differences in molecular weight. (B) SDS-PAGE (10% acrylamide) analysis of protein
A purified products: wt T427 antibody displaying PE38 on heavy chain (1), “knobs-
into-holes” version (2) of T427 antibody (S354C:T366W/Y 349C:T366S:L368A: Y407V
mutations), wt FRP35 antibody (3).

FIGs. 5A-B provide SDS-PAGE (10% acrylamide) analysis of protein A
purified products. (1) T427 “knob-knob” version (lgl + lgH-knob S354C:T366W
mutations). 2) “Knobs-into-holes” version of T427 antibody
(S354C:T366W/Y349C:T366S:L368A: Y407V mutations). (3) T427 “hole-hole”
version (Igl. + IgH-hole-PE38 Y349C:T366S:1.368A: Y407V mutations). (4) wt T427
antibody displaying PE38 on heavy chain. (M) Marker.

FIG. 6 shows a gel filtration analysis of IgG and IgG-like proteins. T427 IgG
antibody (150 kDa) clutcs thc Scphadex 200 gel filtration column at 11.5 min. The IgG-
like T427 heterodimer (2 IgL + IgH-knob + IgH-hole-PE38), 190 kDa clutes at 10.3
min. The small fraction of knob-knob homodimer (150 kDa) elutes at 11.5 min. The
hole-hole homodimer (230 kDa) probably clutes at void volume (6.5 min (not shown)).

FIGs. 7A-C illustrate SDS-PAGE (7.5% acrylamide) and density analysis of
protein A purified products. (A) SDS-PAGE analysis of T427 IgG wt (1), T427-knob-
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hole-PE38 (2) and T427-PE38 (3) proteins. (B) Protein band density analysis of SDS-

PAGE by ImageMaster 1D scanning laser densitometry. (C) The pie chart of the
heterodimerization yield was measured according the pixel intensity at band position.
T427-knob-hole-PE38 (2) consists of 2lgL+IgH-knob+IgH-hole-PE38. T427-PE38 (3)
consists of 2IgL+2IgH-PE38. "Knob" mutations corrcspond to S354C:T366W. "Holc"
mutations correspond to Y349C:T366S:L368A:Y407V.

FIGs. 8A-B illustrate ELISA analysis of IgG and IgG-like proteins. The binding
ability of FRP5 IgG and bispecific FRP5-T437-PE38 (PE38 fused to T427 heavy
chain). (A) The ELISA plate was coated with erbB2 (antigen of FRP5 antibody) and
antibodics were detected with anti-human sccondary antibody. (B) The ELISA platc
was coated with erbB2 (antigen of FRP5 antibody) and antibodies were detected with
anti-PE secondary antibody (detection of bispecific antibodies).

The FRP5-T427-PE38 antibody consists of IgL-FRP5+Igl-T427+IgH-FRP5-
knob+IgH-T427-hole-PE3¥ proteins. “Knobs-into-holes” mutations:
S354C:T366W/Y349C:T366S:L368A:Y407V.

FI1Gs. 9A-B illustrate SDS-PAGE (12% and 6% acrylamide) analyses of protein
A purified IgG and IgG-like proteins. (1) FRPS IgG wt. (2) T427 IgG wt. (3) T427 1gG-
Cys (IgH-Cys44:Cys222Alat+IgL-Cys104:Cys218del). (4) Bispecific T427-FRP5 1gG
(IgH-FRP5-hole+IgL-FRP5+IgH-T427-khob-Cys44:Cys222 Ala+1gL-T427-
Cys104:Cys218del IgG. “Knob” mutations correspond to S354C:T366W. “Hole”
mutations correspond to Y349C:T366S:L368A:Y407V.

FIG. 10 is an SDS-PAGE (10% acrylamide) analysis of protein A purified IgG
and IgG-like proteins. (1) T427 [gG wt. (2) Anti-Tac IgG wt. (3) T427 IgG-Cys control
A (IgH wt + Igl-Cysl04:Cys218del). (4) T427 IgG-Cys control B (IgH-
Cysd4:Cys222 Ala+IgL wt).

FIG. 11 is an SDS-PAGE analysis of heavy and light chains of oPE (B11), T427
and oSA antibodics purificd as inclusion bodics and rcsuspended in 6 M guanidinium
hydrochloride. The samples were separated in reducing condition on 12 % acrylamide
gel.

FIGs.12A-B is ELISA analysis of aSA (anti-streptavidin) antibodies. The T427,
oSA (monoclonal) and T427-aSA (bispecific) protein A purified antibodies were
analyzed for their ability to bind CD30 (A). The binding was dctected using goat-anti-
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human HRP conjugated antibodies. Coating with bovine serum albumin (BSA) served

as a control (B).

FIGs. 13A-C is an ELISA analysis of oPE (anti-Pseudomonas exotoxin 38kDa
fragment) antibodies. The T427, oPE Bll clone (monoclonal) and T427-aPE
(bispecific) protein A purificd antibodics were analyzed for their ability to bind avitag-
PE38 (A) and dsFv-PE38 (B) antigens. The binding was detected using goat-anti-human
HRP conjugated antibodies. Coating with bovine serum albumin (BSA) served as a
control (C).

FIG. 14 is a schematic presentation of pDual vector system. pDual vectors are
bi-cistronic, CMV promotcr-bascd plasmids for the cxpression of IgGs in mammalian
cells. They were constructed by combining heavy and light chain expression cassettes
from the pMAZ vectors (Mazor Y, ] Immunol Methods. 2007 Apr 10;321(1-2):41-39).

FIGs. 15A-B illustrate analyses of secreted IgG in medium of CaCl2 transfected

293 Trex cells. (A) Western blot analysis of cell media transfected with pDual wt, pDual
L(Cys)tH(wt) or pMAZ-Igl. + pMAZ-IgH vectors systems. The antibodies were
detected with goat-anti-human HRP conjugated secondary antibody. The antibody
concentration in media was determined in comparison to the secondary dilutions of
Erbitux antibody (B).

FIG.16 illustrates a Western blot analysis of 293 Trex cells transfected with
pDual mono-specific and bispecific vectors or combination of vectors. The antibodies
were detected with goat-anti-human HRP conjugated antibody.

FIG.17 illustrates exemplary results from a Dot blot analysis of antibody
secreting clones. The cell media were absorbed to nitrocellulose membrane and
antibodies were detected with goat-anti-human HRP conjugated antibody. The secretion
level was determined relatively to other clones. The cell media of non-treated cells
served as control.

FIGs. 18A-B illustrate validation of binding activity of bispecific clones. The
cell media were incubated with either erbB2 (18A) or CD30 (18B) antigens. The
binding was detected with goat-anti-human HRP conjugated antibody. The marked
clones demonstrated the binding ability to both antigens.

FIGs. 19A-B illustrates an SDS-PAGE analysis of IgGs produced in HEK 293

T-REx'™ mammalian cells followed by protein A purification. The proteins were
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separated in unreduced conditions on 10 % acrylamide gel in order to evaluate the 150

kDa IgGs (A) and in reduced conditions on 12 % acrylamide gel (B) in order to evaluate
the minimal differences between T427 and FRPS5 heavy chains and light chains and
determine the double bands in bispecific T427-FRP5 molecules.

FIGs. 20A-B illustratc ELISA analysis of protcin A purificd IgGs produced in
mammalian cells. A5 is a control cell line transfected with four plasmids, two encoding
the monospecific T427 antibody and two encoding the monospecific FRP5 antibody.
Bispecific T427-FRP5 represents bispecific antibody secreting stable clone D3 with
mono-valent binding ability to cach antigen (erbB2 and CD30). The binding was
dctected using goat-anti-human HRP conjugatcd sccondary antibody.

FIGs. 21A-B are graphs illustrating ELISA analysis of protein A purified IgGs
produced in mammalian cells. T427 and FRPS5 represent mono-specific antibodies with
bi-valent binding activity. Bispecific T427-FRP5 represents bispecific antibody-
secreting stable clone D3 with mono-valent binding ability to each antigen (erbB2 and
CD30). Erbitux scrved as a ncgative control. The binding was dctected using goat-anti-
human HRP conjugated secondary antibody

FIG. 22 is a graph illustrating cell-ELISA analysis of binding ability of B3 clone
secreting T427-FRP5 bispecific antibody, (protein A-purified from conditioned medium
of the stable clone) to A431/CD30 and SKBR3 (erbB2+) cells. The binding was
dctected using goat-anti-human HRP conjugatcd sccondary antibody.

FIG. 23 is a schematic representation of the monospecific antibody of
embodiments of the present invention.

FIG. 24 is ELISA analysis of T427 KIH. The binding ability of T427 IgG and
T427-PE38 (PE3% fused to heavy chain) in comparison to knobs-into-holes (KIH)
version of T427 antibody (2xIgL+IgH-knob+IgH-hole-PE38).

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to bispecific
antibodies, monospecific antibodies, asymmetric antibodies and methods of generating

same.
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Before explaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not necessarily limited in its application to the details set
forth in the following description or exemplified by the Examples. The invention is
capable of other embodiments or of being practiced or carried out in various ways.

In past ycars, both laboratory and carly clinical studics have demonstrated that
bispecific antibodies (BsAbs) may have significant potential application in cancer
therapy either by targeting tumor cells with cytotoxic agents including effector cells,
radionuclides, drugs, and toxins, or by simultancously blocking two relevant tumor
targets, that is, growth factor receptors or their ligands, thus neutralizing multiple
reeeptor activation and downstrcam signal transduction pathways. A major obstaclc in
the development of BsAb has been the difficulty of producing the materials in sufficient
quality and quantity by traditional technologies such as the hybrid hybridoma and
chemical conjugation methods. Thus, it is believed that the development of 1gG-like
BsAbs as therapeutic agents will depend heavily on the advances made in the design of
recombinant BsAb constructs and production efficiency.

In order to ensure heterodimerization between the heavy chains of antibodies
"A" and "B” to form, and to prevent homodimerization of antibody "A" to antibody "A"
and antibody "B" to antibody "B", a knob and hole approach has been suggested, as
disclosed in U.S. Patent No. 7,183,076. However, the knobs into holes approach
provides a solution only for the heteroassociation of the heavy chains and does not
provide one for the correct pairing of each heavy chain with its cognate light chain.

The present invention relates to an approach of efficient assembly of bispecific
antibodies in an IgG format. The approach involves heterodimerization of the two heavy
chains by applying the knobs into holes approach, combined with facilitation of pairing
of cach heavy chain with only its cognate light chain.

The present inventors suggest pairing the heavy and light chains of the same
antibody using onc native CHI-CL binding disulfide bond and onc non-native Vy- V|,
binding dsFv-like di-sulfide bond (as illustrated in Figure 1B). This way one antibody
branch would stay molecularly untouched while the other antibody branch would
acquire a new disulfide covalent bond in variable region instead of the wt S-S bond. The

mis-paired light and heavy chains would not form the S-S stabilized interface and would
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not produce stable IgG molecule. Thus this strategy supposes the conversion of one

antibody branch into dsFv-like molecule without any affinity or stability loss.

Whilst reducing the present invention to practice, the present inventors
generated a bispecific antibody by combining an anti-CD30 (T427) and an anti-erbB2
(FRP5) antibody. In thc crbB2 antibody, hcavy — light chain association was facilitated
by the natural disulfide bond that covalently links the Cxl domain of the heavy chain
with the C;, domain of the light chain. In the anti-CD30 antibody, the cysteine in Cyl
was mutated to alanine and the C-terminal cysteine of Ci was deleted, preventing the
formation of the native H-L disulfide bond. Instead of the eliminated disulfide bond,
two cystcincs, onc in the variable domain of the hcavy chain and onc in the variable
domain of the light chain were introduced according the rules of disulfide-stabilized Fv
fragments (dsFvs). As a result, the heavy and light chains of the anti-CD30 antibody
associated covalently via a disulfide bond that forms between Vi and Vi through these
two cysteine residues. Thus, the present invention contemplates both the generation of
a novel disulfide bridge between the heavy chain and its cognate light chain on one arm
of the bifunctional antibody and so as to further enhance correct assembly, deletion of
the naturally occurring disulfide bridge between the same heavy chain with its cognate
light chain.

As illustrated in Figures 9A-B, using this approach, full-length bifunctional
antibodies were generated in bacterial cells. When the heavy and light chains of the
anti-CD30 antibody were not mutated as described above, full length bifunctional
antibodies were not generated (Figure 10).

Further, using bispecific vectors, the present inventors showed that the
generation of full-length bifunctional antibodies in mammalian cells was promoted by
applying the knobs into holes approach, combined with facilitation of pairing of each
heavy chain with only its cognate light chain (as illustrated in Figures 17-22)

Thus, according to an aspect of the present invention therc is provided an
antibody comprising an Fc region and a Fab region, wherein:

1) the Fc region comprises two non-identical heavy chains, wherein at least
one of the two non-identical heavy chains comprises an amino acid modification so as to

form complementation between the two non-identical heavy chains thereby increasing
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the probability of forming heterodimers of the non-identical heavy chains and decreasing

the probability of forming homodimers of identical heavy chains; and

(i)  the Fab region comprises a first covalent link between a first heavy chain
and a first light chain of the Fab region and a second covalent link between a second
heavy chain and a sccond light chain of thc Fab rcgion, whercin a position of the first
covalent link relative to the first heavy chain is different to a position of the second
covalent link relative to the second heavy chain.

An antibody is characterized by a centrally placed disulfide bridge that stabilizes
a series of antiparallel beta strands into an immunoglobulin-like fold. An antibody
hcavy or light chain has an N-tcrminal (NH;) variablc region (V), and a C-tcrminal (--
COOH) constant region (C). The heavy chain variable region is referred to as Vg, and
the light chain variable region is referred to as V. Vg and Vi, fragments together are
referred to as "Fv". The variable region is the part of the molecule that binds to the
antibody's cognate antigen, while the constant region determines the antibody's effector
function (e.g., complement fixation, opsonization). Full-length immunoglobulin or
antibody "light chains" (generally about 25 kilodaltons (Kd), about 214 amino acids) are
encoded by a variable region gene at the N-terminus (generally about 110 amino acids)
and a constant region gene at the COOH-terminus. Full-length immunoglobulin or
antibody "heavy chains” (generally about 50 Kd, about 446 amino acids), are similarly
encoded by a variable region gene (generally encoding about 116 amino acids) and one
of the constant region genes (encoding about 330 amino acids). An antibody light or
heavy chain variable region comprises three hypervariable regions, also called
complementarity determining regions or CDRs, flanked by four relatively conserved
framework regions or FRs.

According to onc embodiment of this aspect of the present invention the
antibody is a bispecific antibody.

As uscd hercin, the term "bispecific antibody” refers to an antibody which
comprises two antigen binding sites, each binding to a different epitope of an antigen.
The bispecific antibodies of this aspect of the present invention do not share common

light chains nor common heavy chains.
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According to one embodiment, the two antigen binding sites each bind to

different epitopes of an identical antigen. According to another embodiment, the two
antigen binding sites each bind to different epitopes on different antigens.

According to another embodiment of this aspect of the present invention, the
antibody is a monospecific, asymmctric antibody.

The monospecific antibodies of this aspect of the present invention have the
same paratope on both arms which bind an identical antigen. However, unlike
conventional monoclonal antibodies which are symmetric assemblies of two identical
heavy chains and two identical light chains, monospecific antibodies described herein
arc asymmctric asscmblics of two non-identical hcavy chains and two non-identical light
chains. The differences between the two heavy chains and between the two light chains
are in the constant domains and in framework regions of the variable domains that allow
heterodimerization of the chains. Accordingly, the CDR loops of the variable domains
and supporting variable domain residues that may comprise the paratope are identical in
the chain pairs — see Figure 23.

According to a particular embodiment, the monospecific antibody is an 1gG4.

Preferably, the affinity of each of the antigen binding sites of the antibody for its
target is not substantially reduced as compared with one arm of its corresponding
monoclonal antibody for the identical target. According to a specific embodiment, the
affinity is not reduced more than 100 fold, more preferably is not reduced more than 50
fold, more preferably is not reduced more than 20 fold, more preferably is not reduced
more than 10 fold and even more preferably is not reduced more than 5 fold.

Examples of bispecific antibodies include those with one antigen binding site
directed against a first growth factor ligand and a second antigen binding site directed
against a second growth factor ligand; one antigen binding site directed against a first
growth factor receptor and a second antigen binding site directed against a second
growth factor rcceptor; onc antigen binding site dirceted against a first cytokine and a
second antigen binding site directed against a second cytokine; one antigen binding site
directed against a first cytokine receptor and a second antigen binding site directed
against a second cytokine receptor; one antigen binding site directed against a growth
factor receptor and a second antigen binding site directed against a growth factor ligand;

one antigen binding site directed against a cytokine receptor and a second antigen
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binding site directed against a cytokine ligand. Additional combinations of growth

factors, growth factor receptors, cytokines and cytokine receptors are also contemplated.

According to another embodiment, the bispecific antibody block two pathways
of angiogenesis, one antigen binding site is directed towards a receptor or ligand
associatcd with the first pathway and the other antigen binding site is directed towards a
receptor or ligand associated with the second pathway.

According to a specific embodiment, the bispecific antibody comprises one
antigen binding site directed against a tumor cell antigen and the other antigen binding
site directed against a cytotoxic trigger molecule such as anti-FcyRl/anti-CD15, anti-
p185"" % /FcyRIII (CD16), anti-CD3/anti-malignant B-ccll (1D10), anti-CD 3/anti-
pl185™R? anti-CD3/anti-p97, anti-CD3/anti-renal cell carcinoma, anti-CD3/anti-
OVCAR-3, anti-CD3/L-D1 (anti-colon carcinoma), anti-CD3/anti-melanocyte
stimulating hormone analog, anti-EGF receptor/anti-CD3, anti-CD3/anti-CAMAI, anti-
CD3/anti-CD19, anti-CD3/MoV18, anti-neural cell adhesion molecule (NCAM)/anti-
CD3, anti-folate binding protein (FBP)/anti-CD3, anti-pan carcinoma associated antigen
(AMOC-31)anti-CD3.

Bispecific antibodies with one antigen binding site binding specifically to a
tumor antigen and one antigen binding site binding to a toxin include for example anti-
saporin/anti-Id-1,  anti-CD22/anti-saporin, anti-CD7/anti-saporin,  anti-CD38/anti-
saporin, anti-CEA/anti-ricin A chain, anti-interferon-o (IFN- o)/anti-hybridoma idiotype,
anti-CEA/anti-vinca alkaloid.

Other contemplated bispecific antibodies include those for converting enzyme
activated prodrugs such as anti-CD30/anti-alkaline phosphatase (which catalyzes
conversion of mitomycin phosphate prodrug to mitomycin alcohol).

Other contemplated bispecific antibodies include those which can be used as
fibrinolytic agents such as anti-fibrin/anti-tissue plasminogen activator (tPA), anti-
fibrin/anti-urokinasc-typc plasminogen activator (uPA).

Additional contemplated bispecific antibodies include those for targeting
immune complexes to cell surface receptors such as anti-low density lipoprotein
(LDL)/anti-Fc receptor (e.g. FcyRI, FeyRII or FcyRIID).

Additional contemplated bispecific antibodies include those for use in therapy of

infectious diseases such as anti-CD3/anti-herpes simplex virus (HSV), anti-T-cell
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receptor:CD3 complex/anti-influenza, anti-FcyR/anti-HIV. Further bispecific antibodies

for tumor detection in vitro or in vivo include anti-CEA/anti-EOQOTUBE, anti-CEA/anti-
DPTA, anti-p185HER2/anti-hapten.

Bispecific antibodies may be used as vaccine adjuvants (see Fanger et al.,
Critical Reviews in Immunology 12(3,4):101-124 (1992)).

Bispecific antibodies may be used as diagnostic tools such as anti-rabbit
IgG/anti-ferritin,  anti-horse  radish  peroxidase = (HRP)/anti-hormone,  anti-
somatostatin/anti-substance P, anti-HRP/anti-FITC, anti-CEA/anti-f-galactosidase.

Additional contemplated bispecific antibodies include ones where the first
antigen binding sitc binds CD30 and the sccond antigen binding sitc binds crbB2; oncs
where the first antigen binding site binds CD30 and the second antigen binding site
binds Psecudomonas Exotoxin (PE); ones where the first antigen binding site binds
CD30 and the second antigen binding site binds Streptavidin.

Examples of trispecific antibodies include anti-CD3/anti-CD4/anti-CD37, anti-
CD3/anti-CD5/anti-CD37 and anti-CD3/anti-CD8/anti-CD37.

The Fc region of the antibodies of the present invention may be may be obtained
from any antibody, such as 1gG, IgG,, 1gGs, or IgG, subtypes, IgA, IgE, IgD or IgM.

According to one embodiment, the Fc region is an IgG Fc region.

As mentioned, the Fc region of the antibodies described herein comprises two
non-identical heavy chains (c.g. that differ in the sequence of the variable domains),
wherein at least one of the two non-identical heavy chains comprises an amino acid
modification so as to increase the probability of forming a stable heterodimer of the
non-identical heavy chains and decrease the probability of forming a stable homodimer
of identical heavy chains.

According to one embodiment, at least one heavy chain is genectically modified
such that an altered charge polarity across the interface is created. As a consequence, a
stablc hetcrodimer between clectrostatically matched Fe chains is promoted, and
unwanted Fc homodimer formation is suppressed due to unfavorable repulsive charge
interactions.

Determination of which amino acids to modify and to which amino acids is
further explained in Gunasekaran K, Pentony M, Shen M, Garrett L, Forte C,
Woodward A, Ng SB, Born T, Retter M, Manchulenko K, Sweet H, Foltz IN, Wittekind
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M, Yan W. Enhancing antibody Fc heterodimer formation through electrostatic steering

effects: applications to bispecific molecules and monovalent IgG. J Biol Chem. 2010
Jun 18;285(25):19637-46. Epub 2010 Apr 16, incorporated herein by reference.

According to one embodiment, the amino acid modifications (that affect charge
complcmentarity) arc cffected at the rim of the interface between the two heavy chains
and not in structurally conserved buried residues at the hydrophobic core of the
interface.

According to another embodiment, at least one heavy chain is genetically
modified, to generate a heavy chain with a 3D structure which binds more efficiently to
the non-identical hcavy chain (i.c. a hcterodimer) as opposcd to an identical hcavy
chain (i.e. a homodimer). The generation of heterodimers is encouraged due to steric
complementation and the generation of homodimers is discouraged due to steric
hindrance.

According to this embodiment, one heavy chain is genetically modified to
generate a protuberance and the second heavy chain is genetically modified to generate
a sterically compensatory cavity, the protuberance protruding into the compensatory
cavity.

"Proturbances” are constructed by replacing small amino acid side chains from
the interface of the first heavy chains with larger side chains (e.g. tyrosine, arginine,
phenylalanine, isoleucine, leucine or tryptophan). Compensatory "cavities" of identical
or similar size to the protuberances are optionally created on the interface of the second
heavy chain by replacing large amino acid side chains with smaller ones (e.g. alanine,
glycine, serine, valine, or threonine).

The protuberance or cavity can be "introduced" into the interface of the first or
second heavy chain by synthetic means, ¢.g. by recombinant techniques, in vitro peptide
synthesis, those techniques for introducing non-naturally occurring amino acid residues
prcviously described, by cnzymatic or chemical coupling of peptides or somce
combination of these techniques. According, the protuberance, or cavity which is
"introduced" is "non-naturally occurring” or "non-native", which means that it does not
exist in nature or in the original polypeptide (e.g. a humanized monoclonal antibody).

Preferably the import amino acid residue for forming the protuberance has a

relatively small number of "rotamers" (e.g. about 3 6). A "rotamer" is an energetically
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favorable conformation of an amino acid side chain. The number of rotamers of the

various amino acid residues are reviewed i Ponders and Richards, J. Mol. Biol.
193:775 791 (1987).

As a first step to selecting original residues for forming the protuberance and/or
cavity, the three-dimensional structure of the antibodics arc obtainced using techniqucs
which are well known in the art such as X-ray crystallography or NMR. Based on the
three-dimensional structure, those skilled in the art will be able to identify the interface
residues.

The preferred mterface is the Cusz domain of an immunoglobulin constant
domain. It is preferable to sclect "buricd” residucs to be replaced. The interface residucs
of the CH3 domains of IgG, IgA, IgD, IgE and IgM have been identified (see, for
example, PCT/US96/01598, herein incorporated by reference in its entirety), including
those which are optimal for replacing with import residues; as were the interface
residues of various IgG subtypes and "buried" residues. The preferred C 3 domain is
derived from an IgG antibody, such as an human IgG;.

The Cus/Cus interface of human 1gG; involves sixteen residues on each domain
located on four anti-parallel p-strands which buries 1090 ANG® from each surface.
Mutations are preferably targeted to residues located on the two central anti-parallel -
strands. The aim is to minimize the risk that the protuberances which are created can be
accommodated by protruding into surrounding solvent rather than by compensatory
cavities n the partner Cm domain.
Methods of selection particular sites on the heavy chains have been disclosed in U.S.
Patent No. 7,183,076, incorporated herein by reference.

According to a specific embodiment, the first heavy chain comprises a T366W
mutation (i.c. threonine to tryptophan); and the second heavy chain comprises T3668S,
L368A, Y407V mutations (i.e. threonine to serine; leucine to alanineg; and tyrosine to
valinc).

According to one embodiment, the amino acid modifications (that affect
structural complementarity) are effected at structurally conserved buried residues at the
hydrophobic core of the interface, and not in at the rim of the interface between the two

heavy chains.
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The effect of replacing residues on the heavy chains can be studied using a

molecular graphics modeling program such as the Insight™ program (Biosym
Technologies).

Once the preferred original/import residues are identified by molecular
modcling, the amino acid rcplacecments may be introduced into the heavy chains using
techniques which are well known in the art.

Oligonucleotide-mediated mutagenesis is a preferred method for preparing
substitution variants of the DNA encoding the first or second heavy chain. This
technique is well known in the art as described by Adelman et al.,, DNA, 2:183 (1983).
Bricfly, first or sccond polypcptidc-coding DNA is altcred by hybridizing an
oligonucleotide encoding the desired mutation to a DNA template, where the template is
the single-stranded form of a plasmid or bacteriophage containing the unaltered or
native DNA sequence of heteromultimer. After hybridization, a DNA polymerase is
used to synthesize an entire second complementary strand of the template that will thus
incorporate the oligonucleotide primer, and will code for the selected alteration in the
heteromultimer DNA.

Cassette mutagenesis can be performed as described Wells et al. Gene 34:315
(1985) by replacing a region of the DNA of interest with a synthetic mutant fragment
generated by annealing complimentary oligonucleotides. PCR mutagenesis is also
suitable for making variants of the first or second polypeptide DNA. While the
following discussion refers to DNA, it is understood that the technique also finds
application with RNA. The PCR technique generally refers to the following procedure
(see Erlich, Science, 252:1643 1650 (1991), the chapter by R. Higuchi, p. 61 70).

Additional modifications are also contemplated to further enhance the specificity
of interaction between the two heavy chains. Accordingly, the present invention
incorporates a covalent link between the two heavy chains (e.g. on the CH3 domains).

Examples of covalent links contemplated by the present invention include amide
links and disulfide links.

Thus, for example the present invention contemplates introduction of a free thiol
which forms an intermolecular disulfide bond between the two heavy chains of the
antibody. The free thiol may be introduced into the interface of one of the heavy chains

by substituting a naturally occurring residue of the heavy chain with, for example, a
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cysteine at a position allowing for the formation of a disulfide bond between the heavy

chains.

The phrase "free thiol-containing compound” as used herein refers to a
compound that can be incorporated into or reacted with an amino acid of a polypeptide
intcrface of the invention such that the free thiol moicty of the compound is positioned
to interact with a free thiol of moiety at the interface of additional polypeptide of the
invention to form a disulfide bond. Preferably, the free thiol-containing compound is
cysteine.

According to a specific embodiment, the first heavy chain comprises a S354C
mutation (i.c. scrinc to cystcinc); and the sccond hcavy chain compriscs a Y349C
mutation (tyrosine to cysteine).

As well as having modifications in their heavy chains, at least one light chain of
the antibodies described herein is also modified such that there is a first covalent link
between a first heavy chain and a first light chain and a second covalent link between a
second heavy chain and a second light chain, wherein a position of the first covalent
link relative to the first heavy chain is different to a position of the second covalent link
relative to the second heavy chain.

The positioning of the first and second covalent link is selected such that pairing
between a heavy chain with its cognate light chain is facilitated, whilst the specificity
and stability of the antibody is not reduced by more than 20 % or preferably by more
than 10 % or even more preferably by more than 5 % as compared to the individual
antibodies from which it is generated.

According to another embodiment, the covalent link between the first heavy
chain to its cognate light chain is positioned between the Cy; and the Cr, region and the
covalent link between the second heavy chain to its cognate light chain is positioned
between the Vi and the Vi region.

Examples of covalent links contcmplated by the present invention include for
example amide links, disulfide links and additional forms of covalent bonds occurring
between site-specifically inserted amino acid residues, including non-natural amino
acids (see Wu, X., Schultz, P.G. "Synthesis at the Interface of Chemistry and Biology."
J. Am. Chem. Soc., 131(35):12497-515, 2009; Hutchins BM, Kazane SA, Staflin K,
Forsyth JS, Felding-Habermann B, Schultz PG, Smider VV. Site-specific coupling and
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sterically controlled formation of multimeric antibody fab fragments with unnatural

amino acids J Mol Biol. 2011 Mar 4;406(4):595-603. Epub 2011 Jan 13; Liu CC,
Schultz PG. Adding new chemistries to the genetic code. Annu Rev Biochem.
2010;79:413-44. Review, all of which are incorporated herein by reference).

Accordingly, thc present invention contcmplatcs mutating at lcast onc of the
heavy chains and its cognate light chain such that at least one naturally occurring (i.e.
native) disulfide bond that connects the two molecules can no longer be generated.
Typically, this is effected by deleting (or substituting) the cysteines at the positions
described herein above.

As uscd herein, the phrasc "native disulfide bond" refers to the interchain
disulfide bond that connects a heavy chain to its cognate light chain (typically between
the constant region of the light chain and the CH1 region of the heavy chain) encoded in
a naturally occurring germline antibody gene.

Substitution of the cysteine is typically effected by replacing the amino acid
with one similar in size and charge (i.e. a conservative amino acid, such as cysteine to
alanine).

The present invention contemplates that the first covalent link is a naturally
occurring disulfide bond and the second covalent link is a non-naturally occurring
covalent bond, (e.g. an engineered disulfide bond), wherein at least one cysteine amino
acid residue has been inserted into the chain —i.¢. an engineered cysteine.

The term "engineered cysteine” as used herein, refers to a cysteine which has
been introduced into the antibody fragment sequence at a position where a cysteine does
not occur in the natural germline antibody sequence.

Alternatively, both the first and second covalent links may be non-naturally
occurring and the cysteines (which in the non-modified antibody serve as amino acid
residues to generate disulfide bonds) may be replaced by other amino acids that are not
capablc of scrving as amino acid residucs to gencrate covalent bonds.

Information regarding the antibody of interest is required in order to produce
proper placement of the disulfide bond. The amino acid sequences of the variable
regions that are of interest are compared by alignment with those analogous sequences
in the well-known publication by Kabat and Wu [Sequences of Proteins of

Immunological Interest," E. Kabat, et al., U.S. Government Printing Office, NIH
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Publication No. 91-3242 (1991)], incorporated herein by reference, to determine which

sequences can be mutated so that cysteine is encoded for in the proper position of each
heavy and light chain variable region to provide a disulfide bond in the framework
regions of the desired antibody.

After the sequences arc aligned, the amino acid positions in the scquence of
interest that align with the following positions in the numbering system used by Kabat
and Wu are identified: positions 43, 44, 45, 46, and 47 (group 1) and positions 103, 104,
105, and 106 (group 2) of the heavy chain variable region; and positions 42, 43, 44, 45,
and 46 (group 3) and positions 98, 99, 100, and 101 (group 4) of the light chain variable
region. In some cascs, somc of thesc positions may be missing, representing a gap in the
alignment.

Then, the nucleic acid sequences encoding the amino acids at two of these
identified positions are changed such that these two amino acids are mutated to cysteine
residues. Contemplated pairs of amino acids to be selected are,: Vy44-V1100, Vi105-
V143, Vyl05-V142, Vyd4-Vi 101, Vygl106-V1 43, Vyl104-V143, Vyd4-V1 99, Vpd5-V 98,
Vud6-V1 98, Vil03-V143, Vy103-Vr44, Vi103-Vr45.

Most preferably, substitutions of cysteine are made at the positions: Vyg4d4-
Vi100; or Vyl05-Vi43. (The notation Vy44-Vi100, for example, refers to a
polypeptide with a Vi having a cysteine at position 44 and a cysteine in Vp, at position
100; the positions being in accordance with the numbering given by Kabat and Wu.)

Note that with the assignment of positions according to Kabat and Wu, the
numbering of positions refers to defined conserved residues and not to actual
sequentially numbered amino acid positions in a given antibody. For example, CysL100
(of Kabat and Wu) which is used to generate ds(Fv)B3 as described in the example
below, actually corresponds to position 105 of B3(Vp).

According to one embodiment, selection of which amino acid to mutate may be
cffected according to the rules sct out in U.S. Patent No. 5,747,654, incorporated hercin
by reference. The sites of mutation to the cysteine residues can be identified by review
of either the actual antibody or the model antibody of interest as exemplified below.
Computer programs to create models of proteins such as antibodies are generally
available and well-known to those skilled in the art (see Kabat and Wu; Loew, et al,,

Int. J. Quant. Chem., Quant. Biol. Symp., 15:55-66 (1988); Bruccoleri, ¢t al., Nature,
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335:564-568 (1988); Chothia, et al., Science, 233:755-758 (1986), all of which are

incorporated herein by reference. Commercially available computer programs can be
used to display these models on a computer monitor, to calculate the distance between
atoms, and to estimate the likelihood of different amino acids interacting (see, Ferrin, ¢t
al., J. Mol. Graphics, 6:13-27 (1988), incorporatcd by rcference hercin). For cxample,
computer models can predict charged amino acid residues that are accessible and
relevant in binding and then conformationally restricted organic molecules can be
synthesized. See, for example, Saragovi, et al., Science, 253:792 (1991), incorporated
by referenced herein. In other cases, an experimentally determined actual structure of
the antibody may bc availablc.

According to one embodiment, a pair of suitable amino acid residues should (1)
have a C4-C,, distance between the two residues less than or equal to 8 ANG, preferably
less than or equal to 6.5 ANG (determined from the crystal structure of antibodics
which are available such as those from the Brookhaven Protein Data Bank) and (2) be
as far away from the CDR region as possible. Once they are identified, they can be
substituted with cysteins.

Modifications of the genes to encode cysteine at the target point may be readily
accomplished by well-known techniques, such as oligonucleotides-directed mutagenesis
(as described herein above), site-directed mutagenesis (see, Gillman and Smith, Gene,
8:81-97 (1979) and Roberts, S., et al, Nature, 328:731-734 (1987), both of which are
incorporated herein by reference), by the method described in Kunkel, Proc. Natl. Acad.
Sci. USA 82:488-492 (1985), incorporated by reference herein, by total gene synthesis
(Hughes, R.A. ¢t al, , Methods in Enzymology, Volume 498 p. 277-309 (2011)) or by
any other means known in the art.

Antibodies of some embodiments of the present invention may be from any
mammalian origin including human, porcine, murine, bovine, goat, equine, canine,
feline, ovine and the like. The antibody may be a hetcrologous antibody.

As used herein a "heterologous antibody” is defined in relation to a transgenic
host such as a plant expressing the antibody.

According to some embodiments of the invention, the antibody is an isolated
intact antibody (i.e., substantially free of cellular material other antibodies having

different antigenic specificities and/or other chemicals).
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As used herein "recombinant antibody" refers to intact antibodies that are

prepared, expressed, created or isolated by recombinant means, such as (a) antibodies
isolated from an animal (e.g., mouse) that is transgenic for immunoglobulin genes (e.g.,
human immunoglobulin genes) or hybridoma prepared therefrom; (b) antibodies isolated
from a host ccll transformed to cxpress the antibody; (¢) antibodics isolated from a
recombinant antibody library; and (d) antibodies prepared, expressed, created or isolated
by any other means that involve splicing of immunoglobulin gene sequences to other
DNA sequences. In certain embodiments immunoglobulin of the present invention may
have variable and constant regions derived from human germline immunoglobulin
scquences. In other embodiments, such recombinant human antibodics can be subjected
to in vitro mutagenesis and thus the amino acid sequences of the Vi and Vi regions of
the recombinant antibodies comprise sequences that while derived from and related to
human germline Vy and Vi sequences, may not naturally exist within the human
antibody germline repertoire in vivo.

The following exemplary embodiments of antibodies are encompassed by the
scope of the invention.

A used herein "human antibody"” refers to intact antibodies having variable
regions in which both the framework and CDR regions are derived from human
germline immunoglobulin sequences as described, for example, by Kabat et al. (see
Kabat 1991, Sequences of proteins of immunological Interest, 5" Ed. NIH Publication
No. 91-3242). The constant region of the human antibody is also described from human
germline immunoglobulin sequences. The human antibodies may include amino residues
not encoded by human germline immunoglobulin sequences (¢.g., mutations introduced
by random or site directed mutagenesis in vitro or somatic mutation in vivo). However,
the term "human antibody”, as used herein, is not intended to include antibodies in
which CDR sequences derived from the germline of another mammalian species, such as
a mousc, have been grafted onto human framework scquences.

As used herein, a "chimeric antibody" refers to an intact antibody in which the
variable regions derive from a first species and the constant regions are derived from a
second species. Chimeric immunoglobulins can be constructed by genetic engineering
from immunoglobulin gene segments belonging to different species (e.g., VH and VL

domains from a mouse antibody with constant domains of human origin).
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As used herein "humanized immunoglobulin” refers to an intact antibody in

which the minimum mouse part from a non-human (e.g., murine) antibody is
transplanted onto a human antibody; generally humanized antibodies are 5-10 % mouse
and 90-95 % human.

In genceral, the humanized antibody will comprisc substantially all of at lcast
one, and typically two, variable domains, in which all or substantially all of the CDR
regions correspond to those of a non-human immunoglobulin and all or substantially all
of the FR regions are those of a human immunoglobulin consensus sequence. The
humanized antibody optimally also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin [Joncs
et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol., 2:593-596 (1992)].

Methods for humanizing non-human antibodies are well known in the art.
Generally, a humanized antibody has one or more amino acid residues introduced into it
from a source which is non-human. These non-human amino acid residues are often
referred to as import residues, which are typically taken from an import variable
domain. Humanization can be essentially performed following the method of Winter
and co-workers [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature
332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)], by substituting
rodent CDRs or CDR sequences for the corresponding sequences of a human antibody.
Accordingly, such humanized antibodies are chimeric antibodies (U.S. Pat. No.
4,816,567), wherein substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in which some CDR residues and
possibly some FR residues are substituted by residues from analogous sites in rodent
antibodies.

Human antibodics can also bc produced using various techniqucs known in the
art, including phage display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381
(1991); Marks et al., J. Mol. Biol., 222:581 (1991)]. The techniques of Cole et al. and
Boerner et al. are also available for the preparation of human monoclonal antibodies
(Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985) and
Boerner et al., J. Immunol., 147(1):86-95 (1991)]. Similarly, human antibodies can be
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made by introduction of human immunoglobulin loci into transgenic animals, ¢.g., mice

in which the endogenous immunoglobulin genes have been partially or completely
inactivated. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans in all respects, including gene rearrangement, assembly,
and antibody repertoirc. This approach is described, for cxample, in U.S. Pat. Nos.
5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following
scientific publications: Marks et al., Bio/Technology 10,: 779-783 (1992); Lonberg et
al., Nature 368: 856-859 (1994); Morrison, Nature 368 812-13 (1994); Fishwild et al.,
Nature Biotechnology 14, 845-51 (1996); Neuberger, Nature Biotechnology 14: 826
(1996), and Lonberg and Huszar, Intcrn. Rev. Immunol. 13, 65-93 (1995).

The antibodies of the present invention may be conjugated to a functional
moiety such as a detectable or a therapeutic moiety.

Various types of detectable or reporter moictics may be conjugated to the
antibody of the invention. These include, but not are limited to, a radioactive isotope

[125)iodine), a phosphorescent chemical, a chemiluminescent chemical, a

(such as
fluorescent chemical (fluorophore), an enzyme, a fluorescent polypeptide, an affinity
tag, and molecules (contrast agents) detectable by Positron Emission Tomagraphy
(PET) or Magnetic Resonance Imaging (MRI).

Examples of suitable fluorophores include, but are not limited to, phycoerythrin
(PE), fluorescein isothiocyanate (FITC), Cy-chrome, rhodamine, green fluorescent
protein (GFP), blue fluorescent protein (BFP), Texas red, PE-Cy3, and the like. For
additional guidance regarding fluorophore selection, methods of linking fluorophores to
various types of molecules see Richard P. Haugland, “Molecular Probes: Handbook of
Fluorescent Probes and Research Chemicals 1992-1994, 5th ed., Molecular Probes,
Inc. (1994); U.S. Pat. No. 6,037,137 to Oncoimmunin Inc.; Hermanson, “Bioconjugate
Techniques”, Academic Press New York, N.Y. (1995); Kay M. et al, 1995.
Biochcmistry 34:293; Stubbs ef al., 1996. Biochcmistry 35:937; Gakamsky D. ef al,
“Evaluating Receptor Stoichiometry by Fluorescence Resonance Energy Transfer,” in
“Receptors: A Practical Approach,” 2nd ed., Stanford C. and Horton R. (eds.), Oxford
University Press, UK. (2001); U.S. Pat. No. 6,350,466 to Targesome, Inc.].
Fluorescence detection methods which can be used to detect the antibody when

conjugated to a fluorescent detectable moiety include, for example, fluorescence
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activated flow cytometry (FACS), immunofluorescence confocal microscopy,

fluorescence in-situ hybridization (FISH) and fluorescence resonance energy transfer
(FRET).

Numerous types of enzymes may be attached to the antibody of the invention
[c.g., horscradish pcroxidasc (HRP), beta-galactosidasc, and alkaline phosphatasc (AP)]
and detection of enzyme-conjugated antibodies can be performed using ELISA (e.g., in
solution), enzyme-linked immunohistochemical assay (e.g., in a fixed tissue), enzyme-
linked chemiluminescence assay (e.g., in an electrophoretically separated protein
mixture) or other methods known in the art [see e.g., Khatkhatay MI. and Desai M.,
1999. J Immunoassay 20:151-83; Wisdom GB., 1994. Mcthods Mol Biol. 32:433-40;
Ishikawa E. er al., 1983. J Immunoassay 4:209-327; Ocllerich M., 1980. J Clin Chem
Clin Biochem. 18:197-208; Schuurs AH. and van Weemen BK., 1980. J Immunoassay
1:229-49).

The affinity tag (or a member of a binding pair) can be an antigen identifiable by
a corresponding antibody [e.g., digoxigenin (DIG) which is identified by an anti-DIG
antibody) or a molecule having a high affinity towards the tag [e.g., streptavidin and
biotin]. The antibody or the molecule which binds the affinity tag can be fluorescently
labeled or conjugated to enzyme as described above.

Various methods, widely practiced in the art, may be employed to attach a
streptavidin or biotin molecule to the antibody of the invention. For example, a biotin
molecule may be attached to the antibody of the invention via the recognition sequence
of a biotin protein ligase (e.g., BirA) as described in the Examples section which
follows and in Denkberg, G. et «l, 2000. Eur. J. Immunol. 30:3522-3532.
Alternatively, a streptavidin molecule may be attached to an antibody fragment, such as
a single chain Fv, essentially as described in Cloutier SM. et al., 2000. Molecular
Immunology 37:1067-1077; Dubel S. et al., 1995. J Immunol Methods 178:201; Huston
JS. et al., 1991. Mcthods in Enzymology 203:46; Kiprivanov SM. et al., 1995, Hum
Antibodies Hybridomas 6:93; Kipriyanov SM. et al., 1996. Protein Engineering 9:203;
Pearce LA. et al., 1997. Biochem Molec Biol Intl 42:1179-1188).

Functional moieties, such as fluorophores, conjugated to streptavidin are
commercially available from essentially all major suppliers of immunofluorescence

flow cytometry reagents (for example, Pharmingen or Becton-Dickinson).
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According to some embodiments of the invention, biotin conjugated antibodies

are bound to a streptavidin molecule to form a multivalent composition (e.g., a dimmer
or tetramer form of the antibody).
Table 1 provides non-limiting examples of identifiable moieties which can be

conjugatcd to the antibody of the invention.

Table 1
Identifiable Moiety Amino Acid sequence| Nucleic Acid sequence
(GenBank Accession No.) | (GenBank Accession No.)
Green Fluorescent protein | AAL33912 AF435427
Alkaline phosphatase AAKT3766 AY 042185
Peroxidase CAA00083 A00740
Amino acids 264-269 of | Nucleotides 790-807 of
Histidine tag GenBank Accession No. GenBank Accession No.
AAKO09208 AF329457
Amino acids 273-283 of | Nucleotides 817-849 of
Myc tag GenBank Accession No. GenBank Accession No.
AAK09208 AF329457
Biotin lygase tag LHHILDAQKMVWNHR /
orange fluorescent protein | AAL33917 AF435432
Beta galactosidase ACHA42114 EU626139
Streptavidin AAM49066 AF283893
Table 1.

As mentioned, the antibody may be conjugated to a therapeutic moiety. The
therapeutic moiety can be, for example, a cytotoxic moiety, a toxic moiety, a cytokine
moiety and a second antibody moiety comprising a different specificity to the antibodies

of the invention.
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antibody of the invention are provided in Table 2, hereinbelow.

Table 2

Amino acid sequence

Nucleic acid sequence

Therapeutic moiety (GenBank Accession | (GenBank Accession
No. ) No. )
) ABU63124 — SEQ 1D | EU090068 — SEQ ID
Pseudomonas exotoxin
NO:42 NO:51

AAV70486 — SEQ ID

AYS820132.1 — SEQ ID

NO:46

Diphtheria toxin
NO:43 NO:52
CAA00227 - SEQ ID
interleukin 2 A02159 - SEQ ID NO:53
NO:44
CD3 P07766 — SEQ ID NO:45 | X03884 — SEQ ID NO:54
NP_000560.5 — SEQ ID | NM_000569.6 — SEQ ID
CD16 B B

NO:55

interleukin 4

NP_000580.1 — SEQ ID
NO:47

NM_000589.2 — SEQ ID
NO:56

HLA-A2 P01892 — SEQ ID NO:48 | K02883 — SEQ ID NO:57
M57627 - SEQ ID
intcrlcukin 10 P22301 — SEQ ID NO:49
NO:58
o ) EEF27734 - SEQ 1D | EQ975183 — SEQ ID
Ricin toxin
NO:50 NO:59

The functional moiety may be conjugated to the Vg or the Vi, sequence at either
the N- or C-terminus or be inserted into other protein sequences in a suitable position.
For example, for Pseudomonas exotoxin (PE) derived fusion proteins, either Vg or Vi
should be linked to the N-tcrminus of the toxin or be inscrted into domain 111 of PE. For
Diphtheria toxin-derived antibodies, Vi or Vi is preferably linked to the C-terminus of
the toxin.

It will be appreciated that such fusions can also be effected using chemical

conjugation (i.e., not by recombinant DNA technology).
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The Vu and Vi, sequences for application in this invention can be obtained from

antibodies produced by any one of a variety of techniques known in the art.

Methods of producing polyclonal and monoclonal antibodies are well known in
the art (See for example, Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, Ncw York, 198, incorporatcd herein by reference).

Typically, antibodies are provided by immunization of a non-human animal,
preferably a mouse, with an immunogen comprising a desired antigen or immunogen.
Alternatively, antibodies may be provided by selection of combinatorial libraries of
immunoglobulins, as disclosed for instance in Ward et al (Nature 341 (1989) 544).
Thus any mcthod of antibody production is cnvisaged according to the present teachings
as long as an immunoglobulin antibody is finally expressed in the bacterial host.

The step of immunizing a non-human mammal with an antigen may be carried
out in any manner well known in the art for stimulating the production of antibodies in a
mouse (see, for example, E. Harlow and D. Lane, Antibodies: A Laboratory Manual.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1988)). In a preferred
embodiment, the non-human animal is a mammal, such as a rodent (e.g., mouse, rat,
etc.), bovine, porcine, horse, rabbit, goat, sheep, etc. As mentioned, the non-human
mammal may be genetically modified or engineered to produce "human" antibodies,
such as the Xenomouse™ (Abgenix) or HUMAb-Mouse™ (Medarex). Typically, the
immunogen is suspended or dissolved in a buffer, optionally with an adjuvant, such as
complete Freund's adjuvant. Methods for determining the amount of immunogen, types
of buffers and amounts of adjuvant are well known to those of skill in the art and are not
limiting in any way on the present invention. These parameters may be different for
different immunogens, but are easily elucidated.

Similarly, the location and frequency of immunization sufficient to stimulate the
production of antibodies is also well known in the art. In a typical immunization
protocol, thc non-human animals arc injccted intrapcritoncally with antigen on day 1
and again about a week later. This is followed by recall injections of the antigen around
day 20, optionally with adjuvant such as incomplete Freund's adjuvant. The recall
injections are performed intravenously or intraperitoneally and may be repeated for
several consecutive days. This is followed by a booster injection at day 40, either

intravenously or intraperitoneally, typically without adjuvant. This protocol results in
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the production of antigen-specific antibody-producing B cells after about 40 days. Other

protocols may also be utilized as long as they result in the production of B cells

expressing an antibody directed to the antigen used in immunization.

In an alternate embodiment, lymphocytes from a non-immunized non-human
mammal arc isolated, grown in vitro, and then cxposcd to thc immunogen in ccll
culture. The lymphocytes are then harvested and the fusion step described below is
carried out.

For monoclonal antibodies, the next step is the isolation of splenocytes from the
immunized non-human mammal and the subsequent fusion of those splenocytes with an
immortalized ccll in order to form an antibody-producing hybridoma. The isolation of
splenocytes from a non-human mammal is well-known in the art and typically involves
removing the spleen from an anesthetized non-human mammal, cutting it into small
pieces and squeezing the splenocytes from the splenic capsule and through a nylon
mesh of a cell strainer into an appropriate buffer so as to produce a single cell
suspension. The cells are washed, centrifuged and re-suspended in a buffer that lyses
any red blood cells. The solution is again centrifuged and remaining lymphocytes in the
pellet are finally re-suspended in fresh buffer.

Once isolated and present in single cell suspension, the lymphocytes are fused to
an immortal cell line. This is typically a mouse myeloma cell line, although many other
immortal cell lines useful for creating hybridomas are known in the art.  Preferred
murine myeloma lines include, but are not limited to, those derived from MOPC-21 and
MPC-11 mouse tumors available from the Salk Institute Cell Distribution Center, San
Diego, Calif. U.S.A., X63 Ag8653 and SP-2 cells available from the American Type
Culture Collection, Rockville, Md. U.S.A. The fusion is effected using polyethylene
glycol or the like. The resulting hybridomas are then grown in selective media that
contains one or more substances that inhibit the growth or survival of the unfused,
parcntal mycloma cclls. For cxamplc, if the parcntal mycloma cells lack the cnzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture
medium for the hybridomas typically will include hypoxanthine, aminopterin, and
thymidine (HAT medium), which substances prevent the growth of HGPRT-deficient

cells.
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The hybridomas are typically grown on a feeder layer of macrophages. The

macrophages are preferably from littermates of the non-human mammal used to isolate
splenocytes and are typically primed with incomplete Freund's adjuvant or the like
several days before plating the hybridomas. Fusion methods are described in (Goding,
"Monoclonal Antibodics: Principles and Practice," pp. 59-103 (Academic Press, 1986
The cells are allowed to grow in the selection media for sufficient time for
colony formation and antibody production. This is usually between 7 and 14 days. The
hybridoma colonies are then assayed for the production of antibodies that bind the
immunogen/antigen. The assay is typically a colorimetric ELISA-type assay, although
any assay may bc cmploycd that can be adapted to the wells that the hybridomas arc
grown in. Other assays include immunoprecipitation and radioimmunoassay. The wells
positive for the desired antibody production are examined to determine if one or more
distinct colonies are present. If more than one colony is present, the cells may be re-
cloned and grown to ensure that only a single cell has given rise to the colony producing
the desired antibody. Positive wells with a single apparent colony are typically recloned
and re-assayed to insure only one monoclonal antibody is being detected and produced.
Hybridomas that are confirmed to be producing a monoclonal antibody are then
grown up in larger amounts in an appropriate medium, such as DMEM or RPMI-1640.
Alternatively, the hybridoma cells can be grown in vivo as ascites tumors in an animal.
After sufficient growth to produce the desired monoclonal antibody, the growth
media containing monoclonal antibody (or the ascites fluid) is separated away from the
cells and the monoclonal antibody present therein is purified. Purification is typically
achieved by gel electrophoresis, dialysis, chromatography using protein A or protein G-
Sepharose, or an anti-mouse Ig linked to a solid support such as agarose or Sepharose
beads (all described, for example, in the Antibody Purification Handbook, Amersham
Biosciences, publication No. 18-1037-46, Edition AC, the disclosure of which is hereby
incorporatcd by rcference). The bound antibody is typically cluted from protein A,
protein G or protein L columns by using low pH buffers (glycine or acetate buffers of
pH 3.0 or less) with immediate neutralization of antibody-containing fractions. These
fractions are pooled, dialyzed, and concentrated as needed.
DNA encoding the heavy and light chains of the antibody may be readily

isolated and sequenced using conventional procedures (e.g., by using oligonucleotide
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probes that are capable of binding specifically to genes encoding the heavy and light

chains of antibodies such as murine or human). Once isolated, the DNA can be ligated
into expression vectors, which are then transfected into host cells.

The antibodies according to the invention are typically produced by recombinant
mceans.

The DNA sequences encoding the immunoglobulin light chain and heavy chain
polypeptides may be independently inserted into separate recombinant vectors or one
single vector, which may be any vector, which may conveniently be subjected to
recombinant DNA procedures, and the choice of vector will often depend on the host
ccll into which it is to be introducced.

Methods for recombinant production are widely known in the state of the art and
comprise protein expression in prokaryotic and eukaryotic cells with subsequent
isolation of the antibody and usually purification to a pharmaceutically acceptable
purity.

For the expression of the antibodies as aforementioned in a host cell, nucleic
acids encoding the respective modified light and heavy chains are inserted into
expression vectors by standard methods.

The procedures used to ligate the DNA sequences coding for the polypeptides,
the promoter (e.g., constitutive or inducible) and optionally the terminator sequence,
respectively, and to insert them into suitable vectors containing the information
necessary for replication, are well known to persons skilled in the art (see, for instance,
Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y.,
1989).

Expression is performed in appropriate prokaryotic or eukaryotic host cells like
CHO cells, NSO cells, SP2/0 cells, HEK293 cells, COS cells, PER.C6 cells, yeast, or
bacterial cells, and the antibody is recovered from the cells (supernatant or cells after
lysis).

The present invention contemplates expressing each component of the antibody
in its own individual host cell, or various combinations of the antibody components in
their own host cells. Thus for example, the light chains may be expressed in one host
cell and the heavy chains in another host cell. Alternatively, one light chain and one

heavy chain is expressed in one host cell and the second light chain and the second
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heavy chain is expressed in another host cell. Still alternatively, both the heavy chains

and both the light chains may be expressed in the same host cell.

It will be appreciated that when both the heavy chains and both the light chains
are expressed in the same host cell, in vitro assembly of the chains is not necessary and
only purification of thc antibodics form the conditioncd medium i.c. by protcin A
chromatography is required (See for example: Jackman J, J Biol Chem. 2010 Jul
2;285(27):20850-9. Epub 2010 May 5).

When at least one of the chains is expressed in a different host cell to the other
three chains, in vitro assembly of the chains is required.

According to a spccific cmbodiment, the host cell compriscs bacterial cells.

According to another embodiment the antibodies are generated as inclonals as
described in W02009/107129 incorporated herein by reference.

The bacterial host may be selected capable of producing the recombinant
proteins (i.e., heavy and light chains) as inclusion bodies (i.e., nuclear or cytoplasmic
aggregates of stainable substances).

The host cells (e.g., first host cell and second host cell) used can be of identical
species or different species.

According to specific embodiments of the present invention the host cells are
selected from a Gram-negative bacterium/bacteria.

As used herein "Gram negative bacteria” refers to bacteria having characteristic
staining properties under the microscope, where they either do not stain or are
decolorized by alcohol during Gram's method of staining. Gram negative bacteria
generally have the following characteristics: (i) their cell wall comprises only a few
layers of peptidoglycans (which is present in much higher levels in Gram positive
bacteria); (i) the cells are surrounded by an outer membrane containing
lipopolysaccharide (which consists of Lipid A, core polysaccharide, and O-
polysaccharidc) outside the peptideglycan layer; (iii) porins cxist in the outcr membranc,
which act like pores for particular molecules; (iv) there is a space between the layers of
peptidoglycan and the secondary cell membrane called the periplasmic space; (v) the S-
layer is directly attached to the outer membrane, rather than the peptidoglycan (vi)
lipoproteins are attached to the polysaccharide backbone, whereas in Gram positive

bacteria no lipoproteins are present.
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Examples of Gram-negative bacteria which can be used in accordance with the

present teachings include, but are not limited to, Escherichia coli Pseudomonas, erwinia
and Serratia. 1t should be noted that the use of such Gram-negative bacteria other than
E. coli such as Pscudomonas as a host cell would provide great economic value owing to
both thc mctabolic and physiologic propertics of pscudomonas. Under certain
conditions, pseudomonas, for example, can be grown to higher cell culture densities than
E. coli thus providing potentially greater product yields.

Examples of bacterial expression vectors suitable for use in accordance with the
present teachings include, but are not limited to, pET™ systems, the T7 systems and the
pBAD™ systcm, which arc well known in the art.

Methods of introducing expression vectors into bacterial host cells are well
known in the art and mainly depend on the host system used.

The host cells can either be co-cultured in the same medium, or cultured
separately.

Host cells are cultured under effective conditions, which allow for the
expression of high amounts of recombinant heavy and light chain. Effective culture
conditions include, but are not limited to, effective media, bioreactor, temperature, pH
and oxygen conditions that permit recombinant protein production. An effective
medium refers to any medium in which a bacterium is cultured to produce the
recombinant protein of the present invention. Such a medium typically includes an
aqueous solution having assimilable carbon, nitrogen and phosphate sources, and
appropriate salts, minerals, metals and other nutrients, such as vitamins. Bacterial hosts
of the present invention can be cultured in conventional fermentation bioreactors, shake
flasks, test tubes, microtiter dishes, and petri plates, dependent on the desired amount.
Culturing can be carried out at a temperature, pH and oxygen content appropriate for a
recombinant host. Such culturing conditions are within the expertise of one of ordinary
skill in the art.

Once appropriate expression levels of immunoglobulin heavy and light chains
are obtained, the polypeptides are recovered from the inclusion bodies. Methods of
recovering recombinant proteins from bacterial inclusion bodies are well known in the
art and typically involve cell lysis followed by solubilization in denaturant [e.g., De

Bernardez-Clark and Georgiou, "Inclusion bodies and recovery of proteins from the
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aggregated state” Protein Refolding Chapter 1:1-20 (1991). Sec also Examples section

which follows, under "Expression of Inclonals in E. coli"].

Briefly, the inclusion bodies can be separated from the bulk of cytoplasmic
proteins by simple centrifugation giving an effective purification strategy. They can
then be solubilized by strong denaturing agents like urca (c.g., 8 M) or guanidinium
hydrochloride and sometimes with extremes of pH or temperature. The denaturant
concentration, time and temperature of exposure should be standardized for each protein.
Before complete solubilization, inclusion bodies can be washed with diluted solutions of
denaturant and detergent to remove some of the contaminating proteins.

Finally, thc solubilized inclusion bodics can be dircetly subjected to further
purification through chromatographic techniques under denaturing conditions or the
heavy and light chains may be refolded to native conformation before purification.

Thus, further purification of the reconstituted/refolded heavy and light chain
polypeptides (i.e., solubilized reduced polypeptides) can be effected prior to, and
alternatively or additionally, following refolding.

Methods of antibody purification are well known in the art and are described
hereinabove and in the Examples section which follows. Other methods for purification
of IgG are described in “Purification of IgG and insulin on supports grafted by sialic
acid developing “thiophilic-like” interactions Hamid Lakhiaria and Daniel Mullerb,
Journal of Chromatography B Volume 818, Issue 1, 15 April 2005, Pages 53-59.

Alternatively or additionally, purification can be affinity-based through the
identifiable or therapeutic moiety (e.g., using affinity columns which bind PE38 to
purify antibodies that are fused to PE38).

Further purification of antibodies may be performed in order to eliminate
cellular components or other contaminants, ¢.g. other cellular nucleic acids or proteins,
by standard techniques, including alkaline/SDS treatment, CsCl banding, column
chromatography, agarosc gcl clectrophorcesis, and others well known in the art. Scc
Ausubel, F., et al., ed. Current Protocols in Molecular Biology, Greene Publishing and
Wiley Interscience, New York (1987). Different methods are well established and
widespread used for protein purification, such as affinity chromatography with
microbial proteins (e.g. protein A or protein G affinity chromatography), ion exchange

chromatography (e.g. cation exchange (carboxymethyl resins), anion exchange (amino
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ethyl resins) and mixed-mode exchange), thiophilic adsorption (e.g. with beta-

mercaptoethanol and other SH ligands), hydrophobic interaction or aromatic adsorption
chromatography (e.g. with phenyl-sepharose, aza-arenophilic resins, or m-
aminophenylboronic acid), metal chelate affinity chromatography (e.g. with Ni(ll)- and
Cu(ID)-affinity matcrial), sizc cxclusion chromatography, and clcctrophorctical methods
(such as gel electrophoresis, capillary electrophoresis) (Vijayalakshmi, M.A., Appl.
Biochem. Biotech. 75 (1998) 93-102).

To improve the refolding yield, the reconstituted heavy chains and reconstituted
light chains are provided at a ratio selected to maximize the formation of an intact
antibody. To this cnd, a hcavy to light chain molar ratio of about 1:1to 1:3, 1:1.5 to 1:3,
1:2 to 1:3 is. In an exemplary embodiment the heavy to light chain molar ratio is about
1:1.

When desired the immunoglobulin may be subjected to directed in vitro
glycosylation, which can be done according to the method described by Isabelle
Meynial-salles and Didier Combes. In vitro glycosylation of proteins: An enzymatic
approach. Journal of Biotechnology Volume 46, Issue 1, 18 April 1996, Pages 1-14.

One aspect of the invention is a pharmaceutical composition comprising an
antibody according to the invention. Another aspect of the invention is the use of an
antibody according to the invention for the manufacture of a pharmaceutical
composition. A further aspect of the invention is a method for the manufacture of a
pharmaceutical composition comprising an antibody according to the invention. In
another aspect, the present invention provides a composition, e.g. a pharmaceutical
composition, containing an antibody according to the present invention, formulated
together with a pharmaceutical carrier.

Antibodies and compositions (e.g., pharmaceutical composition) comprising
same may be used in diagnostic and therapeutic applications and as such may be
included in therapeutic or diagnostic kits.

Thus, compositions of the present invention may, if desired, be presented in a
pack or dispenser device, such as an FDA approved kit, which may contain one or more
unit dosage forms containing the active ingredient i.e., antibody. The pack may, for
example, comprise metal or plastic foil, such as a blister pack. The pack or dispenser

device may be accompanied by instructions for administration. The pack or dispenser
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may also be accommodated by a notice associated with the container in a form

prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the
compositions or human or veterinary administration. Such notice, for example, may be
of labeling approved by the U.S. Food and Drug Administration for prescription drugs
or of an approved product insert. Compositions comprising a preparation of the
invention formulated in a compatible pharmaceutical carrier may also be prepared,
placed in an appropriate container, and labeled for treatment of an indicated condition,
as is further detailed above.

Onc usc of the antibody according to thc invention is for the trcatment of
diseases related to inflammation and infections.

As used herein the term “inflammation” refers to any medical condition which
comprises an inflammatory response in which migration of cells (e.g. to the lymph
nodes) contributes to inflammation onset or progression.

A number of diseases and conditions, which involve an inflammatory response,
can be treated using the methodology described hereinabove including both chronic
inflammatory diseases and acute inflammatory diseases.

Examples of such disecases include inflammatory discases associated with
hypersensitivity.

Examples of hypersensitivity include, but are not limited to, Type 1
hypersensitivity, Type 1l hypersensitivity, Type Il hypersensitivity, Type 1V
hypersensitivity, immediate hypersensitivity, antibody mediated hypersensitivity,
immune complex mediated hypersensitivity, T lymphocyte mediated hypersensitivity
and DTH.

Other types of inflammatory diseases which may be treated with the bifunctional
antibodies disclosed herein are autoimmune diseases, infectious diseases, graft rejection
discascs, allergic discascs and canccrous discascs.

The term "cancer” as used herein refers to proliferative diseases including by not
limited to carcinoma, lymphoma, blastoma, sarcoma, and leukemia. Particular examples
of cancerous discases but are not limited to: Myeloid leukemia such as Chronic
myelogenous leukemia. Acute myelogenous leukemia with maturation. Acute

promyelocytic leukemia, Acute nonlymphocytic leukemia with increased basophils,
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Acute monocytic leukemia. Acute myelomonocytic leukemia with cosinophilia;

Malignant lymphoma, such as Birkitt's Non-Hodgkin's; Lymphocytic leukemia, such as
Acute lumphoblastic leukemia. Chronic lymphocytic leukemia; Myeloproliferative
diseases, such as Solid tumors Benign Meningioma, Mixed tumors of salivary gland,
Colonic adcnomas; Adcnocarcinomas, such as Small ccll lung cancer, Kidney, Uterus,
Prostate, Bladder, Ovary, Colon, Sarcomas, Liposarcoma, myxoid, Synovial sarcoma,
Rhabdomyosarcoma (alveolar), Extraskeletel myxoid chonodrosarcoma, Ewing's tumor;
other include Testicular and ovarian dysgerminoma, Retinoblastoma, Wilms' tumor,
Neuroblastoma, Malignant melanoma, Mesothelioma, breast, skin, prostate, and
ovarian.

Treatment of diseases may be effected by administering the antibody alone, or
together with a carrier as a pharmaceutical composition.

As used herein, "pharmaceutical carrier" includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. Preferably, the carrier
is suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal
administration (e.g. by injection or infusion).

A composition of the present invention can be administered by a variety of
methods known in the art. As will be appreciated by the skilled artisan, the route and/or
mode of administration will vary depending upon the desired results. To administer a
compound of the invention by certain routes of administration, it may be necessary to
coat the compound with, or co-administer the compound with, a material to prevent its
inactivation. For example, the compound may be administered to a subject in an
appropriate carrier, for example, liposomes, or a diluent.

Pharmaceutically acceptable diluents include saline and aqueous buffer
solutions. Pharmaceutical carriers include sterile aqueous solutions or dispersions and
sterile powders for the cxtemporancous prcparation of sterile injectable solutions or
dispersion. The use of such media and agents for pharmaceutically active substances is
known in the art.

The phrases "parenteral administration” and "administered parenterally” as used
herein means modes of administration other than enteral and topical administration,

usually by injection, and includes, without limitation, intravenous, intramuscular, intra-
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arterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,

transtracheal, subcutaneous, subcuticular, intra-articular, subcapsular, subarachnoid,
intraspinal, epidural and intrasternal injection and infusion.

These compositions may also contain adjuvants such as preservatives, wetting
agents, cmulsifying agents and dispersing agents.  Prevention of prescnce of
microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of wvarious antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, and the like into the compositions.

In addition, prolonged absorption of the injcctablc pharmaccutical form may be
brought about by the inclusion of agents which delay absorption such as aluminum
monostearate and gelatin.

Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically acceptable
dosage forms by conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present invention may be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to the
patient. The selected dosage level will depend upon a variety of pharmacokinetic factors
including the activity of the particular compositions of the present invention employed,
the route of administration, the time of administration, the rate of excretion of the
particular compound being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compositions
employed, the age, sex, weight, condition, general health and prior medical history of
the paticnt being treated, and like factors well known in the medical arts.

The composition must be sterile and fluid to the extent that the composition is
deliverable by syringe. In addition to water, the carrier preferably is an isotonic buffered
saline solution.

Proper fluidity can be maintained, for example, by use of coating such as

lecithin, by maintenance of required particle size in the case of dispersion and by use of
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surfactants. In many cases, it is preferable to include isotonic agents, for example,

sugars, polyalcohols such as mannitol or sorbitol, and sodium chloride in the
composition.

Other contemplated uses of the bispecific antibodies of the present invention
includc purification of analytcs; in immunohistochemistry and cnzymce immunoassays;
for radioimaging and radioimmunotherapy and for drug delivery

Other contemplated uses are set forth in Cao Y, Suresh MR. Bispecific
antibodies as novel bioconjugates. Bioconjug Chem. 1998 Nov-Dec;9(6):635-44,
incorporated herein by reference.

As used herein the term “about” refers to + 10 %.

The terms "comprises”, "comprising”, "includes", "including", “having” and
their conjugates mean "including but not limited to".

The term “consisting of means “including and limited to”.

The term "consisting essentially of' means that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the
additional ingredients, steps and/or parts do not materially alter the basic and novel
characteristics of the claimed composition, method or structure.

As used herein the term "method" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,
means, techniques and procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners of the chemical,
pharmacological, biological, biochemical and medical arts.

As used herein, the term “treating” includes abrogating, substantially inhibiting,
slowing or reversing the progression of a condition, substantially ameliorating clinical or
aesthetical symptoms of a condition or substantially preventing the appearance of
clinical or aesthetical symptoms of a condition.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described

embodiment of the invention. Certain features described in the context of various
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embodiments are not to be considered essential features of those embodiments, unless

the embodiment is inoperative without those elements.
Various embodiments and aspects of the present invention as delineated
hereinabove and as claimed in the claims section below find experimental support in the

following cxamplcs.

EXAMPLES

Reference is now made to the following examples, which together with the above
descriptions illustrate some embodiments of the invention in a non limiting fashion.

Gencrally, the nomenclaturc uscd hercin and the laboratory procedurcs utilized
in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology” Volumes I-11I Ausubel, R. M., ed.
(1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and Sons,
Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John
Wiley & Sons, New York (1988), Watson et al, "Recombinant DNA", Scientific
American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series”, Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (199%8);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659
and 5,272,057, "Cell Biology: A Laboratory Handbook", Volumes I-111 Cellis, J. E., ed.
(1994); "Culture of Animal Cells - A Manual of Basic Technique"” by Freshney, Wiley-
Liss, N. Y. (1994), Third Edition; "Current Protocols in Immunology" Volumes I-III
Coligan J. E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology" (8th
Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected
Methods in Cellular Immunology”, W. H. Freeman and Co., New York (1980);
availablc immunoassays arc cxtensively described in the patent and scientific litcrature,
see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3.,850,578;
3,853,987, 3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345;
4,034,074, 4,098,876, 4,879,219; 5,011,771 and 5,281,521, "Oligonucleotide
Synthesis” Gait, M. J., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and
Higgins S. J., eds. (1985); "Transcription and Translation" Hames, B. D., and Higgins
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S. J., eds. (1984); "Animal Cell Culture" Freshney, R. 1., ed. (1986); "Immobilized

Cells and Enzymes" IRL Press, (1986); "A Practical Guide to Molecular Cloning"
Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-317, Academic Press; "PCR
Protocols: A Guide To Methods And Applications”, Academic Press, San Diego, CA
(1990); Marshak ct al., "Stratcgics for Protcin Purification and Charactcrization - A
Laboratory Course Manual" CSHL Press (1996); all of which are incorporated by
reference as if fully set forth herein. Other general references are provided throughout
this document. The procedures therein are believed to be well known in the art and are
provided for the convenience of the reader. All the information contained therein is

incorporatcd herein by reference.

MATERIALS AND METHODS FOR EXAMPLES 1-4

Construction of expression vectors for heavy and light chains: The vector for
production of antibody heavy and light chains in E. coli were constructed on the
backbone of pHAK vectors (Hakim and Benhar, 2009). The heavy chains vectors were
modified at the CH2-CH3 constant regions using Kunkel mutagenesis (Kunkel, 1985) to
contain heavy-heavy heterodimer-preferable mutations according to "knobs-into-holes"
approach (Merchant et al., 1998). To that end, DNA of the pHAK-IgH vector was
prepared in E. coli CJ236 strain, infected with M13KO7 helper phage and released
single-stranded uracil-containing plasmid DNA was collected the next day using
phenol-chloroform purification. The DNA samples were incubated with either primer 1
(for introduction of "knob" mutations) or the mixture of primer 2, primer 3 and primer 4
(for introduction of "hole" mutations) (Table 3, herein below) in TM buffer (0.01 M
MgCl,, 0.05 M Tris pH 7.5). In the next step, the DNA samples were incubated in
presence of T7 polymerase and T4 ligase enzymes (supplied by 0.4 mM ATP, 0.4 mM
dNTPs, 6mM DTT) and transformed into DH5a £. coli bacteria. The resulted constructs
were named pHAK-HC-knob (carrying mutations T366W, S354C) and pHAK-HC-holc
(carrying mutations T366S, L368A, Y407V, Y349C). The mutation-containing regions
were subcloned using Nsil-Ndel restriction enzymes into pHAK-IgH-PE38 wvector
(Hakim and Benhar, 2009) that resulted in pHAK-HC-knob-PE38 and pHAK-HC-hole-
PE38 vectors. The above constructs provided expression of antibody heavy chain fused

to PE38 toxin.
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Table 3
Primer | Sequence 5'to 3’ Notes
name
Primerl | GAAGCCTTTGACCAGGCAccaCAG | Reverse primer for Kunkel
S—C:T | GCTGACCTGGTTCTTGGTCATCTC | mutagenesis that provides S354C
—-W CTCCCGGcATGGGGGCAGGGTGT | and T366W replacements on
ACAC-SEQIDNO: 1 pHAK-IgH vector.
Primer2 | GGATGGGGGCAGGGTGcACACCT | Reverse primer for Kunkel
Y—C GTGGTTCTCGG - SEQ ID NO: 2 mutagenesis that provides Y349C
replacement on pHAK-IgH vector.
Primer3 | GGATAGAAGCCTTTGACCgcGC Reverse primer for Kunkel
T—S:L | AGcTCAGGCTGACCTGGTTCTTG mutagenesis that provides L368A
—A —SEQID NO: 3 and T366S rcplacements on pHAK-
IgH vector.
Primerd | GTCCACGGTGAGCTTGCTAacG Reversce primer for Kunkel
Y-V AGGAAGAAGGAGCCGTC mutagenesis that provides Y407
—SEQID NO: 4 replacement on pHAK-IgH vector.
PrimerS | ATATACATATGGACATTGTGCTG | Forward primer for PCR
Nedel amplification of variable region of
—-SEQID NO: 5 light chain on pHAK-T427-IgL.
vector
Primer6 | tatatacgtacgTTTGATTTCCAGTTTGG | Reverse primer for A104C
il replacement in variable domain of
TGCCgcaACCGAACGTCCGAGG T427-IgL.
—SEQID NO: 6
Primer7 | tatataGAATTCTTACTCTCCCCTGTT | Reverse primer for removal of
feotd C218 amino acid codon from light
GAAGCTCTTTGTG chain sequence.
—SEQID NO: 7
Primer8 | AAACAGAGGCCTGGACAGIGTC Forward primer for G44C
Stul replacement in variable domain of
TGGAATGGATTG T427-1gH.
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—SEQID NO: 8
Primer9 | tatataGCTAGCGGAGGAGACTGTG | Reverse primer for PCR
hel amplification of variable region of
AG heavy chain on pHAK-T427-IgH
—SEQID NO: 9 vector.
Primerl | GCCCAAATCTgeccGACAAAACTCA | Forward primer for C222A
0 CACATGCCCACC replacement in heavy chain
—SEQID NO: 10 constant region on pHAK-IgH
vector.
Primerl | TGTGTGAGTTTTGTCggcAGATTTG | Reverse primer for C222A
1 GGCTCAACTCTCTTG replacement in heavy chain
—SEQID NO: 11 constant region on pHAK-IgH
vector.
Primerl | GAGGAGATGACCAAGAACCAGGT | Reverse primer for amplification of
2 —SEQID NO: 12 hcavy chain constant rcgion of
pHAK-IgH vector.
Primer]l | atataCATATGCAGGTCAAACTGC Forward primer for amplification of
3 Nde heavy chain variable region of
—SEQID NO: 13 pHAK-T427-1gH vector.

To provide for efficient pairing of the heavy-light chains, the native interchain
di-sulfide bond was replaced with an engineered bond at an alternative position in one
IgH/lglL pair. The mutations that were inserted in pHAK-LC-Cys were A104C in Vi,
and a C218del in C-Kappa. The mutations that were inserted in pHAK-HC-Cys were
A44C in Vg and C222A in CH1. The construction of pHAK-LC-Cys vector included
two sequential cloning steps. First, the light chain variable domain of the selected
antibody was amplified with primer 5 and primer 6, digested with Ndel-BsiWi
restriction enzymes and cloned to pHAK-IgL previously digested with the same
enzymes. The resulted vector served as a template for amplification of IgL with primer
5 and primer 7, which was digested with Ndel-EcoRI enzymes and cloned to pHAK-IgL.
(Ndel-EcoRI digested). In order to construct pHAK-HC-Cys (A44C), the heavy chain

variable region of sclected antibody was amplified with primer 8 and primer 9,
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following Stul-Nhel digestion and cloning into pHAK-IgH vector. The insertion of the

C222A mutations into CH1 was carried out by amplification of two of the two PCR
fragments that were generated by either 10 and 12 primers or 11 and 13 primers,
followed by assembly PCR with primer 12 and primer 13. The assembled DNA
fragment was digested with Ndel and BsrGI restriction cnzymes and cloned into
previously constructed pHAK-HC-Cys (A44C) vector.

The combined pHAK-HC-Cys-knob vector (A44C, C222A, T366W, and
S354C) was constructed by insertion of Ndel-Sacll digested region of pHAK-HC-Cys
to pHAK-HC-knob vector. The light or heavy variable regions of desired antibody were
cloncd on cither pHAK-LC-bascd vector (using Ndel-Bsi W1 subcloning) or pHAK-HC-
based vector (using Ndel-Nhel subcloning).

IgG production in E. coli: Heavy and light chains constructs based on pHAK-
IgH and pHAK-IgL, respectively, were expressed in separate £. coli BL21 (DE3)
pUBS3500 bacterial cultures as inclusion bodies. The inclusion bodies were purified,
denatured, mixed and refolded according to the Inclonals IgG production method
(Hakim and Benhar, 2009). For bispecific 1gG production the complement heavy chains
were added at 1:1 molar ratio. The same rule was applied for the light chains.

Protein A purification: Following the refolding process 1gG and IgG-based
fusion proteins were loaded on a protein A affinity column and separated from bacterial
contaminants and not efficiently refolded proteins. The proteins were eluted with 0.1
mM citric acid neutralized with 1M Tris (HCL) pH 8.5 followed by dialysis against 20
mM phosphate buffer solution (PBS) pH 7.4. The protein final concentration was
determined by absorbance at 280 nm.

Gel filtration chromatography: Gel filtration analysis was carried out on
Amersham Pharmacia AKTA FPLC System to determine the molecular mass of the
purified antibodies. The protein A purified proteins were applied to a Superdex 200
column, previously cquilibratcd with PBS (pH 7.4), and scparatcd using the same buffer
at a flow rate of 0.5 ml/min. The molecular weight of examined IgG-like proteins was
determined by comparing its elution volume with that of standard IgG (150 kDa) and
IgG-based immunotoxin 1gG-PE38 (225 kDa).

SDS-PAGE analysis: Polyacrylamide gel electrophoresis of proteins was

performed according to Laemmli (Laemmli, 1970) 1/5 volume of 5x sample buffer was
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added to the protein samples followed by boiling for 5 min prior to the loading onto the

gel. 7.5 %, 10 % and 12 % mini-gels were run at 120 V. For evaluation of full length
IgG, the non-reduced samples (without P-mercaptocthanol) were loaded, while the
reduced protein samples separated into heavy and light chains components. Gels were
staincd with Coomassic bluc solution (0.05 % Coomassic R-250, 20 % cthanol, 10 %
glacial acetic acid) for 2 hours and washed in destain solution (20 % ethanol, 10 %
glacial acetic acid) until protein bands could be clearly seen. The protein band density
was analyzed by ImageMaster 1D scanning laser densitometer (Pharmacia, Sweden).
Gels that were stained were loaded with 20ug of protein per lane for non-purified
fraction or 3-5 pg for purificd protcins. Gels that were further proccsscd by
immunoblotting were loaded with 1/10 that quantity.

Western blot analysis: Proteins resolved by SDS-PAGE were electro-transferred
onto the nitrocellulose membrane according to (Towbin et al.,, 1992). The membrane
was blocked for at least 1 hour with PBS containing 5 % non-fat milk powder at room
temperature with slow agitation. The membrane was washed with PBS followed by
incubation HRP conjugated goat-anti-human secondary antibodies (Jackson
Immunoresearch Laboratories, West Grove, PA). After three washes with PBS
containing 0.05 % Tween-20 (PBST) and one wash with PBS the nitrocellulose filter
was developed with the SuperSignal West Pico Chemiluminescent Substrate (Thermo
Scientific, USA) as described by the vendor.

ELISA analysis: The antigen binding by mono- and bispecific lgGs was
determined as follows: the 96-well ELISA plate was coated with 5 pg/ml of pure
antigen in PBS 100 ul/well for overnight at 4 °C and blocked with 3 % skim milk (in
PBS) for 1 hour at 37 °C. All subsequent steps were carried out at room temperature
(25°C). Protein A purified proteins were applied onto the plates in a three-fold dilution
series in PBST for 1 hour incubation and washed with PBST for three times. Following
the 1 hour incubation with HRP conjugatcd sccondary antibodics (1:5000 dilution in
PBST, 100 ul/well), the plates were washed in PBST and developed using chromogenic
HRP substrate TMB and colour development was terminated with 1M H,80,. The

plated were read at 450 nm.



10

15

20

25

30

WO 2012/123949 PCT/IL2012/050093

50
EXAMPLE 1

Production of full-length IgG in E. coli using Inclonals method

The Inclonals method for production of full-length I1gG in £. coli bacteria
(Hakim and Benhar, 2009) includes using pHAK-lgH and pHAK-IgL vectors for
production of IgH and IgLl., rcspectively in scparate bacterial culturcs. The variable
regions of heavy and light chains define the antibody specificity while the constant
region is common for each vector. The protein expression, purification and refolding
was carried out according to the Inclonals protocol and the purified proteins were
evaluated using SDS-PAGE, Western blot, size exclusion chromatography and antigen
binding analysis. As opposcd to mono-spccific antibody, the bispccific 1gGs consists of
2 different heavy chains and 2 different light chains, thus expression and refolding steps

include concomitant work with 4 proteins.

EXAMPLE 2
Construction and evaluation of heavy-heavy chain heterodimers

The "knobs-into-holes" approach (Ridgway et al., 1996) was implemented as a
solution to preferable heterodimerization of different heavy chains for bispecific 1gG
production in £. coli. It was previously demonstrated that introduction of 4 mutations
(T366W in "knob" heavy chain and T3668S, L368A, Y407V in "hole” heavy chain) and
the asymmetric disulfide bond (S354C and Y349C on complement heavy chains)
provided high (>95%) heterodimerization level of heavy chains in 1gG produced in
mammalian cells (Merchant et al., 1998), (Figure 1A). The above mutations were used
for construction of pHAK-HC-knob and pHAK-HC-hole vectors that were used for
expression and examination of heavy chains, while the common unmodified light chain
served for all IgG constructs (Figure 2A-H). T427 (anti-CD30) and FRP5 (anti-erbB2)
antibodies were used as model IgGs for method evaluation (Harwerth et al., 1992;
Nagata ct al., 2004). The antibody hcavy and light chains were cxpressed as inclusion
bodies, purified by centrifugation and analyzed by SDS-PAGE (Figure 3). The refolding
of 4 antibody chains together followed by protein A purification according to Inclonals
protocol enabled production of full-length IgG.

For detailed characterization of heterodimerization yield the "hole-heavy"” chain

was expressed as fusion protein with PE38 toxin (Kreitman et al., 1992) that provided
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additional 38 kDa to protein molecular weight. As illustrated in Figures 4A-B, using

SDS-PAGE analysis it was possible to distinguish between the homodimer of "knob"
heavy chains (150 kDa), the homodimer of "hole" toxin-fused heavy chains (230 kDa)
and the heterodimer of two different heavy chains (190 kDa). Figure 4B demonstrates
that Inclonals' produced T427 "knobs-into-holes" antibody migrated as 190 kDa band
on a non-reducing polyacrylamide gel and could be separated to 3 components (IgL,
IgH and IgH-PE38) under reducing conditions.

The attempt to produce "knob-knob" and "hole-hole" versions of IgG by
supplying the refolding solution with only one heavy chain type (either "knob" or
"holc") resulted in assembly failure of IgG and performance of partial-sized molccules
(Figures SA-B).

The evaluation of bispecific inclonals "knobs-into-holes" antibodies using size-
exclusion chromatography demonstrated that protein majority migrated as a 190 kDa
molecules while only small protein fraction represented homodimers (Figure 6). Density
analysis SDS-PAGE of the Inclonals “knobs-into-holes” antibody concluded that >90 %
of £. coli produced 1gGs underwent heavy chains heterodimerization (Figures 7A-C).

In order to evaluate the binding activity of bispecific molecules the "knobs-into-
holes” bispecific T427-FRP5 antibody was constructed. This IgG consisted of 4
different chains: FRP5-knob and T427-hole-PE38& heavy chains, and FRP5 wt and T427
wt light chains. The PE38 toxin in this construct was used as a detection signal for T427
heavy chain presence. The mono-specific T427 and FRP5 IgGs served as controls.
Using indirect ELISA the present inventors demonstrated the antibodies’ binding ability
to cach one of its antigens (erbB2 for FRP5 (Figure 8A) and CD30 for T427 (not
shown)). The special ELISA (Figure 8B) analysis examines the antibody binding to
FRP3 antigen while T427-PE38 chain was detected. This assay demonstrated the
presence of T427-FRP5 heterodimer that was able to bind its’ two antigens.

EXAMPLE 3
Construction and evaluation of heavy-light chains specific pairing
In order to introduce the disulfide bond between the two variable domains to
replace the native heavy-light interchain S-S bond, the T427 antibody was used. This

antibody has been extensively studied and its’ cysteine positions for dsFv have been
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well defined (Nagata et al., 2004). Vectors pHAK-HC-Cys and pHAK-LC-Cys were

constructed by replacement of conventional cysteine position by dsFv defined. The
production of dsFv-like modified mono-specific IgG demonstrated the efficient
formation of full length 1gG stabilized by a single dsFv-like heavy-light interchain S-S
bond (Figurc 9, lanc 3).

The construction of pHAK-HC-Cys-knob enabled the production of fully
bispecific full length T427-FRP5 IgG (Figure 9, lane 4). Heterodimerization of heavy
chains was provided by “knobs-into-holes” strategy and heavy-light pair matching was
ensured by asymmetric interchain disulfide bond. Further, the 1gG refolding solutions
provided with unpaircd hcavy and light chains did not gencrate complete IgG molccules
(Figure 10).

EXAMPLE 4
Two additional bispecific antibodies were produced, purified and evaluated, as
described above in the materials and methods.

1. T427-0SA lgG: binding to CD30 and streptavidin (SA). The bispecific antibody
consisted of 4 chains: Igl.-T427-Cys (Cys104:Cys218del), [gH-T427-knob-Cys
(Cysd4:Cys222Ala  +  S354C:T366W), Igl-aSA and IgH-aSA-hole
(Y349C:T366S:L368A:Y407V).

2. T427-oPE (B11 clone) IgG: binding to CD30 and PE38 (Pseudomonas exotoxin
38kDa fragment). The bispecific antibody consisted of 4 chains: IgL-T427-Cys
(Cys104:Cys218del), IgH-T427-knob-Cys (Cysd44:Cys222Ala +
S354C.T366W), IgL-oPE and IgH-aPE-hole (Y349C:T366S:L.368A:Y407V).

The anti-streptavidin (aSA) and anti-PE B11 clone (0PE) antibodies were isolated
as scFvs by affinity selecting the "Ronitl" antibody phage display library (Azriel-
Rosenfeld et al., 2004, ] Mol Biol 335, 177-92). The heavy and light domains were
cloned into the pHAK-IgH-hole and pHAK-IgL, respectively (as mentioned above).
The chains were produced in E. coli bacteria as inclusion bodies, purified by
centrifugation and analyzed by SDS-PAGE electrophoresis (Figure 11). The appropriate
heavy and light chains were mixed, refolded and purified by Protein A affinity
purification for production of mono-specific T427, aSA, oPE and bispecific T427-aSA
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and T427-0PE antibodies according to Inclonals protocol (Hakim and Benhar, 2009).

The antibodies were analyzed by ELISA for binding activity to each antigen (Figures 12

and 13). As shown, these bispecific antibodies were successfully produced and bound

the two antigens according to the specificities of the two arms. Specificity was

demonstrated by negligible binding to bovine scrum albumin (BSA).

MATERITALS AND METHODS FOR EXAMPLES 5-9

Construction of pDual vectors for expression of IgGs in mammalian cells: The
vector for production of antibody heavy and light chains in £. coli were constructed on
the backbonc of pMAZ vectors (Mazor Y., ct al. J Immunol Mcthods. 2007 Apr
10;321(1-2):41-59.). Two bi-cistronic pMAZ vectors were constructed - pMAZ-IgH
that carried the heavy chain and a Neomycin selection marker; and pMAZ-Igl. that
carried the light chain and a hygromycin selection marker. IgG expression was mediated
by co-transfection of the two vectors, followed by double drug selection for obtaining
stable transfectants.

The pDual vector was based on pMAZ-IgH vector that was previously mutated
using IgH-Apadel-Nhel-For and IgH-BsrGI-Rev primers in order to delete the Apal
restriction site in the constant region. The next step was the construction of pCMV-IgL-
term cassette and cloning it between the Kpnl-EcoRI restriction sites of pMAZ-1gH-
Apadcl vector. The pCMV-Igl-term casscttc was built by assembly of thrcc PCR
products that included: 1) amplification of pCMV promoter using pCMV-Kpnl-For and
pCMV-Rev primers that provided the replacement of BssHI by Apal restriction site (this
Apal site will be unique in the plasmid since the Apal site that was present in the Fc
coding region was mutated); 2) amplification of the T427 light chain antibody (VL+LC)
using T427L-For and T427L-Rev primers that provided the replacement of Xbal by
Notl restriction site; 3) amplification of the BGH polyadenylation site using BGH-
polyA-For and BGH-polyA-EcoRI-Rev primers. The above PCR products were
assembled into pCMV-IgL-term cassctte by overlap-extension polymerase chain
reaction (assembly PCR) followed by digestion with Kpnl and EcoRI restriction
enzymes and cloning into pMAZ-IgH-Apadel vector as described above. The resulted
vector was named pDual that was further used for cloning of variable domains of

different antibodies using Apal-BsiW1 restriction sites for VL (kappa light chains, for
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lambda light chains, a separate vector is required that carries a lambda light chain, into

which V-lambda variable domain should be cloned as Apal-Avrll restriction fragments)
and BssHI-Nhel restriction sites for VH.

A similar pDual vector was constructed that carries the hygromycin selection
marker.

The list of primers used for generating the above described pDual vectors is
summarized in Table 4, herein below.

Table 4

Primer name | Sequence 5' to 3' Notes

IgH-Apadel- | tcctcaGCTAGCaccaagggAceatcggtcttceccctg | Forward primer for

Nhel-For Nhel removal of Apal
restriction site at [gH
SEQ ID NO: 60 constant domain by
silent mutation
IgH-BsrGl- | gecagggTGTACAcctgtggttc Reverse primer for 1gH-
Rev BsrGl Apadel-Nhel-For
SEQ ID NO: 61
pCMV- actgaaccttggagtcaGGTACCacattgat Forward primer for
Kpnl-For Kpnl amplification of CMV
Tattgagtagttattaatag promoter

SEQ ID NO: 62

pCMV-Rev | GGGCCCctgtgpgagagaaagycaaagtggaty Reverse primer for
Apal amplification of CMV
promoter and insertion
SEQ ID NO: 63 of Apal restriction sitc
between ER secretion

signal and VL antibody

region.
T427L-For | ctttgcctttetetccacagGGGCCCactecgac Forward primer for
Apal amplification of T427
attgtgctgacccaatc IgL and assembly with

SEQ ID NO: 64 pCMYV fragment.




10

15

WO 2012/123949 PCT/IL2012/050093
55
T427L-Rev | cggtttaaaaaacgggacctetggaGCGGCCGCtt Reverse primer for
Notl amplification of T427
attaacactctcccctgttgaagcetetttgtg IgL that allows the
SEQ ID NO: 65 replacement of Xbal by
Notl restriction site.
BGH-polyA- | tccagaggtcecgttttttanaccggttttttaaaccgetg Forward primer for
For atcagecteg amplification of
SEQ ID NO: 66 polyadenylation site and
assembly with T427 Igl
fragment.
BGH-polyA- | tagctcgatccgtecgagaGAATTCecccageat Reverse primer for
EcoRI-Rev EcoR1 amplification of
gectgctattg polyadenylation site.
SEQ ID NO: 67

Transfection of HEK293 T-REx™ cells: The calcium-phosphate transfection
method was applied for introducing 1 ug of the pDual or pMAZ plasmids into T-REx
293 cells, seeded 3x10° cells/well on 6-well plate 24 hours before transfection. For
transient transfection, the medium samples were collected 24, 48 and 72 hours post
transfection. In order to obtain the stable transfectants, the cells were harvested 24 hours
post transfection and seeded on DMEM supplemented with appropriate antibiotics (1.2
mg/ml G418 and 0.2 mg/ml Hygromycin). The stable clones were collected and their
media were evaluated for the presence of antibody.

IgG production in HEK293 T-REx™ cells: The previously obtained stable
clones were transferred to tissue culture flasks (250 cm?) in DMEM supplement with
0.9 mg/ml G418 and 0.15 mg/ml Hygromycin (75 % of the regular concentration). The
next day (or when the cells reached 80% confluence) the medium was changed to 50 %
DMEM (+L-Glu, PNS and bovinc scrum) and 50 % DCCMI1 (+L-Glu, PNS, scrum
free) + 75% of antibiotics concentration (0.9 mg/ml G418 and 0.15 mg/ml of
Hygromycin) for 24 hours. The next day the medium was changed to 100 % serum free

DCCM1 (+L-Glu, PNS). The DCCM1 media from cells were collected every 2-4 days
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and gently changed to new serum-free media. It was possible to collect up to 4 harvests

from the flask.

Protein A purification of IgG produced in mammalian cells: The collected
DCCM1 medium from antibody secreting cells was centrifuged at 5500 rpm for 15
minutcs and filtered using 0.45um filtrap. The mcdium was diluted 1:20 with x20
concentration phosphate buffer (400mM) to final concentration of 20 mM Na,HPO,4 and
20 mM NaH,PO, and the mixture was loaded onto protein A column at a flow rate of 1
ml/min. The proteins were eluted with 0.1 mM citric acid (pH 3), neutralized with 1M
Tris (HCI) pH 8.5 which was followed by dialysis against 20 mM phosphate buffer
solution (PBS) pH 7.4. The protcin final concentration was detcrmined by absorbance at
280 nm.

ELISA analysis: The antigen binding by mono- and bispecific TgGs was
determined as follows: 96-well ELISA plates were coated with 5 pg/ml of pure antigen
in PBS 100 ul/well for overnight at 4 °C and blocked with 3 % milk (in PBS) for 1 hr at
37°C. All subscquent steps were carricd out at room temperature (25 °C). Protein-A
purified proteins (or conditioned media) were applied onto the plates in a three-fold
dilution series in PBST for 1 hour incubation and washed with PBST for three times.
Following the 1 hour incubation with HRP-conjugated secondary antibody (1:5000
dilution in PBST, 100 ul/well), the plates were washed in PBST and developed using
chromogcnic HRP substratc TMB and colour devclopment was terminated with 1 M
H>S04. The plates were read at 450 nm.

Cell ELISA analysis: The A431/CD30 (expressing CD30, target antigen for
T427) and SKBR3 (expressing ErbB2, target antigen for FRP5) cell lines were
maintained in DMEM supplemented by 10 % fetal calf serum, 1 % L-glutamine and 1
% penicillin-streptomyein and grown at 37 °C with 5 % CO,. The cells (2x10%/well)
were seeded onto 96-well tissue culture plates in 100 pl medium and grown at 37 °C for
overnight. Following the overnight growth the medium was gently poured out and the
cells were fixed with 3 % glutaraldehyde solution in water for 15 minutes at room
temperature. The cells were washed with PBS and blocked with 5 % BSA in PBS for 2
hours at 37 °C. All subsequent steps were carried out according the regular ELISA

protocol at room temperature (25 °C).
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Dot blot analysis: The 100 pl samples of 72 hours post-transfection cell

conditioned media were diluted in an equal volume of PBS and applied via a vacuum
manifold onto a nitrocellulose membrane filter using a dot-blot apparatus (Schleicher
and Schuell, USA). After blocking the membranes with 3 % (v/v) non-fat milk in PBS
for 1 hour at 37°C, thc membranc was washcd bricfly with PBS followed by incubation
with goat-anti-human HRP conjugated secondary antibody for 1 hour at room
temperature. After three washes with PBS the membrane was developed with the ECL
reagent (Pierce, USA).

SDS-PAGE analysis: Polyacrylamide gel electrophoresis of proteins was
performed according to Lacmmli (Lacmmli, 1970) 1/5 volumc of 5x sample buffcr was
added to the protein samples followed by boiling for 5 minutes prior to loading onto the
gel. 7.5 %, 10 % and 12 % mini-gels were run at 120 V. For evaluation of full length
IgG, non-reduced samples (without B-mercaptoethanol) were loaded, while the reduced
protein samples separated into heavy and light chains components. Gels were stained
with Coomassic bluc solution (0.05 % Coomassic R-250, 20 % cthanol, 10 % glacial
acetic acid) for 2 hours and washed in destain solution (20 % cthanol, 10 % glacial
acetic acid) until protein bands could be clearly seen. The protein band density was
analyzed by ImageMaster 1D scanning laser densitometer (Pharmacia, Sweeden). Gels
that were stained were loaded with 20 pg of protein per lane for non-purified fraction or
3-5ug for purificd protcins. Gels that were further processed by immunoblotting were
loaded with 1/10 that quantity.

Western blot analysis: Proteins resolved by SDS-PAGE were electro-transferred
onto the nitrocellulose membrane according to (Towbin et al., 1992). The membrane
was blocked for at least 1 hour with PBS containing 5 % non-fat milk powder at room
temperature with slow agitation. The membrane was washed with PBS followed by
incubation HRP conjugated goat-anti-human secondary antibodies (Jackson
Laboratories, West Grove, PA). After three washes with PBS containing 0.05 % Tween-
20 (PBST) and one wash with PBS the nitrocellulose filter was developed with the
SuperSignal West Pico Chemiluminescent Substrate (Thermo Scientific, USA) as
described by the vendor.
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EXAMPLE 5

The production of IgG in mammalian cells

The vector system used for the production of IgG in mammalian cells for

5 production of bispecific antibodics was bascd on pMAZ vcectors for production of
monoclonal antibodies in mammalian cell culture (Mazor Y et al, 2007). Vector pMAZ-

IgH was designed for human y1 heavy chain expression and pMAZ-Igl. for human k

light chain expression. The variable domains of light and heavy chains were introduced

to the appropriate vector, co-transfected into HEK293 cells and stable antibody

10 scercting cloncs were identificd and kept. The starvation of cell cloncs to scrum resulted

in secretion of the desired antibody at a total yield of up to 20 mg per liter of culture.

EXAMPLE 6
The construction of dual vector for production of IgG molecules in mammalian cells
15

The pDual vector was constructed by fusion of DNA fragments derived from the
pMAZ-IgL. and pMAZ-IgH vectors (Mazor Y et al, 2007) that were previously used for
production of antibodies' light and heavy chains independently (Figure 14), in order to
build chimeric construct for production of light and heavy antibody chains using the
20 samc vector. The Igl and IgH were constructed in pDual vector as scparatc casscttes
under the control of separate CMV promoters. The replacement of BssHI by Apal
restriction site in the light chain cassette simplified the following cloning of variable
light and heavy domains into dual vector: Apal-BsiW1 were used for cloning of VL and

BssHI-Nhel were used for cloning of VH.

25 EXAMPLE 7

The construction of bispecific vectors for transfection to mammalian cells

In order to construct the pDual-based vectors for production of bispecific
molecules, the "knob", "hole" and "Cys" related mutations were cloned from the pHAK
30  vectors into the pDual system. The cloning process resulted in the series of constructs

listed in Table 5. The replacement of Neo® with Hygro resistance cassette in pDual-
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T427 vectors was carried out by subcloning of the cassette from pMAZ-IgL vector

using Avrll and Kpnl restriction enzymes. The resulted pDual-Neo® and pDual-Hygro®
vectors' pair can be used for transfection in mammalian cells and selection of stable
clones that produce 4 different antibody chains: two heavy and two light chains within

onc ccll linc.

Table 5
Vector name Product
pDual-T427 wt Neo" IgL-T427 + IgH-T427
pDual-FRP5 wt Neo" IgL-FRP5 + IgH-FRP5
pDual-T427-L(wt)-H(knob) Neo® 1gL-T427 + IgH-T427(knaob)
pDual-FRP5-L(wt)-H(hole) Neo® IgL-FRP5 + IgH-FRP5(hole)
pDual-T427-1(Cys)-H(wt) Neo" IgL-T427(Cys) + IgH-T427
pDual-T427-L(Cys)-H(knob) Neo® IgL-T427(Cys) + IgH-T427(knob)

pDual-T427-L(wt)-H(Cys-knob) Neo" IgL-T427 + IgH-T427(Cys-knob)

pDual-T427-L(Cys)-H(Cys-knob) Neo" | IgL-T427(Cys) + IgH-T427(Cys-knob)

pDual-T427 wt Hygro" IgL-T427 + IgH-T427
pDual-T427-L(Cys)-H(Cys-knob) 1gL-T427(Cys) + IgH-T427(Cys-knob)
HygroR

EXAMPLE 8

The production and evaluation of bispecific IgG molecules in transient transfected

HEK293 T-REx™ cells

The following example demonstrates the importance of the S-S bridge between
the light and heavy chain of the antibody in IgG secretion system and proves that the
"alternative Cysteine" theory for coupling the appropriate light and heavy chain of
bispecific antibody is relevant in mammalian production system as well as it had been
demonstrated in the E. coli produced bispecific “Inclonals”. The HEK293 T-REx"™ cell
line was used for this study. The cells were transiently transfected with either pDual-
T427 wt (encoding wt IgG), pDual-T427-L(Cys)-H(wt) (encoding wt heavy chain and
light chain that lacks the C-kappa cysteine and does contain the engineerd cysteine in

VL, this should be a pair of chains that should not form an IgG) or with pMAZ-
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IgL+pMAZ-IgH (previous system for wt IgG production) pair as control. The
evaluation of post-transfection medium by Western blot analysis showed that no full-
size antibodies were detected in media of pDual-T427-L(Cys)-H(wt) transfected cells,
while the transfection of pDual wt construct produced the detectable levels of the
sccrcted antibody (up to 1 pug/ml in comparison to Erbitux dilutions) (Figurcs 15A and
B).

The secretion of bispecific IgG molecules was also demonstrated and the
preference of bispecific IgG formation using "knobs-into-holes" and "alternative
Cysteine" (also called “disulfide stabilization) approaches was also estimated. The
pDual vcctors were transiently transfected to HEK293 TRex cells and the scercted
antibodies were detected by Western blot analysis of conditioned media. The cells that
were transfected with four pMAZ vectors (pMAZ-T427-Igl, pMAZ-T427-IgH, pMAZ-
FRP3-Igl. and pMAZ-FRP5-IgH) served as a control. The analysis of experiment
demonstrated: 1) the "knobs-into-holes" approach is a solution for efficient
heterodimerization of different heavy chains, 2) "alternative Cys" approach provide the
solution for coupling of light and heavy chains of the same antibody arm, 3) the
combination of the two above approaches provides the secretion of full-length bispecific
IgG antibodies in mammalian cells production systems. As shown in Figure 16, when
“wrong” combinations of chains are used, no full size IgG can be seen in the
immunoblot analysis of conditioncd mcdia. Intact IgG can be obscrved in cclls that
express monospecific IgG (lanes 1 and 2), in cells that express two monospecific IgGs
(lanes 5, two pDual vectors and lane 4 four pMAZ vectors) and in cells that express a

bispecific IgG (lane 7).

EXAMPLE 9
The production and evaluation bispecific 1gG molecules in stable transfected

HEK293 T-REx™ cells and evaluation of antigen binding

In order to obtain stable antibody-secreting clones, the present inventors co-
transfected HEK293 T-REx™ cells with pDual-FRP5-L(wt)-H(hole) Neo® and pDual-
T427-L(Cys)-H(Cys-knob) Hygro® vectors. The resultant Neo + Hygro resistant clones
were verified for their ability: 1) to secrete antibody, 2) to bind both antigens, 3) to



10

15

20

25

30

WO 2012/123949 PCT/IL2012/050093
61
secret full-length IgG for further purification. The preliminary antibody secretion test
was performed using Dot blot analysis (the test example demonstrated in Figure 17) and
identified the low, medium and high secreting clones. The clones marked as medium
and high secretors were examined for their antigen binding activity. ELISA was carried
out to cvaluatc the binding Ievel of cach clone to crbB2 (FRPS) and CD30 (T427)
recombinant antibodies (Figure 18). The several clones that were able to bind cach of
the antigens continued to the third step and were purified on protein A affinity column
(Figure 19). The purified antibodies were analyzed to determine their size, purity and
binding activity to either recombinant antigens or antigen-presenting cells (Figures 20
and 21). As shown in Figurc 18, thc binding signal in ELISA corrclated to the scerction
level of these clones. As shown in Figures 20 and 21, a protein A-purified bispecific
IgG bound to both CD30 and ErbB2 antigens. In such an ELISA (Figure 21) it was
expected that the monospecific 1gGs (which are bi-valent) will show a more intense
binding signal, each on its cognate antigen, due to avidity effect. A preliminary cell-
ELISA (Figurc 22) shows that thc bispccific antibody sccrcted by clonc D3 stains

antigen-positive cells.

EXAMPLE 10
Construction of Monospecific antibodies

First, a mono-spccific antibody (T427 IgG) was gencrated that comprised the
knobs into hole (KIH) mutation. In order to evaluate the binding activity of KIH T427
IgG molecules, ELISA was carried out. The ELISA plate was coated with MBP-CD30
and incubated with T427 KIH IgG (fused to PE38). It was demonstrated that the binding
ability of T427 KIH molecule was similar to the binding of unmodified T427 IgG and
T427-PE38 1gG-PE38 (Figure 24).

Subsequently, a mono-specific antibody (T427 lgG) was gencrated that
comprised both the KIH mutation and the cysteine mutations in the light chains as
described herein above.

In order to produce the mono-specific T427 antibody, 4 chains were constructed:
IgL-PE38, IgH-knob, IgH-Cys-hole and IgL-Cys. The presence of 38 kDa PE38 fused
to VL- unmodified light chain provided the possibility to analyze the pairing of the
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appropriate heavy and light chains (analogous to KIH heterodimerization analysis) and

the formation of the full-sized mono bi-specific molecule (Figure not shown).

Although the invention has been described in conjunction with specific
cmbodiments thercof, it is cvident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad scope
of the appended claims.

All publications, patents and patent applications mentioned in this specification
arc herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:
1. An antibody comprising an Fc region and a Fab region, wherein:
1) sald Fc region comprises two non-identical heavy chains, wherein at

Icast onc of said two non-identical heavy chains compriscs an amino acid modification
so as to form complementation between said two non-identical heavy chains thereby
increasing the probability of forming heterodimers of said non-identical heavy chains
and decreasing the probability of forming homodimers of identical heavy chains; and

(i1) said Fab region comprises a first covalent link between a first heavy chain
and a first light chain of said Fab rcgion and a sccond covalent link between a sccond
heavy chain and a second light chain of said Fab region, wherein a position of said first
covalent link relative to said first heavy chain is different to a position of said second

covalent link relative to said second heavy chain.

2. The antibody of claim 1 being a bispecific antibody.

3. The antibody of claim 1 being an asymmetric, monospecific antibody.

4. The antibody of claim 1, wherein said complementation comprises a

steric complementation.

5. The antibody of claim 1, wherein said complementation comprises a

charge complementation.

6. The antibody of claim 4, wherein said Fc region comprises a
protuberance of one heavy chain of said Fc region and a sterically compensatory cavity
on a sccond hcavy chain of said Fc region, said protubcrance protruding into said

compensatory cavity.

7. The antibody of claim 4, wherein said protuberance is generated by
substituting an amino acid at one position on a CH3 domain of said one heavy chain

with another amino acid having a larger side chain volume than the original amino acid.
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8. The antibody of claim 7, wherein said compensatory cavity is generated

by substituting an amino acid at one position on a CH3 domain of said second heavy

chain with another amino acid having a smaller side chain volume than the original

amino acid.

9. The antibody of claim 1, wherein said first covalent link is between a
CH1 domain of said one heavy chain and a CL domain of said one light chain; and said
second covalent link is between a Vi domain of said second heavy chain and a Vi,

domain of said second light chain.

10. The antibody of claim 1, wherein said first and said second covalent links

are disulfide bonds.

11.  The antibody of claim 7, wherein said amino acid having a larger side
chain volume than the original amino acid is selected from the group consisting of

tyrosine, arginine, phenylalanine, isoleucine and tryptophan.

12.  The antibody of claim 8, wherein said amino acid having a smaller side
chain volume than the original amino acid is selected from the group consisting of

alanine, glycine, valine and threonine.

13.  The antibody of claim 1, being selected from the group consisting of a

chimeric antibody, a humanized antibody and a fully human antibody.

14.  The antibody of claim 1, wherein said CH3 domain of said first heavy

chain is covalently linked to said CH3 domain of said second heavy chain.

15.  The antibody of claim 2, wherein a first antigen binding site of the
antibody binds a first epitope of an antigen and a second antigen binding site of the

antibody binds a second epitope of said antigen.
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16.  The antibody of claim 2, wherein a first antigen binding site of the

antibody binds an epitope of a first antigen and a second antigen binding site of the

antibody binds an epitope of a second antigen.

17.  The antibody of claim 1, wherein cach light chain is linked to its cognatc

heavy chain via a single disulfide bond.

18.  The antibody of claim 1 being an intact antibody.

19.  The antibody of claim 1, wherein the antibody is sclected from the group

consisting of IgA, IgD, IgE and IgG.

20. The antibody of claim 1, wherein said IgG comprises 1gG1, 1gG2, 1gG3
or [gG4.

21. The antibody of claim 1, wherein said first heavy chain comprises a
T366W mutation; and said second heavy chain comprises T366S, L368A, Y407V

mutations.

22. The antibody of claim 21, wherein said first heavy chain comprises an

S354C mutation and said second heavy chain comprises a Y349C mutation.

23. The antibody of claim 16, wherein said first antigen binding site binds
CD30 and said second antigen binding site binds erbB2.

24, The antibody of claim 16, wherein said first antigen binding site binds

CD30 and said sccond antigen binding sitc binds Pscudomonas Exotoxin (PE).

25. The antibody of claim 16, wherein said first antigen binding site binds

CD30 and said second antigen binding site binds strepavidin.



WO 2012/123949 PCT/IL2012/050093
66
26.  The antibody of claim 1, wherein at least one of said heavy chains is

attached to a therapeutic moiety.

27.  The antibody of claim 1, wherein at least one of said heavy chains is

attachcd to an identifiablc moicty.

28.  The antibody of claim 1, being selected from the group consisting of a
primate antibody, a porcine antibody, a murine antibody, a bovine antibody, a goat

antibody and an equine antibody.

29. A method of preparing the antibody of claim 1, comprising:

(a) providing a first nucleic acid molecule encoding said first heavy chain;

(b) providing a second nucleic acid molecule encoding said second heavy chain;

(c) providing a third nucleic acid molecule encoding said first light chain;

(d) providing a fourth nucleic acid molecule encoding said second light chain;

(e) culturing host cells comprising said first, second, third and fourth nucleic acid
molecules under conditions that permit expression of the nucleic acid molecules; and

(f) recovering the antibody of claim 1.

30. The method of claim 29, wherein said host cells comprise bacterial cells.

31.  The method of claim 29, wherein said host cells comprise mammalian
cells.

32.  The method of claim 30, wherein said expression takes place in inclusion

bodies of said bacterial cells.

33. The method of claim 29, wherein each of said nucleic acid molecules are

transfected into different host cells.

34. The method of claim 27, wherein each of said nucleic acid molecules are

transfected into the same host cell.
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35.  The method of claim 30, wherein said bacterial cells comprise gram

negative bacterial cells.

36.  The method of claim 29, further comprising purifying the antibody on
Protcin A/G/L following step (f).

37. A pharmaceutical composition comprising as an active agent the antibody

of claim 1 and a pharmaceutically acceptable carrier.

38.  Thc antibody of claim 1 for trcating an infcction or inflammatory discasc

or disorder.

39.  The antibody of claim 38, wherein said inflammatory disorder is cancer.

40. A method of treating an infection or an inflammatory disease or disorder
in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of the antibody of claim 1, thereby treating the infection

or inflammatory disease or disorder.

41.  The method of claim 40 wherein the inflammatory disease or disorder is

cancer.
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FIG. 18A

Binding ability to erbB2
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Binding to MBP-CD30 antigen
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Binding ability of IgG proteins to MBP-CD30
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PCTI L2012050093- seql - 000001- EN. t xt
SEQUENCE LI STI NG

<110> Ranot at Tel-Aviv University Ltd.
Benhar, Ilta
Vaks, Lilach

<120> BI SPECI FI C AND MONCSPECI FI C, ASYMVETRI C ANTI BODI ES AND METHODS OF

GENERATI NG SAME
<130> 52585

<150> US 61/453, 591
<151> 2011-03-17

<160> 75
<170> Patentln version 3.5

<210> 1

<211> 75

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 1
gaagcctttg accaggcacc acaggctgac ctggttcttg gtcatctcct cccggeatgg

gggcagggt g tacac

<210> 2

<211> 34

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 2
gogat gggggc agggt gcaca cctgtggttc tcgg

<210> 3

<211> 45

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 3
ggat agaagc ctttgaccgc gcagcetcagg ctgacctggt tcttg

<210> 4

<211> 39

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 4
gt ccacggtg agcettgctaa cgaggaagaa ggagcecgtc

Page 1

60
75

34

45

39



<210>
<211>
<212>
<213>

<220>
<223>

<400>

PCTI L2012050093- seql - 000001- EN. t xt
5
23
DNA
Artificial sequence

Singl e strand DNA ol i gonucl eoti de

5

at atacatat ggacattgtg ctg 23

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

51

DNA

Artificial sequence

Singl e strand DNA ol i gonucl eoti de

6

tatatacgta cgtttgattt ccagtttggt gccgcaaccg aacgtccgag ¢ 51

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7

40

DNA

Artificial sequence

Singl e strand DNA ol i gonucl eoti de

7

tatatagaat tcttactctc ccctgttgaa getctttgtg 40

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

34

DNA

Artificial sequence

Singl e strand DNA ol i gonucl eoti de

8

aaacagaggc ctggacagtg tctggaatgg attg 34

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9

27

DNA

Artificial sequence

Singl e strand DNA ol i gonucl eoti de

9

tatatagcta gcggaggaga ct gt gag 27

<210>
<211>
<212>
<213>

<220>
<223>

10

36

DNA

Artificial sequence

Singl e strand DNA ol i gonucl eoti de

Page 2
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<400> 10

gcccaaatct gccgacaaaa ctcacacatg cccacc 36
<210> 11

<211> 40

<212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucl eotide

<400> 11

tgtgtgagtt ttgtcggcag atttgggetc aactctettyg 40
<210> 12

<211> 23

<212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucl eotide

<400> 12

gaggagat ga ccaagaacca ggt 23
<210> 13

<211> 24

<212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucl eotide

<400> 13

atatacatat gcaggtcaaa ctgc 24
<210> 14

<211> 660

<212> DNA

<213> Artificial sequence

<220>

<223> Light chain T427 (wt 1gG@ coding sequence

<400> 14

at ggacattg tgctgaccca atctccaact tctttggetg tgtctectagg gecagagggec 60
accatatcct gcagagccag tgaaagtgtt gatagttatg gcaatagttt tatgcactgg 120
ttccagcaga aaccaggaca gccacccaaa ctcctcatct atcgtgcatc caacctagaa 180
tctgggatcc ctgccaggtt cagtggcagt gggtcttgga cagacttcac cctcaccatt 240
aatcctgtgg aggctgatga tgttgcaace tattactgtc agcaaagtaa tgaggatcct 300
cggacgttcg gtggaggcac caaactggaa atcaaacgta cggtggetge accatctgtce 360
ttcatcttcc cgeccatctga tgagcagttg aaatctggaa ctgectetgt tgtgtgectyg 420
ctgaataact tctatcccag agaggccaaa gtacagtgga aggtggataa cgecctccaa 480
t cgggtaact cccaggagag tgtcacagag caggacagca aggacagcac ctacagcecte 540
agcagcaccc tgacgctgag caaagcagac tacgagaaac acaaagtcta cgectgegaa 600

Page 3



PCTI L2012050093- segl - 000001- EN. t xt
gt cacccatc agggcctgag ctcgeecgtc acaaagaget tcaacagggg agagtgttaa 660
<210> 15
<211> 219
<212> PRT
<213> Artificial sequence

<220>
<223> Light chain T427 (wt 1gQ

<400> 15
Met Asp Ile Val Leu Thr Gn Ser Pro Thr Ser Leu Ala Val Ser Leu
1 5 10 15

Gy Gn Arg Ala Thr Ile Ser Cys Arg Ala Ser G u Ser Val Asp Ser
20 25 30

Tyr Gy Asn Ser Phe Met His Trp Phe G n Gn Lys Pro Gy Gn Pro
35 40 45

Pro Lys Leu Leu Ile Tyr Arg Ala Ser Asn Leu Gu Ser Gy lle Pro
50 55 60

Ala Arg Phe Ser Gy Ser Gy Ser Trp Thr Asp Phe Thr Leu Thr Ile
65 70 75 80

Asn Pro Val Gu Ala Asp Asp Val Ala Thr Tyr Tyr Cys Gn G n Ser
85 90 95

—
-
oC

Asn Gu Asp Pro Arg Thr Phe Gy Gy Thr Lys Leu [le Lys

-y
o
o
-y
o,
or<

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu
115 120 125

Gn Leu Lys Ser Gy Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140

Tyr Pro Arg Gu Ala Lys Val G n Trp Lys Val Asp Asn Ala Leu G n

145 150 155 160
Ser Gy Asn Ser Gn Gu Ser Val Thr Gu G n Asp Ser Lys Asp Ser
165 170 175
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Gu
180 185 190

Lys H s Lys Val Tyr Ala Cys Gu Val Thr Hs Gn Ay Leu Ser Ser
195 200 205

Pro val Thr Lys Ser Phe Asn Arg Gy G u Cys
210 215

Page 4



<210>
<211>
<212>
<213>

16
648
DNA

<220>
<223>

<400> 16
at ggacat cc

agcat cacct
ccaggacaat
tctcgettca
gct gaagacc
t cggggacaa
ccatctgatg
t at cccagag
caggagagt g
acgct gagca

ggcct gaget

Artificia

sequ

Li ght chain FRP5 (wt

agct gaccca
gcaaggccag
ctcct aaact
ct ggcagt gg
tggcagttta
aatt ggagat
agcagttgaa
aggccaaagt
t cacagagca
aagcagact a

cgcccegt cac

PCTI L2012050093- seql - 000001- EN. t xt

ence

19G

gtctcacaaa
t caggat gt g
tctgatttac
ctctgggeceg
tttctgtcag
caaacgtacg
at ct ggaact
acagt ggaag
ggacagcaag
cgagaaacac

aaagagcttc

<210> 17

<211> 215

<212> PRT

<213> Artificial sequence

<220>

<223> Light chain FRP5 (wt 1gQ

<400> 17

Met Asp Ile G n Leu Thr A n Ser

1 5

Gy Asp Arg Val Ser Ile Thr Cys

20
Ala Val Ala Trp Tyr G n Gn Lys
35 40

[le Tyr Ser Ala Ser Ser Arg Tyr
50 55

Gy Ser Gy Ser Gy Pro Asp Phe

65 70

Ala Gu Asp Leu Ala Vval Tyr Phe

85

codi ng sequence

ttcctgtcca
tataatgctg
t cggcat cct
gatttcactt
caacattttc
gt ggct geac
geetetgttg
gt ggat aacg
gacagcacct

aaagt ct acg

aacaggggaag

H s Phe

Lys Ser

Pro Gy

Thr Gy Va

Thr Phe Thr

75

Gn
90

Page 5

cttcagtagg
ttgcctggta
cccggt acac
t caccat cag
gtactccatt
catctgtctt
t gt gcct get
ccctccaatc
acagcct cag
cct gcgaagt
agtgttaa

Leu Ser Thr

Gn Va

30

Asp

Ser Pro

45

Lys

Pro Ser Arg

Ile Ser Ser

His Phe Arg

agacagggtc
t caacagaaa
t ggagt ccct
cagt gt gcag
cacgttcgge
catcttcccg
gaataacttc
gggt aact cc
cagcaccct g

cacccatcag

Va

Tyr

Leu Leu

Phe Thr

Val G n

80

Thr
95

Pro

60
120
180
240
300
360
420
480
540
600
648



PCTI L2012050093- seql - 000001- EN. t xt

Phe Thr Phe Gy Ser Gy Thr Lys Leu Gu Ile Lys Arg Thr
100 105 110
Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu G n Leu
115 120 125
Gy Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro
130 135 140
Ala Lys Val dn Trp Lys Val Asp Asn Ala Leu Gn Ser Gy
145 150 155
Gn Gu Ser Val Thr Gu G n Asp Ser Lys Asp Ser Thr Tyr
165 170
Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Gu Lys His
180 185 190
Tyr Ala Cys Gu Val Thr Hs Gn Gy Leu Ser Ser Pro Va
195 200 205
Ser Phe Asn Arg Gy Gu Cys
210 215
<210> 18
<211> 645
<212> DNA
<213> Artificial sequence
<220>
<223> Light chain anti-Tac (wt 1gG@ coding sequence
<400> 18

atgcaaattg
accat aacct
ggcacttctc
cgettcagtg
gaagat gct g
gggaccaagc
t ct gat gage
cccagagagg
gagagtgtca
ct gagcaaag
ct gagcet cge
<210>
<211>

<212>
<213>

19
214
PRT
Art

ttctcaccca
gcagt gccag
ccaaactctg
gcagt ggatc
ccacttatta
t ggaaat aaa
agtt gaaatc
ccaaagtaca
cagagcagga
cagact acga

ccgtcacaaa

ficial

gt ctccagca
ctcaagtata
gatttatacc
t gggacct ct
ctgccat caa
acgtacggtg
t ggaact gcc
gt ggaaggt g
cagcaaggac
gaaacacaaa

gagcttcaac

sequence

atcatgtctg
agttacatgc
acat ccaacc
tactctctca
aggagt act t
gct gcaccat
tctgttgtgt
gat aacgccc
agcacct aca

gt ctacgcct

aggggagagt

Page 6

cat ct ccagg
actggttcca
tggettctgg
caat cagccg
acccact cac
ctgtcttcat
gcet get gaa
t ccaat cggg
gcet cageag
gcgaagt cac

gttaa

Val Al a

Lys Ser

Arg

Ser
160

Ser
175

Leu

Lys Val

Thr Lys

ggagaaggt c
gcagaagcca
agt ccct gcet
aat ggaggct
gttcggttct
cttcccgeca
taacttctat
taact cccag
caccct gacg

ccat cagggc

60
120
180
240
300
360
420
480
540
600
645



<220>
<223>

<400>

PCTI L2012050093- seql - 000001- EN. t xt

Li ght chain anti-Tac (w

19

Mt Gn lle Va

1

Gy

Met

Tyr

Ser

65

Thr

Pro

Thr

Ser

Al a

Phe

Hi s

Thr

50

Gy

Asp

Phe

Ser

Va

Ser

Thr

Cys

Asn
210

<210>
<211>
<212>
<213>

<220>

Lys

Trp

35

Thr

Ser

Al a

Gy

Va

Leu

195

Arg

20
657
DNA

Artificia

Va

20

Phe

Ser

Gy

Al a

Ser

100

Phe

Va

Trp

Thr

Thr

180

Va

Gy

Leu
5

Thr

Thr

Thr

85

Gy

Ile

Va

Lys

165

Leu

Thr

Thr

Ile

Leu

Ser

70

Tyr

Thr

Phe

Va

150

Gn

Ser

Hi s

Cys

Gn

Thr

Lys

Al a

55

Tyr

Tyr

Lys

Pro

Leu

135

Asp

Asp

Lys

sequence

Ser

Cys
Pro
40

Ser

Ser

Leu

Ser

Al a

Ay

19G

Pro

Ser

25

Ay

Ay

Leu

Hi s

105

Ser

Al a

Al a

10

Al a

Thr

Va

Thr

Gn
90

Leu

28
oT

Ser

Page 7

Ser

Ser

Pro

Arg

Lys

Phe

Ser

Met

Ser

Pro

Al a

60

Ser

Ser

Arg

Tyr

140

Ser

Thr

Lys

Pro

Ser

Ser

Lys

45

Arg

Arg

Thr

Thr

Leu

125

Pro

Ay

Tyr

Hi s

Val
205

Al a

Ile

Leu

Phe

Met

Tyr

Val

Lys

Arg

Ser

Trp

Ser

Pro
95
Al a

Ser

Ser
Leu
175

Val

Lys

Pro

Tyr

Ile

Ay

Al a

80

Leu

Al a

Ay

Al a

Tyr

Ser



<223>

<400> 20

PCTI L2012050093- seql - 000001- EN. t xt

Li ght chain T427 A104C: Cys218de

(Cys)

atggacattg tgctgaccca atctccaact tctttggetg tgtctctagg

accatatcct
ttccagcaga
t ct gggat cc
aat cct gt gg
cggacgttcg
ttcatcttcc
ct gaat aact
t cgggt aact
agcagcacce
gtcacccatc
<210>
<211>

<212>
<213>

21
218
PRT
Art

<220>
<223>

<400>
Met Asp Ile
)

21

Gy Gn Arg

Asn
35

Tyr Gy

Pro Lys Leu

Al a
65

Arg Phe

Va

Pro

Asp

Arg Thr

gcagagccag
aaccaggaca
ctgccaggt t
aggct gat ga
gttgtggcac
cgccatctga
tctatcccag
cccaggagag
t gacgct gag
agggcct gag

ficial

Va
5

Al a
20

Thr
Ser Phe
Leu
Ser Gy
Al a

Arg

Al a

Leu Thr

Ile

Met

Tyr

Ser

70

Asp

Thr

Pro

t gaaagt gtt
gccacccaaa
cagt ggcagt
tgttgcaacc
caaact ggaa
t gagcagttg
agaggccaaa
t gt cacagag
caaagcagac

ctcgecegtce

sequence

Li ght chain T427 A104C: Cys218de

A n Ser

Ser Cys

Hs Trp

40

Arg Al a

55

Gy Ser

Va

Asp

Phe

Ser Val

120

Gy &

gatagttatg
ctcctcat ct
gggtcttgga
tattactgtc
at caaacgt a
aaat ct ggaa
gt acagt gga
caggacagca
t acgagaaac

acaaagagct

Pro

Arg Ser

25

Phe

Ser Leu

Trp Thr Asp

75

Al a Tyr
Thr

Phe

Page 8

gcaatagttt
atcgtgcatc
cagacttcac
agcaaagt aa
cggt gget ge
ctgect ct gt
aggt ggat aa
aggacagcac
acaaagtcta

t caacagggg

Al a Va

Ser Val

30

Pro
45

Lys Ay

Au
60

Ser Gy

Phe Thr Leu

Tyr

—
-
o C

Lys Leu

Pro Ser

125

Pro

codi ng sequence

gcagagggcc
tat gcact gg
caacct agaa
cctcaccatt
t gaggat cct
accatctgtc
tgtgtgectg
cgcect ccaa
ctacagcectc
cgcet gcgaa

agagt aa

Leu

Ser

Pro

Pro

Thr

Gn
95

Ser

Lys

Asp

60
120
180
240
300
360
420
480
540
600
657



PCTI L2012050093- seql - 000001- EN. t xt

Gn Leu Lys Ser Gy Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140
Tyr Pro Arg Gu Ala Lys Val G n Trp Lys Val Asp Asn Ala Leu Gn
145 150 155 160
Ser Gy Asn Ser Gn Gu Ser Val Thr Gu G n Asp Ser Lys Asp Ser
165 170 175
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Gu
180 185 190
Lys H s Lys Val Tyr Ala Cys Gu Val Thr Hs Gn Ay Leu Ser Ser
195 200 205
Pro vVal Thr Lys Ser Phe Asn Arg Gy Gu
210 215
<210> 22
<211> 1353
<212> DNA
<213> Artificial sequence
<220>
<223> Heavy chain T427 (wt |gG human gamma 1) coding sequence
<400> 22

at gcaggt cc
ctgtcctgca
aggcct ggac
ttaaat caga
t acat gcaac
atggattatt
gctagcacca
ggcacagcgg
t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
tacgt ggacg
agcacgt acc
gagt acaagt

aaagccaaag

aact gcagca
aggcttctgg
aaggcecttga
agttcaagga
t cagcagccc
actttgctat
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gcgt ggt gat
gcgt ggaggt
gt gt ggt cag
gcaaggtctc

ggcagcceccg

gceggggact
cttctccttce
gt ggat t gge
cagggccaca
gacat ct gag
ggact act gg
ggtcttccce
cct ggt caag
cageggegt g
cgt ggt gacc
caagcccage
cacatgccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgtcct cacc
caacaaagcc

agaaccacag

gaact ggt ga
accagtt act
atgattcatc
ttgactgtag
gact ct gcgg
ggt caaggaa
ct ggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce

gt gt acaccc
Page 9

ggect ggage
ggat gaact g
cttccgatag
acaaatcctc
tctattactg
cct cagt cac
cct ccaagag
ccgaaccggt
cggct gt cet
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
cgcgggagga
aggact ggct
ccat cgagaa

tgcccccatce

ttcagt gaag
ggt gaagcag
t gaaact agg
cagcacagcc
t gcaagt gag
cgtctcctca
cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cct gggggga
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag

aaccatctcc

ccgggaggag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080



PCTI L2012050093- segl - 000001- EN. t xt
at gaccaaga accaggtcag cctgacctge ctggtcaaag gettctatcc cagcgacatc
gccgt ggagt gggagagcaa tgggcagccg gagaacaact acaagaccac gectccecegtg
ctggactccg acggetceccett cttcectctat agcaagcetca ccgtggacaa gagcecaggt gg
cagcagggga acgtcttctc atgetccgtg atgcatgagg ctctgcacaa ccactacacg
cagaagagcc tctccetgtce ccecgggtaaa tga
<210> 23
<211> 450
<212> PRT
<213> Artificial sequence

<220>
<223> Heavy chain T427 (wt |1gG human gamma 1)

<400> 23
Met Gn Val Gn Leu Gn G@n Pro Gy Thr Gu Leu Val Arg Pro Gy
1 5 10 15

Ala Ser Val Lys Leu Ser Cys Lys Ala Ser Gy Phe Ser Phe Thr Ser
20 25 30

Tyr Trp Met Asn Trp Val Lys Gn Arg Pro Gy Gn Gy Leu Gu Trp
35 40 45

lle Gy Met Ile His Pro Ser Asp Ser Gu Thr Arg Leu Asn G n Lys
50 55 60

Phe Lys Asp Arg Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Al a
65 70 75 80

Tyr Met Gn Leu Ser Ser Pro Thr Ser GQu Asp Ser Ala Val Tyr Tyr
85 90 95

Cys Ala Ser Gu Met Asp Tyr Tyr Phe Ala Met Asp Tyr
100 105

Gy Gn

-
[@xe]

Gy Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Va
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135

Thr Ala Ala

N

o<
O]
~

Leu Ay Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gy Ala Leu Thr Ser Gy Val Hs Thr Phe Pro Ala Va
165 170 175

Leu Gn Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Page 10

1140
1200
1260
1320
1353



Ser

Pro

Lys

225

Pro

Ser

Asp

Va
305

Lys

Thr

Thr

Leu

Lys

Gy

Ser
Ser
210
Thr
Ser
Arg
Pro
Al a
290
Val
Tyr
Thr
Leu
Cy

370
Ser
Asp
Ser

Al a

Lys
450

Ser

195

Hi s

Va

Thr

Lys

Ser

Lys

Pro
355

Leu

Ser

Arg

Leu
435

Leu

Thr

Thr

Phe

Pro

260

Va

Thr

Va

Ser

340

Pro

Va

Gy

Asp

Trp

Hi s

Gy

Lys

Leu

245

Lys

Lys

Leu

Lys

Ser

Lys

Thr

Va

Pro

230

Phe

Va

Phe

Pro

Thr

310

Va

Al a

Arg

Ay

Pro
390

y Ser

Hi s

PCTI L2012050093- seql - 000001- EN. t xt

A@n Thr Tyr

Asp

Pro

Pro

Thr

Arg

Va

Ser

Lys

Phe
375

Phe

Gy

Tyr

200

Lys

Cys

Pro

Leu

Phe

Thr
440

Lys

Pro

Lys

Va

265

Tyr

Hi s

Lys

Met

Pro

Leu

Va
425

I[le Cys Asn Va

Va

Al a

Pro

250

Va

Va

Al a

330

Pro

Thr

Ser

Tyr

Lys

Page 11

Au

Pro

235

Lys

Va

Asp

Tyr

Asp

Leu

Arg

Lys

Asp

Ser

Ser

Pro

220

Asp

Asp

Gy

Asn

300

Trp

Pro

Leu

205

Lys

Leu

Thr

Va

Va

285

Ser

Leu

Al a

Pro

Al a

Thr

Leu

Ser

Ser
445

Asn

Ser

Leu

Leu

Ser

270

Thr

Pro

Va

Va

Pro

Thr

Va

430

Leu

Hi s

Cys

Gy

Vet

255

Hi s

Va

Tyr

Gy

Va

Ser

Pro
Va
415

Met

Ser

Lys

Asp

Hi s

Arg

Tyr

Leu

Trp

Va

400

Asp

Hi s

Pro



<210> 24

<211> 1353
<212> DNA
<213> Artificia
<220>

<223>

<400> 24
at gcaggt ac

atctcctgea
gct ccaggac
tttgctgatg
tatttgcaga
gaggtttacc
gct agcacca
ggcacagegg
t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
t acgt ggacg
agcacgtacc
gagt acaagt
aaagccaaag
at gaccaaga
geegt ggagt
ct ggact ccg

Heavy chain FRP5 (wt

aact gcagca
aggccet ct gg
agggtttaaa
acttcaaggg
t caacaacct
acggct acgt
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gegt ggt got
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg
accaggt cag
gggagagcaa

acggctcctt

PCTI L2012050093- seql - 000001- EN. t xt

sequence

gt ct ggacct
gtatcctttc
gt ggat gggc
acggtttgac
caaaagt gaa
tccttactgg
ggtcttccce
cct ggt caag
cagcggegt g
cgt ggt gacc
caagcccage
cacat gccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgt cct cacce
caacaaagcc
agaaccacag
cct gacct ge
t gggcageceg
cttcctctat
atgctccgtg

cccgggt aaa

sequence

cagcagggga acgtcttctc
cagaagagcc tctccctgte
<210> 25

<211> 450

<212> PRT

<213> Artificia

<220>

<223> Heavy chain FRP5 (wt
<400> 25

| gG human gamma

gaact gaaga
acaaactatg
tggattaaca
ttctetttgg
gacat ggct a
ggccaaggga
ct ggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce
gt gt acaccc
ct ggt caaag
gagaacaact
agcaagct ca
at gcat gagg
tga

| gG human gamma

Page 12

1) codi ng sequence

agcct ggaga
gaat gaact g
cct ccact gg
aaacct ct gc
catatttctg
ccacggt cac
cct ccaagag
ccgaaccggt
cggcet gt cct
gcaget t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
¢gcgggagga
aggact ggct
ccat cgagaa
tgcccccatce
gcttetatcece
acaagaccac
ccgt ggacaa

ctctgcacaa

gacagt caag
ggt gaagcag
agagt caaca
caacact gcc
t gcaagat gg
cgtttcectct
cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cctgggggoa
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
¢cgggaggag
cagcgacatc
geeteeegt g
gagcaggt gg

ccactacacg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1353



Met

Tyr

Met

Ay

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Gn

Thr

Ay

Gy

50

Lys

Leu

Al a

Thr

Ser

Ser

210

Thr

Ser

Arg

Val

Val

Met

35

Trp

Ay

Ser

Ser

Ser

195

Hi s

Val

Thr

Gn

Lys

20

Asn

Ile

Arg

Al a

Leu

Gy

Ser

180

Leu

Thr

Thr

Phe

Pro
260

Leu

Ile

Trp

Phe

Asn
85

Thr

Pro

Val

Gy

Lys

Leu
245

PCTI L2012050093- seql - 000001- EN. t xt
Gn G@n Ser Gy Pro Gu Leu Lys Lys Pro
10 15

Ser Cys Lys Ala Ser Gy Tyr Pro Phe Thr
25 30

Val Lys Gn Ala Pro Gy Gn Ay Leu Lys
40 45

Thr Ser Thr Ay Gu Ser Thr Phe Ala Asp
55 60

Asp Phe Ser Leu G u Thr Ser Ala Asn Thr
70 75

Asn Leu Lys Ser Gu Asp Met Ala Thr Tyr
90 95

Val Tyr His Tyr Val Pro Tyr Ay

-
[@xe]

-y
S
or<

Val Ser Ser Ala Ser Thr Lys Gy Pro Ser
120 125

Ser Ser Lys Ser Thr Ser Gy Gy Thr Al a
135 140

Lys Asp Tyr Phe Pro Gu Pro Val Thr Val
150 155

Leu Thr Ser Gy Val H's Thr Phe Pro Ala
170 175

Leu Tyr Ser Leu Ser Ser Val Val Thr Val
185 190

Thr Gn Thr Tyr Ile Cys Asn Val Asn H s
200 205

Val Asp Lys Lys Val Gu Pro Lys Ser Cys
215 220

Pro Pro Cys Pro Ala Pro Gu Leu Leu Gy
230 235

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
250 255

Val Thr Cys Val Val Val Asp Val Ser Hs
265 270

Page 13

Trp

Asp

Val

Al a

Ser

160

Val

Pro

Lys

Asp



Asp

Va
305

Lys

Thr

Thr

Leu

Lys

Ay

Pro
Al a
290
Va
Tyr
Thr
Leu
Cy
370
Ser
Asp
Ser

Al a

Lys
450

<210>
<211>
<212>
<213>

<220>
<223>

<400>
at gcaggt ca

Lys

Ser

Lys

Ile

Pro

355

Leu

Asn

Ser

Arg

Leu

435

26
1344
DNA

Artificia

Va

Thr

Va

Ser

340

Pro

Va

Ay

Asp

Trp

Hi s

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gn

Pro

Thr

310

Va

Al a

Arg

Ay

Pro
390

y Ser

Hi s

PCTI L2012050093- seql - 000001- EN. t xt
Phe Asn Trp Tyr Val

Arg
295
Va

Ser

Lys

Phe
375

Phe

Ay

Tyr

sequence

280

Au

Leu

Tyr

Asn

Phe

Thr
440

Heavy chain anti-Tac (wt

26

at gt cct gca

aggcct ggac

t acaat caga

tacat gcaac

gggggggtct ttgactactg

aact gcagga

aggcttctgg
agggt ct gga

agtt caagga

t gagcagcect

Au

Hi s

Lys

Met

Pro

Asn

Leu

Va
425

Gn

Gn

Al a

330

Pro

Thr

Ser

Tyr

Lys

Asp

Tyr

Asp

Leu

Arg

Lys

Asp

Ser

Ser

Ay
Asn
300

Trp

Pro

Leu

Va

285

Ser

Leu

Al a

Pro

Al a

Thr

Leu

Ser

Ser
445

| gG hurman gamma 1)

ctacaccttt actagctaca
atggattgga tatattaatc
caaggccaca ttgactgcag
gacatttgag gactctgcag

gggccaagga accactctca
Page 14

A@u Val Hs

Thr Tyr Arg

320

Pro Ile Gu

@ n Vval Tyr

Val Ser Leu

Val GQu Trp

Pro Pro Va

400

Thr Val Asp
415

Val Met His
430

Leu Ser Pro

codi ng sequence

gt ct ggggct gaact ggcaa aacct ggggce ctcagt gaag

ggat gcact g ggt aaaacag

ctagcact gg gtatactgaa

acaaat cctc cagcacagcc

tctattactg tgcaagaggg

cagtctcctc cgctagcacce

60
120
180
240
300
360



aagggcccat
gcect ggget
ggcgecct ga
tccct cagea
aacgt gaatc
gacaaaactc
ttcctettec
tgcgtggt gg
ggcgt ggagg
cgtgtggtca
t gcaaggt ct
gggcageccce
aaccaggtca
t gggagagca
gacggct cct
aacgtcttct
ctctcect gt
<210>
<211>

<212>
<213>

27
447
PRT
Art

<220>
<223>

<400> 27

Met G n Va
1

Al a Ser Val

Tyr Arg Met

35

Gy Tyr
50

Phe Lys Asp

Tyr Met

cggtcttcce
gcet ggt caa
ccagcggegt
gcgt ggt gac
acaagcccag
acacat gccc
ccccaaaacce
t ggacgt gag
t gcat aat gc
gcgtcctcac
ccaacaaagc
gagaaccaca
gcet gacct g
at gggcagcece
tcttectcecta
cat gct cegt

ccccgggt aa

ficial

Heavy chain anti-Tac

Lys

Lys
20

Hi s

Leu Gn GQu
5
Met Ser Cys

Trp Va

PCTI L2012050093- seql - 000001- EN. t xt

cct ggcacce
ggactacttc
gcacaccttc
cgt gcectce
caacaccaag
accgtgccca
caaggacacc
ccacgaagac
caagacaaag
cgt cct geac
cct ccecagece
ggt gt acacc
cct ggt caaa
ggagaacaac
tagcaagctc
gat gcat gag

at ga

sequence

Ser

Lys

Gn
40

Lys

tcct ccaaga
cccgaaccgg
ccgget gt cc
agcagcett gg
gt ggacaaga
gcacct gaac
ct cat gat ct
cct gaggt ca
ccgegggagg
caggact ggc
cccat cgaga
ct gcccccat
ggcttctatce
t acaagacca
accgt ggaca

gct ct gcaca

gcacct ct gg
t gacggtgtc
tacagtcctc
gcacccagac
aagttgagcc
tcct gggggg
ccecggacccece
agttcaactg
agcagt acaa
t gaat ggcaa
aaaccatctc
cccgggagga
ccagcgacat
cgect ceegt
agagcaggtg

accact acac

| gG hurman gamma 1)

Ala Gu
10

Ay

Al a
25

Ser Gy

Arg Pro Gy

Leu Ala Lys

Thr Phe

30

Tyr

Gn Gy Leu

45

Lys

Leu

Asn Pro Ser
55

Al a Thr
70

Leu

Ser
85

Ser Leu

Thr

Thr

Thr

Gy

Al a

Phe

Tyr Thr GQu

60

Asp Lys Ser
75

G u Asp Ser
90

Page 15

Tyr

Ser

Al a

Asn

Ser

Va

gggcacageg
gt ggaact ca

aggactct ac
ctacatctgc
caaatctt gt
accgtcagtc
t gaggt caca
gtacgt ggac
cagcacgt ac
ggagt acaag
caaagccaaa
gat gaccaag
cgecgt ggag
gct ggact cc
gcagcagggg

gcagaagagc

Ay

Ser

Trp

Lys

Thr

Al a

Tyr
95

Tyr

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1344



Leu

Al a

Leu

145

Ay

Ser

Leu

Thr

Thr

225

Phe

Pro

Va

Thr

Va

305

Ser

Pro

Al a

Thr

Pro

130

Va

Al a

Gy

Leu

Lys

Lys

Ser

Lys

Leu

Leu

Thr

195

Va

Pro

Phe

Va

Phe

275

Pro

Thr

Va

Al a

Arg

-y
S
o<

Ser

Asp

Thr

Asp

Pro

Pro

Thr

260

Arg

Va

Ser

Lys
340

Gy

Ser

Lys

Tyr

Ser

165

Ser

Thr

Lys

Pro
245

Leu

Asn
325

Ay

PCTI L2012050093- seql - 000001- EN. t xt

@y Val Phe Asp Tyr Trp Gy Gn Gy Thr
105 110

Al a Ser

Ser Thr
135

Phe Pro
150

Gy Va

Leu Ser

Tyr 1le Oy

Lys Val
215

Pro Al a
230
Lys Pro

Val Val

Tyr Val

Lys Al a

Gn Pro

Met Thr

Thr

120

Ser

Au

Hi s

Ser

200

Au

Pro

Lys

Va

Asp

Tyr

Asp

Leu

Arg

Lys
360

Lys

Gy

Pro

Thr

Va

185

Pro

Asp

Asp

Ay

Trp

Pro

Ay

Gy

Va

Phe

170

Va

Va

Lys

Leu

Thr

250

Va

Va

Ser

Leu

Al a

330

Pro

Gn

Page 16

Pro

Thr

Thr

155

Pro

Thr

Ser

Leu

235

Leu

Ser

Thr

Asn

315

Pro

Va

Ser
Al a
140
Va

Al a
Va

H s
Cy

220
Gy
Met
H s
Va

Tyr
300
Gy
[le

Va

Ser

Va

125

Al a

Ser

Va

Pro

H s
285
Arg

Lys

Tyr

Leu
365

Phe

Leu

Trp

Leu

Ser

190

Pro

Lys

Pro

Ser

Va

Lys

Thr
350

Thr

Pro

Gy

Ser

Ser

Thr

Ser

Arg

Pro

Al a

Va

Tyr

Thr

335

Leu

Thr

Leu

Ser
160
Ser

Ser

H s
Va

240

Thr

Lys

Ser

Pro

Leu



Val Lys

370

Gy

Pro

Asp Gy Ser

Trp An

Hs Asn His

435

<210>
<211>
<212>
<213>

28
1353
DNA
Art

<220>
<223>

<400> 28
at gcaggt cc

ctgtcctgca
aggcct ggac
ttaaat caga
t acat gcaac
atggattatt
gctagcacca
ggcacagcgg
t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
tacgt ggacg
agcacgt acc
gagt acaagt
aaagccaaag

at gaccaaga

Phe Tyr

Au

Pro Ser

Asn Tyr

PCTI L2012050093- seql - 000001- EN. t xt

Asp
375

Lys

390

Phe Phe

405

Thr

ficial

aact gcagca
aggcttctgg
aaggcecttga
agttcaagga
t cagcagccc
actttgctat
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gcgt ggt gat
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg

accaggt cag

Leu Tyr

Va

@ n Lys

Ser
Phe Ser

Ser
440

sequence

gcecggggact
cttctccttce
gtggattggc
cagggccaca
gacat ct gag
ggact act gg
ggtcttccce
cct ggt caag
cagcggegtg
cgt ggt gacc
caagcccage
cacatgccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgtcct cacc
caacaaagcc

agaaccacag

cct gt ggt ge

Ile Ala Va

Thr Thr Pro

395

Leu Thr

410

Lys

Cys Ser Val

425

Leu Ser Leu

Heavy chain T427 T366W S354C ( knob)

gaact ggt ga
accagtt act
atgattcatc
ttgactgtag
gact ct gcgg
ggt caaggaa
ct ggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce
gt gt acaccc

ct ggt caaag

Gu Trp Gu

380

Pro Val

Va

Met

Ser
445

Leu

Asp Lys

Hs Gu

430

Pro Gy

Ser

Ser
400

Asp

Ser
415

Arg
Al a

Leu

Lys

codi ng sequence

ggcet ggage
ggat gaact g
cttccgatag
acaaatcctc
tctattactg
cct cagt cac
cct ccaagag
ccgaaccggt
cggct gt cet
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
¢gcgggagga
aggact ggct
ccat cgagaa
tgcceccatg

gcttctatcce

Page 17

ttcagt gaag
ggt gaagcag
t gaaact agg
cagcacagcc
t gcaagt gag
cgtctcctca
cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cctgggggoa
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
¢cgggaggag

cagcgacatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



PCTI L2012050093- seql - 000001- EN. t xt

gcegt ggagt gggagagcaa tgggcagecg gagaacaact acaagaccac gectcccgtg 1200
ctggactccg acggctcctt cttcctctat agcaagetca ccgtggacaa gagcaggt gg 1260
cagcagggga acgtcttctc atgctccgtg atgcatgagg ctctgcacaa ccactacacg 1320
cagaagagcc tctccctgtc cccgggtaaa tga 1353
<210> 29

<211> 465

<212> PRT

<213> Artificial sequence

<220>
<223> Heavy chain T427 T366W S354C (knob) codi ng sequence

<400> 29
Met Gn Val Gn Leu Gn G@n Pro Gy Thr Gu Leu Val Arg Pro Gy
1 5 10 15

Ala Ser Val Lys Leu Ser Cys Lys Ala Ser Gy Phe Ser Phe Thr Ser
20 25 30

Tyr Trp Met Asn Trp Val Lys Gn Arg Pro Gy Gn Gy Leu Gu Trp
35 40 45

lle Gy Met Ile His Pro Ser Asp Ser Gu Thr Arg Leu Asn G n Lys
50 55 60

Phe Lys Asp Arg Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Al a
65 70 75 80

Tyr Met Gn Leu Ser Ser Pro Thr Ser GQu Asp Ser Ala Val Tyr Tyr
85 90 95

Cys Ala Ser Gu Met Asp Tyr Tyr Phe Ala Met Asp Tyr
100 105

Gy Gn

-
[@xe]

Gy Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Va
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135

Thr Ala Ala

IN®
o<
O]
~

Leu Ay Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gy Ala Leu Thr Ser Gy Val Hs Thr Phe Pro Ala Va
165 170 175

Leu Gn Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Page 18



Ser
Pro
Lys
225
Pro
Lys
Arg
Pro
Al a
305
Val
Tyr
Thr
Leu
Cy

385
Ser
Asp

Ser

Al a

Ser

Ser

210

Thr

Ser

Ser

Thr

Lys

Ser

Lys

Ile

Pro

370

Leu

Ser

Arg

Leu
450

Ser

195

Hi s

Val

Cys

Pro

275

Val

Thr

Val

Ser

355

Pro

Val

Ay

Asp

Trp

Hi s

Leu

Thr

Thr

Phe

Lys

Lys

Leu

Gy

Lys

Leu

245

Lys

Val

Phe

Pro

Thr

325

Val

Al a

Arg

Gy

Pro

405

Ser

Hi s

PCTI L2012050093- seql - 000001- EN. t xt

Thr Gn Thr Tyr

Val

Pro

230

Phe

Thr

Thr

Arg

Val

Ser

Lys

Phe
390

Phe

Ay

Tyr

Asp
215
Pro

Pro

Hi s

Leu

Phe

Thr
455

200

Lys

Cys

Pro

Thr

Val

280

Tyr

Hi s

Lys

Met

Pro

Leu

Val
440

Lys

Pro

Lys

Val

Gn

Al a

345

Pro

Thr

Ser

Tyr

Tyr

425

Phe

Lys

Ile Cys Asn Val

Val

Al a

Pro

250

Pro

Val

Asp

Tyr

Asp

Leu

Arg

Lys

Asp
3

Ser

Ser

Page 19

Au

Pro

235

Lys

Pro

Asp

Ay

Asn

315

Trp

Pro

Thr

Lys

Leu

Pro

220

Au

Asp

Cys

Val

Val

300

Ser

Leu

Al a

Pro

Al a

Thr

Leu

Ser

Ser
460

205

Asn

Hi s

Lys Ser Cys

Leu

Thr

Pro

Ser

285

Thr

Pro

Val

Val

Pro

Thr

Val

445

Leu

Leu

Leu

Met

270

Hi s

Val

Tyr

Gy

Val

Ser

Au

Pro

Val

430

Met

Ser

Ay

Hi s

Arg

Lys

Au

Leu

Trp

Val

415

Asp

Hi s

Pro

Lys

Asp

Ay

Pro

Ser

Asp

Val
320

Lys

Thr

Trp

Leu

Lys

Ay



PCTI L2012050093- seql - 000001- EN. t xt

Lys

465

<210> 30

<211> 13562

<212> DNA

<213> Artificial sequence

<220>

<223> Heavy chain T427 T366S: L368A: Y4A07V: Y349C (hol €) coding sequence
<400> 30

at gcaggt cc aactgcagca gccggggact gaactggtga ggectggage ttcagtgaag 60
ctgtcctgeca aggettetgg cttetectte accagttact ggatgaactg ggtgaageag 120
aggcct ggac aaggecttga gtggattgge atgattcatc cttccgatag tgaaactagg 180
ttaaat caga agttcaagga cagggccaca ttgactgtag acaaatcctc cagcacagcece 240
tacat gcaac tcagcagccc gacatctgag gactctgegg tctattactg tgcaagtgag 300
atggattatt actttgctat ggactactgg ggtcaaggaa cctcagtcac cgtctcctcea 360
gctagcacca agggceccatc ggtcecttccece ctggcecaccet cctccaagag cacctcetggg 420
ggcacagcgg ccctgggetg cctggtcaag gactacttce ccgaaccggt gacggtgteg 480
t ggaactcag gcgeccctgac cageggegtg cacaccttcec cggetgtect acagtcectcea 540
ggactctact ccctcagcag cgtggtgacce gtgecctcca gcagettggg cacccagacce 600
tacatctgca acgtgaatca caagcccage aacaccaagg tggacaagaa agttgagcece 660
aaatcttgtg acaaaactca cacatgccca ccgtgeccag cacctgaact gaacaaggac 720
cgtcagtcectt cctcttecec ccaaaaccca aggacaccet catgatctcc cggaccectg 780
aggtcacatg cgtgotggtg gacgtgagec acgaagaccc tgaggtcaag ttcaactggt 840
acgt ggacgg cgtggaggtg cataatgcca agacaaagcc gcgggaggag cagtacaaca 900
gcacgtaccg tgtggtcage gtcctcaccg tecctgcacca ggactggetg aat ggcaagg 960
agtacaagtg caaggtctcc aacaaagccc tcccageccce catcgagaaa accatctceca 1020
aagccaaagg gcagccccga gaaccacagg tgtgcaccet geccccatce cgggaggaga 1080
t gaccaagaa ccaggtcagc ctgagcetgeg cggtcaaagg cttctatcece agcgacatceg 1140
ccgt ggagt g ggagagcaat gggcagccgg agaacaacta caagaccacg cctcececegtge 1200
tggactccga cggetcectte ttectegtta gcaagetcac cgtggacaag agcaggtgge 1260
agcaggggaa cgtcttctca tgctccgtga tgcatgagge tctgecacaac cactacacge 1320
agaagagcct ctccctgtec ccgggtaaat ga 1352
<210> 31

<211> 450

<212> PRT

<213> Artificial sequence

<220>

<223> Heavy chain T427 T366S: L368A:; Y407V: Y349C ( hol e)

Page 20



PCTI L2012050093- segl - 000001- EN. t xt
<400> 31

Met Gn Val Gn Leu Gn G@n Pro Gy Thr Gu Leu Val Arg Pro Gy
1 5 10 15

Ala Ser Val Lys Leu Ser Cys Lys Ala Ser Gy Phe Ser Phe Thr Ser
20 25 30

Tyr Trp Met Asn Trp Val Lys Gn Arg Pro Gy Gn Gy Leu Gu Trp
35 40 45

lle Gy Met Ile His Pro Ser Asp Ser Gu Thr Arg Leu Asn G n Lys
50 55 60

Phe Lys Asp Arg Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Al a
65 70 75 80

Tyr Met Gn Leu Ser Ser Pro Thr Ser GQu Asp Ser Ala Val Tyr Tyr
85 90 95

Cys Ala Ser Gu Met Asp Tyr Tyr Phe Ala Met Asp Tyr
100 105

-

Gy Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Va
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135

Thr Ala Ala

N
o<
O]
~

Leu Ay Cys Leu val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gy Ala Leu Thr Ser Gy Val Hs Thr Phe Pro Ala Va
165 170 175

Leu Gn Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leu Gy Thr Gn Thr Tyr Ile Cys Asn Val Asn His Lys
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys vVal GQu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Gu Leu Leu Gy Gy
225 230 235 240

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
245 250 255

Ser Arg Thr Pro Gu Val Thr Cys Val Val Val Asp Val Ser His Gu
260 265 270

Page 21



Asp

Va
305

Lys

Thr

Ser

Leu

Lys

Ay

Pro

Al a

290

Va

Tyr

Thr

Leu

Asp

Ser

Al a

Lys
450

<210>
<211>
<212>
<213>

<220>
<223>

<400>
at gcaggt cc

Lys

Ser

Lys

Pro
355

Al a

Ser

Arg

Leu
435

32
2406
DNA
Art

Heav

32

ctgtcctgea

aggcct ggac

ttaaat caga

tacat gcaac

PCTI L2012050093- seql - 000001- EN. t xt

Val Lys Phe Asn Trp Tyr Val Asp Gy Val Gu Val Hs
280 285

Thr Lys Pro Arg Gu Gu Gn Tyr Asn Ser Thr Tyr Arg
295 300

Val Leu Thr Val Leu His Gn Asp Trp Leu Asn Gy Lys
310 315 320

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile GQu
325 330 335

Ser Lys Ala Lys Gy Gn Pro Arg Gu Pro Gn Vval Cys
340 345 350

Pro Ser Arg Gu Gu Met Thr Lys Asn G n Val Ser Leu

Val Lys Gy Phe Tyr Pro Ser Asp Ile Ala Val Gu Trp
375 380

Gy Gn Pro Gu Asn Asn Tyr Lys Thr Thr Pro Pro Va
390 395 400

Asp Gy Ser Phe Phe Leu Val Ser Lys Leu Thr Val Asp
405 410 415

Trp Gn G@n Gy Asn Val Phe Ser Cys Ser Val Met His
420 425 430

His Asn His Tyr Thr Gn Lys Ser Leu Ser Leu Ser Pro
440 445

ficial sequence

y chain T427-PE38 codi ng sequence

aactgcagca gccggggact gaactggtga ggectggage ttcagtgaag
aggcttctgg cttctecttec accagttact ggatgaactg ggtgaagcag
aaggccttga gtggattgge atgattcatc cttccgatag tgaaactagg
agttcaagga cagggccaca ttgactgtag acaaatcctc cagcacagec

t cagcagccc gacatctgag gactctgegg tctattactg tgcaagtgag
Page 22

60
120
180
240
300



atggattatt
gct agcacca
ggcacagegg
t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
t acgt ggacg
agcacgtacc
gagt acaagt
aaagccaaag
at gaccaaga
gccgt ggagt
ct ggact ccg
cagcagggga
cagaagagcc
gcegeget ga
cagccgegeg
ctctacct gg
gccagecccg
cgt ct ggecece
aacgacgagg
aactatccca
ggcacgcaga
ggct at gt gt
ggcggggt ge
ggcgat ccgg
atccgcaacg
cgcaccagcec
catccget ge
gagaccattc

accgacccgc

actttgctat
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gegt ggt got
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg
accaggt cag
gggagagcaa
acggctcct t
acgtcttctce
tctcectgte
ccgcgcacca
gct gggaaca
cggcgeggcet
gcageggcegyg
t gaccct gge
ccggegegge
ctggegegga
act ggacggt
tcgtcggcta
gcgegegeag
cgetggecta
gt gcecet get
t gaccct gge
cget gegect
t cgget ggece
gcaacgt cgg

PCTI L2012050093- seql - 000001- EN. t xt

ggact act gg
ggtcttccce
cct ggt caag
cageggegt g
cgt ggt gacc
caagcccage
cacatgccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgtcct cacc
caacaaagcc
agaaccacag
cct gacct ge
t gggcagceeg
cttcctctat
atgctcegtg
cccgggt aaa
ggcttgecac
act ggagcag
gt cgt ggaac
cgacct ggge
cgecgeegag
caacggccecg
gttcctcegge
ggagcggct g
ccacggcacc
ccaggacctc
cggct acgece
gcgggt ct at
cgegecggag
ggacgccatc
gct ggeegag

cggcgacctc

ggt caaggaa cctcagtcac cgtctcctca

ct ggcaccct
gactacttcc
cacaccttcc
gtgcectcca
aacaccaagg
ccgt geecag
aaggacaccc
cacgaagacc
aagacaaagc
gtcctgeacce
ctcceagecece
gt gtacaccc
ct ggt caaag
gagaacaact
agcaagct ca
at gcat gagg
gcttcecggag
ctgceget gg
tgcggctate
caggt cgacc
gaagcgat cc
agcgagcgct
gcggacagceg
gacggceggceg
ct ccaggege
ttcctcgaag
gacgcgat ct
caggaccagg
gt gccgeget
gcggcyggcy
accggecccg
cgcaccgt gg

gacccgt cca
Page 23

cct ccaagag
ccgaaccggt
cggct gt cet
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
cgcgggagga
aggact ggct
ccat cgagaa
tgcccccatce
gcttctatce
acaagaccac
ccgt ggacaa
ctctgcacaa
gt cccgaggg
agactttcac
cggt gcageg
aggt gat ccg
gcgagcagcece
t cgt ccggea
gcgacgecct
acgt caget t
accgccaact
cggcgcaaag
ggcgeggt tt
aacccgacgc
cgagcct gee
aggt cgaacg
aggaggaagg
tgattcccte

gcat ccccga

cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cct gggggga
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
ccgggaggag
cagcgacatc
geeteeegt g
gagcaggt gg
ccactacacg
cggcagect g
ccgt catcge
gct ggt cgece
caacgccect g
ggagcaggcec
gggcaccggce
gct ggagege
cagcacccgc
ggaggagcge
catcgtcttc
ctatatcgcec
acgcggecgg
gggcttctac
gct gat cgge
cgggegect g
ggcgat ceccc

caaggaacag

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



PCTI L2012050093- seql - 000001- EN. t xt

gcgat cagcg ccctgecgga ctacgeccage cagcccggeca aaccgccgeg cgaggacctg 2400
aagt aa 2406
<210> 33

<211> 800

<212> PRT

<213> Artificial sequence

<220>
<223> Heavy chain T427-PE38

<400> 33
Gn Val Gn Leu Gn Gn Pro Gy Thr Gu Leu Val Arg Pro Gy Al a
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gy Phe Ser Phe Thr Ser Tyr
20 25 30

Trp Met Asn Trp Val Lys Gn Arg Pro Gy Gn Gy Leu Gu Trp Ile
35 40 45

Gy Met Ile His Pro Ser Asp Ser Gu Thr Arg Leu Asn G n Lys Phe
50 55 60

Lys Asp Arg Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr

Met G n Leu Ser Ser Pro Thr Ser Gu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Ser Gu Met Asp Tyr Tyr Phe Ala Met Asp Tyr Trp Gy Gn Qy
100 105 110

Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Vval Phe

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gy Ala Ala Leu

130 135

N
o<
_|
=0

Leu Val Lys Asp Tyr Phe Pro Gu Pro Val Thr Vval Ser T
0 1

N
or<
%
)

Asn Ser Gy Ala Leu Thr Ser Gy Val His Thr Phe Pro Ala Val Leu
165 170 175

Gn Ser Ser Gy Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
0 185 190

Ser Ser Leu Gy Thr Gn Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205
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Ser

Thr

225

Ser

Arg

Pro

Al a

Val

305

Tyr

Thr

Leu

Ser

385

Asp

Ser

Al a

Lys

Hi s
465

Asn
210
Hi s

Val

Thr

Lys
290
Ser

Lys

Pro

Leu

370

Ser

Arg

Leu

Al a
450

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Ser

Pro

355

Val

Ay

Asp

Trp

Hi s

435

Ser

Al a

Lys

Cys

Leu

Lys

Lys

Leu

Lys

Lys

Ser

Lys

Ay

Cys

PCTI L2012050093- seql - 000001- EN. t xt
G u Pro Lys Ser Cys Asp

Val Asp Lys Lys Val
215

Pro

Phe

245

Val

Phe

Pro

Thr

Val

325

Al a

Arg

Gy

Pro

Ser

405

Hi s

Ay

Hi s

Pro
230

Pro

Thr

Arg
Val
310

Ser

Lys

Phe

Phe

Ay

Tyr

Pro

Leu
470

Cys

Pro

Leu

Asn

Gy

Tyr

375

Phe

Thr

Pro

Lys

Val

Tyr

280

Hi s

Lys

Vet
360

Pro

Leu

Val

Ay

Leu

Al a

Pro

Val

265

Val

Al a

Pro

345

Thr

Ser

Tyr

Tyr

Phe

425

Lys

Ay

Au

Pro

Lys

250

Val

Asp

Tyr

Asp

Leu

330

Arg

Lys

Asp

Lys

Ser

410

Ser

Ser

Ser

Thr

Page 25

Au
235
Asp

Asp

Ay

[le
Thr

395

Lys

Leu

Leu

Phe
475

220

Leu

Thr

Val

Val

Ser

300

Leu

Al a

Pro

Al a

380

Thr

Leu

Ser

Ser

Al a

460

Thr

Leu Ay Gy

Leu

Ser

Pro

Val

365

Val

Pro

Thr

Val

Leu

445

Al a

Arg

Met

Hi s

270

Val

Tyr

Ay

Ile

Val

350

Ser

Pro

Val

Met

430

Ser

Leu

Hi s

Hi s

Arg

Lys

Tyr

Leu

Trp

Val

Asp

Hi s

Pro

Thr

Arg

Lys
Pro
240

Ser

Asp

Val

Lys

Thr

Thr

Leu
400

Lys

Gy

Al a



Pro

Leu

Ay

Leu

545

Asp

Leu

Asp

Leu

Ay

Ay

Tyr

Tyr
Leu
705

Pro

Ay

Arg

Val

Val
Leu
610

Tyr

Val

Pro

Val

690

Al a

Leu

Arg

Ay

Al a

Al a

Al a

Al a

Arg

Ser

595

Hi s

Arg

Al a

Asp

Pro

Al a

Pro

Leu

Trp
Leu

500

Arg

Al a

Ay

Asn

580

Phe

Al a

Ay

Al a

Ay

Al a

Arg

Pro

Leu

Al a

565

Tyr

Ser

Hi s

Thr

Arg

Asp

Arg

Ser

Arg

Thr

Leu

Al a

Ser

550

Al a

Pro

Thr

Arg

Phe

630

Ser

Pro

Ay

Ser

Al a

Leu

PCTI L2012050093- seql - 000001- EN. t xt
Gn Leu Gu Gn Cys Gy Tyr Pro Val
490

Al a

Leu

Asn

Thr

Arg

Al a

Arg

Leu

695

Al a

Asp

Leu

Al a

Al a

520

Pro

Arg

Ay

Ay

Asp

Leu

Pro

Ay

Al a

Ay

Arg
505

Ser

Phe

Pro

Al a
585

y Thr

Al a

Leu

Al a

665

Arg

Ay

Leu

Pro

Val

Al a

570

Gn

Al a

Phe

Val

Thr

730

Pro

Page 26

Ser

Ay

Al a

Arg

Asp

Phe

Asn

Arg

p Al a

Ay

Ay

Tyr

Ay

Leu

Trp

Ser

Ser

Leu

Trp

Ay

Ser

Ile

Tyr

Al a

Arg

Arg

Pro

Al a

Asn

Ay

Leu

Ay

Ay

Ay

Thr

605

Tyr

Trp

Al a

Leu

685

Thr

Leu

Gn

510

Ay

Al a

Thr

Asp

Asp

Val

Val

Val

Arg

Leu

Ser

Ile

Gn

495

Val

Asp

Leu

Ay

Al a

575

Ay

Phe

Phe

Ay

Asp

Arg

Leu

Ay

Arg

Asp

Leu

Thr

Asn

560

Leu

Ay

Arg

Val

Val

Thr

Hi s

720

Ay

Val



PCTI L2012050093- seql - 000001- EN. t xt

Val Ile Pro Ser Ala Ile Pro Thr Asp Pro Arg Asn Val Gy Gy Asp
755 760 765
Leu Asp Pro Ser Ser Ile Pro Asp Lys Gu Gn Ala Ille Ser Ala Leu
770 775 780
Pro Asp Tyr Ala Ser Gn Pro Gy Lys Pro Pro Arg G u Asp Leu Lys
785 790 795 800
<210> 34
<211> 2406
<212> DNA
<213> Artificial sequence
<220>
<223> Heavy chain T427-PE38 T366S: L368A: Y407V: Y349C (hol e) coding
sequence
<400> 34

at gcaggt cc
ctgtcctgea
aggcct ggac
ttaaatcaga
t acat gcaac
atggattatt
gct agcacca
ggcacagcgg
t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
t acgt ggacg
agcacgtacc
gagt acaagt
aaagccaaag
at gaccaaga
geegt ggagt
ct ggact ccg
cagcagggga

cagaagagcc

aact gcagca
aggcttctgg
aaggcecttga
agttcaagga
t cagcagccc
actttgctat
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gcgt ggt gat
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg
accaggt cag
gggagagcaa
acggctcct t
acgtcttctce

tctcectgte

gcecggggact
cttctccttce
gt ggat t gge
cagggccaca
gacat ct gag
ggact act gg
ggtcttccee
cct ggt caag
cageggegt g
cgt ggt gacc
caagcccage
cacat gccca
cccaaaacce
ggacgt gagc
gcat aat gcc
cgtcctcacc
caacaaagcc
agaaccacag
cct gaget g
t gggcageceg
cttectegtt
atgctcegtg

cccgggt aaa

gaact ggt ga
accagtt act
atgattcatc
ttgactgtag
gact ct gcgg
ggt caaggaa
ct ggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce
gt gt gcaccce
gcggt caaag
gagaacaact
agcaagct ca
at gcat gagg
gcttceggag

Page 27

ggcet ggage
ggat gaact g
cttccgatag
acaaat cctc
tctattactg
cct cagt cac
cct ccaagag
ccgaaccggt
cggct gt cct
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
cgcgggagga
aggact ggct
ccat cgagaa
tgcccccatc
gcttctatcce
acaagaccac
ccgt ggacaa

ctctgcacaa

gt cccgaggg

ttcagt gaag
ggt gaagcag
t gaaact agg
cagcacagcc
t gcaagt gag
cgtctcctca
cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cct gggggga
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
¢cgggaggag
cagcgacatc
geeteeegt g
gagcaggt gg
ccactacacg

cggcagect g

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



gcegeget ga
cagccgegeg
ctctacct gg
gccagecccg
cgt ct ggecece
aacgacgagg
aactatccca
ggcacgcaga
ggct at gt gt
ggcgggat gc
ggcgat ccgg
atccgcaacg
cgcaccagcec
catccget ge

gagaccattc

ccgcgcacca
gct gggaaca
cggcgeggcet
gcageggcegyg
t gaccct gge
ccggegegge
ct ggegegga
act ggacggt
tcgtcggcta
gcgcgegeag
cgetggecta
gt gcecet get
t gaccct gge
cget gegect
t cgget ggece

PCTI L2012050093- seql - 000001- EN. t xt

ggcttgecac
act ggagcag
gt cgt ggaac
cgacct ggge
cgecgeegag
caacggccecg
gttcctcegge
ggageggcet g
ccacggcacc
ccaggacctc
cggct acgece
gcgggt ct at
¢gcgecggag
ggacgccatc

gctggccgag

ctgceget gg
tgcggctate
caggt cgacc
gaagcgat cc
agcgagcgct
gcggacageg
gacggceggceg
ct ccaggege
ttcctcgaag
gacgcgat ct
caggaccagg
gt gccgeget
gcggcgggcyg
accggecccg

cgcaccgt gg

agactttcac
cggt gcageg
aggt gat ccg
gcgagcagcece
t cgt ccggea
gcgacgecct
acgt caget t
accgccaact
cggcgcaaag
ggcgeggt tt
aacccgacgc
cgagcct gee
aggt cgaacg
aggaggaagg

tgattcccte

ccgt cat cge
gct ggt cgece
caacgccct g
ggagcaggcc
gggcaccgge
gct ggagege
cagcacccge
ggaggagege
catcgtcttc
ctatatcgec
acgeggeegg
gggcttctac
gct gat cgge
cgggegecet g

ggcgat cccc

accgacccge gcaacgtcgg cggecgacctc gacccgtcca gcatccccga caaggaacag
gcgat cagcg ccctgecgga ctacgeccage cageccggeca aaccgecgeg cgaggaccetg
aagt aa
<210> 35
<211> 800
<212> PRT
<213> Artificial sequence
<220>
<223> Heavy chain T427-PE38 T366S: L368A: YA07V: Y349C ( hol e)
<400> 35
Gn Val Gn Leu Gn Gn Pro Gy Thr Gu Leu Val Arg Pro Gy Al a
1 5 10 15
Ser Val Lys Leu Ser Cys Lys Ala Ser Gy Phe Ser Phe Thr Ser Tyr
20 25 30
Trp Met Asn Trp Val Lys Gn Arg Pro Gy Gn Gy Leu Gu Trp Ile
35 40 45
Gy Met Ile His Pro Ser Asp Ser Gu Thr Arg Leu Asn G n Lys Phe
50 55 60
Lys Asp Arg Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80
Met G n Leu Ser Ser Pro Thr Ser Gu Asp Ser Ala Val Tyr Tyr Cys

Page 28

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2406



Al a

Thr

Pro

-y
N
or<

Ser

Ser

Thr

225

Ser

Arg

Pro

Al a

Val

305

Tyr

Thr

Leu

Ser

Ser

Leu

130

Ser

Ser

Ser

Asn

210

Hi s

Val

Thr

Lys

290

Ser

Lys

Ile

Pro

Val

Al a

Leu

Ay

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Pro

Met
100
Thr

Pro

Val

Leu

Lys

Lys

Leu

Lys

85

Asp

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe

245

Val

Phe

Pro

Thr

Val

325

Al a

Arg

Tyr

Ser

Asp
Pro
230

Pro

Thr

Arg
Val
310

Ser

Lys

PCTI L2012050093- seql - 000001- EN. t xt
90

Tyr

Ser

Tyr

Ser

Ser

Thr

Pro

Leu

Asn

Ay

Au

Phe Ala Met Asp Tyr Trp Gy
0

Phe

Ay

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Hi s

Lys

Gn

Met

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Al a

Pro

Val

265

Val

Al a

Pro
345

Thr

Thr

Ser

Ser

Cys

Pro
Lys
250

Val

Asp

Asp

Leu
330

Lys

Gy

Thr

Val

Pro

Asp

Asp

Gy

-y
N
o<

Val

Phe

Val

Val

Lys

220

Leu

Thr

Val

Val

Ser

300

Leu

Al a

Pro

Lys Asn Gn

Page 29

Thr

Pro

Thr

Asn

205

Ser

Leu

Leu

Ser

Pro

Val

11

Ser

Al a

Val

Al a

Val

190

Hi s

Ay

Met

Hi s

270

Val

Tyr

Ay

Ile

Val

350

Ser

95

Gn

Val

Al a

Ser

Val

175

Pro

Lys

Asp

Hi s

Arg

Lys

Leu

Gy

Phe

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Val

Lys

Thr

Ser



Ser

385

Asp

Ser

Al a

Lys

Hi s

465

Pro

Leu

Gn

Ay

Leu

545

Asp

Leu

Asp

Leu

Gy

Al a

370

Ser

Arg

Leu

Al a

450

Arg

Va

Va

Va

Leu
610

Tyr

355

Va

Ay

Asp

Trp

Hi s

435

Ser

Al a

Ay

Al a

Al a

Al a

Al a

Arg

Ser

595

Hi s

Lys

Ay

Cys

Trp

Leu

500

Arg

Al a

Ay

Asn

580

Phe

Al a

Gy

Gy

Pro

Ser

405

Hi s

Ay

Hi s

Tyr

Asn

Arg

Al a

565

Tyr

Ser

Hi s

Thr

Phe

Au

390

Phe

Ay

Tyr

Pro

Leu

470

Leu

Al a

Ser

550

Al a

Pro

Thr

Arg

Phe

PCTI L2012050093- seql - 000001- EN. t xt

Tyr
375
Asn

Phe

Thr

Pro

Leu

Al a

Leu

Thr

Arg

360

Pro Ser Asp Ile Al a

Leu

Va

Ay

Leu

Al a

Al a

520

Pro

Arg

Ay

Ay

Tyr

Va

Phe

425

Lys

Ay

Arg

Ser

Phe

Pro

Al a
585

y Thr

Al a

Lys
Ser
410
Ser
Ser
Ser
Thr
Cy

490
Leu

Pro

Va

Al a
570

Thr
395

Lys

Leu

Leu

Phe

475

Ay

Ser

Gy

Al a

Arg

Asp

Phe

Asn

Arg

380

Thr

Leu

Ser

Ser

Al a

460

Thr

Tyr

Trp

Ser

Ser

Leu

Trp

Ay
620

Ala A n Ser

Page 30

365

Va

Pro

Thr

Va

Leu

445

Al a

Arg

Pro

Gy

Leu

Gy

Ay

Ay

Thr

605

Tyr

Ile

Au

Pro

Va

Met

430

Ser

Leu

Hi s

Va

Gn

Gy

Al a

Thr

Asp

Asp

Va

Va

Va

Trp

Va

Asp

Hi s

Pro

Thr

Arg

Va

Asp

Leu

Gy

Al a

575

Ay

Au

Phe

Phe

Leu
400

Lys

Ay

Al a

Arg

Asp

Leu

Thr

Asn

560

Leu

Ay

Arg

Va

Gy



625

Ay Vval Arg

Tyr Ile Al a

Gu Pro Asp
675

Tyr Val Pro

690

Leu Ala Al a

705

Pro Leu Pro

Gy Arg Leu

Val |Ile Pro
755

Leu Asp Pro

770

Pro Asp Tyr

785

<210> 36

<211> 1353

<212> DNA

<213> Arti

<220>

<223>

<400> 36

at gcaggt ac
atctcctgca
gct ccaggac
tttgctgatg
tatttgcaga
gaggtttacc

gctagcacca

ggcacagcgg

630

Ala Arg

Ay Asp

Ala Arg

Arg Ser

Pro

Leu Arg

Thr

Ser Al a

Ser Ser

Al a Ser

ficial

aact gcagca
aggccet ct gg
agggtttaaa
acttcaaggg
t caacaacct
acggct acgt
agggcccatc

ccctgggct g

Pro

Gy

Ser

Al a

Leu

Ile

Ser G n Asp Leu

Al a Leu

Arg

Leu Pro

695

Ala Gy

Asp Al a
Leu

Ay

Thr
760

Pro

Pro
775

Asp

Pro Gy

sequence

Heavy chain FRP5 T366W S354C (knob)

gt ct ggacct
gtatcctttc
gt ggat gggc
acggtttgac
caaaagt gaa
tccttactgg
ggtcttccce

cct ggt caag

Asp Al a
650

Al a
665

Tyr Gy

Arg Gy

Gy Phe Tyr

Va

Thr
730

Ay

Pro Leu

Asp Pro Arg

Lys Gn

Pro
795

Lys Pro

PCTI L2012050093- seql - 000001- EN. t xt
635

Ile Trp Arg

Gn
670

Tyr Ala

Al a Leu Leu

685

Arg Thr Ser

Arg Leu Ile

Pro Au

Al a Arg

Va
765

Ay

Al a
780

Ser

Arg Asp

640
Gy Phe
655

Asp

Arg Va

Thr

Leu

Hi s
720

Gy
Gy
Thr Val
Gy Asp
Al a

Leu

Leu Lys

800

codi ng sequence

gaact gaaga agcct ggaga gacagtcaag

acaaactatg
tggattaaca
ttctetttgg
gacat ggct a
ggccaaggga
ct ggcaccct

gactacttcc

Page 31

gaat gaact g
cct ccact gg
aaacct ct gc
catatttctg
ccacggt cac
cct ccaagag

ccgaaccggt

ggt gaagcag
agagt caaca
caacact gcc
t gcaagat gg
cgtttcectct
cacct ct ggg

gacggt gt cg

60
120
180
240
300
360
420
480



t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
t acgt ggacg
agcacgtacc
gagt acaagt
aaagccaaag
at gaccaaga
geegt ggagt
ct ggact ccg
cagcagggga

cagaagagcc

<210>
<211>
<212>
<213>

37
450
PRT
Art

<220>
<223>

<400> 37
Met G n Va
p

A u Thr Val

Tyr Gy Met

35
Met Gy Trp
50

Phe
65

Lys Gy
Tyr Leu Gn

Ala Arg

gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gcgt ggt gat
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg
accaggt cag
gggagagcaa
acggctcct t
acgtcttctce

tctcectgte

ficial sequ

Gn Leu G

5

Lys Ile Se

20

Asn Trp Va

Ile Th

Phe As

70

Asn
85

Ile As

Va

—

PCTI L2012050093- seql - 000001- EN. t xt

cagcggegt g
cgt ggt gacc
caagcccage
cacat gccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgt cct cacc
caacaaagcc
agaaccacag
cct gt ggt gc
t gggcageceg
cttcctctat
atgctcegtg

cccgggt aaa

ence

n An Ser
r Cys Lys

Gn
40

I Lys

r Ser Thr

55

p Phe Ser

n Leu

Lys

| Tyr His

cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce
gt gt acaccc
ct ggt caaag
gagaacaact
agcaagct ca
at gcat gagg
tga

Heavy chain FRP5 T366W S354C (knob)

Gy Pro Gu

10

Al a
25

Ser Gy
Ala Pro Gy
Gy Gu Ser

A u Thr
75

Leu
Ser Gu Asp
90

Tyr Val

-y
o,
or<

Page 32

cggct gt cet
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
¢gcgggagga
aggact ggct
ccat cgagaa
tgcceccatg
gcttctatce
acaagaccac
ccgt ggacaa

ctctgcacaa

Leu Lys Lys

Tyr Pro Phe

Gy Leu

45

Thr
60

Phe Al a

Ser Al a Asn

Met Ala Thr

Pro Tyr

-
[@xe]

acagtcctca
cacccagacc
agttgagcecc
cctgggggoa
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
¢cgggaggag
cagcgacatc
geeteeegt g
gagcaggt gg

ccactacacg

Pro
15

Ay

Thr

Lys Trp

Asp Asp

Thr Al a

80

Tyr Phe

95

Gy Gn

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1353



Gy

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Va
305

Lys

Thr

Trp G

Thr

Gn

Ser

Ser

210

Thr

Ser

Arg

Pro

Al a

290

Va

Tyr

Thr

Leu

370

Ser

Ser

Ser

195

Hi s

Va

Thr

Lys

Ser

Lys

Ile

Pro

355

Leu

Va

Al a

Leu

Gy

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Va

Thr

Va

Ser
340

Pro

Va

Thr

Pro

Va

Gy

Lys

Leu

245

Au

Lys

Lys

Leu

Lys

Lys

Cys

Lys

Va

Ser

Leu

Thr

Va

Pro

230

Phe

Va

Phe

Pro

Thr

310

Va

Al a

Arg

Ay

PCTI L2012050093- seql - 000001- EN. t xt
Ser Ala Ser Thr

Ser

Ser

135

Asp

Thr

Tyr

Pro

Pro

Thr

Arg

Va

Ser

Lys

Phe
375

120

Lys

Tyr

Ser

Ser

Thr
200

p Lys

Pro

Leu

Ser

Phe

Gy

Leu

185

Tyr

Lys

Pro

Lys

Va

265

Tyr

Hi s

Lys

Met

Pro

Thr

Pro

Va

170

Ser

Va

Al a

Pro

250

Va

Va

Al a

330

Pro

Thr

Ser

Page 33

Ser

Hi s

Ser

Pro

235

Lys

Va

Asp

Tyr

Asp

Leu

Arg

Lys

Asp

Lys Gy Pro Ser

-y
N
o<

Pro

Thr

Va

Pro

220

Asp

Asp

Ay

Asn

300

Trp

Pro

125

Ay

Va

Phe

Va

Va

205

Lys

Leu

Thr

Va

Va

285

Ser

Leu

Al a

Pro

Thr

Thr

Pro

Thr

190

Ser

Leu

Leu

Ser

270

Thr

Pro

Va

Va

Al a

Va

Va

Hi s

Gy

Vet

255

Hi s

Va

Tyr

Gy

Va

Ser

Au

Va

Al a

Ser

160

Va

Pro

Lys

Asp

Hi s

Arg

Lys

320

Tyr

Leu

Trp



Ser

Leu Asp Ser

Lys Ser Arg

Al a Leu

435

Gy Lys

450

<210>
<211>
<212>
<213>

38

DNA
Art

<220>
<223>

<400> 38
at gcaggt ac

atctcctgea
gct ccaggac
tttgctgatg
tatttgcaga
gaggtttacc
gct agcacca
ggcacagegg
t ggaact cag
ggact ct act
tacatctgca
aaatcttgtg
ccgt cagt ct
gaggt cacat
t acgt ggacg
agcacgtacc
gagt acaagt
aaagccaaag

at gaccaaga

1353

Gy Gn

PCTI L2012050093- seql - 000001- EN. t xt

Pro G u Asn Asn Tyr

390

Asp Gy
405

Trp An
420

Hi s Asn

ficial

aact gcagca
aggccet ct gg
agggtttaaa
acttcaaggg
t caacaacct
acggct acgt
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gcgt ggt gat
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg

accaggt cag

Ser

Phe Phe

Gn Gy Asn Va

440

sequence

gt ct ggacct
gtatcctttc
gt ggat gggc
acggtttgac
caaaagt gaa
tccttactgg
ggtcttccce
cct ggt caag
cagcggegt g
cgt ggt gacc
caagcccage
cacat gccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgt cct cacce
caacaaagcc
agaaccacag

cct gagcet ge

Lys
395

Leu Tyr Ser
410

Phe Ser
425

His Tyr Thr G n Lys Ser

gaact gaaga
acaaactatg
tggattaaca
ttctetttgg
gacat ggct a
ggccaaggga
ct ggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce
gt gt gcaccce
gcggt caaag
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Thr Thr Pro

Lys Leu Thr

Va
430

Cys Ser

Leu Ser Leu

445

Heavy chain FRP5 T366S: L368A: Y407V: Y349C (hol e)

agcct ggaga
gaat gaact g
cctccact gg
aaacct ct gc
catatttctg
ccacggt cac
cct ccaagag
ccgaaccggt
cggct gt cet
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
cgcgggagga
aggact ggct
ccat cgagaa
tgcccccatce

gcttctatcce

Pro Val
400

Va
415

Asp
Met His

Ser Pro

codi ng sequence

gacagt caag
ggt gaagcag
agagt caaca
caacact gcc
t gcaagat gg
cgtttcectct
cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cctgggggoa
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
¢cgggaggag

cagcgacatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



PCTI L2012050093- seql - 000001- EN. t xt

gcegt ggagt gggagagcaa tgggcagecg gagaacaact acaagaccac gectcccgtg 1200
ctggactccg acggctcctt cttcctegtt agcaagetca ccgtggacaa gagcaggt gg 1260
cagcagggga acgtcttctc atgctccgtg atgcatgagg ctctgcacaa ccactacacg 1320
cagaagagcc tctccctgtc cccgggtaaa tga 1353
<210> 39

<211> 450

<212> PRT

<213> Artificial sequence

<220>
<223> Heavy chain FRP5 T366S: L368A: Y407V: Y349C ( hol e)

<400> 39
Met Gn Val Gn Leu Gn Gn Ser Gy Pro Gu Leu Lys Lys Pro Gy
1 5 10 15

Gu Thr Val Lys Ile Ser Cys Lys Ala Ser Gy Tyr Pro Phe Thr Asn
20 25 30

Tyr Gy Met Asn Trp Val Lys Gn Ala Pro Gy Gn Gy Leu Lys Trp
35 40 45

Met Gy Trp Ile Asn Thr Ser Thr Gy Gu Ser Thr Phe Ala Asp Asp
50 55 60

Phe Lys Gy Arg Phe Asp Phe Ser Leu G u Thr Ser Ala Asn Thr Ala
65 70 75 80

Tyr Leu Gn Ile Asn Asn Leu Lys Ser Gu Asp Met Ala Thr Tyr Phe
85 90 95

Cys Ala Arg Trp Gu Val Tyr His
100

Tyr Vval Pro Tyr Gy Gn

-
[oxe;

-y
S
o<

Gy Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Va
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135

Thr Ala Ala

=Q

o<
O]
~

Leu Ay Cys Leu val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gy Ala Leu Thr Ser Gy Val Hs Thr Phe Pro Ala Va
165 170 175

Leu Gn Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leu Gy Thr Gn Thr Tyr Ile Cys Asn Val Asn His Lys
Page 35



Pro

Ser

Asp

Va
305

Lys

Thr

Ser

Leu

Lys

Ay

Ser
210
Thr
Ser
Arg
Pro
Al a
290
Va

Tyr
Thr
Leu
Cy

370
Ser
Asp
Ser

Al a

Lys
450

<210>

195

Hi s

Va

Thr

Au

Lys

Ser

Lys

Pro
355

Al a

Ser

Arg

Leu
435

40

Thr

Thr

Phe

Pro

260

Va

Thr

Va

Ser

340

Pro

Va

Gy

Asp

Trp

Hi s

Lys

Leu

245

Au

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Ay

Gn

Va

Pro

230

Phe

Va

Phe

Pro

Thr

310

Va

Al a

Arg

Ay

Pro

390

Ser

Hi s

PCTI L2012050093- seql - 000001- EN. t xt

200

Asp Lys Lys
215

Pro

Pro

Thr

Arg

Va

Ser

Lys

Phe
375

Phe

Ay

Tyr

Cys

Pro

Trp

Au

Leu

Phe

Thr
440

Pro

Lys

Va

265

Au

Hi s

Lys

Met

Pro

Leu

Va
425

Va

Al a

Pro

250

Va

Va

Al a

330

Pro

Thr

Ser

Tyr

Va

410

Phe

Lys

Page 36

Au

Pro

235

Lys

Va

Asp

Tyr

Asp

315

Leu

Arg

Lys

Asp

Lys

395

Ser

Ser

Ser

Pro

220

Au

Asp

Asp

Ay

Asn

300

Pro

Asn

Leu

205

Lys

Leu

Thr

Va

Va

285

Ser

Leu

Al a

Pro

Al a

Thr

Leu

Ser

Ser
445

Ser

Leu

Leu

Ser

270

Thr

Pro

Va

Va

Pro

Thr

Va

430

Leu

Cys

Ay

Met

255

Hi s

Va

Tyr

Ay

Va

Ser

Pro
Va
415

Met

Ser

Hi s

Arg

Lys

320

Au

Leu

Trp

Va

400

Asp

Hi s

Pro



<211>
<212>
<213>

1353
DNA
Art
<220>
<223>
sequ

<400> 40
at gcaggt cc

ctgtcctgea
aggcct ggac
ttaaatcaga
t acat gcaac
atggattatt
gct agcacca
ggcacagcgg
t ggaact cag
ggact ct act
tacatctgca
aaat ct gccg
ccgt cagt ct
gaggt cacat
t acgt ggacg
agcacgtacc
gagt acaagt
aaagccaaag
at gaccaaga
gccgt ggagt
ct ggact ccg
cagcagggga

cagaagagcc

<210> 41

<211> 450
<212> PRT
<213> Arti

<220>
<223>

<400> 41

Met G n Va
1

ficial

ence

aact gcagca
aggcttctgg
aatgecttga
agttcaagga
t cagcagccc
actttgctat
agggcccatc
ccetggget g
gcgeect gac
ccet cageag
acgtgaatca
acaaaactca
tcectetteee
gcgt ggt gat
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagecccg
accaggt cag
gggagagcaa
acggctcct t
acgtcttctce

tctcectgte

ficial

Gn Leu Gn Gn Pro Gy Thr Gu Leu Va

5

PCTI L2012050093- seql - 000001- EN. t xt

sequence

Heavy chain T427 T366W S354C ( knob)

gceggggact
cttctccttce
gt ggat t gge
cagggccaca
gacat ct gag
ggact act gg
ggtcttccce
cct ggt caag
cageggegt g
cgt ggt gacc
caagcccage
cacatgccca
cccaaaaccce
ggacgt gage
gcat aat gcc
cgtcct cacc
caacaaagcc
agaaccacag
cct gt ggt g
t gggcagceeg
cttcctctat
atgctcegtg

cccgggt aaa

sequence

Heavy chain T427 T366W S354C ( knob)

gaact ggt ga
accagtt act
atgattcatc
ttgactgtag
gact ct gcgg
ggt caaggaa
ct ggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgt geceag
aaggacaccc
cacgaagacc
aagacaaagc
gt cct gcacc
ct cccagecce
gt gt acaccc
ct ggt caaag
gagaacaact
agcaagct ca
at gcat gagg
tga

10
Page 37

and A44C:. C222A (Cys)

ggect ggage
ggat gaact g
cttccgatag
acaaatcctc
tctattactg
cct cagt cac
cct ccaagag
ccgaaccggt
cggct gt cet
gcagcet t ggg
t ggacaagaa
cacct gaact
tcatgatctc
ct gaggt caa
cgcgggagga
aggact ggct
ccat cgagaa
tgcceccatg
gcttctatce
acaagaccac
ccgt ggacaa

ctctgcacaa

ttcagt gaag
ggt gaagcag
t gaaact agg
cagcacagcc
t gcaagt gag
cgtctcctca
cacct ct ggg
gacggt gt cg
acagtcctca
cacccagacc
agttgagcecc
cct gggggga
ccggacccct
gttcaact gg
gcagt acaac
gaat ggcaag
aaccatctcc
ccgggaggag
cagcgacatc
geeteeegt g
gagcaggt gg

ccactacacg

and A44C: C222A (Cys)

Arg Pro Gy
15

codi ng

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1353



Al a

Tyr

Ile

Phe

65

Tyr

Ay

Phe

Leu

145

Trp

Leu

Ser

Pro

Ser

Asp

Ser

Trp

Gy

50

Lys

Met

Al a

Thr

Ser

Ser

210

Thr

Ser

Arg

Pro

Val
Met
35

Met

Asp

Ser

115

Leu

Ser

Ser

Ser

195

Hi s

Val

Thr

Lys

20

Asn

Ile

Arg

Leu

100

Val

Al a

Leu

Ay

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Leu

Trp

Hi s

Al a

Ser

85

Met

Thr

Pro

Val

Ay

Lys

Leu
245

Lys

Ser

Val

Pro

Thr

70

Ser

Asp

Val

Ser

Leu

Thr

Val

Pro

230

Phe

Val

Phe

PCTI L2012050093- seql - 000001- EN. t xt

Cys Lys Ala Ser Gy Phe Ser
25

Lys

Ser

55

Leu

Pro

Tyr

Ser

Ser

135

Asp

Thr

Tyr

Asp

Pro

Pro

Thr

Gn

40

Asp

Thr

Thr

Tyr

Ser

120

Lys

Tyr

Ser

Ser

Thr

200

Lys

Cys

Pro

Arg

Ser

Val

Ser

Phe

105

Al a

Ser

Phe

Ay

Leu

185

Tyr

Lys

Pro

Lys

Val

265

Tyr

Pro

Asp

Au

90

Al a

Ser

Thr

Pro

Val

170

Ser

Ile

Val

Al a

Pro

250

Val

Val

Page 38

Ay

Thr

Lys

75

Asp

Met

Thr

Ser

155

Hi s

Ser

Pro
235
Lys

Val

Asp

Gn

Arg

Ser

Ser

Asp

Lys

-y
N
o<

Pro

Thr

Val

Pro

220

Au

Asp

Asp

Gy

Cys
45

Leu

Al a

Val
Phe
Val
Val
205
Lys
Leu
Thr

Val

Val
285

Phe
30

Leu

Ser

Val

-
[@xe]

Pro

Thr

Thr

Pro

Thr

190

Ser

Leu

Leu

Ser
270

Thr

Au

Thr

Tyr

95

Gy

Ser

Al a

Val

Al a

Val

Hi s

Al a

Ay

Vet

255

Hi s

Val

Ser

Trp

Lys

Al a

80

Tyr

Val

Al a

Ser

160

Val

Pro

Lys

Asp

Au

Hi s



Va
305

Lys

Thr

Trp Cy

Leu

Lys

Ay

Al a

290

Va

Tyr

Thr

Leu

370

Ser

Asp

Ser

Al a

Lys
450

<210>
<211>
<212>
<213>

<400>

Lys

Ser

Lys

Pro
355

Leu

Ser

Arg

Leu

435

42
216
PRT

Thr

Va

Ser

340

Pro

Va

Ay

Asp

Trp

Hi s

Lys

Leu

Lys

325

Lys

PCTI L2012050093- seql - 000001- EN. t xt

Pro Arg Gu Gu Gn Tyr Asn

Thr

310

Va

Al a

Arg

Gy

Pro
390

y Ser

Hi s

295

Va

Ser

Lys

Phe
375

Phe

Ay

Tyr

Leu

Phe

Thr
440

Pseudononas aer ugi nosa

42

Ala A u Phe Leu

1

Gy Asp Gy Gy
5

Thr Gn Asn Trp Thr Val Gu Arg
20

Gu GQu Arg Gy Tyr Va
35

Ala Ala G n Ser

50

Ile

Va

Phe

Va
40

Hi s

Lys

Met
Pro
Asn
Leu
Va

425

Gn

Asp

Leu
25

Ay

Phe Ay Gy

55

Gn

Al a

330

Pro

Thr

Ser

Tyr

Lys

Va
10
Leu

Tyr

Va

Page 39

Asp

Leu

Arg

Lys

Asp

Ser

Ser

Ser

Gn

Hi s

Arg

300

Trp

Pro

Leu

Phe

Al a

Ay

Al a
60

Ser Thr Tyr

Leu

Al a

Pro

Gn

Al a

Thr

Leu

Ser

Ser
445

Ser

Hi s

Thr

45

Arg

Pro

Va

Va

Pro

Thr

Va

430

Leu

Thr
Arg
30

Phe

Ser

Ay

Va

Ser

Pro
Va
415

Met

Ser

Arg

Gn

Leu

Gn

Arg

Lys

320

Tyr

Leu

Trp

Va

400

Asp

Hi s

Pro

Ay

Leu

Au

Asp



Leu
65
Al a

Arg

Gy

_k_
~—
[$2K¢>]

Trp

Asp

Lys

Asp

Tyr

Phe

Va

130

Thr

Pro

Pro

<210>
<211>
<212>
<213>

<400>
Met Gy Ala Asp ésp
1

Al a

Ay

Gy

Leu

Arg

195

Ser

43
536
PRT

Corynebacteri

43

Arg

Arg

Pro

Al a

Asn

180

Al a

Arg

Trp

Al a

85

Leu

Thr

Leu

Va

Ile

Asn Phe Ser Ser Tyr
20

G@nLys Ay Ile G@n
35

Asp Asp Trp Lys Gy
50

Gy Tyr Ser Val Asp
65

Arg
70

Gn
Leu
Gy
[le
150
Arg
Gy
Ser

Asp

PCTI L2012050093- seql - 000001- EN. t xt

Gy Phe Tyr Ile Ala Gy
75

Asp

Arg

Thr

Gy

Al a

Leu
215

Gn

Va

Thr

120

Hi s

Gy

Va

Asp

Leu

200

Lys

Pro

Gy

Va

Leu

185

Pro

um di pht heri ae

Va

Va

Asp

Hs Gy Thr

Lys Pro Lys
40

Phe Tyr Ser

55

Asn G u Asn

70

Ser

Lys

25

Ser

Thr

Pro

Pro

90

Va

Al a

Leu

Arg

.
~ —
[ X¢»

Al a

Asp

Pro

Gy

Asp

Leu

Page 40

Asp

Pro

Al a

Pro

Leu

155

Pro

Pro

Tyr

Lys

Ay

Thr

Ser
75

Al a

Arg

Pro

Leu

140

Ser

Ser

Al a

Ser

Tyr

Lys
60

Ay

Asp Pro Al a

Arg

Ser

125

Arg

Thr

Al a

Ser

Ser
205

Phe

Va

Gy

45

Tyr

Lys

Ay
Ser
110

Al a

Leu

Va

Asp

30

Asp

Al a

Arg

95

Leu

Al a

Asp

Leu

Pro

Pro

Met

Ser

Tyr

Al a

Ay

Leu

80

Ile

Pro

Gy

Al a

-y
>
o<

Thr

Asp

Ay

Ile

Asp

Al a

Ay
80



Va

Va

Gy

Ser

145

Ser

Asp

Arg

Va

Va

Va

Leu

305

Al a

Ser

Va

Asp

Pro

Asp

130

Ser

Va

Al a

Arg

Hi s

Phe

Ser

Va

Ser

Lys

Gy

Ser

Ser
195

Arg

Lys

Pro

Al a

275

Asp

Ile

Hi s

Leu

Va

Met

Al a

Va

Leu

Asp

Lys

Al a

Gy

Ser

Leu

Hi s

Vet
340

Thr
85

Ser

Ay

Lys

Lys

Leu

Al a

Pro

Asn
325

Va

Tyr

Thr

Arg

Tyr

150

Ile

Tyr

Ser

Thr

Ser

Asn

Thr

Gy

Thr

Al a

PCTI L2012050093- seql - 000001- EN. t xt
Pro Gy Leu Thr
90

Ile

Va

Va

135

Ile

Asn

Met

Ser

Tyr

Al a
295

Ile

Lys

Va

Phe

Al a

Leu

200

Thr

Ser

Leu

Leu

Al a

280

Asp

Gy

Au

Al a

Lys

105

Thr

Leu

Asn

Au

185

Ser

Lys

Ser

Au

Ser

Trp

Thr

170

Al a

Ser

Trp

Leu

Va

Va

330

Pro

Lys

Leu

Au

Leu

Arg

Cys

Ile

Pro
235
Phe

Va

Al a

Vet
315

Al a

Leu

Page 41

Va

Ay

Phe

Pro

140

Gn

Gy

Al a

Asn

Ser

220

Asn

Hi s

Thr

Va

Lys

Gy

Va

Leu Al a Leu

Leu

Phe

Al a

Lys

Ay

Leu

205

Leu

Lys

Ay

Asn

285

Thr

Ile

Ser

Ay

Lys

Al a

Lys

Arg

Asn

190

Asp

Lys

Thr

Thr

Thr

270

Va

Thr

Al a

95

Leu

Arg

Au

Arg

Trp

Va

Al a

255

Al a

Al a

Asp

Al a

335

Leu

Lys

Thr

Phe

Gy

Leu

160

Va

Asp

Hi s

Ser

240

Leu

Pro

Al a

Gy

Leu

Va



Asp

Phe

Hi s

385

Thr

Hi s

Va

Thr

Gy

Ser

Leu

Ser

Lys

Va

Asp

Leu

Hi s

450

Asp

Gy

Leu
530

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gy

Va

Thr

Ile

Leu

435

Ay

Gy

Phe

44
127
PRT

Artificia

interleukin 2

44

Phe

Va

Asp

Lys

420

Pro

Ser

Asp

Va

Phe

Al a

Hi s

Pro

Ser

405

Ile

Thr

Va

Va

Hi s

485

Hi s

Lys

Asn

Phe

390

Thr

Thr

470

Al a

Ser

Thr

Ile

PCTI L2012050093- seql - 000001- EN. t xt
Ala Tyr Asn Phe Val

Ser
375

Leu

Al a

Pro

Ay

Phe

Asn

Va

Lys

sequence

Thr Lys Lys Thr G n Leu Gn
1 5

Met

Met

[le Leu Asn Gy Ile Asn

Leu

Thr
35

20

Phe Lys Phe Tyr

360

Tyr

Hi s

Arg

Leu

Asp

Ser

Leu

Asn

Met
40

Asn

Asp

Thr

Asn
425

y Lys

Lys

Arg

Hi s

Au

Arg

Ay

Gy

410

Thr

Leu

Ile

Pro

Va

490

Ser

Thr

Gu

Pro

Tyr

395

Phe

Pro

Asp

Arg

Lys

475

Al a

Ser

Lys

Ser

Al a

380

Al a

Gn

Leu

Va

Met

460

Ser

Phe

Asp

Va

H s Leu Leu

10

Tyr Lys Asn Pro
25

Pro Lys Lys Al a

Page 42

Ile Ile Asn

365

Tyr

Va

Gy

Pro

Asn

445

Arg

Pro

Hi s

Ser

Asn
525

Leu

Lys

Ser

Ser

Va

Arg

Ile

Ser

Asp

Pro

Trp

Ser

415

Al a

Ser

Arg

Tyr

Ser

495

Ay

Lys

Leu
15

Leu

Ay

Asn

400

Gy

Ay

Lys

Al a

Va

480

Ser

Va

Leu

Gn

Leu Thr Arg

30

Thr G u Leu Lys

45



Hi s

Asn

65

Ser

Phe

Leu A n Cys

50

Leu

Asn

Met

Arg

<210>
<211>
<212>
<213>

<400>
Met G n Ser

1

Va

Asn

65

Hi s

Va

Tyr

Ser

Leu
145

Ay

Thr

Pro

50

Ile

Leu

Leu

Va
130

Leu

Al a

Ile

Cys

Trp

115

45
207
PRT
Hormo

45

Va

Pro
35

Ay

Ser

Leu

Gn

Asn

Au

Ile

sapi

Ay

Trp

20

Tyr

Tyr

Ay

Leu

Al a

Thr

Va

PCTI L2012050093- seql - 000001- EN. t xt

Leu Gu Gu Gu Leu Lys Pro Leu Gu Gu Va

Ser
Va
85

Tyr

Thr

ens

Thr

Ay

Lys

Pro

Asp

Lys

85

Arg

Arg

Ile

Tyr

55

Lys Asn
70
I1e Val

Al a Asp

Phe Cys

Hs Trp

Val Ser
Gy Ser

55

G u Asp

70

A u Phe

Gy Ser

Val Cys

Va

_k_
w—
[$2K¢>]

Tyr Trp
150

Phe

Leu

Arg
Ay

Ile
40

Asp
Ser
Lys
120
Va

Ser

Hi s

Thr
105

Ser

Va
Asn

25

Ser

Asp

Lys

Leu
Leu

90

Al a

Leu
10

Ay

Leu

Leu
a0

Au

Ile

Page 43

Arg
75
Lys

Thr

Ile

Ay

Au

Thr

Trp

Asp

Met

60

Pro

Ay

Ser

Leu

Met

Thr

Gn

60

Ay

Al a

_k_
~—
[@X¢]

Lys

Arg

Ser

Va

Thr
125

Ay

Va

45

Hi s

Ser

Ser

Asn

Met

125

Thr

Al a

Asp

-
-
o C

Leu

Leu

Ay
30

Asp

Ay

110

Asp

Ay

Lys

Leu

Thr

Phe

Thr

Leu

15

Ile

Leu

Asp

Au

Tyr

95

Tyr

Va

Ay

Al a

Leu

Thr

Leu

Ser

Thr

Thr

Lys

Asp

80

Tyr

Leu

Met

Leu



PCTI L2012050093- seql - 000001- EN. t xt
Pro val Thr Arg Gy Ala Gy Ala Gy Gy Arg Gn Arg Gy Gn Asn
5 170 175

Lys Gu Arg Pro Pro Pro Val Pro Asn Pro Asp Tyr Gu Pro Ile Arg
180 185 190

Lys Ay Gn Arg Asp Leu Tyr Ser Gy Leu Asn Gn Arg Arg lle
195 200 205

<210> 46

<211> 290

<212> PRT

<213> Honp sapi ens

<400> 46
Met Gy Gy Gy Ala Gy Gu Arg Leu Phe Thr Ser Ser Cys Leu Val
1

Gy Leu Val Pro Leu Gy Leu Arg Ile Ser Leu Val Thr Cys Pro Leu
20 25 30

Gn Cys Ay Ile Met Trp G n Leu Leu Leu Pro Thr Ala Leu Leu Leu
35 40 45

Leu Val Ser Ala Gy Met Arg Thr Gu Asp Leu Pro Lys Ala Val Val
50 55 60

Phe Leu Gu Pro @n Trp Tyr Arg Val Leu GAu Lys Asp Ser Val Thr
65 70 75 80

Leu Lys Cys Gn Ay Ala Tyr Ser Pro Gu Asp Asn Ser Thr Gn Trp
85 90 95

Phe His Asn GQu Ser Leu Ile Ser Ser Gn Ala Ser Ser Tyr Phe lle
100 105 110

Asp Ala Ala Thr Val Asp Asp Ser Gy GQu Tyr Arg Cys G n Thr Asn
115 120 125

Leu Ser Thr Leu Ser Asp Pro Val Gn Leu Qu Val Hs Ile Gy Trp
130 135 140

Leu Leu Leu Gn Ala Pro Arg Trp Val Phe Lys Gu Gu Asp Pro
145 150 155

_k_
o —
[@X0)

His Leu Arg Cys His Ser Trp Lys Asn Thr Ala Leu H s Lys Val Thr
165 170 175

Tyr Leu Gn Asn Gy Lys Gy Arg Lys Tyr Phe His H's Asn Ser Asp
180 185 190

Page 44



Phe

Arg

Thr

225

Pro

Val

Thr

Asp

Gy

Asp

Arg

Lys
290

<210>
<211>
<212>
<213>

<400>
Met Gy Leu
1

Cys

Au

Thr

Au

65

Ser

Phe

Al a

Au

50

Lys

Hi s

Hi s

Leu

Thr

Tyr

Thr

Asp

47
153
PRT
Hormo

47

Gy

Leu

Au

Hi s

Pro

Phe

Ay

Trp

sapi

Thr

Asn

20

Lys

Thr

Thr

Ay

Thr

Lys

Ay

Ay

Val

245

Leu

Lys

ens

Ser

Phe

Thr

Val

Phe

Lys

85

Lys

Leu

Leu

Al a

Ser

Leu

230

Ser

Tyr

Asp

Val

Leu

Al a

Au

PCTI L2012050093- seql - 000001- EN. t xt
Leu Lys Asp Ser Gy Ser Tyr

Thr

Phe

Phe

Hi s

Leu

Hi s

Asp

55

Arg

Thr

Leu

Ay

Asn

200

Asn

Val

Ser

Lys
280

Leu

Gy

Ser

40

Al a

Arg

Leu
120

Phe

Val

Ser

Leu

Val

265

Phe

Pro

Hi s

25

Leu

Phe

Al a

Leu

Ser

Thr

Val

250

Lys

Lys

Pro

10

Lys

Thr

Al a

Thr

Leu

90

Phe

Ser

Ser

Met

Thr

Trp

Leu

Al a

Val

75

Ay

Leu

Cys

Val

Asn

Arg

Phe

Asp

Gn

Ser

60

Leu

Al a

Lys

Pro

Gu Arg Leu

Page 45

205

Thr

Ser

Leu

Ile

Lys
285

Phe

Ile

Lys

45

Lys

Arg

Thr

Arg

Val

125

Lys

Val

Phe

Leu

Arg

Asp

Leu

Thr

Thr

Al a

110

Lys

Thr

Phe

Asn

Phe

Phe

255

Ser

Pro

Leu

15

Leu

Leu

Thr

Phe

Gn

95

Asp

[le
Pro
240

Al a

Ser

Al a

Gn

Thr

Tyr

80

Arg

Al a

Met



130

Arg Gu Lys

145

<210>
<211>
<212>
<213>

<400>

48
365
PRT
Hormo

48

Met Al a Va

1

Leu

Phe

Va

Al a

65

Pro

Thr

Ser

Asp

Al a

Arg

Pro

Al a

Thr

Ay

50

Ser

Hi s

Al a

o8&
oT

Leu
Ser

35

Tyr

Tyr

Arg

Tyr

Al a

Tyr
195

Thr

Tyr

sap

Met

Thr

20

Va

Va

Arg

Trp

Va

100

Ser

Arg

Al a
Leu
180

Leu

Hi s

Ser

ens

Al a

Gn

Ser

Asp

Met

Asp

85

Asp

Hi s

Phe

Al a

Arg

Au

Met

PCTI L2012050093- seq

135

Lys Cys Ser Ser

150

Pro

Thr

Arg

Asp

Au

70

Ay

Leu

Thr

Leu

Leu

150

Thr

Al a

Thr

Arg

Trp

Pro

Thr

55

Pro

Ay

Va

Lys

Thr

Tyr

Ay

Hi s
215

Thr

Al a

Gy

40

Arg

Thr

Thr

Lys

Leu

Lys

200

Hi s

Leu

Ay

25

Arg

Phe

Al a

Arg

Leu

105

Arg

Tyr

Asp

Hi s

Al a

Va

10

Ser

Gy

Va

Pro

Arg

Met

Hi s

Leu

Thr

Va

Leu

Hi s

Arg

Trp

75

Va

Ay

Tyr

Trp

Thr

Leu

Ser

-000001- EN. t xt
14

0

Leu

Ser

Pro

Phe

60

Lys

Tyr

Gy &

Tyr
140

Ser

Asp
220

Page 46

Leu

Met

Arg

45

Asp

Al a

Tyr

Al a

Trp

Al a

Va

Arg

Hi s

Ser
Arg
30

Phe

Ser

Hi s

110

Asp

Tyr

Thr

Al a

190

Thr

Tyr

Ile

Asp

Ser

95

Va

Asp

Al a

175

Trp

Asp

Al a

Al a

Phe

Al a

Al a

Gy

80

Ser

Ay

Va

Leu

Al a

Thr



Leu

225

Trp

Thr

Va

Ay

Thr

305

Va

Ser

Al a

Arg

Arg

Pro

Leu

290

Ile

Asp

Gn

<210>
<211>
<212>
<213>

<400>

Met

1

Arg

Phe

Ser

Leu
65

Hi s

Al a

Pro

Arg

50

Leu

Al a

Arg

Pro

Ser

275

Pro

Pro

Thr

Arg

Ay

49
178
PRT
Hormo

49
Ser
Ser
Ay
35
Va

Lys

Leu

Trp

Asp

Al a

260

Ay

Lys

Ile

Ay

sapi

Ser

Pro
20

Ser

Al a

Pro

Va

Al a

325

Gy

Asp

ens

Al a

Gy

Leu

Thr

Ser

Au
85

Leu
230

Leu

Gy

Va

Gy

Va

Leu

Pro

Phe

Leu

70

Met

PCTI L2012050093- seql - 000001- EN. t xt

Ser

Asp

Gy

Thr

295

Ile

Va

Ser

Ser

Leu

Gy

Phe
55

Leu

Ile

Phe

Gn

Thr

Arg

Leu

Ile

Al a

Tyr

Leu
360

Thr

Met
40

Gn

Tyr

Thr

Phe

265

Tyr

Arg

Al a

Al a

Ser

345

Thr

Gn

25

Leu

Met

Asp

Phe

Pro Ala Qu lle Thr

Thr

Trp

Gy

Va

330

Al a

Leu

10

Ser

Arg

Lys

Phe

Tyr
a0

Page 47

235

Asp

Lys

Leu
315
Met

Al a

Cys

Va

Asp

Asp

Lys

75

Leu

Thr

Trp

Hi s

Pro

300

Va

Trp

Al a

Lys

Leu

Leu
An
60

Ay

Au

Al a

Va

285

Ser

Leu

Arg

Ser

Va
365

Leu

Ser

Arg

45

Leu

Tyr

Leu

Al a

270

Ser

Phe

Arg

Ser
350

Leu

Va

Leu
Va
255

Va

Hi s

Gy

Lys

Asp

Al a

Ay

Vet
95

Thr
240

Va

Pro

Al a

320

Ser

Ser

Va

Hi s

Phe

Pro



Ay

Phe

Phe

Arg

Al a

Leu
130
Phe

Asp

Asn

<210>
<211>
<212>
<213>

<400>
Met Lys Pro Gy gy Asn
1

Thr

Asp

Al a

Gy

65

Pro

Leu

Hi s

Trp

Ay
50

Arg

Ser

Al a

Pro
130

Pro

Ile

50
576
PRT

Asn
100

Leu

Cys

Lys

Phe

Leu

_k_
o —
[$2K¢>]

Thr

Asn

150

Asn

R ¢ci nus comruni s

50

Leu

Asn

35

Al a

Leu

Arg

Cys
20

Ile

Thr

Val

100

Val

Phe

Phe

Val

Thr

Ay

85

Al a

Val

Ay

Pro

Gy

70

Leu

Au

Ay

Au

PCTI L2012050093- seql - 000001- EN. t xt
Asp Pro Asp

Leu

Tyr

Thr

Ser

Lys

Ser

55

Al a

Pro

Leu

Tyr

Asp
135

Arg
120
Ser

Lys

Ile

Ile

Thr

Gn

40

Tyr

Asp

Ile

Ser

Arg

Al a

[le
105
Leu

Lys

Gy

Val
Ser
25

Tyr

Thr

Val

Val
105

Al a

Lys Ala H s Val

Arg

Al a

_k_
o—

Ay

Pro

Arg

Gn

90

Thr

Ay

Al a

Page 48

Leu

Val

Trp

Trp

Ile

Phe

Hi s

75

Arg

Leu

Arg
Au
140

Lys

Met

Vet
Ser
I'le

[le
60

Phe
Al a
Ser

Thr
140

Al a

Thr

Tyr

Phe

Asn

45

Arg

Ile

Leu

Al a

125

Hi s

Asn
110

Cys

Val

Met

Met

Al a

Thr

30

Phe

Al a

Pro

Leu

Ser

Hi s

Lys

Ser

Val

Leu

Thr

Val

Val

Val

95

Val

Phe

Phe

Leu

Arg

Ile

Al a

Thr

Arg

Leu

80

Thr

Phe

Thr



145

Leu

Ay

Gy

Met

Thr

225

Thr

Asn

Ser

Leu

Leu

305

Pro

Val

Pro
385

Al a

p Val

Pro

Thr

Ile

Arg

Leu

Gn

Lys

Met

290

Ile

Arg

Lys

Thr

370

Ay

Thr

Gn

Gn

Leu

195

Ser

Ay

Phe

275

Val

Arg

Pro

Asp

Ser

355

Ile

Val

Arg

Leu

Al a

260

Ser

Tyr

Pro

Ile

Arg

Tyr

Trp

Pro

Al a

Tyr

Ser

245

Phe

Val

Arg

Val

Val

325

Arg

Thr

Ser

Val

Tyr

150

Ay

Al a

Thr

Al a

Asn

230

Trp

Al a

Tyr

Val
310
Arg

Phe

Asp

Vet
390

PCTI L2012050093- seql - 000001- EN. t xt
Phe Ala Phe Ay Gy Asn Tyr Asp

Thr

Asn

Ile

Leu

Arg

Arg

Ay

Ser

Asp

Al a

295

Pro

Hi s

Al a

Trp

Leu

Ser

Al a

200

Phe

Arg

Arg

Pro

Val

280

Pro

Val

Asn
360
Lys

Tyr

Asp

Arg

Ser

Leu

Pro

Phe

Ay

Au

170

Leu

Ser

Tyr

Al a

Ser

250

Gn

Pro

Leu

Leu

Ay
410

Page 49

155

Asn

Tyr

Phe

Ile

Pro

235

Thr

Leu

Leu

Ser

Al a

Trp

Thr

Asn

395

Thr

Ile

Tyr

Ile

Asp

Al a

Gn

Ser

300

Asp

Ay

Ile

Thr

Thr

380

Thr

Au

Tyr

Ay

Pro

Ile

Arg

Pro

285

Val

Leu

Gn

Leu

365

Tyr

Al a

Ile

Leu

Ser
190

Cys

Ser

Gn

Arg

Ile

Phe

Leu

350

Lys

Gy

Al a

Asn

Met

Val

Asn

Ile

Ser

Met

Val

335

Trp

Arg

Tyr

Thr

Ser

Ay

Al a

Leu

Asp

Asp

Pro

Asp

Ser

Asp

Arg



Ser Ser Leu

Thr Val

Asn
450

Cys Leu

Lys Al a

Pro An

Thr Val

515

Arg Trp Met

Leu Val Leu

545

Leu Tyr Pro

<210> 51

<211> 651
<212> DNA
<213>

<400> 51
gcggagttcce

acggt ggage
ggct accacg
cgcagecagg
gcet acgget
ctgct gcggg
ctggecgege
cgect ggacg
t ggceget gg
gt cggcggceg

ccggact acg

Va
420

Leu

Thr

Gn

Pro

Al a

Ile

Phe

Ser

PCTI L2012050093- seql - 000001- EN. t xt

Al a
440

Tyr

Va
455

Thr

Gy

470

Au

Asn
500

Arg
Val Lys
Phe Lys
Asp Va

Hi s
565

Leu

t cggcgacgg
ggct get cca
gcaccttcct
accttgacgc
acgcccagga
tctatgtgece
cggaggegge
ccat caccgg
ccgagcgceac
acct cgeccec

ccagccagcec

Gn

Asp

Ile

Asn

Arg

Ay

Trp Al a

Ser
520

Leu
Asp Gy
Al a Ser

Asp Pro

Pseudononas aer ugi nosa

cggcgacgtc
ggcgeaccge
cgaagcggeg
gat ct ggcge
ccaggaaccce
gcgcet cgagt
gggcgaggt ¢
cceccgaggag
cgtggt gat t
gtccagcatc

cggcaaaccg

Va

Thr

Va

Leu

Leu

505

Thr

Asp

Ser Gn

I1e Val

Trp

Tyr Ala

490

Thr Ser

Gy Pro
Leu

Ile

Ser
555

Pro

Gn

agct t cagca
caact ggagg
caaagcat cg
ggtttctata
gacgcgegeg
ct gccgggcet
gaacggct ga
gaaggcggge
ccect cggega
cccgaccagg
tcgcgegagy

Page 50

Ala Ala Thr Ser Gy Asn Ser Gy Thr Thr
425

430

Gy Trp Leu

445

Gy Leu

460

Tyr

G u Asp

Asp Gy Ser

Ser Asn

510

Asp

Al a Ser

525

Ser

Asn
540

Leu Tyr

Leu Lys

Trp Leu Pro

ccegeggeac
agcgeggcet a
tcttcggegg
t cgccggega
gceggat ceg
tctaccgcac
t cggecat cc
gcet ggagac
tccccaccga
aacaggcgat

acct gaagt a

Leu

Pro Thr

Gy Leu

Ser
480

Arg

Arg

Ay

Ser

Ile

Leu Phe

575

gcagaact gg
tgtgttcgte
ggt gegegeg
tccggeget g
caacggt gcc
cggccet gace
gctgeeget g
cattctcgge
cccacgcaac
cagcgecect g

a

60
120
180
240
300
360
420
480
540
600
651



<210>
<211>
<212>
<213>

52
1611
DNA

<400> 52
atgggcgctg

t accacggga
tct ggt acac
tacgacgctg
gt ggt caaag
gaaactatta
acggaagagt
ttcget gagg
agcgt agaac
gagt at at gg
t cat gcat aa
tt gaaagagc
gaggaaaaag
ttgtcagaac
gcgtgggcag
acaact gctg
geegttcacce
gttgct caag
tttgtagaga
tattctccgg
act gtt gaag
attactgctg
aagct ggacg
cgttgcagag
ggt aat ggt g
cattctaatg
cacaccaagg
<210>
<211>

<212>
<213>

53
698
DNA
Art

<220>

PCTI L2012050093- seql - 000001- EN. t xt

Corynebact eri um di pht heri ae

atgatgttgt tgattcttct aaatcttttg

ct aaacct gg
aaggaaatta
cgggat actc
tgacgtatcc
agaaagagt t
ttatcaaaag
ggagttctag
ttgagattaa
ct caagcct g
atcttgattg
at ggccct at
ct aaacaat a
ttaaaaccgt
taaacgttgce
ctctttcgat
acaat acaga
ctattccatt
gtattatcaa
ggcat aaaac
attcgat aat
aaaat acccc
ttaataagtc
ct at agacgg
t gcat gcgaa
aaatttcatc

ttaattctaa

ficial

ttat gt agat
t gacgat gat
t gt agat aat
aggact gacg
aggttt aagt
gttcggt gat
cgt t gaat at
ttttgaaacc
t gcaggaaat
ggatgtcata
caaaaat aaa
cct agaagaa
tact gggacc
gcaagttatc
acttcct ggt
agagat agt g
ggt aggagag
tttatttcaa
gcaaccattt
ccgaact ggt
gcttccaatc
caagact cat
t gat gt aact
tcttcacgtg
ggattccata

gctatcgcta

sequence

tccattcaaa
t ggaaagggt
gaaaacccgc
aaggttctcg
ct cact gaac
ggt gecttege
att aat aact
cgt ggaaaac
cgt gt caggce
agggat aaaa
at gagcgaaa
tttcatcaaa
aat cct gt at
gat agcgaaa
at cggt agcg
gcacaat caa
ctagttgata
gtagttcata
cttcatgacg
tttcaagggg
gcgggt gt ce
atttccgtaa
ttttgtcgee
gcatttcaca

ggcgttettg
ttttttgaaa

Page 51

t gat ggaaaa
aaggt ataca
tttatagtac
tctct ggaaa
cact aaaagt
cgttgatgga
gt gt agt get
gggaacaggc
gt ggccaaga
gat cagt agg
ctaagacaaa
gtcccaat aa
cggcattaga
t cgct gggge
cagct gat aa
t aat gggcat
tagctttatc
ttggtttcge
attcgtataa
ggt at get gt
agagt gggca
tactaccgac
at ggt cggaa
ctaaatctcc
gaagcagctc
ggt accagaa

t caaaagct g

cttttcttcg
aaagccaaaa
cgacaat aaa
agct ggagge
ggat aat gcc
gcaagt cgga
cagccttcce
gaaagcgtta
t gcgat gt at
tagctcattg
gat agagt ct
aacagt at ct
gcat cct gaa
taact at gcg
tttggaaaag
t gcagacggt
atctttaatg
t gcat at aat
tcgt ccegeg
cagttggaac
cgacat aaaa
tattcctgga
aat aaggat g
tgtttatgtt
ggagaaaat t
aacagt agat

a

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1611



<223>

<220>
<222>

<221> mnmisc_
)
|

(4).
<223> n i

<400>
gggnggggga

attttgaatg
ttttacatgce
aaacct ct gg
gacttaatca
at gt gt gaat
ttttgtcaaa
at caggcct t
gctacctatt
ctttttgtaa
attatgttga
tttgataaat
<210>
<211>

<212>
<213>

54

<400> 54
gt aagt ct gc

t cgggcactc
gatggt aat g
accacagt aa
gat aaaaaca
t cact gaagg
agcaaaccag
at ggagat gg
ggettgetge
acacgaggag
gttcccaacc
aat cagagac
ccagt ccecc

ttcctcagec

1311
DNA
Hormo sapi ens

interleukin 2

caaagaaaac
gaattaataa
ccaagaaggc
aggaagt gct
gcaat at caa
at gct gat ga
gcatcatctc
ctatttattt
gtaactatta
gceet agggg
atgttaaata

at aaacaaaa

t ggcet ccge
act ggagagt
aagaaat ggg
tattgacatg
t aggcggt ga
aattttcaga
aagat gcgaa
atgtgatgtc
tgctggttta
cgggt get gg
cagactatga
gcat ct gacc
t gcgact ccc

t cat ggt gaa

PCTI L2012050093- seql - 000001- EN. t xt

acagct acaa
ttacaagaat
cacagaact g
aaatttagct
cgtaat agtt
gacagcaacc
aacact gact
aaatatttaa
ttcttaatct
ctctaaaatg
t agt at ct at

aaaaaaaaac

catcttagta
t ct gggectc
tggtattaca
ccet cagt at
t gaggat gat
attggagcaa
cttttatctc
ggt ggccaca
ctact ggage
cggcaggcaa
gcecat cecgg
ctctggagaa
tgtttcctgg

ct cgegecect

ct ggagcat t
cccaaact ca
aaacatcttc
caaagcaaaa
ct ggaact aa
att gt agaat
tgataattaa
attttatatt
taaaactata
gtttcactta
gt agat t ggt

ccccccecece

aagt aacagt
tgectcttat
cagacaccat
cctggatctg
aaaaacat ag
agtggttatt
tacct gaggg
attgtcatag
aagaat agaa
aggggacaaa
aaaggccagc
cact gcctcc
gctagtcettg

ccagcct gat

Page 52

tacttctgga
ccaggat gct
agt gt ctaga
actttcactt
agggat ct ga
ttct gaacag
gtgcttccca
tattgttgaa
aat at ggatc
tttatcccaa

t agt aaaact

cccat gaaac
cagttggegt
ataaagtctc
aaatactatg
gcagt gat ga
atgtctgcta
caagagt gt g
tggacatctg
aggccaaggc
acaaggagag
gggacctgta
cgetggecca
gaccccacga

cccecegcetcec

tttacagatg
cacatttaag
agaagaact ¢
aagacccagg
aacaacattc
at ggattacc
cttaaaacat
tgtatggttt
ttttatgatt
aatatttatt

atttaataaa

aaagat gcag
ttgggggcaa
catctctgga
gcaacacaat
ggat cacct g
ccccagagga
t gagaact gc
cat cact ggg
caagcctgtg
gccaccacct
ttctggectg
ggtctect ct
gagagaat cg

ctcctcectg

60
120
180
240
300
360
420
480
540
600
660
698

60
120
180
240
300
360
420
480
540
600
660
720
780
840



ccttetetge
cagt agt cac
actcccttcce
t gt cccecat
tctggggat g
t gagccagec
tccctccaac

gt gct ct gge

<210>
<211>
<212>
<213>

55

<400> 55
gattct gt gt

cccacccacce
tgccagact t
agagat gggt
ccetttaggg
gctgetecte
cccaaaggct
gact ct gaag
t gagagcctc
cagt ggagag
agtccatatc
tattcacctg
gaat ggcaaa
act caaagac
agagactgtg
t ccacct ggg
aggact at at
taaatttaaa
gagcagt age
cctctctaca
cttttccttg
t gagtagetg

aaccgttccc

2406
DNA
Hormo sapi ens

t ggt acccag
accct cacag
ctttggat gt
cccaaagt at
gact gggt aa
ct gt get cct
cccecectece

tcctcagetg

gtgtcctcag
ttgcctccag
cagact gaga
ggaggggct g
ct ccggat at
ccaactgctc
gtggtgttce
t gccagggag
at ct caagcc
t acaggt gcc
ggct gget gt
aggt gt caca
ggcaggaagt
agcggcet cct
aacat cacca
t accaagt ct
ttctctgtga
t ggagaaagg
agcagcat ct
agcagcagga
gtctccagtg
cattcctaga

tcacagcaaa

PCTI L2012050093- seql - 000001- EN. t xt
tcctaaaata ttgetgettc ctettecttt

ct ggect gece
aacttctccg
tccat ctact
at gtt gacag
ccctceccca
act gt aggcce

agagagaaaa

at gct cagcece
getctttcct
agt cagat ga
gggaaaggct
ctttggtgac
tgctacttct
t ggagcect ca
cctactcccce
aggcct cgag
agacaaacct
t gct ccagge
gct ggaagaa
attttcatca
acttctgcag
t cact caagg
ctttctgett
agacaaacat
accct caaga
ctgaacattt
aacat agaac
gaagggaaaa
aatt gaagtt

gcaacaat ac

ctcttgccag
ttcagttcce
tttctatcge
aggccct gece
acactcccta

act ggat ggt

aaat aaactg

acagaccttt
t cct ggt cet
agtttcaaga
gtttacttcc
ttgtccactc
agtttcagct
at ggt acagg
t gaggacaat
ctacttcatt
ctccaccctce
ccet cggt gg
cactgctctg
taattctgac
ggggettttt
tttggcagtg
ggt gat ggt a
t cgaagct ca
caaat gaccc
ctctggattt
t cagagccag
gcccatgatc

t cagagct ac

aggctaggga
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gatatttatt
teccttttett
cgtccecettt
ccgttcacag
ccaaccccct
catttggcat
tatttggetg

gagggagt aa
gttctatggt
aaaggaaat t
tcctgtctag
cagt gt ggca
ggcat gcgga
gt gct cgaga
t ccacacagt
gacgct gcca
agt gacccgg
gt gt t caagg
cat aaggt ca
ttctacattc
gggagt aaaa
t caaccat ct
cteotttttg
acaagagact
ccatcccat g
gcaaccccat
atcccttatc
ttcaagcagg
acaaacact t

t ggt aat cct

gaagcat cat
tgtgctattc
gcat gt aagt
t gcagccctc
at cct ggecce
aat cccctac
ctcegt at at

c

agggggcaga
ggggcet cect
ggt gggt gac
tcggtttggt
t cat gt ggca
ct gaagat ct
aggacagt gt
ggtttcacaa
cagt cgacga
t gcagct aga
aggaagaccc
catatttaca
caaaagccac
atgtgtcttc
catcattctt
cagt ggacac
ggaaggacca
ggggt aat aa
cat cct cagg
caactctcga
gaagccccag
tttctgtcece

ttaaacat ac

900

960
1020
1080
1140
1200
1260
1311

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



aaaaattgct
aat aaat gga
ggggat ct ag
aggat agt ct
attagccgta
ggactctatc
agt agaaaat
aagt acagaa
cat cagaat g
caggaggt ga
gt aaaaccac
tt aaacaaat
t gaaactttc
gttgcttatg
ttggttccaa
aaccat ggta
daaaaaaaaa
aaaaaa
<210>
<211>

<212>
<213>

56
921

<400> 56
ttctatgcaa

aattatggtg
ttcctattgg
gaagagaggt
gt aaact cat
agcat t gcat
acacctatta
t gccggcaac
tttgaacagce
tgctgectce
gcagttctac

ccacaggcac

DNA
Hormo sapi ens

cgtgttataa
t aagt agaat
ggaat t cagt
aagggaggt g
gtggaattaa
agaact ggac
ggt cct agga
caaaccct gt
agaaagcct g
aaatgctttc
cttttctget
gttgtataac
aaatccttca
aaagaaagct
taaagcattt
at aaaat at g

aaaaaaaaaa

agcaaaaagc
taatttccta
tctgatttca
gct gattgge
tttccctcgg
cgttagette
at gggt ctca
tttgtccacg
ct cacagagc
aagaacacaa
agccaccat g

aagcagct ga

PCTI L2012050093- seql - 000001- EN. t xt

attacccagt
taat ggttga
gggaccaat g
ttcccatctg
caggaaat ca
cat ct ccaag
aggggact ga
gtcactgtcc
agaagaaaga
ttggccaggy
tcaatatcta
caat act aaa
t cat gt cagt
ttagct gt ct
t acaagat ct
aat gat aaaa

aaaaaaaaaa

cagcagcagc
t gct gaaact
caggaacat t
cccaagt gac
tttcagcaat
tcct gat aaa
cct cccaact
gacacaagt g
agaagact ct
ct gagaagga
agaaggacac

tccgattcct

ttagagggga

ggcaggacca
aaagcat ggc
agcccagaga
t gagggt gac
tat at aacga
ggat t gcggt
caagttgcta
accaaccaca
t agt aagaat
attcct gt gt
tgtactactg
t ccaat gagg
ctgttttgta
t gcat gct ac
aaaaaaaaaa

aaaaaaaaaa

cccaagct ga
ttgtagttaa
ttacctgttt
tgacaatctg
tttaaatcta
ctaattgcct
gctteeccect
cgat at cacc
gt gcaccgag
aaccttctge
tcgetgectg
gaaacggct ¢
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aaaaaaaaca
t acagagt gt
t gagaaat ag
t aagggt gt c
gtagaattga
t gagt cct ct
999999t 9gg
agt gaacaga
agcacacagg
t agaggttaa
agetttgttc
agettcgetg
t ggggat gga
agctttaage
tcttagatag
aaaaaaaaaa

aaaaaaaaaa

t aagat t aat
ttttttaaaa
gt gaggcat t
gt gt aacgaa
tat at agaga
cacattgtca
ctgttcttce
ttacaggaga
ttgaccgt aa
agggct gcga
ggt gcgact g

gacaggaacc

attattccta
gggaact gct
caggt agt cc
ttcctagaac
gtcttccagg
t aat gct agg
gt ggaaaaga
act at ctcag
aaggaaagcy
t gcagggact
attgcattta
agttaagtta
gaagacaat t
gcaacatttc
aagat gggaa
aaaaaaaaaa

aaaaaaaaaa

ct aaagagca
aggtttcatt
ttttctectg
aatttccaat
tatctttgte
ct gcaaat cg
t gctagcat g
t cat caaaac
cagacatctt
ctgtgctccg
cacagcagt t

t ct ggggect

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2406

60
120
180
240
300
360
420
480
540
600
660
720



ggcgggettyg
ggaaaggct a
atttatgagt
aat aaagt at
<210>
<211>

<212>
<213>

57

<400> 57
aagct tactc

t ggacaggt a
aaagt gaaag
tcttgggcca
cagggcgaag
tat ggattgg
tcccaaccta
ccattgggtyg
t ccgcacgea
ccccgaacce
gagt gcgggg
ggcgcaggac
t ccccagget
gagcccecgcet
gacgccgega
tattgggacg
gggaccct gc
caggt cacga
gat ccgececce
tacccggttt
ggct cggggg
gtatgget g
cgacggcaag
ggcagct cag
ctacct ggag
gct gcagege
ggget ggect

4000
DNA
Hormo sapi ens

aattcctgtc
aagacgat ca
ttttgatage

at at agaatc

t ct ggcacca
aggagt ggga
gagagggacg
agact caggg
t ccagggecc
ggagt cccag
t gt agggt cc
tcgggtttee
cccaccggga
tcgtcct get
tcgggaggga
ccgggaagcec
ctcact ccat
t cat cgcagt
gccagaggat
gggagacacg
gcggetacta
cctcteatcece
gaagccgcegg
cattttcagt
accggget ga
gacgt ggggt
gattacatcg
accaccaagc
ggcacgt gcg
acgggt acca

cccacaagga

PCTI L2012050093- seql - 000001- EN. t xt

ct gt gaagga
t gagagagaa
tttatttttt
t

aact ccat gg
gt cagggagt
gggcccat gc
agacatt gag
caggcgt t gg
cctt ggggat
ttcttcctgg
agagaagcca
ctcagattct
act ct cgggg
aacggcct ct
gegeegggag
gaggtatttc
gggctacgt g
ggagccgegg
gaaagt gaag
caaccagagc
cccacggacg
gaccccgaga
ttaggccaaa
ccgeggggt ¢
cggact ggcg
ccct gaaaga
acaagt ggga
t ggagt ggct
ggggcecacgg
ggggagacaa

agccaaccag
at att caaag

aagtatttat

gatgattttt
ccagttccag
cgagggtttc
acagagcgct
ctct cagggt
tccccaactce
atact cacga
atcagt gt cg
ccccagacge
gct ct ggecece
gt ggggagaa
gagggt cggg
ttcacatccg
gacgacacgc
gcgeegt gga
gcecact cac
gaggccggt g
ggceaggt cg
ccettgececce
aat cccecca
cgggecaggt
cttccteege
ggacct gcge
ggcggeccat
ccgcagat ac
ggegect cec

ttgggaccaa
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agtacgttgg
t gttcgagcet

atatttataa

ccttectaga
ggacagagat
tcecttgttt
t ggcacagaa
ctcaggeccc
cgcagtttect
cgcggaccca
t cgeggt cge
cgaggat ggc
t gacccagac
gcaacgggcece
cgggt ct cag
t gt ccecggece
agttcgtgeg
t agagcagga
agact caccg
agt gaccccg
cccacagt ct
gggagaggcc
ggttggtcgg
t ct cacaccg
gggt accacc
tcttggaccg
gt ggcggage
ct ggagaacg
t gatcgectg

cactagaata

aaaacttctt
gaatatttta

ctcatcataa

agagt ccagg
t acgggat aa
ct cagacagc
gcagaggggt
gaaggcggt g
tttctcectce
gttctcactc
ggttctaaag
cgt cat ggcg
ct gggcgggat
gcctggegyg
ccactcct cg
€ggcecgegygyg
gttcgacage
gggt ccggag
agt ggacct g
gceceggggcy
ccgggt ccga
caggcgect t
gg¢ggggcgyg
t ccagaggat
agtacgecta
cggcggacat
agttgagagc
ggaaggagac
tagat ctccc

tcgecectccec

780
840
900
921

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



tctggtectg
t gaggttccg
aagacgat cc
ggccegt gac
ct gagt ccag
tcectcttca
ggctggtgte
tagccacatg
ctcttcctga
gccaccctga
cgggat 9ggg
ggaaccttcc
tgccat gt gc
gacgggogt g
ggcccect cac
ggcatcattg
gtgatgtgga
tgtctcactg
accacccaca
t aaagcacct
t gat cccagce
gt ccaggacc
acatttctgg
ctgactcttt
tactctcagg
gtttgggage
gtgggatctg
t gat gt gt ct
ttgggcggaa
at gcgat ggg
tattttttte
ctgcecttece
tgtctgtgtt

accat gaccc

agggagagga
ccetgetcte
ct cgaat act
ttttecctete
cacttctgag
gggact agaa
tgggttctgt
tgtgctggag
cagacgccce
ggtgctgggce
aggaccagac
agaagt gggc
agcat gaggg
tcatgtcttt
cttccectct
ct ggcet ggt
ggaggaagag
agggtt ccaa
attatgggcc
gttaaaat ga
agt cacaagt
cacacct gct
aaacttctct
tct ggt at ct
ct gcaagt aa
ccat ggggga
accaggttct
ctcacagctt
cagt ggacac
ctgtttaaag
tatagtgtga
ctttgtgact
cgt gt aggca

tcttcccacg

PCTI L2012050093- seql - 000001- EN. t xt

atcctcct gg
t gacacaatt
gat gagt ggt
aggccttgtt
tccttcagece
tttccacgga
gctcecttece
gagtgtccca
caaaacgcat
cctgagettce
ccaggacacg
ggctgtogtg
tttgcccaag
t agggaaagc
tttcccagag
tctctttgga
ct caggt ggg
gacccaggt a
tacccagcecet
aggacagat t
cacaggggaa
ttcttcat gt
gaggt ccaag
cacaggacat
gt at gaagga
gct cacccac
gtttttgttc
gt aaaggt ga
agctgtgcta
t gt gaccccet
gacagct gec
t gaagaaccc
t aat gt gagg
ctgacctgtg

gtttccagat cctgtaccag agagtgactc

aagggat aaa
tcectttgac
ctctgcttca
t ccact cagg
ataggagat t
ccat cccagg
t gacagat cg
at gact cacc
taccct gcgg
gagctcgt gg
gtgcettetg
ccect caccce
aggagcct ct
ccgtettece
gctgtgatca
gaaggggt ga
gaagt gt gcc
gggeectgtg
tatcaccttg
ggt ccct gag
ttcctgatce
acttggaggt
tttcttccca
gget gat gee
cccacaattc
t accccaggce
gagecet ggag
t ggggt ttct
cactgtgaca
ttgtgtggga
tgactttgtt

aggt ggggag

atct ct gaag
acacacaggc
cact caat gt
t caggaccag
atcccaggt g
tgtcctgtee
aaaat gcct g
acgctgtctce
agat cacact
agaccaggcc
gacaggagca
t gagat gggg
ctgaccttta
agcccaccat
ct ggagcet gt
agggtgogtc
ctgcctegtt
t gccagcact
attacagcgg
gaccttcagg
cgeccet gggt
tcctctagga
cagat agaaa
t gaggtcctt
ctecctetage
agt gacagt g
ggect gat gt
ttccattgga
gat acgaat t
ct gagaggca
t ct gcaaagg

accaccccac

gaat gacggg
agcagecttg
gt gt ggggot
aagt cget gt
cctgtgtcca
attctcaaga
aat gatctga
t gaccat gaa
gacct ggcag
t gcaggggat
gagat acacc
t aaggaggga
gcagggt cag
ccccategt g
ggt cget get
tgagatttct
act gggaagc
tactcttttg
t gat gggacc
agggcegottyg
ct gcagt cac
ccttaaggec
aggagggagce
gggat att gt
cacatcttct
cccagggetc
gtgttgggtg
tgtattgage
tgttcatgaa
agagttgttc
cacctgcatg

ccccatgtcc

ctccectcececce aatcatcttt cctgttccag
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1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660



agaggt gggg
ttcttcettce
at gagaggt t
t ggaacacat
ggagagt aga
ctgcttgget
<210>
<211>

<212>
<213>

58
1601
DNA

<400> 58

aaaccacaag
gtcctcctga
acccacttcc
gt gaagact t
ct ggaggact
ct ggaggagg
tccet ggggg
ccct gt gaaa
gagaaaggca
t acat gacaa
cat aaattag
gagaaacctt
tttctattta
ttttttcaat
tggtatttga
ttggggagee
ttttccctga
aaatactct't
ct cggaggga
cttgttattt
at cccagcac
gcet ggt caa
t ggcgcgeac
aggagat gga

ctgaggtgtc
cctattaaaa
gatgagttaa
gagaaccttc
tggggetgtg
gggtcatctt

Hormo sapi ens

acagacttgc
ct ggggt gag
caggcaacct
tctttcaaat
ttaagggtta
t gat gcccca
agaacct gaa
acaagagcaa
t ct acaaagc
t gaagat acg
aggt ct ccaa
attgtacctc
tttactgagce
atttattatt
gtgttttaag
aacagaagct
cctecctcta
aggaagagaa
ttcccctaac
at aacaacct
tttgggagge
cat ggt gaaa

ctgtaatccc

agttgcagtg

PCTI L2012050093- seql - 000001- EN. t xt

tccatctctg
ttagaacctg
ttaaaggaga
cagagt ccac
cccagtttct

tgctgctcca

aaaagaaggc
ggccagccca
gcctaacat g
gaaggat cag
cctgggttge
agct gagaac
gaccct cagg
ggcegt ggag
cat gagt gag
aaact gagac
aat cggat ct
tcttatagaa
ttctctgtga
ttcacctgtt
ataaattata
tccattccaa
atttatcttg
accagggagc
ctcattccce
aaatttggtt
t gaggcgggt
cceegt ct ct
agctactt gg

agctgatatc

tctcaacttc
agt at aaat t
agattcctaa
gtgttgctta
gttccggeca
ttgtccttgg

at gcacagct
ggccagggea
cttcgagatc
ct ggacaact
caagcct t gt
caagacccag
ct gaggct ac
caggt gaaga
tttgacatct
at cagggt gg
ggggcet ct gg

tatttattac
acgatttaga
tttaagct gt
agttacataa
gcct gaccac
tct ct ggget
ccctttgatg
aaccacttca
ctaggccggg
ggatcacttg
act aaaaat a
gaggcet gagg

at gcccct gt
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at ggt gcact
tactttctca
aatttgagag
tgctgatttyg
ctat ggget t

cagcact gct
cccagtct ga
t ccgagat gc
tgttgttaaa
ct gagat gat
acat caaggc
ggcgcet gt ca
atgcctttaa
tcat caacta
cgactctata
gat agct gac
ctctgatacc
aagaagccca
ttccataggg

gggaggaaaa
gctttctage

t ggggcttcce
attaattcac
ttcttgaaag
cgeggt gget
aggt caggag
caaaaattag
caagagaat t

actccagcct

gagct gt aac
aattcttgcc
acaaaat aaa

tt gcagggga
t at gt ggt ca

ctgttgectg
gaacagct gc
cttcagcaga
ggagtccttg
ccagttttac
gcat gt gaac
tcgatttctt
taagct ccaa
cat agaagcc
gact ct agga
ccagcecct t
t caaccccca
atattataat
t gacacacta
aaaat gt t ct
tgttgagetg
taact gctac
cttccagt gt
ct gt ggcecag
cacgcctgta
ttcctaacca

ccgggcat gg

gctt gaaccce

gggt gacaga

3720
3780
3840
3900
3960
4000

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440



gcaagact ct
tttaactaga

agattttaat

<210> 59

<211> 12150

<212> DNA

<213> R ci nus commun
<400> 59

atatttcacg
t gaact gaaa
act ggaat at
tttggtctat
ttatatattt
atatttgtca
t aaaattaaa
ttactttata
gct ct aaaga
aaat aaaaag
agtttgagat
aat act t agg
aaat cttaaa
aaat cttgga
gacacaacag
aat at acat a
atttattcca
tattaagaaa
at gagaagac
ctttagagat
tagtatttct
gt aaact aaa
atttaaagaa
ccaccaaagc
gcaaaagat t
t at aat aaca
aat aaggaca

ct at cgat gc

gt ct caaaaa
atttattcaa

tttgaat aaa

aact gat aca
t aaaacaaga
gcgact aagc
aacaacct aa
gt at t aat at
tttagaaatt
tatatttcat
ggaagacct t
ttgcattaga
tacaaacttt
gtcttatata
t gat gaaaat
tctttgcaaa
acttattata
aaacacat gc
t gcgacgt at
aaatt ggatc
t aaaaaattt
tttttataat
gct ct aaaga
caaaattatt
caaaaatt gt
tataaacttt
aaaaaaaat t
aaacaaat ct
aattttggta
caat at aaac

acaaat acac

PCTI L2012050093- seql - 000001- EN. t xt
aat aaaaata aaaataaatt tggttctaat agaactcagt

ttcctctggg aatgttacat tgtttgtctg tcttcatage

taaatgtatc

at at agcaag
gat gcat aat
t gaaat aaac
gt agaaat cg
tttaatttat
attccaaaac
t aaacaat gc
gat agat aaa
at gaaat aaa
gataagtttt
at ct acaaag
acctcactta
act gaact ga
gct ggaat at
gt ct gcaacc
attgct at gt
atcttgctga
accttttcct
cagaaaact t
ttgtattgea
actctttaaa
aacct acgag
aagat gtctt
t aggt gat gg
caaattctta
cttaatacaa
acatgetttg
gtatctttat

ttattcacat

agat t gaaaa
aaaaaaat ac
tgacattaaa
cagcctgttg
gtacat at cg
t gaat cat ct
attttctcett
caatgtattg
actttttact
at at aaccta
atatttaaag
gtact aatac
agt aaaacaa
gccagt aage
t aagaagaag
at gaaaat aa
gttattcaat
ctttaaaacg
gat at at aaa
cttaaataaa
gt aaat agct
tttgagat gt
tttctatata
aaat atccta
t aaaattgaa
aaat at gt ca
gcet ccagea

atgcttat at
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c

aact caaat t
aaat ct t gat
gacat gacag
at gcacagat
agat gaat ga
tacttgagtt
t aaaacaat c
gat atacgtt
tttaagattt
aaaagaaat t
agt at aaaca
aacaaagcaa
gaaat gcat a
t gaaat aaat
ttgcaacctg
gcgaat act t
t aat aat aat
atttatttga
gaatgtattt
accttttact
caaactttga
cttatacaac
atcaatttta
cctagaact a
ct gaagt aaa
ttaagct aaa
at ct aat aag

aagtatttta

cttacaaaac
acttattaca
aaat acat gt
acatgtattc
aaat aagct a
atttaattaa
catttgaatc
ttttttagat
ttgctcttta
gtaacatgtg
gt aaagcaat
gat at cgaac
at aat aagac
t gat act aag
tcgatgcata
atcatttgga
gaatatattt
atattacttt
gataatgttt
cttaatagtt
gaagtctt at
ct aaaat aaa
ttttgaaaaa
at aaaat ata
acaagagat g
gt aaagt gat
aaatt gcaac

atttgtgtac

1500
1560
1601

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680



gtgtattcaa
atgatcttge
gtcctttcte
aaaaaacttg
gattgcattg
aat aat aagc
atttttagat
ttatacaacc
at aaagat ca
t catat ataa
taat agt t at
aatgtggtta
aagtattacg
tcat at at at
tctettcttce
ttttgatttt
att aaagaaa
at t aaat agc
aat t gcaggc
t cat cacaaa
acttatatat
at cagt at at
aat gtt at at
ttcttaacaa
tactgtactt
aaaatatttt
ctttttatat
ttttetgttt
tagaaattta
aaatttcttt
tttcattatt
aatttgtctc
atttcactct

gaat gacaaa

at gact gaaa
taagttattc
t at aaaagag
at at at aaag
gact acaat a
acaaactttg
gttttataca
t aaaacaaat
ttttaattta
attatttcat
attttattaa
ct aaaaccat
actttctcaa
ctecttttcett
ttatcattat
at gat t caat
caagagt aaa
tagatcttct
tattagt aat
t gagagt acc
at at at at at
acattttact
attttggtta
aagaat at aa
aaat aacct g
aagaaat at t
tttatttett
aatttttatt
tttttataaa
taatagttag
cttttataag
tetttectett
tcatttcttt

accgttaatg
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at aaact aaa
act aataata
t ccattagaa
aat gtattgg
aaagttttta
agatgtcttg
at ct aaaaag
t gt aat ct gt
tgtacttata
aactgaattg
at aat aaaag
ctcatattcc
acttcctact
tt gggat cat
gact t cat at
atatttataa
tat at at aaa
ttttetttte
at agat ggt a
aact aaact a
at at at at at
ctgattacca
gaat ggt agt
tat at aaata
ttttgetett
t aagt at aaa
attttacttt
aat aaaaaaa
aaaaat cct t
tgttctaata
acaaact ct t
t aacat agcc
aaacttctta

atgttetttt

acttgtcata taaaattttt tcaaaattaa

at aaat at at
tcttactata
aggtgcattt
cttttacttc
t agaacct aa
agatttgaag
cgacgcacag
tttagataaa
tctgatttgt
atttaccttt
tcegetttct
tgttttcaat
tattactgct
attatcatct
ttaagttcta
ttgtaaggta
tttttttett
gaaagaaaat
tgtgattttg
at at at at at
taatattata
gttttetttt
atatattaaa
aatattttat
aaat aaagt a
tgtttccaag
at aattacaa
caaattcttt
aaaaaaat tt
agcct ct aga
ttagtttcca
catttttttt

aaaagt gaaa
Page 59

ttcattaaaa
t at gaaggct
tttttttgag
ttagaattct
gaaaaaaat t
agt at aaat t
acacgtattt
t aaaaat aag
tagtgttatt
tctctataaa
tcctcagetg
taatgttatt
act gt aat ga
tctatcactt
tctttaaacg
ttatttgttt
tctcatccaa
t aaaat t aaa
gt aaaaaat g
at at at at at
gattttacta
cttaaagatg
gat gccct ag
tatttttatt
ttttattgat
ggcat caat a
atattaatta
t aaaat gt ca
acccaat aat
attattttaa
at aaat aaat
tgtagcattc
gatgtttata

at aaaaat tt
ttttataatt
atgttctgaa
tgctctttaa
acaatttgtg
ttaagat gtt
ttatatattt
ctaatatttg
aaatt aat aa
aaggggaaga
ctcactttgt
ctacct gact
t cgagaaaaa
cat at aat gt
agagcaacca
gatttaaatc
agtttttatg
acttcttcaa
caaaacaagt
tcttttataa
aggt gacact
ct ct agagga
aaaat gcat t
tctataataa
gtccactgta
tettettett
at caaat aca
ttttgaccct
ttttctaata
ggat at at at
aat gaaat at
tttgtaagtg
tattgcagta

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720



cagat aat ga
gaagtt at at
atgaatttta
tttaaacact
aatttataag
attagtgttt
gacagccaat
ttgtaatatg
ctttcacatt
cagegggt ge
caact ggagc
t aaaccaacg
cgcet ggat gt
ttcatcctga
at cgat at ac
t gagagaaaa
attacagtac
aaatgatttc
ggt acaaccg
gactttccac
aaagacgt aa
ctct cat ggt
cagt ggt acc
t aggt cgaaa
tacagttgtg
acaat act at
at gt gat gat
at aat ggaac
gt ggt accac
ct aat aat ac
caaat agt gg
ctctttatge
attctaatat

aacgat ggat

tat at ct act
tttetttett
actaattccg
gcttat geat
ttcattttta
ttctgtatta
aaaattccaa
gat gtatgca
agaggat aac
cact gt gcaa
t gat gt gaga
gtttatttta
caccaat gca
caat caggaa
attcgeettt
tatcgagttg
t ggt ggcact
agaagcagca
gagat ct gca
tgcaattcaa
tggttccaaa
gt at agat gc
aaattttaat
t ggt ct at gt
gccat gcaag
t cgat ct aat
ctatgattgc
cat cat aaat
acttacagtg
acaacctttt
acaagt at gg
agatggttca
acgggaaaca

gt t caagaat
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gcactacata
tctcatccta
tttctaattt
attctgtctc
tt gat caagt
attttataag
gaattgctge
gt ggcaacat
aacatattcc
agct acacaa
cat gaaat ac
gtt gaact ct
tat gt ggtcg
gat gcagaag
ggt ggt aat t
ggaaat ggtc
cagcttccaa
agatt ccaat
ccagatccta
gagt ct aacc
ttcagt gt gt
gcacct ccac
gctgatgttt
gttgatgtta
tctaat acag
ggaaagt gt t
aat act gct g
cccagatcta
caaaccaaca
gt gacaacca
at agaggact
atacgtcctc
gttgtcaaga

gat ggaacca

aaacaattta
agaaagttaa
ataattattt
aatttatata
atttgtggtt
ttcatcttta
aat caaagat
ggctttgttt
ccaaacaat a
actttatcag
cagtgttgcce
caaat cat gc
gctaccgt ge
caat cactca
at gat agact
cact agagga
ctctggcet cg
at att gaggg
gcgtaattac
aaggagccet t
acgat gt gag
cat cgt caca
gt at ggat cc
gggat ggaag
at gcaaat ca
taactactta
caact gat gc
gtctagtttt
tttatgcegt
ttgttggget
gt agcagt ga
agcaaaaccy
tcctetettg

ttttaaattt
Page 60

aat ctccct g
attact gtaa
cgttaaacca
t ggcat gcat
ttctttatat
t gagaat gct
gaaaccggga
t ggat ccacc
cccaattata
agctgttcge
aaacagagtt
agagctttct
t ggaaat agc
tcttttcact
t gaacaactt
ggctatctca
ttcctttata
agaaat gcgce
act t gagaat
tgctagtcca
tatattaatc
gttttctttg
t gagcccata
attccacaac
gct ct ggact
cgggt acagt
cacccgct gg
agcagcgaca
t agt caaggt
atatggtctg
aaaggct gaa
agataattgc

t ggccct gea
gt at agt ggg

tttattttaa
tcgacattat
atcaattccc
cttcegtatt
aaaaaaat gt
aatgtatttg
ggaaat acta
t cagggt ggt
aactttacca
ggtcgtttaa
ggtttgecta
gttacattag
gcatatttct
gat gttcaaa
gct ggt aatc
gcgetttatt
atttgcatcc
acgagaatta
agt t ggggga
attcaactgc
cct at cat ag
cttataaggc
gt gcgt at cg
ggaaacgcaa
tt gaaaagag
ccgggagt ct
caaat at ggg
t cagggaaca
tggcttccta
tgcttgcaag
caacagt ggg
cttacaagtg

tcctctggee

ttggtgttag

3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760



at gt gaggge
caaaccaaat
cctgccat ga
acagcaagt t
aatttatgga
tttgaataaa
aat gcggaga
ttagtgaatt
cgctcttatt
acttaaggta
tttactttct
cttgttcatc
at gggt t cat
t aaagt gggt
cctccaaatc
tagttgctge
tttcctggta
gcet gt ct ag
tattcttccce
cctettecte
gaat cgcaat
gt cgaat acc
tatcagtttg
cacaaaaagc
tacattcgtc
gaccccaaac
aat aagt agc
ccaaattaac
ggcgt cgat g
cctcacttat
taacaccata
agaaagttac
acagt gt aag

cttctccact

at cggat ccg
atggttacca
aaat agat gg
attgcagtcc
t gaatt gt at
at aaat aata
ctagtcaatc
t gt at ccaag
ataagcttaa
tatagatttg
aatttectttt
agttccatag
aagtt gt gat
t gagcaat gc
accat gt aaa
aat agaaat ¢
gtcaattcca
act cccat ct
ctct ggt aat
cat cgect ct
cccggat aat
attcttagtt
ccaaact aaa
tttacttacc
t at aaaagtt
at cagaat gt
acggt ggectc
aaacaattca
ccatagccaa
tttcttctct
accaagagtc
agtacagtta

aacaat caat
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agccttaaac
ttattttgat
cttaaataaa
agt at ct aat
gaat t aagct
tgttttttca
ttttatgtaa
t aaaaaacag
ttttcatcca
aagtaattcc
tctcaaattg
taattctcaa
aat caggcag
caggt ggt ac
aaagtatttt
agt attcaaa
tacttctgag
gcet taaget
ttcacaaact
tttcatttca
t cactagt gc
aaaaaattac
acccat gt ac
tcacttttgt
ccgaaatatc
at aacagcaa
ttaccaagtt
ggttttaatt
attctttcca
cctatctcag
t cccgagt ca
agagacgagg

acagatttta

aaat cat t ct
agacagatta
aaggacattg
aagagcacaa
aattattttg
aacttataaa
ttctatgatg
cct act aagt
cgat cat ccc
ttaattataa
tactaattaa
taaatttatg
cttcatatat
at ccaggt gg
ttacatcaaa
t cgt accaag
taaatccttt
tcactgtata
cccatgttge
agt ctt gcat
taagtgcata
tt aaat gact
gatattgatt
t ccgaagt aa
tagcacct ga
at ggt t cagt
cacacacat ¢
ttttcaaata
ttgtattact
t caagtctag
ggatgtcctg
ttatttgtce

aattcagatt

aacaatacat ttggatccat ttgttattga

Page 61

ttaccctcte
ctctcttgea
taaattttgt
ctattgtctt
gt cat cagac
act at gaat g
at aaaagct t
cat ggattcc
tattcatgtg
ttitttaagtt
ctcattgaag
gt ct cacaac
attgaaatta
tacatccata
ttgtcttaat
tttcgccaca
cgct accagt
gatccattta
attcttctct
tgcctectge
ataatctgtt
at ccat aaat
tctaat aaaa
ggttatccaa
t aat gaagga
acttttatta
acaattaaac
act aaat gac
taagctttca
at aat aaagt
aaaaacacaa
aaccgagagt
ttttgaaaga

cacggt aaaa

cat ggt gacc
gt gt gt at gt
aact gaaagg
gtgcattcta
ttgatatctt
at at gaat at
gtctcttaac
ttcaaattta
at gcacaaga
tatcactttc
aatttaacaa
t caagcat cc
acat aaggag
tatacttcett
gcccatcet t
ggt gcaaacyg
ctegetttte
cagccaat cg
agggctttca
acactattag
aaat gat t at
tcetttgeat
tttcaaaaat
gt cat acgag
atttttgcag
aaact aggca
acggaat cat
aaat gt ccaa
gt cgt gt aaa
ttgcctcgtt
t at gaaggcc
aagttacaag

gt aat ggatc
t gagaggat g

5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800



gaat gaaaga
ttgtccacaa
tccataattc
tgtcttacat
agggtctttg
gaagat at gc
acct t cat gt
at acgt aggc
taacctcgtt
ggcagt agga
gctctttace
cttcacttcc
gagct gt gac
attatcttgt
atcttctgta
cagtat ggtg
ttttcatcct
aacttctaac
act act acag
agt t ct gaat
tttectittct
tcttactaaa
t gggaaagt t
tacgattcta
tttgttgggg
t agat cagct
gaatttagtg
acacaaagt g
ttaatttgat
ctttagattc
ttcttgatta
gagaatcttg
aaact gaaag

t cagccttgg

at aaattcga
tgttcacaca
t ggcaaacct
tgttgatctt
cgcaaaat ct
at gcgt agec
gact gagt ac
aat ggt ct gc
tcatcagttc
agt ct gat ga
ttttgattct
gatccggtta
cat agagaat
t gaat gat aa
ctcataattc
agcggct gt t
ttttctctat
tacttatgta
cttatacata
cat agt aat t
t aaat at gat
aaaaagt aag
tataatttga
agat gat cca
attcaatgtt
agtcatttac
taatttgatt
aaaggcaaac
aatttatggt
tttctctatt
agtatttata
atgtatttgg

gaaacact at

ggt ggt aat t
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t cagaattgc
gcaagttaca
gaaat acagt
ctcttcgaac
cacct cggac
ttgccat gge
gat gat ct at
coetettgttt
cat cat aaaa
aat gt t gcat
cagttatcca
aat acccagt
aattcgattc
tttgattcga
tgtttaggga
gt gat accat
t cattcaacc
acaagcaacc
cttatctcta
ttagtctcta
tctattttaa
gataatttta
tctaatttct
atataaatta
tattgatttg
atattcttge
aatttaatta
gagttctage
t cagt ccgtt
ttatgcatgc
tttatttttt
acaact aaaa
ggt gt ggat a

caat gccact

ataccatatg
tttttttcca
aggct ccaca
at aagcat at
tt gat caaag
agaat gcaac
ctcttgaaag
gatt gcgaaa
tgtttttget
cagt gaaggt
ggt agagt at
tttatttcgt
atccagtata
agacggattc
ttcagttttg
gt gagt aat g
tgaatatata
ttatcaaaaa
tact aacaaa
taat attaac
aaagcgggag
tttaattcta
ttgcatgata
tttgtgggaa
ttttgtgtag
aaatttgtge
gacgggtttt
aatttaattg
act gaaaat t
cattttctga
atttgattag
aaattccaag
tacgcagt gg

gt aagct aca
Page 62

at cagat gca
gctccatttt
gttgcatttg
gtttgttcta
tttgaatcaa
gctactactc
atttccatca
gacttct gat
gctgectccce
at cat cgaat
ctcgtatctg
gct ccaat ac
acact ggt ag
atgatttgag
atttgaaaaa
aaact ct aat
caaaagtttg
tacaattaga
ttaact aaat
aaat gaggga
at agaaaaat
agaaacaaag
gacaggt aac
ataggttcac
tatgttttge
catttacaaa
ccttettcag
attaggttca
t aaaaagaag
ttaattgtat
t gagct at at
aattgctaca
caacgt ggct

cattcccaac

ccagggtcta
tecetgttttt
ttcctcccat
aat caagttt
gcccact gag
cat ccact gt
act cagagta
tcaattcgaa
aaacatcttt
caat cagcca
tagttgcagg
gcat ct ccat
ggaat gat ac
tat gaggt gg
aatttgtttt
aattgattaa
ttacaaggat
at aacatcta
atagttaaca
ct aaaat act
ttatataatt
caaaggaaaa
tgattctcaa
gaaaaagcca
at caat t aat
tgaattat ct
t aat caacat
agttaattaa
t agcat gcat
atgttcgttc
atatttttaa
attggagat g
ctgettggga
tgtaagettt

7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840



accactgttg
tatatactta
atatacttaa
ggt gactctt
aatttagttt
t ct ggcaaaa
cttgacatac
tctattaatg
tttattatca
ctttcttaac
agtt gaaaga
agaaaacaca
act at agcct
tccttcgaca
cat gt agcga
cctcaagttt
tcttgacagce
aaactccttt
ttgtttcact
agcagccat ¢
aat cat caac
gagaatattc
tgtaccat gc
tgttttecttce
agt atccat t
cagct aaagc
cat agt caat
cgacatctcc
cttgcecttag
tcatctatgg
gt at ct gcag
t cct acagat
tgaatacttg

acat ct t gat

at gccacgga
tcggct tagt
tacataagtt
taatttcata
ttcaacactc
tcttcaaact
ttcagctcta
tatttactct
at aaaaat at
cat gt ggcat
attacaat ag
aaacccattg
act agact ga
tatctcaaaa
ctaat aagtc
ccaacaaatc
tttactccac
aagatctttc
ttgattccca
tcetttttga
at acaagcac
at gaggat at
ccttagtact
ccctctaaca
caagaacgcc
aat gattaaa
tccat gtt gt
gttttcattc
gaaagatt gc
ctactctcca
aaat acaat a
ttctcatctt
ctggagttct

ctgaataatc
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gcaaat gt ac
agccaagaag
acacgcttaa
act t aagcat
cttaaattta
ttaatgcctt
tttcettett
taacat gt aa
caattggttc
gacaaacaca
attacttctt
tactcttteg
aactttttga
ttcttttacc
ctactccata
tttgaaacaa
attcaact ag
ttacatagct
gat aat aaga
attattcaat
accacaagaa
tt cagaaaat
tgcttcaatc
acat at ct ga
gatttcacgt
caaattattt
t ggct aaacc
tttttaactt
taattcccaa
ttitttcattt
at gaacaaaa
tgtaggtttt
t ggaagt gtc

aaaaatt gga

agagagt gt t
tcttttggta
tgaatatata
t aaaaact at
atttcagatc
cgt caaaata
acggat act t
aat aggattc
ttcgtttgaa
agcagcagca
t gaact ccat
at cat caata
aggt gagt aa
agccttcatg
aagaat at ca
aattggattc
t gt gct gaca
cttgtgagaa
cat caaccct
cattgct gaa
cat caccat t
ttttettttt
cat acaaagg
aaggttgttt
ccatttgaaa
ccaat cgagc
cttttgcaac
tttataaatc
gtgtcattct
ttcatcgett
tctaaaactt
t cagat gatc
aagttctgta

aaaaaatt at
Page 63

gt agaaaat a
acct acaact
tgtaacttac
acat aat gat
aaaccgagtc
t cagcaagtt
tctctgatga
ttgctcaatg
accaat agca
acaacat act
gt aaaagcag
tcacctccte
aacaaaccat
tgcgaatctg
ggt ctagt ac
accttctcag
agct gacat t
at aaaaat gc
atatctgtca
ttatttttct
ctctttcttc
gaaat aat ca
taccttcagt
t agat at cct
aattcttcat
aact actaca
aagt cgagcce
catttcacac
tttgaattga
cttcaaaatt
cat caat gtt
tt gaacgact
cat caaaat t

aattttctga

agaat aagt a
cttaaacatc
atatttaata
tattaaatta
ttgctcttaa
gatcttgcga
aat gat at ct
ct atagacga
cctctaacac
taacttcaca
tctctccaat
aat cactatc
aat ct aaagt
ttggtgccte
aagt caagt a
tattatcata
gct ccat gece
cat cat t agt
tctcaaattc
gt aaagat ca
ttagaat aaa
t caat cct gt
tttaaaactt
tcttcttcecta
ctettttgtg
aagact t cat
ttgtatttct
caacaacttg
ttttatttcg
cattggttca
agcatatatg
t gaat ct cct
aaaatgttga

ttgattctce

9900

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
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caatttcatc catcagcttc ctcaaacttg acatctcgac tcaggataat ctttttgett 11940
gtcggattgt acaacttgta gactttagac tttgcatcat atccaacaaa aatgaatttt 12000
ccacttttat catccagctt aattctggtt tcatctgcaa catgaacata agcaacataa 12060
ccaaaaactc taagatgaga aagagttggc tttcttccac tccatgettc ctgtggtata 12120

gacttctgca aactctttat aggacatatg 12150

<210> 60

<211> 39

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 60
tcctcagcta gcaccaaggg accatcggtc ttcccectg 39

<210> 61

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 61
gcagggt gta cacctgtggt tc 22

<210> 62

<211> 51

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 62
actgaacctt ggagtcaggt accacattga ttattgagta gttattaata g 51

<210> 63

<211> 32

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

<400> 63
gggcccct gt ggagagaaag gcaaagtgga tg 32

<210> 64

<211> 51

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucl eotide

Page 64



<400>

64
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ctttgccttt ctctccacag gggcccactc cgacattgtg ctgacccaat ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

65

67

DNA
Artificia

sequence

Singl e strand DNA ol i gonucl eoti de

65

cggtttaaaa aacgggacct ctggagcgge cgcttattaa cactctccec tgttgaaget

ctttgtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

66

51

DNA
Artificia

sequence

Singl e strand DNA ol i gonucl eoti de

66

tccagaggtc ccgtttttta aaccggtttt ttaaaccgct gatcagectc g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

67

44

DNA
Artificia

sequence

Singl e strand DNA ol i gonucl eoti de

67

tagctcgatc cgtcgagaga attcccccag catgectget attg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

at ggat at cg

ctctett
cttccag
tctgacc
cggt ceg
gt ggt at

gtcactc

ct cataagtg

gt caagg

68

657

DNA
Artificia

sequence

Li ght chain of anti-streptavidin (anti-SA)

68

gta ctggaagcag
gaa cggctcccaa

ggt tctctggete

agg
tcg

€399

t gct gact ca

at gaggct ga
gcggaggcac
tgt tcccgeecte

acttctaccc

gagt ggagac

gccaccctca
ctccaacatc
actcctcatc
caagt ct ggc
ttattactge
ccagct cacc
ct ct gaggag
gggagccgt g

caccacaccc

gcgt ct ggga
ggaagttatt
tat gacaata
acct cagect
cagtcctatg
gtcctaggtc
cttcaagcca
acagt ggcct

t ccaaacaaa
Page 65

ccceegggea
ctgtaagcetg
ataagcgacc
ccet ggecat
acagcagcct
agcccaaggc
acaaggccac
ggaaggcaga

gcaacaacaa

gagggt cacc
gtaccagcag
ctcaggggt c
cagt gggcetc
gactggttcc
tgcceect cg
act ggt gt gt
t agcagcccce

gt acgcggece

51

67

51

44

60
120
180
240
300
360
420
480
540



PCTI L2012050093- seql - 000001- EN. t xt

agcagctatc tgagcctgac gecctgagcag tggaagtcce acagaagceta cagcetgecag 600
gt cacgcat g aagggagcac cgtggagaag acagtggccc ctgcagaatg ttcttaa 657
<210> 69

<211> 218

<212> PRT

<213> Artificial sequence

<220>

<223> Light chain of anti-streptavidin (anti-SA)

<400> 69

Met Asp Ile Val Leu Thr Gn Pro Pro Ser Ala Ser Gy Thr Pro Gy

1 5 10 15

Gn Arg Val Thr Leu Ser Cys Thr Gy Ser Ser Ser Asn Ile Gy Ser
20 25 30

Tyr Ser Val Ser Trp Tyr Gn Gn Leu Pro Gy Thr Ala Pro Lys Leu
35 40 45

Leu Ile Tyr Asp Asn Asn Lys Arg Pro Ser Gy Val Ser Asp Arg Phe
50 55 60

Ser Gy Ser Lys Ser Gy Thr Ser Ala Ser Leu Ala Ile Ser Gy Leu
65 70 75 80

Arg Ser Gu Asp Gu Ala Asp Tyr Tyr Cys G n Ser Tyr Asp Ser Ser
85 90 95

Leu Thr Gy Ser Val Val Phe Gy Gy Gy Thr G n Leu Thr Val Leu
100 105

Gy Gn Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser

ro
15 120 125

-7

Gu Gu Leu Gn Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp

Phe Tyr Pro Gy Ala Val Thr Vval Ala Trp Lys Ala Asp Ser Ser Pro
145 150 155 160

Val Lys Ala Gy Val GQu Thr Thr Thr Pro Ser Lys G n Ser Asn Asn
165 170 175

Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro GQu Gn Trp Lys
180 185 190

Ser His Arg Ser Tyr Ser Cys G n Val Thr Hs Gu Gy Ser Thr Va

Page 66



@ u Lys Thr Vval

210

<210>
<211>
<212>
<213>

70

<220>
<223>

<400> 70
at ggat at cg

atctcttget
cagct cccag
gt ccct gacce
ct gecggt ccg
gatgtcttcg
gt cact ct gt
ctcataagtg

gt caaggcgg

agcagctatc

657
DNA
Artificia

Li ght chain of

tgctgactca
ct ggaaccag
gaacggct cc
ggttctctgg
aggat gaggc
gaact ggcac
tccegeecte
acttctaccc
gagt ggagac
t gagcct gac

PCTI L2012050093- seql - 000001- EN. t xt

215

sequence

Ala Pro Ala GQu Cys Ser

anti-PE cl one B11

gccaccctca
cagtgat gtt
caaactcctc
ct ccaagt ct
tgattattac
caagct gacc
ct ct gaggag
gggagccgt g
caccacaccce

gcct gageag

gegt ct ggga
gggaattcta
atttatggga
ggcacct cag
t gct gct cat
gtcctaggtce
cttcaagcca
acagt ggcct
t ccaaacaaa

t ggaagt ccc

ccececgggea
accttgtctc
acagcaat cg
cct ceet gge
at gcaggt ac
agcccaagge
acaaggccac
ggaaggcaga
gcaacaacaa

acagaagct a

gt cacgcat g aagggagcac cgtggagaag acagtggccc ctgcagaatg

<210> 71

<211> 218

<212> PRT

<213> Artificial sequence

<220>

<223> Light chain of anti-PE clone Bif1

<400> 71

Met Asp Ile val Leu Thr Gn Pro Pro Ser Ala Ser Gy Thr

1 5 10

Gn Arg Val Thr Ile Ser Cys Ser Gy Thr Ser Ser Asp Va

20 25 30
Ser Asn Leu Val Ser Trp Tyr Gn Gn Leu Pro Gy Thr Al a
35 40 45
Leu Leu Ile Tyr Gy Asn Ser Asn Arg Pro Ser Gy Val Pro
50 55 60

Phe Ser Gy Ser Lys Ser Ay Thr Ser Ala Ser Leu Ala lle

65 70 75

Leu Arg Ser G u Asp G u Ala Asp Tyr Tyr Cys Cys Ser Tyr
85 90

Page 67

gagggt cacc
ttggtaccag
gcect caggg
cat cagt ggg
t ggct ccccet
tgcceect cg
act ggt gt gt
t agcagcccce
gtacgcggcece
cagct gccag

ttcttaa

Pro Gy

Gy

Pro Lys

Asp Arg

Ser Gy

80

Al a
95

Gy

60
120
180
240
300
360
420
480
540
600
657



Thr Gy Ser

Ay

Phe
145

Tyr Pro

Val Lys Ala

Lys Tyr Ala

Ser Hi s

Lys Thr

210

<210>
<211>
<212>
<213>

72
1347
DNA
Art

<220>
<223>

<400> 72
atggaggtgc

ctcteetgtg
gct ccaggea
t acggagact
tatctgcaaa
cggaacggat
accaagggcc
gcggecect gg
t caggcgeec
tactccctca
t gcaacgtga
t gt gacaaaa

gtcttcctct

Pro Asp

Lys Al a
Gn Aa

Ay Aa

Al a

Asn

Va

PCTI L2012050093- seql - 000001- EN. t xt

Ser
120

Pro

Lys Al a

135

Thr Val

150

Va
165

Ay

Al a Ser

Ser Tyr

Val Al a

ficial

agct gtt gga
cagect ct gg
aggggct gga
ccgt gaaggg
t gaacagcct
ccctcgacta
catcggtctt
gct geet ggt
t gaccagcgg
gcagegt ggt
at cacaagcc
ctcacacat g

tccceccaaa

Au

Ser

Ser

Pro

Thr Thr

Tyr Leu

sequence

gtctggggga

attcaccttc

gtgggtttca
ccggttcacc
gagagccgag
ct ggggecag
cccect ggea
caaggact ac
cgt gcacacc
gaccgt gccc
cagcaacacc
cccaccgt ge

acccaaggac

Val Phe Gy Thr Gy Thr
1

05

Val Thr Leu

Thr Leu Val

Ala Trp Lys

155

Thr Ser

Ser
185

Leu Thr

Val Thr His

Cys Ser

ggctt ggt ac
agt ggct act

gaaattagtg
atct ccagag
gacacggccg
ggcaccct gg
ccctectceca
ttccccgaac
ttcceggetg
t ccagcagcet
aaggt ggaca

ccagcacctg

Lys Leu Thr
110

Phe Pro Pro

125

Leu Ile

140

Al a Asp Ser

Lys G n Ser

Pro Gu

190

Gu Gy Ser

Heavy chain of anti-streptavidin (anti-SA)

agcct ggggg
ggat gcact g
gtagtggtga
acaattccaa
tgtattactg
tcacagtctc
agagcacctc
cggt gacggt
tcctacagtce
t gggcaccca
agagagttga
aact cct ggg

Val Leu

Ser Ser

Ser Asp

Ser

Asn
175

Trp Lys

Thr Val

gtccectgaga
ggt ccgecag
t agcacacac
gaacacgct g
t gcaagagga
ctcagcet age
t gggggcaca
gt cgt ggaac
ctcaggactc
gacctacatc
gcccaaat ct

gagaccgt ca

accctcatga tctcccggac ccctgaggtce

Page 68

120
180
240
300
360
420
480
540
600
660
720
780



acat gcgt gg
gacggcegt gg
taccgt gt gg
aagt gcaagg
aaagggcagc

aagaaccagg

gagt gggaga

t ggt ggacgt
aggt gcat aa
t cagegt cet
tct ccaacaa
cccgagaacce
t cagcct gag
gcaat gggca

PCTI L2012050093- seql - 000001- EN. t xt

gagccacgaa
t gccaagaca
caccgtcctg
agccctcceca
acaggt gt gc
ctgcgeggtc

gccggagaac

gaccct gagg
aagccgcggg
caccaggact
gcecccat cg
accctgeecc
aaaggcttct

aact acaaga

t caagttcaa
aggagcagt a
ggct gaat gg
agaaaaccat
cat cccggga
atcccagcga

ccacgcctcc

tccgacgget ccttettect cgttagcaag ctcaccgtgg acaagageag

gggaacgtct tctcatgctc cgtgatgcat gaggctctge acaaccacta

agcctcteece tgtceeceggg taaatga

<210> 73

<211> 448

<212> PRT

<213> Artificial sequence

<220>

<223> Heavy chain of anti-streptavidin (anti-SA)

<400> 73

Met Gu Val Gn Leu Leu Gu Ser Gy Gy Gy Leu Val Gn

1 5 10

Gy Ser Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr Phe
20 25 30

Tyr Trp Met His Trp Val Arg Gn Ala Pro Ay Lys Gy Leu

35 40 45
Val Ser GQu lle Ser Gy Ser Gy Asp Ser Thr Hs Tyr Gy
50 55 60

Val Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn

65 70 75

Tyr Leu G n Met Asn Ser Leu Arg Ala Gu Asp Thr Ala Val

85 90

Cys Ala Arg Gy Arg Asn Gy Ser Leu Asp Tyr Trp Gy Adn
100 105 110

Leu val Thr Vval Ser Ser Ala Ser Thr Lys Gy Pro Ser Va

115 120 125
Leu Ala Pro Ser Ser Lys Ser Thr Ser Ay Gy Thr Ala Al a
130 135 140

Page 69

ctggtacgtg
caacagcacg
caaggagt ac
ct ccaaagcec
ggagat gacc
catcgeegt g
cgt gct ggac
gt ggcagcag

cacgcagaag

Gy

Ay

Trp

Asp Ser

Thr Leu

80

Tyr
95

Tyr
Gy Thr
Phe

Pro

Leu Gy

840

900

960
1020
1080
1140
1200
1260
1320
1347



Ser

Ser

Ser

H s
225
Val

Thr

Lys

Ser
305

Lys

Pro

Al a

Asn

385

Ser

Leu

Ay

Ser

Leu

Thr

210

Thr

Phe

Pro

Val

Thr

290

Val

Ser

Pro

Val

370

Ay

Asp

Val

Al a

Leu

Lys

Lys

Leu

Lys

Lys

Ser

355

Lys

Ay

Lys

Leu

Leu

180

Thr

Val

Pro

Phe

Val

260

Phe

Pro

Thr

Val

Al a

340

Arg

Gy

Pro

Ser

Asp
Thr

165

Tyr

Asp

Pro Cy

Pro
245

Thr

Arg

Val

Ser

325

Lys

Phe

Phe
405

Tyr

150

Ser

Ser

Thr

Lys

230

Pro

Leu
310

Tyr

Asn
390

Phe

PCTI L2012050093- seqgl - 000001- EN. t xt
Phe Pro G u Pro Vval

Ay

Leu

Tyr

Lys

Val

Tyr

Hi s

Lys

Met

Pro
375

Leu

Val

Ser

Val

Al a

Pro

Val

Val
280

Al a

Pro

Thr

360

Ser

Tyr

Val

Hi s

Ser
185

Cys

Pro

Lys

Val

265

Asp

Tyr

Asp

Leu

Arg

Lys

Asp

Lys

Ser

Thr
170

Val

Pro

Asp

Asp

Gy

Trp

Pro
330

Ile

Thr

155

Phe

Val

Val

Lys

Leu

235

Thr

Val

Val

Ser

Leu

315

Al a

Pro

Al a

Thr
395

Leu

Thr

Pro

Thr

Asn

Ser

220

Leu

Leu

Ser

Thr
300

Pro

Val

Val

380

Pro

Thr

Val

Al a

Val

Hi s

205

Cys

Gy

Met

Hi s

Val

285

Tyr

Gy

Val

Ser

365

Pro

Val

Ser

Val

Asp

Arg

H s
Arg

Lys

o
350

Leu
Trp
Val

Asp

Trp

Leu

175

Ser

Pro

Lys

Pro

Ser

255

Asp

Val

Lys

Thr

Ser

Leu

Asn

160

Ser

Ser

Thr

Ser

240

Arg

Pro

Al a

Val

Tyr

320

Thr

Leu

Asp

Ser



Arg Trp G n

Leu His Asn His Tyr Thr G n Lys Ser

435

<210>
<211>
<212>
<213>

74
1362
DNA
Art

<220>
<223>

<400> 74
atggaggtgc

ctcteetgtg
gct ccaggea
t at gcggact
tatctgcaaa
gcececcact
gtctcctcag
acct ct gggg
acggt gt cgt
cagt cct cag
acccagacct
gttgagccca
ct ggggagac
cggacccct g
ttcaact ggt
cagtacaaca
aat ggcaagg
accatctcca
¢gggaggaga
agcgacat cg
cctceegt ge
agcaggt ggc
cactacacgc
<210>
<211>

<212>
<213>

75
453
PRT
Art

G
420

ficial

agctgttgga
cagccet ct gg
aggggct gga
ct gt gaaggg
t gaacagccet
acggt gggag
ctagcaccaa
gcacagcggc
ggaact cagg
gactctactc
acatctgcaa
aatcttgtga
cgtcagtctt
aggt cacat g
acgt ggacgg
gcacgt accg
agt acaagt g
aagccaaagg
t gaccaagaa
ccgt ggagt g
t ggactccga
agcaggggaa

agaagagcct

ficial

n Gy Asn Va

PCTI L2012050093- seql - 000001- EN. t xt

440

sequence

gact ggggga

attcaccttt

gtgggtctca
ccgattcacc
gagagccgag
gggggagt tt
gggcccat cg
cct ggget ge
cgecct gace
cct cageage
cgt gaat cac
caaaact cac
cctettecce
cgtgotogtg
cgtggaggtg
t gt ggt cagc
caaggtctcc
gcagecccecga
ccaggt cage
ggagagcaat
cggctecttce
cgtcttctca

ctccetgtcce

sequence

Phe Ser Cys Ser Val
425

Leu Ser

Heavy chain of anti-PE clone B11

ggctt ggt ac

gacaactatg
ggtattagtt
atct ccagag
gacacggccg
gacttctggg
gtcttcecce
ct ggt caagg
agcggegtge
gt ggt gaccg
aagcccagea
acat gcccac
ccaaaaccca
gacgt gagec
cat aatgcca
gtcctcaccg
aacaaagccc
gaaccacagg
ct gagcet geg
gggeageegg
ttcctegtta
tgctcecgtga
ccgggt aaat

Page 71

Met

Leu Ser
445

agcct 9ggog

ccat aaact g
ggaat agt gg
acaattccaa
tatattactg
gccagggeac
t ggcaccctc
actacttccc
acaccttccc
tgccct ccag
acaccaaggt
cgt gcccage
aggacaccct
acgaagaccc
agacaaagcc
tcct gcacca
t cccagecce
t gt gcaccct
cggt caaagy
agaacaact a
gcaagct cac
t gcat gaggce
ga

Hs Gu Al a
430

Pro Ay Lys

gtccectgaga
ggt ccgecag
t agcat aggc
gaacacgct g
t gcgagaggyg
cct ggt cacg
ct ccaagagc
cgaaccggt g
ggctgtecta
cagctt ggge
ggacaagaga
acct gaactc
catgatctcc
t gaggt caag
gcgggaggag
ggact ggct g
cat cgagaaa
gcecccatce
cttctatcce
caagaccacg
cgt ggacaag

tct gcacaac

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1362



PCTI L2012050093- seql - 000001- EN. t xt

<220>
<223> Heavy chain of anti-PE clone Bif1

<400> 75

Met Gu Val Gn Leu Leu Gu Thr Gy Gy Gy Leu Val Gn Pro Gy
1 5 10 15

Gy Ser Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr Phe Asp Asn
20 25 30

Tyr Ala Ile Asn Trp Val Arg G n Ala Pro Gy Lys Gy Leu Gu Trp
35 40 45

Val Ser Gy Ile Ser Trp Asn Ser Gy Ser Ile Gy Tyr Ala Asp Ser
50 55 60

Val Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65 70 75 80

Tyr Leu G n Met Asn Ser Leu Arg Ala G u Asp Thr Ala Val Tyr Tyr
85 90 95

Gy Arg Gy Gu Phe Asp Phe

Cys Ala Arg Gy Ala Pro H s Tyr
0 110

-y
o,
or<

—
-
o115

Trp Gy Gy Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gy

120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gy Gy
130 135 140

Thr Ala Ala Leu Gy Cys Leu Val Lys Asp Tyr Phe Pro Gu Pro Va
145 150 155 160

Thr Val Ser Trp Asn Ser Gy Ala Leu Thr Ser Gy Val His Thr Phe
165 170 175

Pro Ala Val Leu Gn Ser Ser Gy Leu Tyr Ser Leu Ser Ser Val Va
180 185 190

Thr Val Pro Ser Ser Ser Leu Gy Thr G n Thr Tyr Ile Cys Asn Va
205

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Gu Pro Lys
210 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Gu Leu
225 230 235 240

Leu Gy Arg Pro Ser vVal Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255
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Leu

Ser

Thr
305

Pro

Va

Va

385

Pro

Thr

Va

Leu

Met

Hi s

Va

290

Tyr

Ay

Ile

Va

Ser

370

Pro

Va

Met

Ser
450

H s
Arg

Lys

Cy
355
Leu
Trp
Va
Asp
H s
435

Pro

Ser
260

Asp

Va

Ser

Leu

Gy

Arg

Pro

Al a

Va

Tyr

325

Thr

Leu

Asp

Ser

Al a

Lys

Thr

Lys

Ser

310

Lys

Ile

Pro

Al a

Asn

390

Ser

Arg

Leu

PCTI L2012050093- seql - 000001- EN. t xt

Pro Gu Va

Va
Thr

295

Va

Ser

Pro

Va

375

Ay

Asp

Trp

Hi s

Lys

280

Lys

Leu

Lys

Lys

Ser

360

Lys

Asn
440

265

Phe

Pro

Thr

Va

Al a

345

Arg

Gy

Pro

Ser

Thr Cys

Asn Trp

Arg Gu

Val Leu

315

Ser Asn
330

Lys Gy

Phe Tyr

395

Phe Phe
410
Gy Asn

Tyr Thr

Page 73

Va

Tyr

Hi s

Lys

Met

Pro
380

Leu

Va

Va

Va
285

Al a

Pro

Thr

365

Ser

Tyr

Va

Phe

Lys

Va

270

Asp

Tyr

Asp

Leu

Arg

Lys

Asp

Lys

Ser

Ser

430

Ser

Asp

Ay

Trp

Pro
335

Thr

Leu

Va

Va

Ser

Leu

320

Al a

Pro

Al a

Thr

400

Leu

Ser

Ser
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