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BISPECIFIC ANTIBODY

TECHNICAL FIELD
The present disclosure relates to antibodies, and particularly to a bispecific antibody that improves

light and heavy chain mispairing in the antibody.

BACKGROUND

Nisonoft and colleagues first described the concept of an artificial antibody molecule with two
different antigen-binding sites, a bispecific antibody (BsAb), in the early 1960s (Nisonoff et al.,
Science, 132, 1770-1771 (1960)). They used a slight reoxidation to couple rabbit antigen-binding
fragments (Fabs) with different specificities, showing that these two antigen-binding fragments
mediate agglutination of two different types of cells (Fudenberg et al., 4. JExp. Med., 119,
151-166 (1964)). Following a series of conceptual and technological innovations, developed with
significant advances in antibody engineering and antibody biology, the bispecific antibody concept
is being commercialized by biotechnology and pharmaceutical companies to create novel and
unique therapeutic methods.

In the development and design of bispecific antibodies, it is necessary to ensure the correct pairing
of two pairs of light chains and heavy chains with different specificities on the basis of the clinical
therapeutic purpose. It is also necessary to maintain the independence of the respective binding
domains of each monoclonal antibody, so as to ensure that the binding of different epitopes does
not generate steric hindrance interference. At the same time, it is also required that the antibody
molecules are easily expressed by mammalian cells without complex protein modification
processes. Bispecific antibodies in the form of asymmetric molecular design seek to retain the
natural structure of natural antibodies as much as possible in order to maintain relevant functional
characteristics and favorable quality attributes. The problem of chain mispairing is solved by
breaking the symmetry of antibody H2L.2 assembly.

Bispecific antibodies have become one of the novel drug research fields in tumor therapy due to
the advantage of dual targeting. The construction and preparation technology of bispecific
antibodies has also undergone a series of innovations, and one of the purposes is to solve the
problem of mispairing, thereby improving the production efficiency. Some bispecific antibodies
need to co-express two different heavy chains and two different light chains, and bispecific
antibodies of interest also need to be selected from a variety of recombinant products, which has
been one of the challenges in the development of bispecific antibodies. To solve the chain
mispairing, scientists have developed a number of strategies and technical platforms that can
design and express bispecific antibodies with different structures in recent years. At present, there
are dozens of bispecific antibody structures, which are derived from different preparation
platforms. The more mature ones are Genentech/Roche knob-into-hole, Amgen BiTe, and
Chugai/Roche ART-Ig platforms, in which Knob-into-hole is a classic technology for solving the
problem of heavy chain mispairing, and there are other technical platforms such as DVD-Ig,
TrioMab, DART, FIT-Ig, WuXiBody, and the like.

Most bispecific antibodies in the asymmetric form achieve heterodimeric assembly of two
different heavy chains by introducing mutations into the Fc region (Ridgway et al., Protein

Engineering, Design and Selection, 9(7), 617-621) that force correction and promote pairing
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between the heavy chains. The desired final product is then isolated by a differential Protein A
binding design purification strategy combined with sequential affinity chromatography and
molecular weight differential chromatography purification strategies. To avoid light and heavy
chain mispairing strategies, bispecific molecules are usually expressed separately as half
molecules or parent antibodies, then the antibody half molecules are assembled, and heavy chain
heterodimers can be achieved by designing heavy chain mutations. However, a selective pairing of

respective light and heavy chains in individual antibodies remains challenging.

SUMMARY

The present disclosure provides a bispecific antibody with an improved structural design, which
prevents or attenuates the mispairing of heavy and light chains with different specificities.

In one aspect, the present disclosure provides a bispecific antibody comprising a first
antigen-binding portion and a second antigen-binding portion that specifically bind to two
different antigens or different epitopes of the same antigen, wherein the first antigen-binding
portion comprises:

a first polypeptide comprising, from N-terminus to C-terminus, a first heavy chain variable
domain and a first paired domain operably linked to the first heavy chain variable domain, and

a second polypeptide comprising, from N-terminus to C-terminus, a first light chain variable
domain and a second paired domain operably linked to the first light chain variable domain,
wherein one of the first paired domain and the second paired domain comprises an amino acid
sequence of engineered HLA-I a3, and the other paired domain comprises an amino acid sequence
of engineered p2 microglobulin.

In some embodiments, the first paired domain and the second paired domain can form a dimer, at
least one non-natural interchain bond can be formed between the first paired domain and the
second paired domain, and the non-natural interchain bond can stabilize the dimer.

In some embodiments, the amino acid sequence of the engineered HLA-I a3 has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity
to a sequence set forth in SEQ ID NO: 1, and the amino acid sequence of the engineered B2
microglobulin has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identity to a sequence set forth in SEQ ID NO: 2.

In some specific embodiments, the engineered HLA-I a3 comprises an amino acid sequence set
forth in SEQ ID NO: 3, and the engineered 2 microglobulin comprises an amino acid sequence
set forth in SEQ ID NO: 4.

In some specific embodiments, the engineered HLA-I a3 comprises an amino acid sequence set
forth in SEQ ID NO: 3, and the engineered 2 microglobulin comprises an amino acid sequence
set forth in SEQ ID NO: 5.

In some embodiments, the second antigen-binding portion comprises a second heavy chain
variable domain and a second light chain variable domain.

In some embodiments, the second antigen-binding portion comprises a Fab comprising the second
heavy chain variable domain and the second light chain variable domain.

In some embodiments, provided is a bispecific antibody comprising a first antigen-binding portion
and a second antigen-binding portion that specifically bind to two different antigens or different

epitopes of the same antigen, wherein the first antigen-binding portion comprises:
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a first polypeptide comprising, from N-terminus to C-terminus, a first heavy chain variable
domain and a first paired domain operably linked to the first heavy chain variable domain, and

a second polypeptide comprising, from N-terminus to C-terminus, a first light chain variable
domain and a second paired domain operably linked to the first light chain variable domain,
wherein one of the first paired domain and the second paired domain comprises an amino acid
sequence of engineered HLA-I a3, and the other paired domain comprises an amino acid sequence
of engineered B2 microglobulin; the amino acid sequences of the engineered HLA-I a3 and the
engineered f2 microglobulin have at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to sequences set forth in SEQ ID NO: 1 and
SEQ ID NO: 2, respectively; the second antigen-binding portion comprises a Fab. In some such
embodiments, an amino acid in a CL domain of the Fab is substituted with alanine at position
F118 according to an EU numbering. In some embodiments, the engineered HLA-I a3 comprises
an amino acid sequence set forth in SEQ ID NO: 3, and the engineered B2 microglobulin
comprises an amino acid sequence set forth in SEQ ID NO: 4 or SEQ ID NO: 5.

In some embodiments, provided is a bispecific antibody comprising a first antigen-binding portion
and a second antigen-binding portion that specifically bind to two different antigens or different
epitopes of the same antigen, wherein the first antigen-binding portion comprises:

a first polypeptide comprising, from N-terminus to C-terminus, a first heavy chain variable
domain and a first paired domain operably linked to the first heavy chain variable domain, and

a second polypeptide comprising, from N-terminus to C-terminus, a first light chain variable
domain and a second paired domain operably linked to the first light chain variable domain,
wherein one of the first paired domain and the second paired domain comprises an amino acid
sequence of engineered HLA-I a3, and the other paired domain comprises an amino acid sequence
of engineered B2 microglobulin; the second antigen-binding portion comprises a Fab, and an
amino acid in a CL domain of the Fab is substituted with alanine at position F118 according to an
EU numbering. In some such embodiments, the amino acid sequences of the engineered HLA-I 03
and the engineered B2 microglobulin have at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to sequences set forth in SEQ ID NO: 1
and SEQ ID NO: 2, respectively. Further, in some embodiments, the engineered HLA-I o3
comprises an amino acid sequence set forth in SEQ ID NO: 3, and the engineered P2
microglobulin comprises an amino acid sequence set forth in SEQ ID NO: 4 or SEQ ID NO: 5.

In some of the above embodiments, the first paired domain comprises an amino acid sequence of
the engineered HLA-I a3, and the second paired domain comprises an amino acid sequence of the
engineered B2 microglobulin.

In some of the above embodiments, the first paired domain comprises an amino acid sequence of
the engineered 2 microglobulin, and the second paired domain comprises an amino acid sequence
of the engineered HLA-I o3.

In some of the above embodiments, the bispecific antibody comprises an Fc.

In one aspect, the present disclosure provides an isolated polynucleotide encoding the bispecific
antibody described herein.

In one aspect, the present disclosure provides an isolated vector comprising the polynucleotide
described herein.

In one aspect, the present disclosure provides a host cell comprising the isolated polynucleotide or
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In another aspect, the present disclosure provides a method for expressing the bispecific antibody
comprising culturing the host cell under such conditions that the bispecific antibody is expressed.
In another aspect, the present disclosure provides a pharmaceutical composition comprising the
bispecific antibody described herein and a pharmaceutically acceptable carrier.

In another aspect, the present disclosure provides a conjugate comprising the bispecific antibody
described herein and a therapeutic agent linked or conjugated to the bispecific antibody.

In another aspect, the present disclosure provides a fusion protein comprising a fusion component
expressed by fusion and the bispecific antibody.

In yet another aspect, the present disclosure provides a method of treating a disease in a subject in
need thereof, comprising administering to the subject a therapeutically effective amount of the
bispecific antibody, the pharmaceutical composition, the conjugate, or the fusion protein described
herein.

In the bispecific antibody of the present disclosure, the paired domains in the first antigen-binding
portion can improve chain mispairing using the engineered HLA-I a3 and the engineered (2
microglobulin. For example, the first antigen-binding portion and the second antigen-binding
portion are less likely to occur mispairing compared to the case where both the first and second
antigen-binding portions are counterparts of a natural Fab, thereby improving the yield and purity
of the antibody of interest.

Particularly, the bispecific antibody is designed to retain good affinity or/and thermal stability to
an antigen. In certain aspects, the bispecific antibody is designed to reduce the risk of

immunogenicity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a consensus sequence of an o chain constant region of an HLA-I-B molecule;

FIG. 2 is a structural schematic view of anti-CD3/CD38 bispecific antibodies constructed based on
MHC-I elements;

FIG. 3 is a structural schematic view of an MHI383-ccff-IgG1 molecule;

FIG. 4 is an SEC purification map of an MHI383-ccff-IgG1 molecule;

FIG. 5 is a complete molecular weight mass spectrometry map of MHI383-ccff-IgGl;

FIG. 6 shows a non-reducing SDS-PAGE in which heavy and light chains containing MHCICa,
MHCICP, CH1, and CL domains are paired with each other for expression;

FIG. 7 shows a non-reducing SDS-PAGE of HZ5G11VL-IgK or expression products combined
with HZ14A9VH-Ca-IgGl after introduction of amino acid mutations;

FIG. 8 is a structural schematic view of MHL147-3322-IgG1-wt bispecific antibody constructed
based on MHC-I elements;

FIG. 9 is a structural schematic view of MHL147-3322-1gG1-F118A bispecific antibody
constructed based on MHC-I elements;

FIG. 10 shows the effect of different concentrations of the bispecific antibodies
MHL147-3322-1gG1-wt and MHL147-3322-1gG1-F118A on red blood cell agglutination;

FIG. 11 shows a non-reducing SDS-PAGE of antibodies HZ5G11 and HZ14A9 after introduction
of F118A into CLs; and

FIG. 12 is a diagram of some exemplary structural forms of bispecific antibodies of the present
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disclosure, wherein (A) represents "1 + 1" form, in which an MHC-modified antigen-binding
portion with different specificities (a first antigen-binding portion) and a Fab are linked to
N-terminus of an Fc polypeptide, respectively; (B) represents "1 + 1" form, in which an
MHC-modified antigen-binding portion with different specificities (a first antigen-binding portion
with Ca and CP in different orientations from (A)) and a Fab are linked to an Fc polypeptide,
respectively; (C) represents "2 + 1" form, in which a first antigen-binding portion and one Fab are
linked to an Fc polypeptide, respectively, and the other Fab is linked to N-terminus of the first
antigen-binding portion; (D) represents "2 + 1" form different from (C), in which two Fabs are
linked in series; (E) represents "2 + 1" form, in which two Fabs are linked to an Fc polypeptide,
respectively, and a first antigen-binding portion is linked to N-terminus of one Fab; (F) represents
"2 + 1" form different from (E), in which a first antigen-binding portion is linked to C-terminus of
an Fc polypeptide; (G) represents "2 + 2" form, in which antigen-binding portions are linked to
N-terminus of an Fc; (H) represents "2 + 2" form, in which first antigen-binding portions are both
linked to C-terminus of an Fc; the Fc domain may also have amino acid substitutions such as KIH,

and the CL may have F118A, with the amino acid substitutions not shown in this legend.

Terminology
The term "antibody" is used herein in its broadest sense to refer to a protein comprising an

antigen-binding site and encompasses natural and artificial antibodies of various structures,
including but not limited to, monoclonal antibodies, monospecific antibodies, multispecific
antibodies (e.g., bispecific antibodies, trispecific antibodies, and the like), single-chain antibodies,
and the like.

The term "multispecific" means that an antibody can specifically bind to at least two different
antigenic determinants. Generally, a bispecific antibody comprises two antigen-binding sites, each
of which is specific for a different antigenic determinant. Different antigenic determinants may be
expressed on the same or different cells. Different antigenic determinants may be different
depending on different types of antigens (e.g., binding to antigens PDL1 and CD47) or may be
present on the same antigen. An antigenic determinant is a special chemical group with a certain
composition and structure on the surface or other parts of the antigenic substance molecule, which
can specifically bind to its corresponding antibody or sensitized lymphocyte. An example of the
antigenic determinant is an antigenic determinant CD47, which is an antigenic substance having
various structurally defined or structurally undefined antigenic determinants. A specific bispecific
antibody can, for example, bind to PDL1 and CD47.

The term "specifically bind to" means that the binding is selective for an antigen and can be
distinguished from interactions that are not desired or are non-specific.

The term "...valent" antibody refers to the number of antigen-binding sites present in the antibody.
A "bivalent" antibody refers to the presence of two antigen-binding sites in the antibody, and
"trivalent" refers to the presence of three antigen-binding sites in the antibody. A natural human
immunoglobulin molecule typically has two antigen-binding sites, and a Fab typically has a single
antigen-binding site. A single variable domain and an ScFv typically have a single antigen-binding
site.

The term "antigen-binding portion" refers to a polypeptide molecule specifically binding to an

antigenic determinant. Specific antigen-binding portions may be Fab, ScFv, a single variable
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domain, or the like. The antigenic determinant is synonymous with an antigen epitope herein.

The term "first", "second", or "third" used herein with respect to an antigen-binding portion, an
antigen, a heavy chain variable domain, a light chain variable domain, an Fc polypeptide, and the
like are used for ease of distinction when more than one part of each type is present. Unless
specifically stated, the use of these terms is not intended to confer a particular order or orientation
to the bispecific antibody.

The term "operably link" or "operably linked" refers to the juxtaposition of two or more biological
sequences of interest in such a way that they are in a relationship permitting them to function in
their intended manner, whether or not a spacer or linker is present. When used with respect to
polypeptides, the term is intended to indicate that the polypeptide sequences are linked in such a
way that the product of the linkage has the intended biological function. For example, an antibody
variable region can be operably linked to a constant region to form a stable product with
antigen-binding activity. The term can also be used with respect to polynucleotides. For example,
when a polynucleotide encoding a polypeptide is operably linked to a regulatory sequence (e.g., a
promoter, enhancer, or silencer sequence), the term is intended to indicate that the polynucleotide
sequence is linked in a way that allows for regulated expression of the polypeptide from the
polynucleotide.

Major histocompatibility complex (MHC) is a generic term for a group of genes that encode major
histocompatibility antigens in animals. Mouse MHC is referred to as H-2 gene complex. Human
MHC is referred to as human leukocyte antigen (HLA) gene complex, and its encoded product is
referred to as HLA molecule, HLA antigen, or human leukocyte antigen. The HLA gene complex
is located at the short arm 6p21.3 of human chromosome 6 and contains more than 220 genes with
different functions at the same time. Most of these genes encode proteins in an immune system.
MHC class I molecules are expressed on the surface of almost all nucleated cells and are
recognized by CD8+ T cells. MHC class Il molecules are expressed on the surface of
antigen-presenting cells and are recognized by CD4+ T cells. MHC is polymorphic, and the
majority of the population mainly comprises 6 classical MHC molecules: 3 classical MHC class [
molecules (HLA-A, HLA-B, and HLA-C) and 3 classical MHC class Il molecules (HLA-DR,
HLA-DP, and HLA-DQ). A human MHC class I molecule (HLA-1) consists of a heavy chain («
chain) and B> microglobulin (2m, or B chain), wherein the extracellular segment of the o chain
has three domains (a1, a2, and a3), the 2 domains al and a2 at the membrane-distal end form an
antigen-binding groove, and the domain a3 is homologous to a human immunoglobulin constant
region.

The term "variable domain" or "variable region" refers to a domain of an antibody that is involved
in the binding of the antibody to an antigen. For example, a natural four-chain antibody (e.g.,
derived from human, murine, and the like) has a heavy chain variable region (VH) and a light
chain variable region (VL), and a heavy-chain antibody derived from an animal such as camelid or
shark has a single variable domain. Each variable domain of a natural antibody consists essentially
of four "framework regions" and three "complementarity determining regions". The four
framework regions are referred to as framework region 1 (or FR1), framework region 2 (or FR2),
framework region 3 (or FR3), and framework region 4 (or FR4), respectively. The framework
regions are separated by three complementarity determining regions (or CDRs) referred to in the

art and hereinafter as complementarity determining region 1 (or CDRI1), complementarity
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determining region 2 (or CDR2), and complementarity determining region 3 (or CDR3),
respectively. Thus, the general structure of a variable domain can be represented as follows:
FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4. Variable domains impart specificity for an antigen to an
antibody by virtue of having an antigen-binding site.

"CDR" (complementarity determining region) is also referred to as "hypervariable region (HVR)".
A natural four-chain antibody typically comprises six CDRs, three in the heavy chain variable
region (HCDR1, HCDR2, and HCDR3) and three in the light chain variable region (LCDRI,
LCDR2, and LCDR3). A heavy-chain antibody or a single variable domain typically has three
CDRs (CDR1, CDR2, and CDR3).

There are currently many ways to define CDRs. The Kabat scheme defines CDRs based on
sequence variability and is the most commonly used (Elvin A. Kabat, et al., Sequences of Proteins
of Immunological Interest, 5" Ed., Public Health Service, National Institutes of Health, Bethesda,
Md. (1991)), while the Chothia scheme defines CDRs based on the position of structural loops
(Cyrus Chothia, et al., Canonical Structures for the Hypervariable Regions of Immunoglobulins, J.
Mol. Biol., 196:901-917(1987)). The AbM scheme, a compromise between the Kabat scheme and
the Chothia scheme, is used by the Oxford Molecular’s AbM antibody modeling software.
"Contact" defines CDRs based on the analysis of the crystal structure of available complexes.
However, it should be noted that boundaries of the CDRs of variable regions of the same antibody
based on different methods and definitions may differ, that is, CDR sequences of the variable
regions of the same antibody defined by different methods may differ. Thus, where reference is
made to an antibody defined with a particular CDR sequence defined herein, the scope of the
antibody also encompasses antibodies defined by CDR sequences that are converted to other
arbitrary definitions (e.g., Chothia, AbM definitions, and the like).

The term "framework region" or "FR" refers to amino acid residues of variable domains other than
the CDR residues defined herein.

The term "Fab" refers to a protein consisting of VH and CH1 domains of the heavy chain and VL
and CL domains of the light chain of an immunoglobulin. The Fab herein refers to a Fab in its
natural form or a modified Fab comprising a Fab heavy chain consisting of a heavy chain variable
region and a constant region CH1 (VH-CHI, in a direction from N-terminus to C-terminus), and a
Fab light chain consisting of a light chain variable region and a constant region CL (VL-CL, in a
direction from N-terminus to C-terminus). The modified Fab may be, for example, a Fab
introducing an amino acid substitution into the CH1/CL domain or/and the VH/VL domain. As a
specific example, the modified Fab may be a Fab introducing an amino acid substitution into the
CL domain.

The term "Fc domain" or "Fc¢" is used herein to define the C-terminal region of an
immunoglobulin heavy chain, which comprises at least part of a constant region. The term
includes natural sequence Fc and variant Fc. The C-terminal lysine (Lys447) of the Fc may or may
not be present. Unless otherwise stated, amino acid residues in the Fc are numbered according to
the EU numbering system, also referred to as the EU index, as described in Kabat, E.A. et al,,
Sequences of Proteins of Immunological Interest, 5" Ed., Public Health Service, National
Institutes of Health, Bethesda, MD (1991), NIH Publication 91-3242. When the first paired
domain and the second paired domain involve the description of amino acid positions, it is meant

that they are numbered in sequence according to the starting amino acid of the corresponding
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sequence as the first position, for example, R60C substitution in SEQ ID NO: 1 means that R at
position 60 in a sequence numbered starting from the first amino acid in SEQ ID NO: 1 as position
1 is substituted with C. As used herein, one of "Fc¢ polypeptides" of an Fc domain refers to one of
the two polypeptides that form a dimeric Fc domain. For example, the Fc polypeptide of an IgG Fc
domain comprises [gG CH2 and IgG CH3 constant regions.

The term "KD" as used herein refers to the equilibrium dissociation constant, expressed in molar
concentration (M). The KD value of an antibody can be determined using methods well known in
the art. A method for determining the KD of an antibody is to use surface plasmon resonance, e.g.,
to use a biosensor system, such as a Biacore system. A method for determining the KD of an
antibody is to use bio-layer interferometry (BLI), such as a ForteBio system.

The term "treating” or "treatment" refers to an attempt to alter the natural course of a disease in a
treated individual, and may be a clinical intervention performed for prophylaxis or during the
course of clinical pathology. Desired therapeutic effects include, but are not limited to, preventing
the occurrence or recurrence of diseases, relieving symptoms, reducing any direct or indirect
pathological outcomes of diseases, preventing metastasis, slowing disease progression rates,
improving or alleviating disease conditions, and regressing or improving prognosis.

The term "subject" includes any human or non-human animal. The term "non-human animal"
includes all vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep,
dog, cat, horse, cow, chicken, amphibians, and reptiles. Preferably, the subject according to the
present disclosure is a human. The terms "patient" and "subject” are used interchangeably unless
otherwise indicated.

The term "isolated" means that a compound of interest (e.g., VHH, a multispecific antibody, an
antibody, or a nucleic acid) has been isolated from its natural environment.

The "percent identity (%)" of an amino acid sequence refers to the percentage of amino acid
residues in a sequence to be aligned that are identical to those of a specific amino acid sequence as
set forth herein when the sequence to be aligned is aligned with the specific amino acid sequence
as set forth herein, with gaps introduced, if necessary, to achieve the maximum percent sequence
identity and without considering any conservative replacements as part of the sequence identity.
Alignment of amino acid sequences for identity can be performed in a variety of ways within the
skill in the art, such as BLAST, BLAST-2, ALIGN, or Megalign (DNASTAR) software. Those
skilled in the art can determine suitable parameters for aligning sequences, including any
algorithms required to obtain maximum alignment for the full length of sequences being
compared.

In the context of the present disclosure, amino acid substitutions are represented as: original amino
acid-position-substituted amino acid, using three-letter or single-letter codes, including codes Xaa
and X to represent amino acid residues. Thus, for example, "H435R" means that amino acid H at
position 435 is substituted with amino acid R, and more than 1 substituted amino acids may be
contained, for example, T366Y/W means that amino acid T at position 366 is substituted with
amino acid Y or W.

The term "include", "contain" or "comprise" and variants thereof should be understood as
"including but not limited to", which means that other elements, components and steps that are not
specified are encompassed in addition to the elements, components and steps that are listed.

Unless otherwise specified clearly herein, singular terms encompass plural terms, and vice versa.
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All patents, patent applications and other identified publications are explicitly incorporated herein
by reference for the purpose of description and . These publications are provided solely because
they were disclosed prior to the filing date of the present application. All statements as to the dates
of these documents or description as to the contents of these documents are based on the
information available to the applicant and do not constitute any admission as to the correctness of
the dates or the contents of these documents. Moreover, in any country or region, any reference to
these publications herein is not to be construed as an admission that the publications form part of
the commonly recognized knowledge in the art. Various aspects of the present disclosure will be
described in further detail in the following sections.

Various aspects of the present disclosure will be described in further detail in the following
sections.

Bispecific antibody

According to the present disclosure, a constant region of one antigen-binding portion is
engineered, and the constructed bispecific antibody can prevent or attenuate the mispairing of
heavy and light chains with different specificities, thereby improving the yield or/and purity of the
antibody of interest. Particularly, the a3 domain and 2 microglobulin of human MHC-I molecule
are engineered, and the first paired domain and the second paired domain are constructed to
replace the CH1 and CL domains of an antibody, so as to improve chain mispairing. For example,
the first antigen-binding portion and the second antigen-binding portion are less likely to occur
mispairing compared to the case where both the first and second antigen-binding portions are
counterparts of a natural Fab.

The immunogenicity of the existing biological drugs is mainly divided into endogenous and
exogenous. The endogenous immunogenicity is derived from non-human amino acid sequences,
non-human structural forms, and a series of chemical modifications (point mutations, domain
fusions, glycoform transformations, etc.). The exogenous immunogenicity is mainly derived from
production process, drug delivery, genetic background of patients, dosage, frequency and mode of
administration, and the like. With the increasing variety and quantity of biological drugs and the
wide application thereof, problems associated with the immunogenicity are also gradually
attracting high attention. Major histocompatibility complex (MHC) is the basis for recognition by
the immune system and is involved in the adaptive immune process of the body. Bispecific
antibodies designed based on the MHC molecule compositions have good compatibility with
human body immune environment. Compared to MHC class Il molecules, MHC class I molecules
are more widely distributed, are expressed on the surface of almost all nucleated cells, and are
recognized by CD8+ T cells. Among HLA-I molecules, the number of HLA-I-B class of human
MHC-I molecules is the largest, and thus constant regions of the human MHC-I molecules based
on the HLA-I-B class are selected and used for constructing structural elements of bispecific
antibodies, which can reduce the risk of immunogenicity.

Furthermore, the constant regions of the human MHC-I molecules based on the HLA-I-B class do
not contain N-linked and O-linked glycosylation sites, thereby having good developability and low
immunogenicity.

It is found by experiments that the engineered bispecific antibodies still have good antigen-binding
performance.

The present disclosure provides a bispecific antibody comprising a first antigen-binding portion
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and a second antigen-binding portion that specifically bind to two different antigens or different
epitopes of the same antigen, wherein the first antigen-binding portion comprises:

a first polypeptide comprising, from N-terminus to C-terminus, a first heavy chain variable
domain and a first paired domain operably linked to the first heavy chain variable domain, and

a second polypeptide comprising, from N-terminus to C-terminus, a first light chain variable
domain and a second paired domain operably linked to the first light chain variable domain,
wherein one of the first paired domain and the second paired domain comprises an amino acid
sequence of engineered HLA-I a3, and the other paired domain comprises an amino acid sequence
of engineered p2 microglobulin.

In some embodiments, the first paired domain and the second paired domain can form a dimer, at
least one non-natural interchain bond can be formed between the first paired domain and the
second paired domain, and the non-natural interchain bond can stabilize the dimer.

The first paired domain and the second paired domain can form a dimer, which has good binding
affinity to an antigen in different position orientations of the first antigen-binding portion (e.g.,
linked to a light chain variable region or a heavy chain variable region).

In one embodiment, the first paired domain comprises an amino acid sequence of the engineered
HLA-I 03, and the second paired domain comprises an amino acid sequence of the engineered 2
microglobulin.

In another embodiment, the first paired domain comprises an amino acid sequence of the
engineered B2 microglobulin, and the second paired domain comprises an amino acid sequence of
the engineered HLA-I 3.

The non-natural interchain bond can stabilize the dimer formed by the first paired domain and the
second paired domain, and amino acid residues forming the non-natural interchain bond are at the
contact interface of the first paired domain and the second paired domain to effectively form the
bond. The term "contact interface" refers to a particular region on the polypeptides where the
polypeptides interact/associate with each other. A contact interface comprises one or more amino
acid residues that are capable of interacting with the corresponding amino acid residues in contact
or association when interaction occurs. The amino acid residues in a contact interface may or may
not be in a continuous sequence. For example, when the interface is three-dimensional, the amino
acid residues within the interface can be separated at different positions on the linear sequence.
The number of the non-natural interchain bonds is 1-3, for example, may be 1, 2, or 3, and
preferably, the number of the non-natural interchain bonds is 1 in order to resemble a natural
antibody as much as possible. In one embodiment, the non-natural interchain bond is a disulfide
bond.

In some embodiments, the amino acid sequence of the engineered HLA-I a3 has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity
to a sequence set forth in SEQ ID NO: 1, and the amino acid sequence of the engineered B2
microglobulin has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identity to a sequence set forth in SEQ ID NO: 2. In some
embodiments, the amino acid sequences of the engineered HLA-I o3 and the engineered P2
microglobulin have at least 95%, 96%, 97%, 98%, 99%, or 100% identity to sequences set forth in
SEQ ID NO: 1 and SEQ ID NO: 2, respectively.

The sequence set forth in SEQ ID NO: 1 is derived from a consensus sequence generated by
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aligning constant region sequences of a plurality of HLA-I-B class molecules, and the paired
domains formed by utilizing or modifying the consensus sequence have good universality.

In some embodiments, the engineered HLA-I o3 comprises an amino acid sequence having an
amino acid substitution in the sequence set forth in SEQ ID NO: 1, and the engineered (2
microglobulin comprises an amino acid sequence having an amino acid substitution in the
sequence set forth in SEQ ID NO: 2.

The amino acid substitutions in the engineered HLA-I a3 and the engineered 2 microglobulin
comprise amino acid substitutions that form a non-natural interchain bond (e.g., a disulfide bond)
or/and amino acid substitutions that improve the dimer formed by the paired domains or the
bispecific antibody.

In some embodiments, the amino acid substitutions in both the engineered HLA-I a3 and the
engineered P2 microglobulin comprise cysteine residue substitutions that occur at a contact
interface between the two and can form a disulfide bond with each other. In a specific
embodiment, the cysteine residue substitution is R60C in SEQ ID NO: 1 and Y26C in SEQ ID
NO: 2. In a specific embodiment, the cysteine residue substitution is A62C in SEQ ID NO: 1 and
R12C in SEQ ID NO: 2. In a specific embodiment, the cysteine residue substitution is G63C in
SEQ ID NO: 1 and Y67C in SEQ ID NO: 2. In other specific embodiments, the cysteine residue
substitutions may be selected from two or three pairs of R60C/Y26C, A62C/R12C, and
G63C/Y67C described above.

In some embodiments, the amino acid substitutions in the engineered HLA-I a3 or/and the
engineered B2 microglobulin comprise amino acid substitutions that increase an isoelectric point
of the dimer formed by the paired domains or the bispecific antibody. These amino acid
substitutions may occur simultaneously in both paired domains, or in either of the paired domains.
Generally, the isoelectric point of the dimer formed by the paired domains or the bispecific
antibody is increased to 6.5-9.0, so as to facilitate the development of the production process and
improve the druggability. In some embodiments, the isoelectric point of the dimer formed by the
paired domains or the bispecific antibody is increased to 6.5-8.5, 7.0-8.5, 7.0-9.0, 7.0-7.8, 7.0-8.0,
7.5-7.8, or 7.5-8.0. In some specific embodiments, the isoelectric point of the dimer formed by the
paired domains or the bispecific antibody is increased to 6.5, 6.7, 6.9, 7.1, 7.3, 7.5, 7.7, 7.8, 7.9,
8.0, 8.2, 8.3, 8.5, 8.7, or 9.0. The isoelectric point can be determined experimentally or calculated
theoretically. The theoretical isoelectric point can be calculated, for example, using an online
computational analysis tool Expasy-Compute pl/Mw tool (http://web.expasy.org/compute pi/).

In some embodiments, the amino acid substitutions that increase the isoelectric point comprise a
substitution in the engineered HLA-I o3 with a positively charged amino acid at one or more
positions of E3, D22, E48, D53, E90, and E101 in the sequence set forth in SEQ ID NO: 1.

In some embodiments, the amino acid substitutions that increase the isoelectric point comprise a
substitution in the engineered B2 microglobulin with a positively charged amino acid at one or
more positions of E74, E47, E69, D34, E16, D53, E44, E50, and E36 in the sequence set forth in
SEQ ID NO: 2.

In some specific embodiments, the amino acid substitutions that increase the isoelectric point
comprise: a substitution in the engineered HLA-I a3 with a positively charged amino acid at
positions D22, E48, and D53 in the sequence set forth in SEQ ID NO: 1, and a substitution in the

engineered B2 microglobulin with a positively charged amino acid at position E69 in the sequence
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set forth in SEQ ID NO: 2.

In some embodiments, the positively charged amino acid is K or R.

In a more specific embodiment, the amino acid substitutions that increase the isoelectric point
comprise; amino acid substitutions D22R, E48K, and D53K comprised in the sequence set forth in
SEQ ID NO: 1 for the engineered HLA-I a3, and an amino acid substitution E69R comprised in
the sequence set forth in SEQ ID NO: 2 for the engineered f2 microglobulin.

In some more specific embodiments, the amino acid substitutions comprise;: amino acid
substitutions A62C, D22R, E48K, and D53K comprised in the sequence set forth in SEQ ID NO: 1
for the engineered HLA-I o3, and amino acid substitutions R12C and E69R comprised in the
sequence set forth in SEQ ID NO: 2 for the engineered B2 microglobulin. In a further
embodiment, the engineered B2 microglobulin contains "GP" added at the carboxyl-terminus in
the sequence set forth in SEQ ID NO: 2.

In a specific embodiment, the engineered HLA-I a3 comprises an amino acid sequence set forth in
SEQ ID NO: 3, and the engineered 2 microglobulin comprises an amino acid sequence set forth
in SEQ ID NO: 4.

In another specific embodiment, the engineered HLA-I a3 comprises an amino acid sequence set
forth in SEQ ID NO: 3, and the engineered 2 microglobulin comprises an amino acid sequence
set forth in SEQ ID NO: 5.

In some embodiments, the second antigen-binding portion comprises a second heavy chain
variable domain and a second light chain variable domain. The second antigen-binding portion
does not comprise the first paired domain and the second paired domain described herein. In a
specific embodiment, the second antigen-binding portion comprises a Fab. The first
antigen-binding portion and the second antigen-binding portion specifically bind to two different
antigens or different epitopes of the same antigen. In some embodiments, both the first
antigen-binding portion and the second antigen-binding portion are monovalent binding to the
respective antigens.

In some embodiments, the CL domain of the Fab is substituted with a hydrophobic amino acid at
one or more of positions T/S114, T/F116, and F118 according to the EU numbering. In some
embodiments, the hydrophobic amino acid is selected from a non-aromatic group such as
methionine, alanine, valine, isoleucine, or leucine. The mispairing of the light and heavy chains
can be further reduced by introducing suitable amino acid substitutions in the CL domain of the
Fab of the second antigen-binding portion. In a specific embodiment, an amino acid in the CL
domain of the Fab is substituted with alanine (A) at position F118 according to the EU numbering.
In other embodiments, an amino acid in the CL domain of the Fab is substituted with alanine at
position F118 according to the EU numbering, and the CL domain further comprises other
substitutions, for example, substitutions that further reduce the mispairing of the CL with a paired
domain comprising the engineered HLA-I 3.

In some embodiments, the CL domain may be derived from a human « light chain CL domain or a
human A light chain CL domain. In a specific embodiment, the CL domain comprising F118A
comprises an amino acid sequence set forth in SEQ ID NO: 44. In a specific embodiment, the
amino acid sequence of the CL domain comprising F118A is set forth in SEQ ID NO: 44.

In some embodiments, the CH1 domain of the Fab may be a CH1 domain of human IgG (IgG1-4),
IgM, IgA, IgD, or IgE. In a specific embodiment, the CH1 domain of the Fab is a CH1 domain of
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human IgGl. In a specific embodiment, the CH1 domain comprises an amino acid sequence set
forth in SEQ ID NO: 34. In a specific embodiment, the amino acid sequence of the CH1 domain is
set forth in SEQ ID NO: 34. In a specific embodiment, the CH1 domain of the Fab is a CHI1
domain of human [gG4.

The amino acid sequence set forth in SEQ ID NO: 34 is as follows:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKYV

The amino acid sequence set forth in SEQ ID NO: 35 is as follows:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

The amino acid sequence set forth in SEQ ID NO: 44 is as follows:
RTVAAPSVFIAPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

In some specific embodiments, an amino acid in the CL domain of the Fab is substituted with
alanine at position F118, and the CHI1 domain of the Fab does not comprise an amino acid
substitution at position 128 (EU numbering), position 141 (EU numbering), position 185 (EU
numbering), position 11 (IMGT numbering), position 28 (IMGT numbering), or position 139
(Kabat numbering). In other embodiments, an amino acid in the CL domain of the Fab is
substituted with alanine at position F118 according to the EU numbering, and the CL domain
further comprises other substitutions (for example, substitutions that further reduce the mispairing
of the CL with a paired domain comprising the engineered HLA-I 03). The CH1 domain of the
Fab does not comprise an amino acid substitution at position 128 (EU numbering), position 141
(EU numbering), position 185 (EU numbering), position 11 (IMGT numbering), position 28
(IMGT numbering), or position 139 (Kabat numbering).

In some specific embodiments, an amino acid in the CL domain of the Fab is substituted with
alanine at position F118, and the CHI1 domain of the Fab does not comprise an amino acid
substitution L128F (EU numbering), A141L (EU numbering), V185A/L (EU numbering),
L11K/F/W (IMGT numbering), L28N/R (IMGT numbering), or A139W/V/I (Kabat numbering).
In other embodiments, an amino acid in the CL domain of the Fab is substituted with alanine at
position F118 according to the EU numbering, and the CL domain further comprises other
substitutions (for example, substitutions that further reduce the mispairing of the CL with a paired
domain comprising the engineered HLA-I a3). The CH1 domain of the Fab does not comprise an
amino acid substitution L128F (EU numbering), A141L (EU numbering), VI85A/L (EU
numbering), L11K/F/W (IMGT numbering), L28N/R (IMGT numbering), or A139W/V/I (Kabat
numbering).

In some specific embodiments, an amino acid in the CL domain of the Fab is substituted with
alanine at position F118, and the CHI domain of the Fab uses a CH1 domain of a wild-type
immunoglobulin, e.g., a CH1 domain of human IgG. In other embodiments, an amino acid in the
CL domain of the Fab is substituted with alanine at position F118 according to the EU numbering,
and the CL domain further comprises other substitutions (for example, substitutions that further
reduce the mispairing of the CL with a paired domain comprising the engineered HLA-I a3). The
CHI1 domain of the Fab uses a CH1 domain of a wild-type immunoglobulin, e.g., a CH1 domain
of human IgG (IgGl, 1gG2, 1gG3, or IgG4).
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In some specific embodiments, the CL domain of the Fab comprises an amino acid sequence
having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identity to the sequence set forth in SEQ ID NO: 44, and the CH1 domain of the
Fab comprises an amino acid sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the sequence set forth in SEQ
ID NO: 34. Further, in this embodiment, the CL domain of the Fab comprises F118A. Further, in
this embodiment, the CH1 domain of the Fab is a CH1 domain of a wild-type immunoglobulin, or
the CH1 domain of the Fab does not comprise an amino acid substitution at position 128 (EU
numbering), position 141 (EU numbering), position 185 (EU numbering), position 11 (IMGT
numbering), position 28 (IMGT numbering), or position 139 (Kabat numbering).

In some specific embodiments, the CL domain of the Fab comprises an amino acid sequence set
forth in SEQ ID NO: 44, and the CH1 domain of the Fab comprises an amino acid sequence set
forth in SEQ ID NO: 34.

In some specific embodiments, the amino acid sequence of the CL domain of the Fab is set forth
in SEQ ID NO: 44, and the amino acid sequence of the CH1 domain of the Fab is set forth in SEQ
ID NO: 34.

In some embodiments, one of the first antigen-binding portion and the second antigen-binding
portion binds to a T cell-specific receptor molecule and/or a natural killer cell-specific receptor
molecule, and the other antigen-binding portion binds to a tumor-associated antigen.

The T cell-specific receptor molecule allows T cells to bind and, if additional signals are present,
is activated by and responds to an epitope/antigen presented by another cell referred to as an
antigen-presenting cell or APC. The T cell-specific receptor molecule may be TCR, CD3, CD28,
CD134 (also referred to as 0X40), 4-1BB, CD5, or CD95 (also referred to as Fas receptor).
Examples of the NK cell-specific receptor molecule include CD16, a low-affinity Fc receptor and
NKG2D, and CD2.

The term "tumor-associated antigen" refers to an antigen that is presented on the surface of a
tumor cell or may be presented on the surface of a tumor cell and located on or within the tumor
cell. In some embodiments, the tumor-associated antigen may be presented only by tumor cells,
rather than by normal, i.e., non-tumor, cells. In some other embodiments, the tumor-associated
antigen may be expressed only on tumor cells, or may represent a tumor-specific mutation as
compared to non-tumor cells. In some other embodiments, the tumor-associated antigen may be
found in both tumor cells and non-tumor cells, but is overexpressed on the tumor cells as
compared to the non-tumor cells, or may bind to an antibody in the tumor cells due to the less
compact structure of tumor tissues as compared to non-tumor tissues. In some embodiments, the
tumor-associated antigen is located on the wvasculature of a tumor. Some exemplary
tumor-associated antigens are CD38, CD47, PD-L1, PD-1, and the like.

In some embodiments, one of the first antigen-binding portion and the second antigen-binding
portion specifically binds to CD3, and the other specifically binds to a tumor-associated antigen.
For example, the first antigen-binding portion specifically binds to CD3, and the second
antigen-binding portion specifically binds to a tumor-associated antigen; or the second
antigen-binding portion specifically binds to CD3, and the first antigen-binding portion
specifically binds to a tumor-associated antigen. In some specific embodiments, the first

antigen-binding portion specifically binds to CD3, and the second antigen-binding portion
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specifically binds to CD38; or the first antigen-binding portion specifically binds to CD38, and the
second antigen-binding portion specifically binds to CD3.

In some embodiments, both the first antigen-binding portion and the second antigen-binding
portion specifically bind to tumor-associated antigens. In some specific embodiments, the first
antigen-binding portion specifically binds to PD-L1, and the second antigen-binding portion
specifically binds to CD47; or the first antigen-binding portion specifically binds to CD47, and the
second antigen-binding portion specifically binds to PD-L1.

In some embodiments, the bispecific antibody further comprises an Fc domain composed of two
Fc polypeptides capable of stable association. In some embodiments, the bispecific antibody is
bivalent.

In some embodiments, the first antigen-binding portion is operably linked at its C-terminus to
N-terminus of one of the Fc polypeptides, and the second antigen-binding portion is operably
linked at its C-terminus to N-terminus of the other Fc¢ polypeptide. In some more specific
embodiments, the first polypeptide of the first antigen-binding portion is operably linked at its
C-terminus to N-terminus of one of the Fc polypeptides, and the second antigen-binding portion
comprises a Fab and a Fab heavy chain of the second antigen-binding portion is operably linked at
its C-terminus to N-terminus of the other Fc polypeptide. In some more specific embodiments, the
first polypeptide of the first antigen-binding portion is operably linked at its C-terminus to
N-terminus of one of the Fc polypeptides, and the second antigen-binding portion comprises a Fab
and a Fab light chain of the second antigen-binding portion is operably linked at its C-terminus to
N-terminus of the other Fc¢ polypeptide.

In some embodiments, the bispecific antibody further comprises a third antigen-binding portion.
In some specific embodiments, the binding of the bispecific antibody to an antigen is trivalent.

In some embodiments, the third antigen-binding portion binds to the same antigen epitope as the
second antigen-binding portion; preferably, the third antigen-binding portion is identical to the
second antigen-binding portion. In other embodiments, the third antigen-binding portion binds to
the same antigen epitope as the first antigen-binding portion; preferably, the third antigen-binding
portion is identical to the first antigen-binding portion.

In some embodiments, the third antigen-binding portion is operably linked to N-terminus or
C-terminus of the first antigen-binding portion.

In other embodiments, the third antigen-binding portion is operably linked to N-terminus or
C-terminus of the second antigen-binding portion.

In some embodiments, the bispecific antibody comprises a third antigen-binding portion and
further comprises an Fc domain composed of two Fc polypeptides capable of stable association.

In some specific embodiments, the first antigen-binding portion is operably linked at its
C-terminus to N-terminus of one of the Fc polypeptides, the second antigen-binding portion is
operably linked at its C-terminus to N-terminus of the other Fc polypeptide, and the third
antigen-binding portion is operably linked at its C-terminus to N-terminus of the first
antigen-binding portion or N-terminus of the second antigen-binding portion.

In other specific embodiments, the third antigen-binding portion is operably linked at its
C-terminus to N-terminus of one of the Fc polypeptides, the first antigen-binding portion is
operably linked at its C-terminus to N-terminus of the third antigen-binding portion, and the

second antigen-binding portion is operably linked at its C-terminus to N-terminus of the other F¢
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polypeptide.

In other specific embodiments, the third antigen-binding portion is operably linked at its
C-terminus to N-terminus of one of the Fc polypeptides, the second antigen-binding portion is
operably linked at its C-terminus to N-terminus of the third antigen-binding portion, and the first
antigen-binding portion is operably linked at its C-terminus to N-terminus of the other Fc
polypeptide.

The third antigen-binding portion described above may be operably linked to the first
antigen-binding portion by a peptide linker.

The third antigen-binding portion described above may be operably linked to the second
antigen-binding portion by a peptide linker. The peptide linker may be any suitable, e.g.,
electrically charged and/or flexible, linker polypeptide. In a specific embodiment, the peptide
linker consists of 1 to 50 amino acids linked by peptide bonds, wherein the amino acids may be
selected from 20 naturally occurring amino acids; in a more preferred embodiment, the 1 to 50
amino acids are selected from glycine, alanine, proline, serine, asparagine, glutamine, and lysine.
Thus, exemplary peptide linkers may be polyglycines (particularly (Gly)4 and (Gly)5),
poly(Gly-Ser), (Gly)3AsnGlySer(Gly)2, (Gly)3Cys(Gly)4, GlyProAsnGlyGly, or those disclosed
in Table 4 of patent application WO2019195535, etc. In some embodiments, the peptide linker
may be a peptide linker consisting of glycine and serine. In some embodiments, the peptide linker
may comprise 0, 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino
acids.

When the antigen-binding portion is operably linked to the Fc domain or Fc polypeptide, it is
typically linked by a hinge region. The hinge, for example, comprises amino acids of the hinge
region of human IgG.

Fc domain

An Fc domain of a bispecific antibody consists of a pair of polypeptide chains comprising a heavy
chain domain of an immunoglobulin molecule. For example, the Fc domain of immunoglobulin G
(IgG) molecule is a dimer, and each of Fc polypeptides comprises CH2 and CH3 IgG heavy chain
constant regions. The two Fc polypeptides of the Fc domain are capable of stable association with
each other. For example, the two Fc polypeptides are stably associated by one or more of a linker,
a disulfide bond, a hydrogen bond, an electrostatic interaction, a salt bridge, and a
hydrophobic-hydrophilic interaction. In one embodiment, the bispecific antibody of the present
disclosure comprises one Fc domain.

In one embodiment, the Fc domain of the bispecific antibody is an IgG Fc domain. In a specific
embodiment, the Fc domain is an IgG1 Fc domain. In another embodiment, the Fc domain is an
IgG4 Fc domain. In a more specific embodiment, the Fc domain is an IgG4 Fc domain comprising
an amino acid substitution at position S228, particularly amino acid substitution S228P, which
reduces the in vivo Fab arm exchange for an IgG4 antibody. In yet another specific embodiment,
the Fc domain is a human Fc domain. In a more specific embodiment, the Fc domain is a human
IgG1 Fc domain.

In some embodiments, the Fc domain comprises a modification, such as an amino acid
substitution. The modification may be, for example, a modification that promotes
heterodimerization, a modification that alters effector function, a modification that alters the

binding ability to protein A, or the like.
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In some embodiments, the Fc domain comprises a modification that promotes heterodimerization.

The bispecific antibody of the present disclosure comprises different antigen-binding portions
fused to one or the other of the two Fc¢ polypeptides in the Fc¢ domain, thus, the two Fc
polypeptides are typically comprised in two different polypeptide chains. Several possible
combinations of the two polypeptides are generated by recombinant co-expression and subsequent
dimerization of these polypeptides. In order to increase the yield and purity of the multispecific
antibody in recombinant production, it would be advantageous to introduce a modification that
promotes the binding of the desired polypeptides into the Fc domain of the bispecific antibody.
Thus, in a specific embodiment, the Fc domain comprises an amino acid substitution that
promotes association of the two Fc¢ polypeptides of the Fc domain.

The site for the most extensive protein-protein interaction between the two Fc polypeptides of the
human IgG Fc domain is in the CH3 domain of the F¢c domain. Thus, in one embodiment, the
modification is in the CH3 domain of the Fc domain.

In a specific embodiment, the modification is a so-called "knob-into-hole" modification, which
comprises a "knob" modification in one of the two Fc polypeptides of the Fc domain and a "hole"
modification in the other one of the two Fc polypeptides of the Fc domain. Generally, the method
involves introducing a protuberance ("knob") at the interface of one Fc polypeptide and a
corresponding cavity ("hole") at the interface of the other Fc polypeptide, such that the
protuberance can be positioned in the cavity to promote heterodimer formation and to interfere
with homodimer formation. The protuberance is constructed by substituting a small amino acid
side chain from the interface of one Fc polypeptide with a larger side chain (e.g., tyrosine or
tryptophan, etc.). The complementary cavity having the same or similar size as the protuberance is
created in the interface of the other Fc polypeptide by substituting a large amino acid side chain
with a smaller amino acid side chain (e.g., alanine or threonine, etc.).

Thus, in a specific embodiment, an amino acid residue is substituted with an amino acid residue
having a larger side chain volume in the CH3 domain of one Fc polypeptide of the bispecific
antibody, thereby creating a protuberance within the CH3 domain of the Fc polypeptide that can
be positioned in a cavity within the CH3 domain of the other Fc polypeptide, and an amino acid
residue is substituted with an amino acid residue having a smaller side chain volume in the CH3
domain of the other Fc polypeptide, thereby creating a cavity within the CH3 domain of the Fc
polypeptide.

In some specific embodiments, one Fc polypeptide of the Fc domain comprises T366Y/W or/and
S354C, and the other Fc polypeptide comprises Y407T/V, Y349C, T366S, or/and L368A. In a
more specific embodiment, one of the Fc polypeptides of the Fc domain comprises amino acid
substitutions T366Y/W and S354C, and the other Fc polypeptide comprises amino acid
substitutions Y407T/V, Y349C, T366S, and L368A. In a more specific embodiment, the Fc may be
an Fc of human IgGl.

In some embodiments, the Fc domain comprises a modification that reduces or eliminates the
binding of the CH3 region of one Fc polypeptide in the Fc domain to Protein A (from
Staphylococcus aureus). In some embodiments, the modification is an amino acid substitution. In
some embodiments, the Fc domain comprises an amino acid substitution H435R or/and Y436F,
which occurs only in one Fc polypeptide rather than in the other Fc polypeptide. In a specific

embodiment, the Fc domain comprises an amino acid substitution H435R or/and Y436F, which
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occurs only in one of the Fc polypeptides. In one such specific embodiment, the Fc is IgG1 Fc,
particularly human IgG1 Fc.

Composition

The present disclosure provides a pharmaceutical composition comprising the bispecific antibody
and further comprising one or more pharmaceutically acceptable carriers. The pharmaceutically
acceptable carriers include, for example, excipients, diluents, encapsulating materials, fillers,
buffers, or other agents.

Isolated Nucleic Acid

The present disclosure provides an isolated polynucleotide encoding the bispecific antibody. The

nucleic acid sequences of the polypeptide chains of some bispecific antibodies are illustratively
listed in the sequence listing.

Vector

The present disclosure provides an isolated vector comprising the polynucleotide. In some
embodiments, the vector is a cloning vector; in other embodiments, the vector is an expression
vector; in a specific embodiment, the expression vector is pcDNA3.1. The expression vector is
optionally any expression vector capable of expressing the multispecific antibody described
herein.

Host cell

In some embodiments, the present disclosure provides a host cell comprising the vector or the
polynucleotide described herein, the host cell being a suitable host cell for use in cloning or
encoding a multispecific antibody. In some embodiments, the host cell is a prokaryotic cell. In
other embodiments, the host cell is a eukaryotic cell. In some embodiments, the host cell is
selected from a yeast cell, a mammalian cell, or other cells suitable for preparing a multispecific
antibody. The mammalian cell is, for example, Chinese hamster ovary (CHO) cells or CHO-S
cells.

Methods for expressing bispecific antibody

The present disclosure provides a method for expressing the bispecific antibody described herein
comprising culturing the host cell under such conditions that the bispecific antibody is expressed.
To produce the bispecific antibody, a polynucleotide encoding the bispecific antibody is isolated
and inserted into one or more vectors for further use in cloning or/and expression in a host cell.
The polynucleotide can be obtained using various methods known in the art, such as gene splicing
and chemical synthesis.

Conjugate

The present disclosure provides a conjugate comprising the bispecific antibody described herein
and a therapeutic agent linked or conjugated to the bispecific antibody.

Fusion protein

The present disclosure provides a fusion protein, wherein a fusion component is expressed by
fusion with the bispecific antibody described herein. The construction and expression of the fusion
protein molecule can be achieved by genetic engineering means.

Use

The present disclosure provides a method of treating a disease in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of the bispecific

antibody, the pharmaceutical composition, the conjugate, or the fusion protein described herein.
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The disease may be cancer, and non-limiting examples of some cancers are selected from
leukemia, lymphoma, myeloma, ovarian cancer, breast cancer, endometrial cancer, colon cancer,
rectal cancer, kidney cancer, bladder cancer, urothelial cancer, lung cancer, bronchial cancer, bone
cancer, prostate cancer, pancreatic cancer, gastric cancer, hepatocellular carcinoma, gallbladder
cancer, bile duct cancer, esophageal cancer, renal cell cancer, thyroid cancer, head and neck
cancer, testicular cancer, endocrine adenocarcinoma, adrenal cancer, pituitary gland cancer, skin
cancer, soft tissue cancer, vascular cancer, brain cancer, nerve cancer, eye cancer, meningeal
cancer, oropharyngeal cancer, hypopharynx cancer, cervical cancer, uterine cancer, glioblastoma,
medulloblastoma, astrocytoma, glioma, meningioma, gastrinoma, neuroblastoma, melanoma,
myelodysplastic syndrome, and sarcoma.

The present disclosure further provides the following embodiments, but is not limited thereto:
Embodiment 1. A bispecific antibody, comprising a first antigen-binding portion and a
second antigen-binding portion that specifically bind to two different antigens or different
epitopes of the same antigen, wherein the first antigen-binding portion comprises:

a first polypeptide comprising, from N-terminus to C-terminus, a first heavy chain variable
domain and a first paired domain operably linked to the first heavy chain variable domain,
and

a second polypeptide comprising, from N-terminus to C-terminus, a first light chain variable
domain and a second paired domain operably linked to the first light chain variable domain,
wherein one of the first paired domain and the second paired domain comprises an amino
acid sequence of engineered HLA-I 03, and the other paired domain comprises an amino acid
sequence of engineered p2 microglobulin.

Embodiment 2. The bispecific antibody according to Embodiment 1, wherein the first
paired domain and the second paired domain can form a dimer, at least one non-natural
interchain bond can be formed between the first paired domain and the second paired domain,
and the non-natural interchain bond can stabilize the dimer.

Embodiment 3. The bispecific antibody according to Embodiment 1 or 2, wherein the
first paired domain comprises an amino acid sequence of the engineered HLA-I a3, and the
second paired domain comprises an amino acid sequence of the engineered B2 microglobulin.
Embodiment 4. The bispecific antibody according to Embodiment 1 or 2, wherein the
first paired domain comprises an amino acid sequence of the engineered f2 microglobulin,
and the second paired domain comprises an amino acid sequence of the engineered HLA-I
a3.

Embodiment 5. The bispecific antibody according to any one of Embodiments 1 to 4,
wherein the number of non-natural interchain bond is 1-3, preferably 1.

Embodiment 6. The bispecific antibody according to any one of Embodiments 1 to 5,
wherein amino acid residues forming the non-natural interchain bond are at a contact
interface of the first paired domain and the second paired domain.

Embodiment 7. The bispecific antibody according to any one of Embodiments 1 to 6,
wherein the non-natural interchain bond is a disulfide bond.

Embodiment 8. The bispecific antibody according to any one of Embodiments 1 to 7,
wherein the amino acid sequence of the engineered HLA-I a3 has at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to a
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sequence set forth in SEQ ID NO: 1, and the amino acid sequence of the engineered B2
microglobulin has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identity to a sequence set forth in SEQ ID NO: 2.
Embodiment 9. The bispecific antibody according to any one of Embodiments 1 to 8,
wherein the engineered HLA-I a3 comprises an amino acid sequence having an amino acid
substitution in the sequence set forth in SEQ ID NO: 1, and the engineered 2 microglobulin
comprises an amino acid sequence having an amino acid substitution in the sequence set forth
in SEQ ID NO: 2.

Embodiment 10.  The bispecific antibody according to Embodiment 9, wherein the amino
acid substitutions in both the engineered HLA-I a3 and the engineered B2 microglobulin
comprise cysteine residue substitutions that occur at a contact interface between the two and
can form a disulfide bond with each other.

Embodiment 11. The bispecific antibody according to Embodiment 10, wherein the
cysteine residue substitution is selected from one or more pairs in the following group:

(1) R60C in SEQ ID NO: 1 and Y26C in SEQ ID NO: 2;

(2) A62C in SEQ ID NO: 1 and R12C in SEQ ID NO: 2; and

(3) G63C in SEQ ID NO: 1 and Y67C in SEQ ID NO: 2.

Embodiment 12.  The bispecific antibody according to any one of Embodiments 9 to 11,
wherein the amino acid substitutions in the engineered HLA-I a3 or/and the engineered 2
microglobulin comprise amino acid substitutions that increase an isoelectric point of the
dimer formed by the paired domains or the bispecific antibody.

Embodiment 13. The bispecific antibody according to Embodiment 12, wherein the
isoelectric point of the dimer formed by the paired domains or the bispecific antibody is
increased to 6.5-9.0.

Embodiment 14.  The bispecific antibody according to any one of Embodiments 12 to 13,
wherein the amino acid substitutions that increase the isoelectric point comprise a
substitution in the engineered HLA-I a3 with a positively charged amino acid at one or more
positions of E3, D22, E48, D53, E90, and E101 in the sequence set forth in SEQ ID NO: 1.
Embodiment 15.  The bispecific antibody according to any one of Embodiments 12 to 14,
wherein the amino acid substitutions that increase the isoelectric point comprise a
substitution in the engineered B2 microglobulin with a positively charged amino acid at one
or more positions of E74, E47, E69, D34, E16, D53, E44, E50, and E36 in the sequence set
forth in SEQ ID NO: 2.

Embodiment 16.  The bispecific antibody according to Embodiment 15, wherein the amino
acid substitutions that increase the isoelectric point comprise: a substitution in the engineered
HLA-I o3 with a positively charged amino acid at positions D22, E48, and D53 in the
sequence set forth in SEQ ID NO: 1, and a substitution in the engineered B2 microglobulin
with a positively charged amino acid at position E69 in the sequence set forth in SEQ ID NO:
2.

Embodiment 17.  The bispecific antibody according to any one of Embodiments 14 to 16,
wherein the positively charged amino acid is K or R.

Embodiment 18.  The bispecific antibody according to any one of Embodiments 12 to 13,

wherein the amino acid substitutions that increase the isoelectric point comprise: amino acid
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substitutions D22R, E48K, and D53K comprised in the sequence set forth in SEQ ID NO: 1
for the engineered HLA-I o3, and an amino acid substitution E69R comprised in the
sequence set forth in SEQ ID NO: 2 for the engineered 2 microglobulin.

Embodiment 19. The bispecific antibody according to any one of Embodiments 1 to 18,
wherein the engineered HLA-I a3 comprises an amino acid sequence set forth in SEQ ID
NO: 3, and the engineered p2 microglobulin comprises an amino acid sequence set forth in
SEQ ID NO: 4.

Embodiment 20.  The bispecific antibody according to any one of Embodiments 1 to 18,
wherein the engineered HLA-I a3 comprises an amino acid sequence set forth in SEQ ID
NO: 3, and the engineered p2 microglobulin comprises an amino acid sequence set forth in
SEQ ID NO: 5.

Embodiment 21.  The bispecific antibody according to any one of Embodiments 1 to 20,
wherein the second antigen-binding portion comprises a second heavy chain variable domain
and a second light chain variable domain.

Embodiment 22.  The bispecific antibody according to any one of Embodiments 1 to 21,
wherein the second antigen-binding portion comprises a Fab.

Embodiment 23.  The bispecific antibody according to Embodiment 22, wherein an amino
acid in a CL domain of the Fab is substituted with alanine at position F118 according to an
EU numbering.

Embodiment 24.  The bispecific antibody according to Embodiment 23, the CL domain
comprises an amino acid sequence set forth in SEQ ID NO: 44,

Embodiment 25.  The bispecific antibody according to any one of Embodiments 1 to 24,
wherein one of the first antigen-binding portion and the second antigen-binding portion binds
to a T cell-specific receptor molecule and/or a natural killer cell-specific receptor molecule,
and the other antigen-binding portion binds to a tumor-associated antigen.

Embodiment 26.  The bispecific antibody according to any one of Embodiments 1 to 24,
wherein one of the first antigen-binding portion and the second antigen-binding portion
specifically binds to CD3, and the other specifically binds to a tumor-associated antigen.
Embodiment 27.  The bispecific antibody according to any one of Embodiments 1 to 24,
wherein both the first antigen-binding portion and the second antigen-binding portion
specifically bind to tumor-associated antigens.

Embodiment 28.  The bispecific antibody according to any one of Embodiments 25 to 27,
wherein the tumor-associated antigen is CD38, CD47, PD-L1, or PD-1.

Embodiment 29.  The bispecific antibody according to Embodiment 26, wherein the first
antigen-binding portion specifically binds to CD3, and the second antigen-binding portion
specifically binds to CD38; or the first antigen-binding portion specifically binds to CD38,
and the second antigen-binding portion specifically binds to CD3.

Embodiment 30.  The bispecific antibody according to Embodiment 27, wherein the first
antigen-binding portion specifically binds to PD-L1, and the second antigen-binding portion
specifically binds to CD47; or the first antigen-binding portion specifically binds to CD47,
and the second antigen-binding portion specifically binds to PD-L1.

Embodiment 31.  The bispecific antibody according to any one of Embodiments 1 to 30,

wherein the bispecific antibody is bivalent.
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Embodiment 32.  The bispecific antibody according to any one of Embodiments 1 to 30,
further comprising a third antigen-binding portion, wherein the third antigen-binding portion
binds to the same antigen epitope as the second antigen-binding portion; preferably, the third
antigen-binding portion is identical to the second antigen-binding portion.

Embodiment 33.  The bispecific antibody according to any one of Embodiments 1 to 30,
further comprising a third antigen-binding portion, wherein the third antigen-binding portion
binds to the same antigen epitope as the first antigen-binding portion; preferably, the third
antigen-binding portion is identical to the first antigen-binding portion.

Embodiment 34.  The bispecific antibody according to Embodiment 32 or 33, wherein the
third antigen-binding portion is operably linked to N-terminus or C-terminus of the first
antigen-binding portion.

Embodiment 35.  The bispecific antibody according to Embodiment 32 or 33, wherein the
third antigen-binding portion is operably linked to N-terminus or C-terminus of the second
antigen-binding portion.

Embodiment 36.  The bispecific antibody according to any one of Embodiments 32 to 35,
wherein the bispecific antibody is trivalent.

Embodiment 37.  The bispecific antibody according to any one of Embodiments 1 to 31,
further comprising an Fc domain composed of two Fc polypeptides capable of stable
association.

Embodiment 38.  The bispecific antibody according to Embodiment 37, wherein the first
antigen-binding portion is operably linked at its C-terminus to N-terminus of one of the Fc
polypeptides, and the second antigen-binding portion is operably linked at its C-terminus to
N-terminus of the other Fc¢ polypeptide.

Embodiment 39.  The bispecific antibody according to Embodiment 38, wherein the first
polypeptide of the first antigen-binding portion is operably linked at its C-terminus to
N-terminus of one of the Fc polypeptides, and the second antigen-binding portion comprises
a Fab and a Fab heavy chain of the second antigen-binding portion is operably linked at its
C-terminus to N-terminus of the other Fc polypeptide.

Embodiment 40.  The bispecific antibody according to any one of Embodiments 32 to 36,
further comprising an Fc¢ domain composed of two Fc polypeptides capable of stable
association.

Embodiment 41.  The bispecific antibody according to Embodiment 40, wherein the first
antigen-binding portion is operably linked at its C-terminus to N-terminus of one of the Fc
polypeptides, the second antigen-binding portion is operably linked at its C-terminus to
N-terminus of the other Fc polypeptide, and the third antigen-binding portion is operably
linked at its C-terminus to N-terminus of the first antigen-binding portion or N-terminus of
the second antigen-binding portion.

Embodiment 42.  The bispecific antibody according to Embodiment 40, wherein the third
antigen-binding portion is operably linked at its C-terminus to N-terminus of one of the Fc
polypeptides, the first antigen-binding portion is operably linked at its C-terminus to
N-terminus of the third antigen-binding portion, and the second antigen-binding portion is
operably linked at its C-terminus to N-terminus of the other Fc polypeptide.

Embodiment 43.  The bispecific antibody according to Embodiment 40, wherein the third
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antigen-binding portion is operably linked at its C-terminus to N-terminus of one of the Fc
polypeptides, the second antigen-binding portion is operably linked at its C-terminus to
N-terminus of the third antigen-binding portion, and the first antigen-binding portion is
operably linked at its C-terminus to N-terminus of the other Fc polypeptide.

Embodiment 44.  The bispecific antibody according to Embodiments 41 to 43, wherein the
third antigen-binding portion is operably linked to the first antigen-binding portion by a
peptide linker, or the third antigen-binding portion is operably linked to the second
antigen-binding portion by a peptide linker.

Embodiment 45.  The bispecific antibody according to any one of Embodiments 37 to 44,
wherein the Fc domain is an [gG Fc domain.

Embodiment 46.  The bispecific antibody according to Embodiment 45, wherein the IgG Fc
domain is a human IgG Fc domain, preferably an Fc domain of human IgG1 or human IgG4.
Embodiment 47.  The bispecific antibody according to any one of Embodiments 37 to 46,
wherein the two Fc polypeptides are stably associated by one or more of a linker, a disulfide
bond, a hydrogen bond, an electrostatic interaction, a salt bridge, and a
hydrophobic-hydrophilic interaction.

Embodiment 48.  The bispecific antibody according to any one of Embodiments 37 to 47,
wherein the Fc domain comprises a modification that promotes association of the two Fc
polypeptides of the Fc domain.

Embodiment 49.  The bispecific antibody according to any one of Embodiments 37 to 48,
wherein one Fc polypeptide comprises T366Y/W and S354C, and the other Fc polypeptide
comprises Y407T/V, Y349C, T3668S, and L368A according to the EU numbering.
Embodiment 50.  The bispecific antibody according to any one of Embodiments 37 to 49,
wherein the Fc domain comprises a modification that reduces or eliminates the binding of a
CH3 region of one Fc polypeptide in the Fc to Protein A.

Embodiment 51.  The bispecific antibody according to any one of Embodiments 37 to 50,
wherein according to the EU numbering, the Fc domain comprises an amino acid substitution
H435R or/and Y436F, which occurs only in one of the Fc polypeptides.

Embodiment 52.  An isolated polynucleotide encoding the bispecific antibody according to
any one of Embodiments 1 to 51.

Embodiment 53. An isolated vector comprising the polynucleotide according to
Embodiment 52.

Embodiment 54. A host cell comprising the isolated polynucleotide according to
Embodiment 52 or the isolated vector according to Embodiment 51.

Embodiment 55. A method of expressing the bispecific antibody according to any one of
Embodiments 1 to 51, comprising culturing the host cell according to Embodiment 52 under
such conditions that the bispecific antibody is expressed.

Embodiment 56. A pharmaceutical composition comprising the bispecific antibody
according to any one of Embodiments 1 to 51 and a pharmaceutically acceptable carrier.
Embodiment 57. A conjugate comprising the bispecific antibody according to any one of
Embodiments 1 to 51 and a therapeutic agent linked or conjugated to the bispecific antibody.
Embodiment 58. A fusion protein comprising a fusion component expressed by fusion and

the bispecific antibody according to any one of Embodiments 1 to 51.
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Embodiment 59.

administering to the subject a therapeutically effective amount of the bispecific antibody

A method of treating a disease in a subject in need thereof, comprising

according to any one of Embodiments 1 to 51, the pharmaceutical composition according to
Embodiment 56, the conjugate according to Embodiment 57, or the fusion protein according
to Embodiment 58.

DETAILED DESCRIPTION

Example 1. Design of MHC-I Element Sequences

According to IPD-IMGT/HLA (https://www.ebi.ac.uk/ipd/imgt/hla/stats.html) database (version
3.42) statistics (Table 1), HLA-I had a larger number of alleles and a wider distribution relative to
HLA-II, such that HLA-I molecules were selected to design structural elements of bispecific
antibodies to reduce the risk of immunogenicity.

According to IPD-IMGT/HLA database (version 3.42) statistics (Table 2), the number of HLA-I-B
alleles was the largest among HLA-I molecules, and thus HLA-I-B molecules were selected to

design structural elements of bispecific antibodies to further reduce the risk of immunogenicity.

Table 1. Number of HLA alleles

Allele Number

HLA-I 20,597

HLA-II 7,723

HLA 28,320

Table 2. HLA-I alleles and proteins

Type A B C E F G
Alleles 6,291 7,562 6,223 256 45 82
Proteins 3,896 4,803 3,618 110 6 22
Nulls 323 253 292 7t 0 4

1.1. Determination of initial sequences of MHC-I element

In the Uniprot database (https://www.uniprot.org/), a series of o chain full-length sequences of
natural HLA-I-B molecules were obtained (Table 3); in the Uniprot database, a B chain (also
referred to as  microglobulin) full-length sequence of HLA-I molecules was obtained (Uniprot
ID: P61769). Crystal data information on proteins containing o chain of an HLA-I-B molecule
was further obtained by a cross-indexing system on the Uniprot database page, and high-resolution
crystal structures (Resolution < 2 A) were selected in order to ensure the accuracy of the crystal
data (Table 4).

The relative starting positions of a chain constant regions (defined herein as MHCICa, constant
region alpha of MHC I, or simply Ca) of a natural HLA-I-B molecule were determined by
sequence analysis in combination with information on these crystal structures. There was a certain
sequence diversity in the o chain constant region of the HLA-I-B molecule. The sequences in
Table 3 were subjected to multi-sequence alignment using an on-line alignment tool ClustalW2
(https://www.ebi.ac.uk/Tools/phylogeny/simple phylogeny/), and then the alignment results were
analyzed and displayed by webLogo (http://weblogo.berkeley.edu/), A consensus sequence of the



10

15

_25-

o chain constant region of the HLA-I-B molecule (FIG. 1) was obtained according to the
frequency of occurrence of amino acids at each position, and the consensus sequence of the o
chain constant region of the HLA-I-B molecule was used as an initial sequence for subsequent
operation and modification. Since there was no sequence diversity in human 2 microglobulin, a
sequence of a paired region (defined herein as MHCICP, constant region beta of MHC I, or simply
CP) of natural B2 microglobulin with MHCICa was determined by sequence analysis (Uniprot ID:
P61769).
Initial sequences of the MHC-I element were as follows:
> MHCICaori (SEQ ID NO: 1)
GKETLQRADPPKTHVTHHPISDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRP
AGDRTFQKWAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPS
> MHCICpBori (SEQ ID NO: 2)
IQRTPKIQVYSRHPAENGKSNFLNCYVSGFHPSDIEVDLLKNGERIEKVEHSDLSFSKDWSF
YLLYYTEFTPTEKDEYACRVNHVTLSQPKIVKWDR

Table 3. Sequence information on « chain of natural HLA-I-B molecule contained in the Uniprot

database
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Table 4. Crystal structures of proteins containing o chain of HLA-I-B molecule

No. |PDB Resolution |No. (PDB Resolution  |[No. |PDB Resolution |No. PDB Resolution
accession [(A) accession  [(A) accession  |(A) accession A)
No. No. No. No.
1 1K5N 1.09 31 6PYL 1.52 61 IN2R 1.7 91 402C 1.8
2 4UIM 1.18 32 6PZ5 1.53 62 1SYV 1.7 92 4PR5 1.8
3 3CZF 1.2 33 1UXS 1.55 63 1ZSD 1.7 93 SIEK 1.8
4 6MT3 1.21 34 3VFV 1.55 64 2NW3 1.7 94 SVUE 1.8
5 3BWA 1.3 35 6MT4 1.55 65 3DX6 1.7 95 S5VWD 1.8
6 3LN4 1.3 36 6MT5 1.55 66 3L31 1.7 96 SVWF 1.8
7 3SPV 1.3 37 SWMR 1.58 67 3VCL 1.7 97 SWMN 1.82
3 6MT6 1.31 38 6BXQ 1.58 68 4QRQ 1.7 98 SDEG 1.83
9 2BVP 1.35 39 4U1H 1.59 69 SEQ0 1.7 99 6D2R 1.83
10 6MTL 1.35 40 6P23 1.59 70 5TXS 1.7 100 [3KPQ 1.84
11 4U1J 1.38 41 6P27 1.59 71 5X0S 1.7 101 3BP4 1.85
12 6PYW 1.38 42 IM60 1.6 72 1TUXW 1.71 102 |3VFS 1.85
13 2A83 14 43 1ZHK 1.6 73 3DI8 1.74 103 5EOl 1.85
14 4QRS 14 44 3DX7 1.6 74 3BW9 1.75 104 |3B3I 1.86
15 4QRT 14 45 3KPM 1.6 75 6BI8 1.75 105 3C9N 1.87
16 SWMQ 14 46 3SKO 1.6 76 4U1S 1.76 106 |[6D29 1.88
17 6P2C 14 47 3VRI 1.6 77 5T6Y 1.76 107 1JGD 1.9
18 4XXC 1.43 48 4G8I 1.6 78 4UIN 1.77 108 1IMO5 1.9
19 5I1B2 1.44 49 4G9D 1.6 79 1XR9 1.79 109  [2H6P 1.9
20 6PYJ 1.44 50 4LCY 1.6 30 2AXF 1.8 110 3KPP 1.9
21 6BXP 1.45 51 4QRU 1.6 31 3B6S 1.8 111 3LKS 1.9
22 6PYV 1.45 52 5DEF 1.6 32 3BP7 1.8 112 3LNS 1.9
23 10GT 1.47 53 SWMP 1.6 33 3L3D 1.8 113 3VRJ 1.9
24 1XH3 1.48 54 SWMO 1.62 34 3LKO 1.8 114 |4G9F 1.9
25 6P2F 1.48 55 2BVO 1.65 85 3LKP 1.8 115 4JQX 1.9
26 1ZHL 1.5 56 3VFU 1.65 36 3LKQ 1.8 116  |402F 1.9
27 2HIL 1.5 57 4PRN 1.65 37 3SKM 1.8 117 5T6W 1.9
28 41QV 1.5 58 SVWH 1.65 33 3VHR 1.8 118 5VUF 1.9
29 SIEH 1.5 59 6P2S 1.65 39 3X12 1.8 119 6BI3 1.9
30 6ATS 1.5 60 5T6X 1.69 90 3X13 1.8 120 |6D2T 1.9

1.2. Optimization of initial sequences of MHC-I element

1.2.1. Introduction of interchain disulfide bonds to enhance pairing stability of MHC-I element
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The amino acid sequences of MHCICaori and MHCICPori described above were loaded into
Molecular Operating Environment (MOE) software, and heterodimer modeling was performed on
the sequences through Homology modeling module of MOE, so that a simulation structure of the
MHC-I element was obtained. In the natural state, no disulfide bonds exist between the constant
regions of MHC molecules. To improve the pairing stability of the constant regions of MHC-I and
optimize its developability, cysteine (Cys) could be introduced at position R60, A62, or G63 for
MHCICuori, and cysteine (Cys) could be introduced at position Y26, R12, or Y67 for
MHCICpori, at the contact interface of the domains of MHCICa and MHCICP. Delta stability
after the introduction of disulfide bonds was simulated and calculated through Disulfide scan
module of MOE, wherein when A62C mutation was introduced into MHCICaori and R12C
mutation was introduced into MHCICPori, there was the lowest delta stability of -1.62 kcal/mol,
indicating that the mutations at these two positions can form the most stable disulfide bond at the
interface of Ca and CP (Table 5).

Table 5. Simulation results of disulfide bond introduction at interface of MHCICaori and

MHCICBori
MHCICaori MHCICBori delta Stability (kcal/mol)
R60C Y26C 1.96
A62C R12C -1.62
G63C Yo67C 1.86

1.2.2. Isoelectric point optimization

The theoretical isoelectric point (pI) of the MHC-I element after the introduction of disulfide
bonds (A62C and R12C in Table 5) into the initial sequences was 5.80, which was not conducive
to subsequent process development. Thus, we could modify the related charges of the MHC-I
element to improve the druggability. Solvent accessible surface (SAS) and charged amino acid
residues were analyzed for the MHC-I element through Protein-properties module of MOE
software. In the MHC-I element, amino acid residues with solvent exposure degrees greater than
40% and exhibiting negative charge/acidity are shown in Table 6. Considering the structural
environment, chemical environment and application purposes of the related residues at the same
time, one or more of these acidic amino acid residues were substituted with a basic amino acid
residue (arginine (R) or lysine (K)), thereby increasing the theoretical isoelectric point of the
MHC-I element to 6.5-9.0. In a specific embodiment, mutations D22R, E48K, and D53K at three
sites were introduced in MHCICa, and a single-point mutation E69R was introduced in MHCICS,
thereby increasing the theoretical isoelectric point of the MHC-I element to 7.8.

Table 6. SAS and residue charge properties of molecules in MHC-I element

. Amino . . L

Subunit . . Acid-base | Solvent exposure | Acid dissociation
acid Position

sequence . property | degree (%) constant pKa
residue

MHCICaori ASP 22 Acidic 85.17 3.19

MHCICaori GLU | 48 Acidic 67.65 3.54

MHCICoori GLU |3 Acidic 53.81 3.72

MHCICoori GLU |90 Acidic 51.81 4,78
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MHCICoori GLU | 101 Acidic 44.6 2.56
MHCICoori ASP 53 Acidic 433 3.37
MHCICRori GLU |74 Acidic 67.85 3.91
MHCICRori GLU |47 Acidic 64.08 3.17
MHCICBori GLU |69 Acidic 49.51 3.84
MHCICBori ASP 34 Acidic 48.31 3.1

MHCICRori GLU |16 Acidic 47.83 3.65
MHCICRori ASP 53 Acidic 47.27 231
MHCICBori GLU |44 Acidic 44.71 2.32
MHCICRori GLU |50 Acidic 41.72 3.98
MHCICRori GLU |36 Acidic 40.96 2.81

1.2.3. Other optimizations

Considering the 4 amino acids (-KWDR) at the end of the CP region, their side chains are
relatively large, which can cause potential steric hindrance effects. The stability of the protein
conformation will be reduced if a flexible G4S linker peptide is used. The structural characteristics
of glycine (G) and proline (P) determine that the two amino acids are mainly located at random
coil or corner positions. Glycine has no side chain group, which can well alleviate the steric
hindrance effect, while the side chain of proline is a five-membered ring structure and has certain
rigidity, which can improve conformation stability, so that GP was finally added at the
carboxyl-terminus of the CP region to balance the potential steric hindrance effects and
conformation stability.

Optimized sequences of the MHC-I element were as follows:

> Ca, (SEQ ID NO: 3)
GKETLQRADPPKTHVTHHPISRHEATLRCWALGFYPAEITLTWQRDGKDQTQKTELVETR
PCGDRTFQKWAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPS

> CpB (SEQ ID NO: 4)
IQRTPKIQVYSCHPAENGKSNFLNCYVSGFHPSDIEVDLLKNGERIEKVEHSDLSFSKDWSF
YLLYYTRFTPTEKDEYACRVNHVTLSQPKIVKWDRGP

Example 2. Construction and Characterization of MHC-I Element-Modified Bispecific IgG4
Antibodies

To ensure that the MHC-I element could be used for bispecific antibodies, daratumumab and
human-targeting CD3 antibody SP34 were selected to construct bispecific antibodies targeting
CD3 and CD38 for early proof of concepts and to investigate the effect of the relative orientations
of Ca and CPB on MHC-I element-modified antigen-binding portions. To avoid or alleviate the
mispairing between [gG heavy chains, bispecific antibodies subsequently constructed both
adopted a "knobs into holes" structure. The IgG constant region domain CH1/CL of SP34 Fab was
replaced by the corresponding Co/Cp and CPB/Ca, respectively, to construct MHC-I-modified
antigen-binding portions with different relative orientations, and the heavy chain of the SP34 arm
adopted a "hole" structure, i.e., CH3-hole. The Fab of daratumumab remained unchanged, and its
heavy chain adopted a "knob" structure, i.e., CH3-knob. The MHC-I-modified antigen-binding

portions targeting CD3 were combined with the Fab of daratumumab to create two different
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bispecific antibodies, named MHI383-1122-IgG4 and MHI383-1133-IgG4, respectively
(molecular structures shown in FIG. 2), with the sequences shown in Table 7. The MHC-I
elements adopted Ca of the sequence set forth in SEQ ID NO: 3 and Cp of the sequence set forth
in SEQ ID NO: 4.

Table 7. Sequences of bispecific antibodies MHI383-1122-1gG4 and MHI383-1133-1gG4

Name Polypeptide Amino acid sequence Nucleotide sequence
chain
compositions

MHI383-1122-1gG4 | HI SEQIDNO: 6 SEQIDNO: 7
L1 SEQ ID NO: 8 SEQIDNO: 9
H2 SEQ ID NO: 10 SEQ ID NO: 11
L2 SEQIDNO: 12 SEQ ID NO: 13

MHI383-1133-IgG4 | HI SEQIDNO: 6 SEQIDNO: 7
L1 SEQ ID NO: 8 SEQIDNO: 9
H3 SEQIDNO: 14 SEQ ID NO: 15
L3 SEQID NO: 16 SEQ ID NO: 17

For each bispecific antibody, DNA sequences of each polypeptide chain for encoding and
constituting the antibody were inserted into vectors, respectively, to obtain expression vectors
expressing the corresponding polypeptide chains. 25 pg of the expression vectors encoding the
polypeptide chains of each multispecific antibody were co-transfected into ExpiCHO-S cells
(manufacturer; Shanghai Institute of Pharmaceutical Industry, Cat No. 127200005) at a
transfection expression volume of 100 mL and a cell density of 6E+06 cells/mL.

After transfection, the cells were expressed and cultured at 32 °C with 5% CO- at 130 rpm. On
day 8, the cell supernatant was collected, and the antibody protein was purified in one step by
Protein A magnetic beads (manufacturer: GenScript, Cat No. L00695-20). 4 mL of magnetic beads
were added to the cell supernatant, and the mixture was added to a 50 mL centrifuge tube. The
centrifuge tube was placed in a rotary decolorization shaker (manufacturer; Shanghai
ZHICHENG, model: ZHWY-304), and the mixture was incubated at room temperature for 2 h.
The magnetic beads were adsorbed on the base of a magnetic rack, the supernatant was discarded,
and the magnetic beads were washed thoroughly with a buffer. The antibody proteins were eluted
with 0.1 mol/L glycine with a pH of 3.0 (manufacturer; Sinopharm, Cat No. 62011516). The eluate
was placed in an ultrafiltration tube (manufacturer: Millipore, Cat No. UFC501096), concentrated,
subjected to buffer exchange with 1xPBS (manufacturer: Shanghai Sangon, Cat No.
B040100-0005), and puritfied to obtain MHI383-1122-IgG4 and MHI383-1133-1gG4.

2.1. Detection of binding affinity of bispecific antibodies to antigens by BLI

Human CD38 protein (Beijing ACROBiosystems, Cat No. CD8-H5224) and human CD3E
(Beijing ACROBiosystems, Cat No. CDE-H5223) were used as antigens. The affinity of
MHI383-1122-1gG4 and MHI383-1133-IgG4 to human CD38 and CD3E proteins was separately
assayed by bio-layer interferometry (BLI) technique. The specific experimental procedures were
as follows:

The affinity assays were used to evaluate the affinity of MHI383-1122-IgG4 and
MHI383-1133-IgG4 to human CD38 and CD3E proteins. The affinity assays were mainly
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performed by BLI technique. MHI383-1122-IgG4 or MHI383-1133-1gG4 were separately
immobilized on a sensor, and then the sensor was immersed in human CD38 and CD3E protein
solutions with certain concentration gradients, respectively. Association/dissociation curves were
acquired in real time by Data Acquisition 11.0.0.64, and data analysis was performed by Data
Analysis 11.0. An association rate constant Ka, a dissociation rate constant Kd, and an equilibrium
constant KD were obtained, the equilibrium constant KD representing the affinity.

Table 8. Affinity of MHI383-1122-1gG4 and MHI383-1133-1gG4 (BLI)

Sample Antigen | kon{1/Ms) kdis(1/s) KD (M) Antigen | kon(1/Ms) kdis(1/s) KD (M)
human human

MHI383-1122-1gG4 2.05E+05 2.46E-04 | 1.20E-09 2.17E+05 3.69E-03 1.70E-08
CD3E CD38
human human

MHI383-1133-1gG4 1.43E+05 9.17E-05 | 6.41E-10 2.94E+05 1.80E-03 | 6.14E-09
CD3E CD38

The experimental results showed that the bispecific antibodies MHI383-1122-IgG4 and
MHI383-1133-1gG4 with different Ca/Cp orientations both showed good affinity to human CD38
and CD3E proteins, and the difference in affinity KD values between them was less than 3 times,
which was mainly caused by the loss of their dissociation rate constants Kd (Table 8). Thus, the
MHC-I elements (Ca and CP) could replace the CH1 and CL domains for the construction of
bispecific antibodies.

Example 3. Construction and Characterization of MHC-I Element-Modified Bispecific IgG1
Antibodies

To avoid or alleviate the mispairing between IgG heavy chains, bispecific antibodies constructed
both adopted a "knobs into holes" structure. To test the effect of MHC-I elements (Ca of the
sequence set forth in SEQ ID NO: 3 and Cp of the sequence set forth in SEQ ID NO: 4) on
bispecific antibodies of different IgG subtypes, we engineered the MHI383-1122-1gG4 described
above into an IgGl form, creating a novel bispecific antibody named MHI383-cctf-IgGl
(construction structure as shown in FIG. 3). The CH2 domains of two heavy chains of this
antibody adopted LALA (L234A + L235A) double mutation to eliminate the potential Fc effector
effect. In this example, H435R + Y436F (EU numbering) double mutation was introduced into the
CH3 domain of the MHC-I element-modified heavy chain. A heavy chain-mispaired product
containing the H435R + Y436F double mutation was not combined with protein A, so that the
heavy chain-mispaired product was removed in protein A affinity chromatography purification,
thereby improving the purity and purification efficiency of the bispecific antibody of interest.
MHI383-ccft-IgG1 has four polypeptide chains (He, Le, Hf, and Lf) with the following sequences:
Hc: an amino acid sequence is set forth in SEQ ID NO: 18, and a nucleotide sequence is set forth
in SEQ ID NO: 19;

Lc: an amino acid sequence is set forth in SEQ ID NO: 20, and a nucleotide sequence is set forth
in SEQ ID NO: 21;

Hf: an amino acid sequence is set forth in SEQ ID NO: 22, and a nucleotide sequence is set forth
in SEQ ID NO: 23; and

Lf: an amino acid sequence is set forth in SEQ ID NO: 24, and a nucleotide sequence is set forth
in SEQ ID NO: 25.

The eluted target protein peak was further purified by preparative size exclusion chromatography
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using SuperdexTM 200 Increase 10/300GL column and AKTA system from GE. The purification
experiment was performed using an equilibration buffer (50 mM Tris-HAc, 150 mM L-Arg-HCI,
pH 7.5) at a flow rate of 0.8 mL/min. FIG. 4 is an SEC purification map of an MHI383-ccft-IgG1
molecule. The SEC main peak (retention time RT = 7.174 min) was collected for subsequent mass
spectrometry analysis. A complete molecular weight identification was performed on the SEC
main peak described above by liquid chromatography-mass spectrometry.

The complete molecular weight analysis was performed using a Waters LC-MS system (Waters,
Singapore, USA, UK). A chromatography column MAbPac RP 4 um 2.1 x 50 mm (Thermo, USA)
was adopted. Phase A (0.1% aqueous formic acid solution) and phase B (0.1% formic acid in
acetonitrile) were used as mobile phases, and the detection wavelength was 280 nm. 1 pg of
protein was injected into the liquid chromatography-mass spectrometry system with a gradient of
5% B to 100% B within 5.5 min. The mass spectrometer adopted a positive ion mode, and the
scanning range was 200-4000 m/z. Data were collected using MassLynx 4.1 and processed by
UNIFI 1.8.2.169. The mass spectrometry results showed that the peak at 149934 Da (FIG. 5) was
consistent with the expected complete molecular weight of the correctly assembled bispecific
antibody MHI383-ccff-IgG1.

Based on sequence pattern analysis of the amino acid sequences of the MHC-I elements, we did
not find N-linked glycosylation site motifs (NXS/T, X = any amino acid other than proline).
However, O-linked glycosylation sites were difficult to be predicted from the sequences. Thus, the
N-glycan present in the SEC main peak protein described above was further cleaved by hydrolysis
using the glycosidase PNGaseF. The protein after N-glycan cleavage was subjected to peptide
mapping characterization (protein sequencing) by tandem mass spectrometry to investigate
whether there were possible O-glycosylation sites.

Peptide sequence coverage analysis was performed using a Waters LC-MS system (Waters,
Singapore, USA, UK). A chromatography column AdvanceBio Peptide Map 2.1 x 150 mm
2.7-Micron (Aglient, USA) was adopted. Phase A (0.1% aqueous formic acid solution) and phase
B (0.1% formic acid in acetonitrile) were used as mobile phases, and the detection wavelength was
214 nm. The protein after PNGaseF treatment was denatured, reduced and alkylated, and then the
protein was digested by trypsin overnight. A proper amount of the protein after digestion was
injected into the liquid chromatography-mass spectrometry system for detection. The elution
gradient was 0% B to 15% B within 13 min, and 15% B to 40% B within 45 min. The mass
spectrometer adopted a positive ion mode, and the scanning range was 100-2000 m/z. Data were
collected using MassLynx 4.1 and processed by UNIFI 1.8.2.169.

The peptide mapping experiment results also showed that there was no O-linked glycosylation
modification in the MHI383-ccff-IgG1 molecule, thereby indicating that there is also no O-linked
glycosylation site in the MHC-I element. Compared with the bispecific antibody based on TCR
modification, the MHC-I element-modified bispecific antibodies have a lower level of glycoform

heterogeneity and are more favorable for downstream process development and quality control.

Example 4. Design of Mutation Sites and Chain Mispairing Verification
The antibody HZ5G11 is targeted to the extracellular domain of human PD-L1 protein, and the
antibody HZ14A9 is targeted to the extracellular domain of human CD47 protein. Both antibodies

are monoclonal antibodies obtained by hybridoma screening and performing humanization after
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immunizing mice with corresponding antigens.

The monoclonal IgG1K antibody HZ5G11 targeting human PD-L1 consists of a heavy chain
HZ5G11VH-CH1-IgG1 (with a heavy chain amino acid sequence set forth in SEQ ID NO: 26 and
a nucleotide sequence set forth in SEQ ID NO: 27) and a light chain HZ5G11VL-IgK (with a light
chain amino acid sequence set forth in SEQ ID NO: 28 and a nucleotide sequence set forth in SEQ
ID NO: 29). The monoclonal IgG1K antibody HZ14A9 targeting human CD47 consists of a heavy
chain HZ14A9VH-CH1-IgG1 (with a heavy chain amino acid sequence set forth in SEQ ID NO:
45) and a light chain HZ14A9VL-IgK (with a light chain amino acid sequence set forth in SEQ ID
NO: 46). HZ14A9- and HZ5Gl11-related variants based on MHC-I elements were further
constructed as follows: the IgG1 constant region domain CH1 of the heavy chain of the HZ14A9
antibody was replaced by MHCICa (SEQ ID NO: 3) in the corresponding MHC-I element to
create a heavy chain HZ14A9VH-Ca-IgG1 (with a heavy chain amino acid sequence set forth in
SEQ ID NO: 47), and the IgK constant region domain CL of the light chain of the HZ14A9
antibody was replaced by MHCICP (SEQ ID NO: 4) in the corresponding MHC-I element to
create a light chain HZ14A9VL-Cp (with a light chain amino acid sequence set forth in SEQ ID
NO: 48); the IgG1 constant region domain CH1 of the heavy chain of the HZ5G11 antibody was
replaced by MHCICa in the corresponding MHC-I element to create a heavy chain
HZ5G11VH-Ca-IgG1 (with a heavy chain amino acid sequence set forth in SEQ ID NO: 30 and a
nucleotide sequence set forth in SEQ ID NO: 31), and the IgK constant region domain CL of the
light chain of the HZ5G11 antibody was replaced by MHCICP in the corresponding MHC-I
constant region element to create a light chain HZ5G11VL-Cp (with a light chain amino acid
sequence set forth in SEQ ID NO: 32 and a nucleotide sequence set forth in SEQ ID NO: 33).

To verify whether there was a possible interaction between the MHC-I elements MHCICq and
MHCICp with the antibody constant region CH1 and light chain constant region CL, plasmids
encoding different heavy chains or light chains were constructed separately, combined and then
purified for expression in pairs as shown in Table 9. Specifically, DNA sequences were
synthesized, and the DNA sequences encoding the heavy chain and light chain were inserted into
vectors (e.g., pcDNA3.1 vector disclosed in CN107001463A, pCHO1.0 vector disclosed in
CN109422811A, etc.), respectively, to obtain recombinant expression vectors expressing the
corresponding heavy chain or light chain. According to a mass ratio of 1:1, the recombinant
expression vectors expressing the heavy chain and the light chain were co-transfected into
ExpiCHO-S cells (manufacturer: Shanghai Institute of Pharmaceutical Industry, Cat No.
127200005) at a transfection expression volume of 0.1-1 L and a cell density of 6E+06 cells/mL.
After transfection, the cells were placed in ExpiCHO™ medium (manufacturer: Thermo, Cat No.
A2910001), and expressed and cultured at 32 °C with 5% CO; at 130 rpm. On day 10, the cell
supernatant was collected, and the target protein was purified by protein A affinity
chromatography using AKTA Pure 25 L system from GE and MabSelect SuRe LX packing. After
elution, the concentration of the eluted protein was measured using NanoDrop Lite (Thermo
Fisher Scientific). The purity of the eluted protein was measured by SEC-HPLC, and the protein
purity of the sample used for the test was not lower than 80%. A total amount of 5 mg of protein
was taken from each sample and subjected to non-reducing SDS-PAGE electrophoresis. The
protein was stained with Coomassie brilliant blue, and the electrophoresis results were observed.

Table 9. Combinations of different heavy chain/light chain expression in pairs



10

15

20

25

30

-33.-

Combination | Heavy chain Light chain

1 HZ5G11VH-CH1-IgG1 | HZ5G11VL-IgK
2 HZ14A9VH-CHI1-IgG1 | HZ14A9VL-IgK
3 HZ5G11VH-CH1-IgG1 | HZ14A9VL-IgK
4 HZ14A9VH-CHI1-IgG1 | HZ5G11VL-IgK
5 HZ5G11VH-Ca-IgGl | HZ14A9VL-IgK
6 HZ14A9VH-CHI1-IgG1 | HZ5G11VL-Cj
7 HZ14A9VH-Ca-IgGl | HZ5G11VL-IgK
8 HZ5G11VH-CH1-IgG1 | HZ14A9VL-Cj

As shown in FIG. 6, the experimental results showed that hybrid paired products were still
generated based on the exchange of light and heavy chains between the HZ5G11 and HZ14A9
monoclonal antibodies, respectively, and the molecular weights of the hybrid paired products were
between those of the HZ5G11 and the HZ14A9 monoclonal antibodies. After the co-expression
and purification of HZ5G11VH-Ca-IgG1 and HZ14A9VL-IgK as well as HZ14A9VH-Ca-IgG1
and HZ5G11VL-IgK, various products were generated. Among them, the combination of
HZ5G11VH-Ca-IgG1 and HZ14A9VL-IgK showed that the molecular weight of the hybrid paired
product was 130-180 kDa, which was close to that of the HZ5G11 and HZ14A9 monoclonal
antibodies. While the combination of HZ14A9VH-Cu-1gG1 and HZ5G11VL-IgK showed that the
molecular weight of the hybrid paired product was 100-130 kDa, which was easier to distinguish
from the HZ5G11 and HZ14A9 monoclonal antibodies. The results above indicate that there is
some interaction between the CL domain and MHCICa, thereby promoting the production of light
and heavy-mispaired products. After the co-expression and purification of HZ14A9VH-CH1-IgG1
and HZ5G11VL-Cp as well as HZ5G11VH-CH1-IgG1 and HZ14A9VL-Cp, no significant band
was found in the lanes of the corresponding non-reducing SDS-PAGE, that is, no significant
hybrid paired products were generated, indicating that there is no significant interaction between
the CH1 domain and MHCICp.

To solve the problem of the mispairing between the heavy chain containing MHCICa and the light
chain containing CL domain, a structural analysis was performed on the contact interface of
domains of MHCICa (SEQ ID NO: 3)YMHCICp (SEQ ID NO: 4) and IgG1 constant region CH1
(SEQ ID NO: 34)/1gK constant region CL (SEQ ID NO: 35). Combined with a sequence analysis,
we believe that 114 (EU numbering), 116 (EU numbering), and 118 (EU numbering) sites in the
CL domain may be involved in the interchange process of MHCICP and the CL domain in
subsequent bispecific antibody assembly, thereby generating an interchange mispaired product. To
verify the effect of single-point mutations at S114 (EU numbering), F116 (EU numbering), and
F118 (EU numbering) in the CL domain of the IgK constant region on the pairing process of
MHCICua and the CL domain, non-aromatic hydrophobic amino acids (M: methionine, A: alanine,
V: valine, I: isoleucine, or L: leucine) were introduced at the S114 (EU numbering), F116 (EU
numbering), or F118 (EU numbering) site in the CL domain of the light chain HZ5G11VL-Igk,
respectively, and expressed in combination with the heavy chain HZ14A9VH-Ca-IgG1. The
sequence information of several constructed antibody light chains containing mutations is shown
in Table 10, and several combinations of different heavy chain/light chain expression in pairs are

shown in Table 11.
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Table 10. Sequence information of several constructed antibody light chains containing mutations

Plasmid Amino acid sequence Nucleotide sequence
HZ5G11VL-IgK-S114A SEQ ID NO: 36 SEQ ID NO: 37
HZ5G11VL-IgK-F116A SEQ ID NO: 38 SEQ ID NO: 39
HZ5G11VL-IgK-F118A SEQ ID NO: 40 SEQ ID NO: 41
HZ5G11VL-IgK-F118I SEQ ID NO: 42 SEQ ID NO: 43

Table 11. Several combinations of different heavy chain/light chain expression in pairs

Combination | Light chain Heavy chain

1 HZ5G11VL-IgK HZ14A9VH-Ca-IgGl
2 HZ5G11VL-IgK-S114A | HZ14A9VH-Ca-IgG1
3 HZ5G11VL-IgK-F116A | HZ14A9VH-Ca-IgG1
4 HZ5G11VL-IgK-F1181 | HZ14A9VH-Ca-IgG1
5 HZ5G11VL-IgK-F118A | HZ14A9VH-Ca-IgG1

In the case of bispecific antibody development, a mispaired product with a molecular weight
greater than 100 kDa may not be effectively separated from the product of interest or increase the
separation difficulty, thereby affecting the quality of the bispecific antibody product. The results
showed that the paired combination of HZ5G11VL-IgK-F118A and HZ14A9VH-Co-IgG1 could
significantly reduce the generation of the paired product with a molecular weight greater than 100
kDa (FIG. 7), indicating that the single-point mutation F118A can reduce the acting force between
MHCICu and the CL domain, such that the interchange process of MHCICP and the CL domain in
the subsequent bispecific antibody assembly is further solved or alleviated, thereby improving the

quality of the bispecific antibody product.

Example 5. Effect of F118A Mutation in CL. Domain on Monoclonal Antibody Assembly

To verify the effect of a single-point mutation F118A (EU numbering) in the CL domain of the
IgK constant region on monoclonal antibody assembly, the single-point mutation F118A was
separately introduced into the light chain IgK constant regions of monoclonal antibodies targeting
CD47 and PD-L1 (HZ14A9 and HZ5G11), and the mutated light chains were expressed in pairs
with their original heavy chains, respectively, to obtain HZ14A9-F118A and HZ5G11-F118A.
Meanwhile, wild-type monoclonal antibodies targeting CD47 and PD-L1 (HZ14A9 and HZ5G11)
were expressed as controls, respectively. Antibody construction and expression methods refer to
Example 4.

As shown in FIG. 11, the results of the non-reducing SDS-PAGE experiments showed that the
bands of all the tested samples were located around 150 kDa. It is indicated that the single-point
mutation F118 A (EU numbering) in the CL domain of the IgK constant region does not affect the

assembly of the monoclonal antibodies.

Example 6. Construction and Performance Characterization of Anti-PDL1*CD47 Bispecific
Antibodies
5.1. Construction and expression

To verify the effect of a single-point mutation F118A (EU numbering) in the CL domain of the
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IgK constant region on bispecific antibodies, two bispecific antibodies targeting CD47 and PD-L1
were constructed, in which the antigen-binding portion targeting PD-L1 was an MHC-I
element-modified antigen-binding portion, CH1/CL of the antibody HZ5G11 was replaced by
MHCICo /MHCICB, and the antigen-binding portion targeting CD47 was a Fab. Based on the
construction of the antibody HZ14A9, the CL domain of the constant region of the Fab light chain
was not mutated at F118 (EU numbering) site and carried the single-point mutation F118A. The
CH2 domains of two heavy chains of both antibodies adopted LALA (L234A + L235A) double
mutation to eliminate the potential Fc effector effect. The CH3 domain carried a KIH mutation to
promote heterodimer formation. Thus, two bispecific antibodies targeting CD47 and PD-L1 at the
same time were generated, which were MHL147-3322-IgG1-wt (molecular structures shown in
FIG. 8) and MHL147-3322-1gG1-F118A (molecular structures shown in FIG. 9), respectively.
Table 12. Sequences of anti-PDL1*CDA47 bispecific antibodies

Name of Polypeptide | Amino acid sequence
antibody chain
MHL147-3322- | H2 (SEQ ID NO: 49)
IgGl-wt L2 (SEQ ID NO: 50)
H3 (SEQ ID NO: 51)
L3 DIQMTQSPSSLSASVGDRVTITCKASENVVSYVSWY

QQKPGKAPKLLIYGASNRYTGVPSRFIGSGSSTDFTL
TISSLQPEDFATYYCGQSYSYPLTFGQGTKLEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA
KVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 53)

MHL147-3322- | H2 QITLKESGPTLVKPTQTLTLTCTVSGFSLSTYGVHWIR

FI118A QPPGKALEWLGVIWRGVTTDYNAAFMSRLTITKDNS
KNQVVLTMNNMDPVDTATYYCARLGFYAMDYWGQ
GTLVTVSS

GKETLQRADPPK THVTHHPISRHEATLRCWALGFYP
AEITLTWQRDGKDQTQKTELVETRPCGDRTFQK WA A
VVVPSGEEQRYTCHVQHEGLPKPLTLRWEPS
EPKSSDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEK TISKAKGQPREPQVCTLPPSRDELTKN
QVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALH
NRFTQKSLSLSPGK

(SEQ ID NO: 49)

L2 DIQMTQSPSSLSASVGDRVTITCKASQSVSNDVAWY
QQKPGKAPKLLIYYAANRYTGVPDRFSGSGYGTDFT
FTISSLQPEDIATYFCQQDYTSPYTFGQGTKLEIK
IQRTPKIQVYSCHPAENGKSNFLNCYVSGFHPSDIEV
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DLLKNGERIEKVEHSDLSFSKDWSFYLLYYTRFTPTE
KDEYACRVNHVTLSQPKIVK WDRGP

(SEQ ID NO: 50)

H3 QVQLVQSGAEVKKPGASVKVSCKVSGFNIEDDYIEW
VRQAPGQGLEWMGRIDPANDKTK YAQKFQGRVTMT
GDTSTNTVYMELSSLRSEDTAVYYCARPGLRRYYSM
DYWGQGTLVTVSS
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVYTLPPCRDELTKNQVSLWCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSL
SPGK

(SEQ ID NO: 51)

L3 DIQMTQSPSSLSASVGDRVTITCKASENVVSYVSWY
QQKPGKAPKLLIYGASNRYTGVPSRFIGSGSSTDFTL
TISSLQPEDFATYYCGQSYSYPLTFGQGTKLEIK
RTVAAPSVFIAPPSDEQLKSGTASVVCLLNNFYPREA
KVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 52)

DNA sequences encoding and constituting each polypeptide chain were inserted into vectors (e.g.,
pcDNA3.1 vector disclosed in CN107001463A, pCHO1.0 vector disclosed in CN109422811A,
etc.), respectively, to obtain expression vectors expressing the corresponding polypeptide chain.
According to a mass ratio in equal proportion, the expression vectors encoding each polypeptide
chain were co-transfected into ExpiCHO-S cells (manufacturer: Shanghai Institute of
Pharmaceutical Industry, Cat No. 127200005) at a transfection expression volume of 0.1-1 L and a
cell density of 6E+06 cells/mL. After transfection, the cells were placed in ExpiCHO™ medium
(manufacturer; Thermo, Cat No. A2910001), and expressed and cultured at 32 °C with 5% CO- at
130 rpm. On day 10, the cell supernatant was collected, and protein A affinity chromatography
was performed on the target protein using AKTA Pure 25 L system from GE and MabSelect SuRe
LX packing. After elution, the concentration of the eluted protein was measured using NanoDrop
Lite (Thermo Fisher Scientific). The purity of the eluted protein was measured by SEC-HPLC.
Table 12. Expression amount and purity of anti-PDL1*CD47 bispecific antibodies

. . Expression HPLC-SEC purity
Sample Purification method
amount (mg/L) (%)
Protein A affinity
MHL147-3322-1gG1-wt 22 82.94
chromatography
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Protein A affinity
MHL147-3322-1gG1-F118A 38 92.85

chromatography

The purification results of one-step protein A affinity chromatography showed that
MHL147-3322-IgG1-F118A  had  higher  expression amount and  purity than
MHL147-3322-1gG1-wt (Table 12), and the single-point mutation F118A (EU numbering) in the
CL domain could improve the assembly and pairing process of the bispecific antibody in cells and
reduce the formation of mispaired products, thereby improving the expression amount and purity
of the bispecific antibody.
5.2. Thermal stability
The  thermal stability of  HZI14A9, HZ5G11, MHL147-3322-1gG1-wt, and
MHL147-3322-1gG1-F118A was characterized by Nano DSF (Nano Temper). The concentration
of the sample to be tested was adjusted to about 1.0 mg/mL, then a small amount of the sample
was sucked using a silica capillary and placed in a Nano DSF sample suspension. The temperature
was raised in a range of 20.0 °C to 95.0 °C at a constant speed of 1.0 °C/min. The optical signal
change of the protein sample was collected, and the thermal stability of the protein was analyzed.
Table 13. Thermal stability of anti-PDL1*CDA47 bispecific antibodies

Sample Melting temperature Tml (°C)
MHL147-3322-1gG1-wt 66.4
MHL147-3322-1gG1-F118A 67
HZ14A9 68.3
HZ5G11 67

The Nano DSF experimental results showed that HZ14A9, HZ5G11, MHL147-3322-1gG1-wt, and
MHL147-3322-1gG1-F118A all had good thermal stability, and the melting temperature Tm1 of all
samples was higher than 65 °C (Table 13). The single-point mutation F118A (EU numbering) in
the CL domain had no significant effect on the thermal stability of the bispecific antibodies.

5.3. Affinity

The affinity properties of the HZ5G11 monoclonal antibody, the HZ14A9 monoclonal antibody,
MHL147-3322-1gG1-wt and MHL147-3322-IgG1-F118A bispecific antibodies were characterized
by Biacore. The HZ5G11 monoclonal antibody, the HZI14A9 monoclonal antibody,
MHL147-3322-1gG1-wt and MHL147-3322-1gG1-F118A bispecific antibodies were respectively
immobilized onto a sensing chip by a capture method, and a human PDL1 (manufacturer;
ACROBIosystems, Cat. No. PD1-H52H3) or human CD47 (manufacturer;: ACROBiosystems, Cat.
No. CD7-H5227) protein antigen solution with a certain concentration gradient was injected into
the sample. Association/dissociation curves were acquired in real time by Biacore 8K Control
Software 3.0, and data analysis was performed by Biacore Insight Evaluation Software 3.0. An
association rate constant Ka, a dissociation rate constant Kd, and an equilibrium constant KD were

obtained.

Table 14. Binding affinity of anti-PDL1*CD47 bispecific antibodies to human CD47 antigen
Sample ka (1/Ms) kd (1/s) KD (M)
HZ14A9 monoclonal antibody | 2.45E+06 1.43E-02 5.85E-09
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MHL147-3322-1gG1-FI118A

4.74E+06

2.49E-02

5.26E-09

MHL147-3322-IgG1-wt

3.75E+06

1.24E-02

3.31E-09

Table 15. Binding affinity of anti-PDL1*CD47 bispecific antibodies to human PDL1 antigen

Sample ka (1/Ms) kd (1/s) KD (M)

HZ5G11 monoclonal antibody | 1.51E+06 4.27E-04 2.82E-10
MHL147-3322-1gG1-F118A 1.58E+06 | 6.06E-04 3.84E-10
MHL147-3322-IgG1-wt 1.85E+06 | 5.62E-04 3.04E-10

The experimental results showed that the bispecific antibodies MHL147-3322-1gG1-wt and
MHL147-3322-1gG1-F118A both exhibited good affinity to human PDL1 and CD47 proteins
(Table 15 and Table 16).

5.4. Red blood cell agglutination experiment

Potential blood safety properties of MHL147-3322-IgG1-wt and MHL147-3322-IgG1-F118A
were characterized by human red blood cell agglutination experiments. Red blood cells were
washed thoroughly to remove plasma attached to the surface of the red blood cell membrane. The
red blood cells were washed 3 times with isotonic diluent, centrifuged at 2000 rpm/min for 5 min
for the first 2 times, and centrifuged at 2000 rpm/min for 10 min for the last time. The supernatant
was then discarded. The red blood cells were prepared into a 2% cell suspension with PBS. 100 uL
of the suspension was pipetted into a 96-well U-shaped plate, the plate was centrifuged at 1500
rpm/min  for discarded. MHL147-3322-IgG1-wt,
MHL147-3322-1gG1-F118A, and an isotype control hlgGl sample were adjusted to 8
concentration gradients (0, 0.1, 0.2, 0.7, 2, 6, 17, and 50 pug/mL), an antibody diluent was added to

5 min, and the supernatant was

the 96-well U-shaped plate, and the total reaction volume was 100 uL. The mixture was
resuspended and mixed well, and then the plate was left to stand in an incubator at 37 °C for 2 h.
2 h. As in FIG. 10,

showed weaker red blood cell agglutination ability than

The results observed after incubation for shown

MHL147-3322-1gG1-F118A
MHL147-3322-IgG1-wt at a bispecific antibody concentration > 2 ug/mL, thereby suggesting that

were

the F118A (EU numbering) mutation in the CL domain of the IgK constant region can effectively

reduce the formation of mispaired products and improve the uniformity of bispecific antibodies.
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CLAIMS
1. A bispecific antibody, comprising a first antigen-binding portion and a second
antigen-binding portion that specifically bind to two different antigens or different epitopes
of the same antigen, wherein the first antigen-binding portion comprises:
a first polypeptide comprising, from N-terminus to C-terminus, a first heavy chain variable
domain and a first paired domain operably linked to the first heavy chain variable domain,
and
a second polypeptide comprising, from N-terminus to C-terminus, a first light chain variable
domain and a second paired domain operably linked to the first light chain variable domain,
wherein one of the first paired domain and the second paired domain comprises an amino
acid sequence of engineered HLA-I 03, and the other paired domain comprises an amino acid
sequence of engineered B2 microglobulin.
2. The bispecific antibody according to claim 1, wherein the first paired domain and the
second paired domain can form a dimer, at least one non-natural interchain bond can be
formed between the first paired domain and the second paired domain, and the non-natural
interchain bond can stabilize the dimer.
3. The bispecific antibody according to claim 1 or 2, wherein the first paired domain
comprises an amino acid sequence of the engineered HLA-I a3, and the second paired
domain comprises an amino acid sequence of the engineered f2 microglobulin; or
the first paired domain comprises an amino acid sequence of the engineered 2
microglobulin, and the second paired domain comprises an amino acid sequence of the
engineered HLA-I 3.
4. The bispecific antibody according to any one of claims 1 to 3, wherein the amino acid
sequence of the engineered HLA-I a3 has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to a sequence set forth in
SEQ ID NO: 1, and the amino acid sequence of the engineered 2 microglobulin has at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identity to a sequence set forth in SEQ ID NO: 2.
5. The bispecific antibody according to any one of claims 1 to 4, wherein the engineered
HLA-I a3 comprises an amino acid sequence having an amino acid substitution in the
sequence set forth in SEQ ID NO: 1, and the engineered B2 microglobulin comprises an
amino acid sequence having an amino acid substitution in the sequence set forth in SEQ ID
NO: 2.
6. The bispecific antibody according to claim 5, wherein the amino acid substitutions in
both the engineered HLA-I a3 and the engineered B2 microglobulin comprise cysteine
residue substitutions that occur at a contact interface between the two and can form a
disulfide bond with each other;

the cysteine residue substitution is selected from one or more pairs in the following

group:

(1) R60C in SEQ ID NO: 1 and Y26C in SEQ ID NO: 2;

(2) A62C in SEQ ID NO: 1 and R12C in SEQ ID NO: 2; and

(3) G63C in SEQ ID NO: 1 and Y67C in SEQ ID NO: 2.

7. The bispecific antibody according to any one of claims 5 to 6, wherein the amino acid
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substitutions in the engineered HLA-I a3 or/and the engineered p2 microglobulin comprise
amino acid substitutions that increase an isoelectric point of the dimer formed by the paired
domains or the bispecific antibody,
wherein the amino acid substitutions that increase the isoelectric point comprise a
substitution in the engineered HLA-I a3 with a positively charged amino acid at one or more
positions of E3, D22, E48, D53, E90, and E101 in the sequence set forth in SEQ ID NO: 1;
or/and
the amino acid substitutions that increase the isoelectric point comprise a substitution in
the engineered P2 microglobulin with a positively charged amino acid at one or more
positions of E74, E47, E69, D34, E16, D53, E44, E50, and E36 in the sequence set forth
in SEQ ID NO: 2; preferably,
the amino acid substitutions that increase the isoelectric point comprise; amino acid
substitutions D22R, E48K, and D53K comprised in the sequence set forth in SEQ ID
NO: 1 for the engineered HLA-I a3, and an amino acid substitution E69R comprised in
the sequence set forth in SEQ ID NO: 2 for the engineered f2 microglobulin.
8.  The bispecific antibody according to any one of claims 1 to 7, wherein the engineered
HLA-I 03 comprises an amino acid sequence set forth in SEQ ID NO: 3, and the engineered
B2 microglobulin comprises an amino acid sequence set forth in SEQ ID NO: 4; or
the engineered HLA-I a3 comprises an amino acid sequence set forth in SEQ ID NO: 3,
and the engineered B2 microglobulin comprises an amino acid sequence set forth in SEQ
ID NO: 5.
9. The bispecific antibody according to any one of claims 1 to 8, wherein the second
antigen-binding portion comprises a Fab; preferably,
an amino acid in a CL domain of the Fab is substituted with alanine at position F118
according to an EU numbering.
10. The bispecific antibody according to any one of claims 1 to 8, wherein the bispecific
antibody is bivalent.
11. The bispecific antibody according to any one of claims 1 to 8, further comprising a third
antigen-binding portion, wherein the third antigen-binding portion binds to the same antigen
epitope as the second antigen-binding portion; or
the third antigen-binding portion binds to the same antigen epitope as the first
antigen-binding portion.
12. The bispecific antibody according to claim 10, wherein the bispecific antibody is
trivalent.
13. The bispecific antibody according to any one of claims 1 to 10, further comprising an Fc
domain composed of two Fc polypeptides capable of stable association.
14. The bispecific antibody according to claim 13, wherein the first antigen-binding portion
is operably linked at its C-terminus to N-terminus of one of the Fc¢ polypeptides, and the
second antigen-binding portion is operably linked at its C-terminus to N-terminus of the other
Fc polypeptide; or
the first polypeptide of the first antigen-binding portion is operably linked at its
C-terminus to N-terminus of one of the Fc polypeptides, and the second antigen-binding

portion comprises a Fab and a Fab heavy chain of the second antigen-binding portion is
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operably linked at its C-terminus to N-terminus of the other Fc polypeptide.
15. The bispecific antibody according to any one of claims 11 to 12, further comprising an
Fc domain composed of two Fc polypeptides capable of stable association.
16. The bispecific antibody according to claim 15, wherein the first antigen-binding portion
is operably linked at its C-terminus to N-terminus of one of the Fc polypeptides, the second
antigen-binding portion is operably linked at its C-terminus to N-terminus of the other Fc
polypeptide, and the third antigen-binding portion is operably linked at its C-terminus to
N-terminus of the first antigen-binding portion or N-terminus of the second antigen-binding
portion; or
the third antigen-binding portion is operably linked at its C-terminus to N-terminus of
one of the Fc polypeptides, the first antigen-binding portion is operably linked at its
C-terminus to N-terminus of the third antigen-binding portion, and the second
antigen-binding portion is operably linked at its C-terminus to N-terminus of the other
Fc polypeptide; or
the third antigen-binding portion is operably linked at its C-terminus to N-terminus of
one of the Fc polypeptides, the second antigen-binding portion is operably linked at its
C-terminus to N-terminus of the third antigen-binding portion, and the first
antigen-binding portion is operably linked at its C-terminus to N-terminus of the other
Fc polypeptide.
17. A method of treating a disease in a subject in need thereof, comprising administering to
the subject a therapeutically effective amount of the bispecific antibody according to any one
of claims 1 to 16, wherein preferably, the disease comprises leukemia, lymphoma, myeloma,
ovarian cancer, breast cancer, endometrial cancer, colon cancer, rectal cancer, kidney cancer,
bladder cancer, urothelial cancer, lung cancer, bronchial cancer, bone cancer, prostate cancer,
pancreatic cancer, gastric cancer, hepatocellular carcinoma, gallbladder cancer, bile duct
cancer, esophageal cancer, renal cell cancer, thyroid cancer, head and neck cancer, testicular
cancer, endocrine adenocarcinoma, adrenal cancer, pituitary gland cancer, skin cancer, soft
tissue cancer, vascular cancer, brain cancer, nerve cancer, eye cancer, meningeal cancer,
oropharyngeal cancer, hypopharynx cancer, cervical cancer, uterine cancer, glioblastoma,
medulloblastoma, astrocytoma, glioma, meningioma, gastrinoma, neuroblastoma, melanoma,

myelodysplastic syndrome, or sarcoma.
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Leu

Ser
300
Leu
Ser
Pro
dn
Al a
380
Thr
Leu

Ser

Ser

285
Thr

Ser
dn
Val

365
Val

Pro
Thr

Val

Leu
445

Tyr
Ay
I'le
Val

350
Ser
Au
Pro
Val

Met

430
Ser

pol ypepti de chain Hl of

cggaggagga

cacctttaac

ggt gt ct gcc

gttcaccatc

ggccgaggac

agtgtttgac

ct ggt gcagc
agcttcgcca
at ct ct ggat
t cccgggat a
accgccgt gt

t act ggggcc

Arg Val

Lys Qu
320

G u Lys

335

Tyr Thr

Leu Trp

Trp GQu

Val Leu
400

Asp Lys

415

Hs Gu

Leu Gy

VHI 383-1122-

caggaggcag cctgagactg
tgtcttgggt gcgccaggct
ccggaggagg aacat act at
acagcaagaa tacactgtac
acttttgtgc taaggataag

agggcaccct ggtgacagtg



t ccagcgcect
420
agcgagtcta
480
gtgtcttgga
540
tcttccggece
600
aagacat at a
660
gagagcaagt
720
tccgtgttcce
780
gt gacct gcg
840
gt ggat ggcg
900
acat accgcg
960
tat aagt gt a
1020
gccaagggcc
1080
accaagaacc
1140
gt ggagt ggg
1200
gacagcgat g
1260

ct acaaaggg
ccgccgct ct
attccggcgc
t gt act ct ct
cct gcaacgt
acggaccacc
tgtttccacc
t ggt ggt gga
t ggaggt gca
t ggt gagcgt
aggt gt ccaa
agccaagaga
aggt gt ccct
agt ct aat gg

gctctttctt

gagggcaacg tgttttcttg
1320
aagagecctagt
1344

<210> 8

<211> 214

<212> PRT

<213> Artificial
<220>

<223>

g4

Am no acid sequence of

cccttcegtg

gggctgtctg
cct gacaagc
gagctctgtg
ggaccat aag
atgccctcca
t aagcct aag
cgtgtctcag
caat gct aag
gct gaccgtg
t aagggcct g
gccccaggt g
gtggtgtctg
ccagcct gag
tctgtattct
ctccgtgatg

ct

Sequence

ttcccactgg
gt gaaggact
ggagt gcaca
gt gacagt gc
ccatctaata
tgtcctgctc
gacacact ga
gaggat cccg
accaagcct a
ct gcat cagg
ccat ccagca
t acacact gc
gt gaagggct
aacaattaca
aggct gacag

cacgaggccc

ctccttgctc
acttccccga
cctttcctgce
cttccagctc
ccaaggt gga
cagagttcct
t gat cagccg
aggt gcagt t
gagaggagca
act ggct gaa
t cgagaagac
caccctgcca
tctatcccag
agaccacacc
t ggat aagt c

t gcacaat ca

ctgtccect

pol ypeptide chain L1 of

t cgct ccaca
gcct gt gacc
t gt gct gcag
t ct gggcacc
t aagagagt g
gggaggacca
gacaccagag
caact ggt ac
gtttaattcc
cggcaaggag
cat cagcaag
ggaggagat g
cgacat cgct
tccagtgctg
ccggtggcag
ttacacccag

gggc

VHI 383-1122-



<400> 8
Gu lle Val Leu Thr Gn Ser Pro Ala Thr Leu Ser Leu Ser Pro Ay
1 5 10 15
Gu Arg Ala Thr Leu Ser Cys Arg Ala Ser An Ser Val Ser Ser Tyr
20 25 30
Leu Ala Trp Tyr Adn G@n Lys Pro Ay Gn Ala Pro Arg Leu Leu Ile
35 40 45
Tyr Asp Ala Ser Asn Arg Ala Thr Ay Ile Pro Ala Arg Phe Ser Gy
50 55 60
Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gu Pro
65 70 75 80
G u Asp Phe Ala Val Tyr Tyr Cys A n An Arg Ser Asn Trp Pro Pro
85 90 95
Thr Phe Ay A n @y Thr Lys Val Gu Ile Lys Arg Thr Val Ala Al a
100 105 110
Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu G n Leu Lys Ser Ay
115 120 125
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Gu Al a
130 135 140
Lys Val @ n Trp Lys Val Asp Asn Ala Leu An Ser Gy Asn Ser Gn
145 150 155 160
Gu Ser Val Thr Au A@n Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys Val Tyr
180 185 190
Ala Cys Qu Val Thr HHs A n Ay Leu Ser Ser Pro Val Thr Lys Ser
195 200 205
Phe Asn Arg Ay du Cys
210

<210> 9

<211> 642

<212> DNA

<213> Artificial Sequence

<220>
<223> Nucl eoti de sequence of polypeptide chain L1 of IH 383-1122-
g4

<400> 9
gagat cgt gc tgacccagtc tcctgccaca ctgagcctgt ctccaggaga gagggccacc
60

ctgtcctgca gggcttccca gagcgtgtcc agctacctgg cctggtatca gcagaagcca
120



ggccaggctc
180
cgcttctctg
240
gaggatttcg
300
ggcacaaagg
360
t ct gacgagc
420
ccacgcgagg
480
gagtct gt ga
540

ccaggct gct
gat ccggaag
ccgtgtacta
t ggagat caa
agct gaagt c
ccaaggt gca

cagagcagga

gat ct acgac
cggcacagac
tt gt cagcag
gcgt acggt g
t ggcaccgct
gtggaaggtg

ct ccaaggat

gccagcaaca
tttaccctga
agat ct aatt
gccgcetcctt
t ccgt ggt gt
gat aacgctc

agcacctatt

gagct accgg
caatctcttc
ggccccct ac
ccgtgttcat
gcct gct gaa
t gcagt ccgg

ctctgtcttc

cat ccccgct
cct ggagcect
ctttggccag
ctttccaccc
caacttctac
caat agccag

caccctgaca

ctgtctaagg ccgattacga gaagcacaag gtgtatgctt gcgaggtgac acatcagggc
600
ctgagctctc ccgtgaccaa gtccttcaac agaggcgagt gt
642
<210> 10
<211> 456
<212> PRT
<213> Artificial Sequence
<220>
<223> Am no acid sequence of polypeptide chain H2 of IH 383-1122-
g4
<400> 10
Gu Val dn Leu Val Gu Ser Ay dy Ay Leu Val Gdn Pro dy Ay
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe Thr Phe Asn Thr Tyr
20 25 30
Ala Met Asn Trp Val Arg A n Ala Pro Gy Lys Ay Leu Qu Trp Val
35 40 45
Ala Arg Ile Arg Ser Lys Tyr Asn Asn Tyr Ala Thr Tyr Tyr Ala Asp
50 55 60
Ser Val Lys Asp Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr
65 70 75 80
Ala Tyr Leu G n Met Asn Asn Leu Lys Thr Qu Asp Thr Ala Met Tyr
85 90 95
Tyr Cys Val Arg Hs Ay Asn Phe Gy Asn Ser Tyr Val Ser Trp Phe
100 105 110
Ala Tyr Trp Gy @n Ay Thr Leu Val Thr Val Ser Ser Ay Lys Gu



Thr Leu
130

Il e Ser

145

Pro Al a

A n Lys
A n Lys
Thr Cys

210
Trp GQu

225
Ala Pro

Pro Lys
Val Val
Val Asp

290
d n Phe

305
G@n Asp

Gy Leu
Pro Arg
Thr Lys
370
Ser Asp
385
Tyr Lys
Val Ser
Phe Ser

Lys Ser
450

<210>

115
Adn

Arg
Au
Thr
Trp
195
H s
Pro
Au
Asp
Asp

275
Ay

Trp
Pro
Au

355
Asn

Thr
Arg

Cys
435
Leu

11

Arg Al a
Hs Gu

Il e Thr
165

Gdu Leu

180

Al a Al a

Val dn
Ser u

Phe Leu
245

Thr Leu

260

Val Ser

Val du
Ser Thr

Leu Asn
325

Ser Ser

340

Pro Gn

dn Val

Al a Val

Thr Pro
405

Leu Thr

420

Ser Val

Ser Leu

Asp
Al a
150
Leu
Val
Val
H s
Ser
230
Ay
Met
dn
Val
Tyr

310
Ay

Val

Ser
Au
390
Pro
Val

Met

Ser

Pro
135
Thr
Thr
Au
Val

Au
215
Lys

Ay

Au
Hi s
295
Arg
Lys
Au
Cys
Leu
375
Trp
Val
Asp
Hi s

Leu
455

120
Pro

Leu
Trp
Thr
Val

200
Ay
Tyr
Pro
Ser
Asp
280
Asn
Val

Au
Lys
Thr
360
Ser
Au
Leu
Lys
Au

440
Ay

Lys
Arg
dn
Arg
185
Pro
Leu
Ay
Ser
Arg
265
Pro
Al a
Val
Tyr
Thr

345
Leu

Ser
Asp
Ser

425
Al a

Thr

Arg
170
Pro
Ser
Pro
Pro
Val

250
Thr
Au
Lys
Ser
Lys
330
Ile

Pro

Al a

Ser
410
Arg

Leu

H s
Trp

155
ASp

Ay
Lys
Pro
235
Phe
Pro
Val

Thr

Val
315

Cys
Ser
Pro
Val

Ay
395
Asp
Trp

Hi s

Val
140
Al a
Ay
Ay
Au

Pro
220

Cys
Leu
Gu
dn
Lys
300
Leu
Lys
Lys
Ser
Lys
380
dn
Ay

Adn

125
Thr

Leu
Lys
Asp
Au
205
Leu
Pro
Phe
Val
Phe
285
Pro
Thr
Val
Al a
dn
365
Ay
Pro
Ser
Au

Hi s
445

Hi s
Ay
Asp
Arg
190
Adn
Thr
Pro
Pro
Thr
270
Asn
Arg
Val
Ser
Lys
350
Au
Phe
Au
Phe
Ay

430
Tyr

H s
Phe
dn
175
Thr
Arg

Leu

Pro
255

Cys
Trp
Au
Leu
Asn
335
Ay
Au

Tyr

Phe
415
Asn

Thr

Pro
Tyr
160
Thr
Phe
Tyr
Arg
Pro
240
Lys
Val
Tyr
Au
Hi s
320
Lys
Adn
Met
Pro
Asn
400
Leu

Val

Adn



<211> 1371

<212> DNA

<213> Artificial

<220>

<223> Nucl eoti de sequence of
g4

<400> 11

gaggt gcagc
60
tcttgcgecg
120

cct ggcaagg
180
tactatgctg
240
gcctatctgce
300
cacggcaact
360

gt gacagt gt
420
acacaccatc
480
cctgccgaga
540

ct ggt ggaga
600

ccat ccggag
660

ct gacact gc
720
gct cct gagt
780

ct gat gat ct
840
cccgaggt gc
900
cccagagagg
960
caggatt ggc
1020

agcat cgaga
1080

t ggt ggagt c
cttccggcett
gactggagtg
acagcgt gaa
agat gaacaa
tcggcaattc
ccagcggcaa
ccatctctag
t caccct gac
ccaggccttg
aggagcagag
ggtgggagcc
t cct gggagg
ct cggacacc
agttcaactg
agcagtttaa
t gaacggcaa

agaccatctc

Sequence

t ggaggagga
cacctttaac
ggtggctagg
ggat agattc
t ct gaagacc
ttacgtgtcc
ggagaccct g
acat gaggcc
at ggcagcgc
cggcgat cgg
gt at acct gt
aagcgagagc
accatccgtg
agaggt gacc
gt acgt ggat
ttccacatac
ggagt at aag

t aaggct aag

pol ypepti de chain H2 of

ct ggt gcagc
acat acgcca
at ccggtcca
accat cagcc
gaggacacag
tggtttgett
cagagagct g
acact gaggt
gacggcaagg
acatttcaga
cacgt gcagc
aagt acggac
ttcctgtttc
tgcgtggtgg
ggcgt ggagg
cgcgt ggt ga
t gcaaggt ga

ggccagcct a

caggaggaag
t gaat t gggt
agt acaacaa
gcgacgattc
ctatgtacta
att ggggcca
acccccct aa
gct gggcet ct
at cagaccca
agt gggct gc
at gagggcct
caccttgccc
ct ccaaagcc
t ggacgt gtc
t gcacaat gc
gcgt gct gac
gcaat aaggg

gggagccaca

VHI 383-1122-

cct gaggct g
gagacaggct
ttatgccacc
t aagaacaca
ttgcgtgagg
gggcaccct g
gacccacgt g
gggcttctac
gaagacagag
tgtggtggtyg
gccaaagccc
accat gtcca
caaggacaca
ccaggaggat
caagaccaag
cgt gct gcat
cctgccttcce

ggt gt gcaca



ctgccceccta gccaggagga gatgaccaag aaccaggtgt ccctgagetg tgccgtgaag
;;ﬁ?tct acc ccagcgacat cgctgtggag tgggagtcta atggccagcc tgagaacaat
tliggagacca caccacccgt gctggacagc gatggctctt tctttctggt gtctaggctg
iiggtggata agtcccggtg gcaggagggc aacgtgtttt cttgttccgt gatgcatgag
;?:i?:tgcaca atcattacac ccagaagagc ctgtctctgt ccctgggctg a
1371

<210> 12

<211> 208

<212> PRT

<213> Artificial Sequence

<220>
<223> Am no acid sequence of polypeptide chain L2 of IH 383-1122-
g4

<400> 12

Gu Leu Val val Thr G@n GQu Pro Ser Leu Thr Thr Ser Pro Ay Ay

1 5 10 15

Thr Val Thr Leu Thr Cys Arg Ser Ser Thr Ay Ala Val Thr Thr Ser

20 25 30
Asn Tyr Ala Asn Trp Val Adn An Lys Pro Gy Gdn Ala Pro Arg Gy
35 40 45
Leu Ile Ay Gy Thr Asn Lys Arg Ala Pro Ay Thr Pro Ala Arg Phe
50 55 60

Ser Gy Ser Leu Leu Gy Gy Lys Ala Ala Leu Thr Ile Thr dvy Val

65 70 75 80

Gn Pro u Asp Au Ala Gu Tyr Tyr Cys Ala Leu Trp Tyr Ser Asn
85 90 95

Leu Trp Val Phe Ay Gy Gy Thr Lys Leu Thr Val Leu Ile G n Arg

100 105 110
Thr Pro Lys Ile @ n Val Tyr Ser Cys H's Pro Ala Qu Asn Gy Lys
115 120 125
Ser Asn Phe Leu Asn Cys Tyr Val Ser Ay Phe H's Pro Ser Asp Ile
130 135 140

Gu Val Asp Leu Leu Lys Asn Ay Qu Arglle Qu Lys Val Qu H's

145 150 155 160

Ser Asp Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr
165 170 175

Thr Arg Phe Thr Pro Thr Qu Lys Asp Gu Tyr Ala Cys Arg Val Asn



Hi s Val Thr
195
<210> 13
<211> 624
<212> DNA
<213> Artificial
<220>
<223> Nucl eoti de sequence of
g4
<400> 13

gagct ggt gg
60
acct gcagat
120
aagccaggac
180
cct gct cggt
240
cagccagagg
300
ggcggeggea
360
tgccaccct g
420
ccttccgaca
480
t ccgacct gt
540

180

Leu Ser G n Pro Lys Ile Va

t gacacagga
ccagcaccgg
aggct ccaag
tctctggatc
acgaggct ga
caaagct gac
ccgagaacgg
t cgaggt gga

ccttcagcaa

185

200

Sequence

gcct agect g
cgccgt gacc
gggact gat c
cct gct ggga
gtactatt gt
cgtgctgatc
caagt ct aac
t ct gct gaag

ggat t ggagc

pol ypepti de chain L2 of

accacatctc
acat ccaact

ggaggaacaa

ggcaaggccg
gct ct gt ggt
cagagaaccc
ttcctgaatt
aat ggcgagc

ttttacctgc

190

205

caggcggcac
acgctaattg
acaagagggc
ct ct gacaat
at agcaat ct
ccaagat cca
gttacgtgtc
gcat cgagaa

t gt act at ac

Lys Trp Asp Arg Gy Pro

VHI 383-1122-

cgt gacact g
ggt gcagcag
t ccaggaacc
caccggagt g
gtgggtgttt
ggt gt acagce
cggctttcat
ggt ggagcac

caggttcacc

ccaacagaga aggacgagta tgcttgccgg gtgaaccatg tgacactgtc tcagccaaag
600

atcgtgaagt gggatagggg cccec
624

<210> 14

<211> 452

<212> PRT

<213> Artificial Sequence

<220>

<223> Am no acid sequence of polypeptide chain H3 of MH 383-1133-

g4



<400>
d u Val
1

Ser Leu

Al a Met

Ala Arg
50

Ser Val

65

Ala Tyr

Tyr Cys
Ala Tyr

Thr Pro
130

Ser Asn

145

d u Val

Ser Asp
Thr Arg

H s Val
210

du Ser

225

Leu Gy

Leu Met
Ser An

d u Val
290
Thr Tyr
305
Asn Ay

14

Adn
Arg
Asn
35

Ile
Lys
Leu
Val

Trp
115
Lys
Phe
Asp
Leu
Phe
195
Thr
Lys

Ay

Au
275
H s
Arg

Lys

Leu
Leu
20

Trp
Arg
Asp
Adn
Arg

100
Ay

Leu
Leu
Ser
180
Thr
Leu
Tyr
Pro
Ser

260
ASp

Val

Au

Val
Ser
Val
Ser
Arg
Met
85

Hi s
An

Adn

Leu
165
Phe
Pro
Ser
Ay
Ser
245
Arg
Pro
Al a
Val

Tyr
325

Au

Arg
Lys
Phe
70

Asn
Ay
Ay

Val

Cys
150
Lys
Ser
Thr
Adn
Pro
230
Val

Thr
Au
Lys
Ser

310
Lys

Ser
Al a
dn
Tyr
55

Thr

Asn

Thr
Tyr

135
Tyr

Lys
GQu
Pro
215
Pro
Phe
Pro
Val

Thr

295
Val

Ay
Al a
Al a
40

Asn
Ile
Leu
Phe
Leu
120
Ser
Val
Ay
Asp
Lys

200
Lys

Leu
Au
Adn
280
Lys

Leu

Lys

Ay
Ser

25
Pro

Ser
Lys
Ay

105
Val

Ser
Au
Trp

185
ASp

Pro
Phe
Val

265
Phe
Pro

Thr

Val

Ay
10

Ay
Ay
Tyr
Arg
Thr
90

Asn
Thr
Hi s
Ay
Arg
170
Ser
Au
Val
Pro
Pro
250
Thr
Asn
Arg
Val

Ser
330

Leu
Phe
Lys
Al a
Asp
75

Au
Ser
Val
Pro
Phe
155
Ile
Phe
Tyr
Lys
Cys

235
Pro

Trp
Au
Leu

315
Asn

Val
Thr
Ay
Thr
60

Asp
Asp
Tyr
Ser
Al a
140
H s
AQu
Tyr
Al a
Trp
220
Pro
Lys
Val
Tyr
Au
300
H s

Lys

dn
Phe
Leu
45

Tyr
Ser
Thr
Val

Ser
125
Au
Pro
Lys

Leu

Cys
205
Asp
Al a
Pro
Val
Val
285
dn
dn

Ay

Pro
Asn
30

AQu
Tyr
Lys
Al a
Ser
110
Ile
Asn
Ser
Val
Leu
190
Arg
Arg
Pro
Lys
Val
270
Asp
Phe
Asp

Leu

Ay
15

Thr
Trp

Al a

Met
95

Trp
dn
Ay
Asp
Au
175
Tyr
Val

Ay
Au
Asp
255
Asp
Ay
Asn
Trp

Pro
335

Ay
Tyr
Val
Asp
Thr
80

Tyr
Phe
Arg
Lys
Ile
160
H s

Tyr

Pro
Phe
240
Thr
Val

Val

Ser
Leu

320
Ser



Ser Ile Au Lys Thr Ile Ser Lys Ala Lys Ay G@n Pro Arg Gu Pro
340 345 350
G@n Val Cys Thr Leu Pro Pro Ser dn GQu @u Met Thr Lys Asn @ n
355 360 365
Val Ser Leu Ser Cys Ala Val Lys Ay Phe Tyr Pro Ser Asp Ile Al a
370 375 380
Val Gu Trp u Ser Asn Ay An Pro Qu Asn Asn Tyr Lys Thr Thr
385 390 395 400
Pro Pro Val Leu Asp Ser Asp Gy Ser Phe Phe Leu Val Ser Arg Leu
405 410 415
Thr Val Asp Lys Ser Arg Trp A n GQu Ay Asn Val Phe Ser Cys Ser
420 425 430
Val Met HHs Gu Ala Leu H's Asn H's Tyr Thr A n Lys Ser Leu Ser
435 440 445
Leu Ser Leu Ay
450
<210> 15
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Nucl eoti de sequence of polypeptide chain H3 of H 383-1133-
g4
<400> 15
gaggtgcagc tggtggagtc tggaggagga ctggtgcagc caggaggaag cctgaggctg

60
tcttgcgeeg
120
cct ggcaagg
180
tactatgctg
240
gcctatctgce
300
cacggcaact
360
gt gacagt gt
420
gagaacggca
480
gaggt ggat ¢
540

cttccggett
gact ggagt g
acagcgt gaa
agat gaacaa
tcggcaattc
ccagcat cca
agt ct aactt

t gct gaagaa

cacctttaac
ggt ggct agg
ggat agattc
t ct gaagacc
ttacgtgtcc
gagaaccccc

cct gaatt gt

t ggcgagcgc

acat acgcca
at ccggtcca
accat cagcc
gaggacacag
tggtttgett
aagat ccagg
tacgtgtccg

at cgagaagg

t gaat t gggt

agt acaacaa
gcgacgattc
ctatgtacta
at t ggggcca
t gt acagct g
gctttcatcc

t ggagcactc

gagacaggct
ttatgccacc
t aagaacaca
ttgcgt gagg
gggcaccct g
ccaccct gcc
ttccgacatc

cgacctgtcc



tt cagcaagg
600
gacgagt at g
660

gat aggggcc
720

ct gggaggac
780
cggacaccag
840
tt caact ggt
900
cagtttaatt
960
aacggcaagg
1020
accatctcta
1080
caggaggaga
1140
agcgacat cg
1200
ccacccgtgc
1260

t cccggt ggce
1320

att ggagctt
cttgccgggt
ccgagagcaa
catccgtgtt
aggt gacctg
acgt ggat gg
ccacat accg
agt at aagt g
aggct aaggg
t gaccaagaa
ctgtggagtg
t ggacagcga

aggagggcaa

ttacctgctg
gaaccat gt g
gt acggacca
cctgtttcct
cgtggtggtg
cgtggaggtg
cgt ggt gagc
caaggt gagc
ccagcct agg
ccaggt gt cc
ggagt ct aat
tggctctttc

cgtgttttct

tact at acca
acactgtctc
ccttgcccac
ccaaagccca
gacgt gt ccc
cacaat gcca
gt gct gaccg
aat aagggcc
gagccacagg
ctgagctgtg
ggccagcct g
tttctggtgt

tgttccgtga

ggttcacccc
agccaaagat
cat gt ccagc
aggacacact
aggaggat cc
agaccaagcc
t gctgcatca
tgccttccag
t gt gcacact
ccgt gaaggg
agaacaatta
ct aggct gac

t gcat gaggc

aacagagaag
cgt gaagt gg
tcctgagttc
gat gat ct ct
cgaggt gcag
cagagaggag
ggattggctg
cat cgagaag
gccccct age
cttctacccc
t aagaccaca
agt ggat aag

cctgcacaat

cattacaccc agaagagcct gtctctgtcc ctgggctga
1359
<210> 16
<211> 212
<212> PRT
<213> Artificial Sequence
<220>
<223> Am no acid sequence of polypeptide chain L3 of MH 383-1133-
g4
<400> 16
Gu Leu Val val Thr G@n GQu Pro Ser Leu Thr Thr Ser Pro Ay Ay
1 5 10 15
Thr Val Thr Leu Thr Cys Arg Ser Ser Thr Ay Ala Val Thr Thr Ser
20 25 30
Asn Tyr Ala Asn Trp Val dn An Lys Pro Gy Gdn Ala Pro Arg Gy



Leu Ile
50

Ser Ay

65

Adn Pro

Leu Trp
Thr Leu

Il e Ser
130

Pro Al a

145

A n Lys

A n Lys
Thr Cys

Trp GQu
210

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

<220>
<223>
g4

<400>

gagctgg
60

35
Ay

Ser
Au
Val
An
115
Arg
Au
Thr
Trp
H s

195
Pro

17
636
DNA

Artificial

Gy Thr Asn

Leu Leu Gy
70
Asp Au Al a
85
Phe Gy Gy
100
Arg Ala Asp

Hs Qu Al a

Ile Thr Leu
150
G u Leu Val
165
Al a Al a Val
180
Val dn H's

Ser

Lys
55

Ay
Au
Ay
Pro
Thr
135
Thr
Au
Val

Au

Sequence

40
Arg

Lys
Tyr
Thr
Pro
120
Leu
Trp
Thr

Val

Ay
200

Nucl eoti de sequence of

17
tgg

acct gcagat

120
aagccag
180
cctgctc
240
cagccag
300

gac
ggt

agg

t gacacagga
ccagcaccgg
aggct ccaag
tctctggatc

acgaggct ga

gcctagect g
cgccgt gacc
gggact gatc

cctgct ggga

gt act att gt

Ala Pro Ay

Ala Ala Leu
75
Tyr Cys Ala
90
Lys Leu Thr
105
Lys Thr H's

Arg Cys Trp

A@n Arg Asp
155
Arg Pro Cys
170
Pro Ser Gy
185
Leu Pro Lys

Thr
60
Thr
Leu
Val
Val
Al a
140
Ay
Ay
Au

Pro

45
Pro

Trp
Leu
Thr
125
Leu
Lys
Asp
Au

Leu
205

Al a
Thr
Tyr
Ay
110
H s
Ay
Asp
Arg
An

190
Thr

pol ypepti de chain L3 of

accacatctc
acat ccaact

ggaggaacaa

ggcaaggccg

gct ct gt ggt

Arg Phe

Gy Val
80

Ser Asn

95

Lys Qu

H's Pro

Phe Tyr

Adn Thr
160

Thr Phe

175

Arg Tyr

Leu Arg

VHI 383-1133-

caggcggcac cgtgacactg
acgctaattg ggtgcagcag
acaagagggc tccaggaacc
ctctgacaat caccggagtg

at agcaatct gtgggtgttt



ggcggeggea
360
aagacccacg
420
ct gggcttct
480
cagaagacag
540
gct gt ggt gg
600

caaagct gac

t gacacacca

accctgccga

agct ggt gga

t gccat ccgg

ctgccaaagc

636

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

18
452
PRT

<220>
<223>

<400>
d u Val
1
Ser

18
Adn

Leu Arg

Al a Met Ser

35

Ser Alalle
50

Lys Gy

65

Leu

Arg

An Mt

Al a Lys Asp

Gy Adn dy

115

Ser Val Phe
130

Ala Al a

145

Val

Leu

Ser Trp

Artificial

Leu
Leu
20

Trp
Ser

Phe

Lys
100
Thr
Pro

Ay

Asn

Leu
Ser
Val

Ay
Thr
Ser
85

Ile

Leu

Leu

Ser
165

cgt gct gggc
tcccat ct ct
gat caccctg

gaccaggcct

agaggagcag

ccctgacact

Au

Arg
Ser
Ile
70
Leu
Leu
Val
Al a
Leu

150
Ay

Sequence

Am no acid sequence of Hc of

Ser Ay vy

Al a Val Ser

25

Adn Ala Pro
40

Gy Gy

55

Ser

Ay

Arg Asp

Arg Ala Gu

Trp Phe Ay

105

Thr Val Ser

120

Pro Ser Ser

135

Val Lys Asp

Al a Leu Thr

aaggagaccc
agacat gagg
acat ggcagc
t gcggcgat c

aggt at acct

t gcagagagc
ccacact gag
gcgacggcaa
ggacatttca

gt cacgtgca

gcggtgggag

IVHI 383-ccff-1gGL

Gy Leu
10
Gy Phe

Gy Lys

Thr Tyr

Asn Ser
75
Asp Thr
90
Au Pro

Ser Al a

Lys Ser
Phe
155
Ay

Tyr

Ser
170

Val
Thr
Ay
Tyr
60
Lys
Al a
Val
Ser
Thr
140

Pro

Val

dn
Phe
Leu
45
Al a
Asn
Val
Phe
Thr
125
Ser
Au

Hi s

Pro
Asn
30

Au
Asp
Thr
Tyr
Asp
110
Lys
Ay

Pro

Thr

Ay
15

Ser
Trp
Ser
Leu
Phe
95

Tyr
Ay
Ay
Val

Phe
175

t gacccccct
gtgctgggct
ggat cagacc
gaagt gggct
gcat gagggc

ccaagc

Ay
Phe
Val

Val

Tyr
80

Cys
Trp
Pro
Thr
Thr

160
Pro



Al a Val
Val Pro

His Lys
210

Cys Asp

225

Gy Gy

Met Ile
Hs Qu

Val His
290

Tyr Arg

305

Gy Lys

Val Tyr

Ser Leu
370

Gu Trp

385

Pro Val

Val Asp
Met Hi s

Ser Pro
450

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

<220>
<223>

Leu
Ser
195
Pro
Lys
Pro
Ser
Asp
275
Asn
Val

Au
Lys
Thr
355
Trp
Au
Leu
Lys
Au

435
Ay

19
1356
DNA

Artificial

Nucl eoti de sequence of

dn
180
Ser
Ser
Thr
Ser
Arg
260
Pro
Al a
Val
Tyr
Thr

340
Leu

Ser
Asp
Ser
420
Al a

Lys

Ser
Ser
Asn
Hi s
Val
245
Thr
Au
Lys
Ser
Lys
325
Ile

Pro

Leu

Ser
405
Arg

Leu

Ser
Leu
Thr
Thr
230
Phe
Pro
Val

Thr

Val
310

Cys
Ser
Pro
Val

Ay
390
Asp
Trp

Hi s

Ay
Ay
Lys
215
Cys
Leu
GQu
Lys
Lys
295
Leu

Lys

Lys

Lys
375
Adn
Ay

Adn

Sequence

Leu
Thr
200
Val
Pro
Phe
Val
Phe
280
Pro
Thr
Val
Al a
Arg
360
Ay
Pro
Ser
dn

Hi s
440

Tyr
185
Adn
Asp
Pro
Pro
Thr
265
Asn
Arg
Val

Ser
Lys
345
Asp
Phe
Au
Phe
Ay

425
Tyr

Ser
Thr

Lys

Pro
250

Cys
Trp
Au
Leu
Asn
330
Ay
Au

Tyr

Phe
410
Asn

Thr

Leu
Tyr
Lys
Pro
235
Lys
Val
Tyr
AQu
Hi s
315
Lys
Adn
Leu
Pro
Asn
395
Leu

Val

Adn

Ser

Val
220
Al a
Pro
Val
Val
dn
300
dn
Al a
Pro
Thr
Ser
380
Tyr
Tyr
Phe

Lys

Ser

Cys
205
Au
Pro
Lys
Val

Asp
285
Tyr
Asp
Leu
Arg
Lys
365
Asp
Lys
Ser
Ser

Ser
445

Hc of MH 383-ccff-1gGl

Val

190
Asn
Pro
Au
Asp
Asp
270
Ay
Asn
Trp
Pro
Au

350
Asn

Thr
Lys
Cys

430
Leu

Val
Val
Lys
Al a
Thr
255
Val
Val
Ser
Leu
Al a
335
Pro
dn
Al a
Thr
Leu
415
Ser

Ser

Thr

Ser
Al a
240
Leu
Ser
Au
Thr
Asn
320
Pro
dn
Val
Val
Pro
400
Thr
Val

Leu



<400> 19
gaggt gcagc
60
tcttgcgeeg
120

cct ggcaagg
180

gct gact ccg
240

ct gcagat ga
300

at cct gt ggt
360

t ccagcgcect
420
agcggaggaa
480

gt gagct gga
540
tcttccggcec
600
cagacat at a
660
gagcccaagt
720
ggaggaccat
780
acccccgagg
840
aact ggt acg
900

t acaacagca
960
ggcaaggagt
1020

at ct ccaagg
1080
gacgagct ga
1140
gatatcgctg
1200
cctgtgctgg
1260

agat ggcagc
1320

t gct ggagag
t gt ccggcett
gact ggagt g
t gaagggcag
attctctgag
t cggcgagcc
ct accaaggg
cagccgct ct
act ct ggcgc
t gt act ct ct
t ct gcaacgt
cttgtgataa
ccgtgttcct
t gacat gcgt
t ggat ggcgt
cct at cgggt
at aagt gt aa
ccaagggcca
caaagaacca
t ggagt ggga
act ccgat gg

agggcaacgt

cggaggagga
cacctttaac
ggt gt ct gcc
gttcaccatc
ggccgaggac
agtgtttgac
accatccgtg
gggat gcct g
cct gaccagc
gagctctgtg
gaat cacaag
gacccat aca
gtttccaccc
ggtggtggac
ggaggt gcat
ggtgtctgtg
ggt gt ct aat
gcct agagag
ggt gagcct g
gt ccaat ggc
cagcttcttt

gttttcttgt

ct ggt gcagc
agcttcgcca
at ct ct ggat
t cccgggat a
accgccgt gt
t act ggggcc
ttcccact gg
gt gaaggact
ggagt gcaca
gt gaccgt gc
ccaagcaat a
tgcccccectt
aagcct aagg
gt gagccacg
aat gct aaga
ct gacagt gc
aaggccct gc
ccacaggt gt
tggtgtctgg
cagccagaga
ctgtattcca

t ccgt gat gc

caggaggcag
t gt ct t gggt
ccggaggagg
acagcaagaa
acttttgtgc
agggcaccct
ct ccat ccag
acttcccaga
catttccagc
cctccagcetc
caaaggt gga
gtcctgctcc
acaccct gat
aggat cct ga
ccaagcct ag
t gcaccagga
ccgctcct at
acaccctgcc
t gaagggct t
acaattacaa
agct gaccgt

at gaggccct

cct gagact g
gcgccaggcet
aacat act at
t acact gt ac
t aaggat aag
ggt gacagt g
caagt ccacc
gcccgt gaca
t gt gct gcag
t ct gggcacc
caagaaggt g
agaggct gct
gat ct ccagg
ggt gaagt tt
ggaggagcag
ct ggct gaac
cgagaagacc
t ccat gccgce
ctatccttct
gaccacaccc
ggat aagagc

gcacaat cat



tatacacaga

1356

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

<220>
<223>

<400>
Gulle
1

Gu Arg

Leu Al a

Tyr Asp
50

Ser Ay

65

G u Asp

Thr Phe
Pro Ser
Thr Al a
130
Lys Val
145
A u Ser
Ser Thr
Al a Cys

Phe Asn
210

<210>
<211>
<212>

20
214
PRT

Artificial

Am no acid sequence of Lc of MH 383-ccff-1gGL

20
Val

Al a
Trp
35

Al a
Ser
Phe
Ay
Val
115
Ser
dn
Val

Leu
Au

195
Arg

21
642
DNA

Leu
Thr
20
Tyr
Ser
Ay
Al a
dn
100
Phe
Val
Trp
Thr
Thr
180
Val

Ay

Thr
Leu
An
Asn
Thr
Val

85
Ay

Val

Lys
Au
165
Leu

Thr

Au

agagcctgtec

dn
Ser
dn
Arg
Asp
70

Tyr
Thr

Phe

Val

150
dn
Ser

Hi s

Sequence

Ser

Lys
Al a
55

Phe
Tyr
Lys
Pro
Leu
135
Asp
Asp
Lys

Adn

Pro
Arg
Pro
40

Thr

Thr

Val
Pro
120
Leu
Asn
Ser
Al a

Ay
200

Al a
Al a
25

Ay
Ay
Leu
dn
Au

105
Ser

Al a
Lys
Asp

185
Leu

Thr
10

Ser
dn
Ile
Thr
dn
90

Ile
Asp
Asn
Leu
Asp
170
Tyr

Ser

tctgtcccca

Leu
Adn
Al a
Pro
Ile
75

Arg
Lys
Au
Phe
Adn
155
Ser
AQu

Ser

Ser
Ser
Pro
Al a
60

Ser
Ser
Arg
Adn
Tyr
140
Ser
Thr
Lys

Pro

Leu
Val
Arg
45
Arg
Ser
Asn
Thr
Leu
125
Pro
Ay
Tyr
Hi s

Val
205

Ser
Ser
30

Leu
Phe
Leu
Trp
Val

110
Lys
Arg
Asn
Ser
Lys

190
Thr

Pro
15

Ser
Leu
Ser
Au
Pro
95

Al a
Ser
Au
Ser
Leu
175
Val

Lys

ggcaag

Ay

Tyr

Ay
Pro
80

Pro
Al a
Ay
Al a
dn
160
Ser
Tyr

Ser



<213>

<220>
<223>

<400> 21
gagat cgt gc
60
ctgtcctgca
120
ggccaggctc
180
cgcttctctg
240
gaggatttcg
300
ggcacaaagg
360

t ct gacgagc
420
ccacgcgagg
480
gagtct gt ga
540

ct gt ct aagg
600

Artificial

t gacccagtc
gggcttccca
ccaggct gct
gat ccggaag
ccgtgtacta
t ggagat caa
agct gaagt c
ccaaggt gca
cagagcagga

ccgattacga

Sequence

tcctgccaca
gagcgt gt cc
gat ct acgac
cggcacagac
tt gt cagcag
gcgtacggtg
t ggcaccgct
gtggaaggtg
ct ccaaggat

gaagcacaag

ct gagcct gt
agct acct gg
gccagcaaca
tttaccctga
agat ct aatt
gccgcetcctt
t ccgt ggt gt
gat aacgctc
agcacct at t

gt gt at gct t

Nucl eoti de sequence of Lc of MH 383-ccff-1gGlL

ct ccaggaga
cctggtatca
gagct accgg
caatctcttc
ggccccct ac
ccgtgttcat
gcct gct gaa
t gcagt ccgg
ctctgtcttc

gcgaggt gac

gagggccacc
gcagaagcca
cat ccccgct
cct ggagcect
ctttggccag
ctttccaccc
caacttctac
caat agccag
caccctgaca

acat cagggc

ctgagctctc ccgtgaccaa gtccttcaac agaggcgagt gt
642

<210> 22

<211> 460

<212> PRT

<213> Artificial Sequence

<220>

<223> Am no acid sequence of Hf of IVH 383-ccff-1gGlL

<400> 22

Gu Val dn Leu Val Gu Ser Ay dy Ay Leu Val Gdn Pro dy Ay
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe Thr Phe Asn Thr Tyr

Ala Met Asn Trp Val

20

Arg Gn Al a

25 30
Pro Gy Lys Ay Leu Au Trp Val



Al a
Ser
65

Al a
Tyr
Al a
Thr
Ile
145
Pro
dn
dn
Thr
Trp
225
Pro
Pro
Thr
Asn
Arg
305
Val

Ser
Lys
Asp

Phe
385

Arg
50
Val

Tyr

Tyr
Leu
130
Ser
Al a
Lys
Lys
Cys

210
Au

290
Au

Leu
Asn
Ay
Au

370
Tyr

35
Ile

Lys
Leu
Val
Trp
115
Adn
Arg
Au
Thr
Trp
195
Hi s
Pro
Pro
Lys
Val
275
Tyr
Au
Hi s
Lys
Adn
355

Leu

Pro

Arg
Asp
Adn
Arg
100
Ay
Arg
Hi s
Ile
Au
180
Al a
Val
Ser
Al a
Pro
260
Val
Val
Adn
Adn
Al a
340
Pro

Thr

Ser

Ser
Arg
Met
85

Hi s
Adn
Al a
Au
Thr
165
Leu
Al a
Adn
Au
Pro
245
Lys
Val
Asp
Tyr
Asp
325
Leu
Arg
Lys

Asp

Lys
Phe
70

Asn
Ay
Ay
Asp
Al a
150
Leu
Val
Val
H s
Pro
230
Au
Asp
Asp
Ay
Asn
310
Trp

Pro

Au

Ile
390

Tyr
55
Thr

Asn
Thr
Pro
135
Thr
Thr
Au
Val
Au
215
Lys
Al a
Thr
Val
Val
295
Ser
Leu
Al a
Pro
dn

375
Al a

40
Asn

Ile
Leu
Phe
Leu
120
Pro
Leu
Trp
Thr
Val
200
Ay
Ser
Al a
Leu
Ser
280
Au
Thr
Asn
Pro
dn
360
Val

Val

Asn
Ser
Lys
Ay
105
Val
Lys
Arg
Adn
Arg
185
Pro
Leu
Ser
Ay
Met
265
Hi s
Val
Tyr
Ay
Ile
345
Val
Ser

Au

Tyr
Arg
Thr
90

Asn
Thr

Thr

Arg
170
Pro
Ser
Pro
Asp
Ay
250
Ile
Au
Hi s
Arg
Lys

330
Au

Leu

Trp

Al a
Asp
75

AQu
Ser
Val
H s
Trp

155
ASp

Ay
Lys
Lys
235
Pro
Ser
Asp
Asn
Val

315
AQu
Lys
Thr
Ser

Au
395

Thr
60

Asp
Asp
Tyr
Ser
Val
140
Al a
Ay
Ay
Au
Pro
220
Thr
Ser
Arg
Pro
Al a
300
Val

Tyr
Thr

Leu

Cys
380
Ser

45
Tyr

Ser
Thr
Val
Ser
125
Thr
Leu
Lys
Asp
Au
205
Leu
Hi s
Val
Thr
Au
285
Lys
Ser

Lys

Pro
365
Al a

Asn

Tyr
Lys
Al a
Ser
110
Ay
H s
Ay
Asp
Arg
190
dn
Thr
Thr
Phe
Pro
270
Val
Thr

Val

Ser
350
Pro
Val

Ay

Al a

Met
95

Trp
Lys
Hi s
Phe
Adn
175
Thr
Arg

Leu

Leu
255
Au
Lys
Lys
Leu
Lys
335
Lys
Ser
Lys

Adn

Asp
Thr
80

Tyr
Phe
Au
Pro
Tyr
160
Thr
Phe
Tyr
Arg
Pro
240
Phe
Val
Phe
Pro
Thr
320
Val
Al a
Arg
Ay

Pro
400



Q@ u Asn Asn Tyr Lys Thr Thr Pro Pro
405

Phe Phe Leu Val Ser Lys Leu Thr Val
420 425

Ay Asn Val Phe Ser Cys Ser Val Met

435 440
Phe Thr G n Lys Ser Leu Ser Leu Ser
450 455

<210> 23

<211> 1380

<212> DNA

<213> Artificial Sequence

<220>

<223> Nucl eoti de sequence of Hf of

<400> 23

gaggt gcagc
60
tcttgcgecg
120
cct ggcaagg
180
tactatgctg
240
gcctatctgce
300
cacggcaact
360
gt gacagt gt
420
acacaccatc
480
cctgccgaga
540
ct ggt ggaga
600
ccat ccggag
660
ct gacact gc
720
ccttgtccag
780

t ggt ggagt c
cttccggcett
gactggagtg
acagcgt gaa
agat gaacaa
tcggcaattc
ccagcggcaa
ccatctctag
t caccct gac
ccaggccttg
aggagcagag
ggtgggagcc

ct ccagaggc

t ggaggagga
cacctttaac
ggtggctagg
ggat agattc
t ct gaagacc
ttacgtgtcc
ggagaccct g
acat gaggcc
at ggcagcgc
cggcgat cgg
gt at acct gt
aagcgagcca

t gct ggagga

Val
410

Leu Asp Ser Asp Ay Ser

415
Asp Lys Ser Arg Trp G@n dn

430

Hs Gu Ala Leu H's Asn Arg

445

Pro Gy Lys
460

IVHI 383-ccff-1gGlL

ct ggt gcagc
acat acgcca
atccggtcca
accat cagcc
gaggacacag
tggtttgett
cagagagct g
acact gaggt
gacggcaagg
acatttcaga
cacgt gcagc
aagt ccagcg

ccat ccgt gt

caggaggaag
t gaat t gggt
agt acaacaa
gcgacgattc
ctatgtacta
att ggggcca
acccccct aa
gct gggcet ct
at cagaccca
agt gggct gc
at gagggcct
acaagaccca

tcctgtttce

cct gaggct g
gagacaggct
ttatgccacc
t aagaacaca
ttgcgtgagg
gggcaccct g
gacccacgt g
gggcttctac
gaagacagag
tgtggtggtyg
gccaaagccc
cacat gccca

acccaagccc



aaggat accc
840
cacgaggatc
900
aagacaaagc
960
gtgctgcatc
1020
ctgcctgcetce
1080
gt gt gcaccc
1140
gccgt gaagg
1200
gagaacaat t
1260
agcaagct ga
1320
at gcacgagg
1380

tgatgatctc
ct gaggt gaa
ccagggagga

aggat t ggct

caat cgagaa
tgcctccatc
gcttttaccc
at aagaccac
ccgt ggacaa

ctctgcat aa

t aggaccccc
gtt caact gg
gcagt acaac
gaacggcaag
gaccat ct ct
ccgcgacgag
ttccgatatc
accccctgtg

gt ct aggt gg

t aggttcacc

<210> 24

<211> 208

<212> PRT

<213> Artificial Sequence

<220>

<223> Am no acid sequence of Lf of

<400> 24

Gu Leu Val val Thr An Gu Pro Ser

1 5

Thr Val Thr Leu Thr Cys Arg Ser Ser
20 25

Asn Tyr Ala Asn Trp Val A n dn Lys

35 40
Leu Ile Gy Ay Thr Asn Lys Arg Ala
50 55

Ser Ay Ser Leu Leu Ay Gy Lys Ala

65 70

Gn Pro u Asp Gu Ala Gu Tyr Tyr

85

Leu Trp Val Phe dy Ay Gy Thr Lys

100 105

gaggt gacat
t acgt ggacg
tctacctatc
gagt at aagt
aaggct aagg
ct gacaaaga
gctgtggagt
ct ggact ccg
cagcagggca

cagaagt ccc

gcgt ggt ggt
gcgt ggaggt
gggtggtgtc
gt aaggt gag
gccagcccag
accaggtgtc
gggagagcaa
at ggcagctt
acgtgttcag

t gagcctgtc

IVHI 383-ccff-1gGlL

Leu Thr
10
Thr Gy

Pro Gy

Pro Gy

60
Al a Leu
75
Cys Al a
90

Leu Thr Val

Thr
Al a Val
An Aa
Thr
Thr

Leu Trp

Ser Pro
Thr
30
Pro
45
Pro Al a

Ile Thr
Tyr

Ile
110

Leu

Ay
15

Thr
Arg
Arg
Ay
Ser

95
Adn

ggacgt gt cc
gcat aat gcc
cgt gct gaca
caat aaggcc
agagcct cag
tct gt cct gt
t ggccagcca
ctttctggtg
ctgctctgtg

t cccggcaag

Ay
Ser
Ay
Phe
Val

80

Asn

Arg



Thr Pro Lys Ile @dn Val Tyr Ser Cys H's Pro Ala Qu Asn Gy Lys
115 120 125

Ser Asn Phe Leu Asn Cys Tyr Val Ser Ay Phe H's Pro Ser Asp Ile

130 135 140

Gu Val Asp Leu Leu Lys Asn Ay Qu Arglle Qu Lys Val Qu H's

145 150 155 160

Ser Asp Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr

165 170 175
Thr Arg Phe Thr Pro Thr A u Lys Asp Gu Tyr Ala Cys Arg Val Asn
180 185 190

H's Val Thr Leu Ser An Pro Lys Ile Val Lys Trp Asp Arg Ay Pro
195 200 205

<210> 25

<211> 624

<212> DNA

<213> Artificial Sequence

<220>

<223> Nucl eoti de sequence of Lf of IVH 383-ccff-1gGlL

<400> 25

gagctggtgg tgacacagga gcctagcctg accacatctc caggcggcac cgtgacactg

60
acct gcagat
120
aagccaggac
180
cctgct cggt
240
cagccagagg
300
ggcggeggea
360
tgccaccctg
420
ccttccgaca
480
t ccgacct gt
540
ccaacagaga
600

ccagcaccgg
aggct ccaag
tctctggatc
acgaggct ga
caaagct gac
ccgagaacgg
t cgaggt gga
ccttcagcaa

aggacgagt a

atcgtgaagt

624

cgccgt gacc
gggactgatc
cct gctggga
gtactatt gt
cgtgctgatc
caagt ct aac
t ct gct gaag
ggat t ggagc

tgcttgccgg

g9

acat ccaact

ggaggaacaa

ggcaaggccg
gct ct gt ggt
cagagaaccc
ttcctgaatt
aat ggcgagc
ttttacctgc

gt gaaccatg

acgctaattg
acaagagggc
ct ct gacaat
at agcaat ct
ccaagat cca
gttacgtgtc
gcat cgagaa
t gt act at ac

t gacactgtc

gatagggg

ggt gcagcag
t ccaggaacc
caccggagt g
gtgggtgttt
ggt gt acagce
cggctttcat
ggt ggagcac
caggttcacc
t cagccaaag

cccc



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

<220>
<223>

<400>
Adn lle Thr

1
Thr

Ay
Ay
Ser
65

Thr
Arg
Thr
Pro
Val
145
Al a
Ay
Ay
Lys
Cys
225

Leu

Au

Leu
Val
Val
50
Arg
Met
Leu
Val
Ser
130
Lys
Leu
Leu
Thr
Val
210
Pro

Phe

Val

26
446
PRT

Artificial

Sequence

Am no aci d sequence of heavy

26

Thr
H s
35
Ile
Leu
Asn
Ay
Ser
115
Ser
Asp
Thr
Tyr
dn
195
Asp
Pro

Pro

Thr

Leu
Leu
20

Trp
Trp

Thr

Phe
100
Ser
Lys
Tyr
Ser
Ser

180
Thr

Lys
Cys
Pro

Cys
260

Lys
Thr
I'le
Arg
I'le
Met
85

Tyr
Al a
Ser
Phe
Ay
165
Leu
Tyr
Lys
Pro
Lys

245
Val

Au

Arg
Ay
Thr
70

Asp
Al a
Ser
Thr
Pro
150
Val
Ser
Ile
Val
Al a
230

Pro

Val

Ser
Thr
dn
Val
55
Lys
Pro
Met
Thr
Ser
135
Au
H s
Ser
Cys
Au
215
Pro

Lys

Val

Ay
Val

Pro
40

Thr
Asp
Val

Asp
Lys
120
Ay
Pro
Thr
Val

Asn
200
Pro
Au
Asp

Asp

Pro
Ser
25

Pro
Thr
Asn
Asp
Tyr
105
Ay
Ay
Val

Phe
Val

185
Val

Lys
Leu

Thr

Val
265

chai n HZ5GL1VH CH1- | gGl1

Thr
10

Ay
Ay
Asp
Ser
Thr
90

Trp
Pro
Thr
Thr
Pro

170
Thr

Ser
Leu
Leu

250
Ser

Leu
Phe
Lys
Tyr
Lys
75

Al a
Ay
Ser
Al a
Val
155
Al a

Val

Hi s

Ay
235
Met

Hi s

Val
Ser
Al a
Asn
60

Asn
Thr
dn
Val
Al a
140
Ser
Val
Pro
Lys
Asp
220
Ay

Ile

AQu

Lys
Leu
Leu
45

Al a
Adn
Tyr
Ay
Phe
125
Leu
Trp
Leu
Ser
Pro
205
Lys
Pro

Ser

Asp

Pro
Ser
30

Au
Al a
Val
Tyr
Thr
110

Pro

Ay

Adn
Ser
190
Ser
Thr
Ser
Arg

Pro
270

Thr
15

Thr
Trp
Phe

Val

Cys
95
Leu

Leu

Ser
Ser

175
Ser

H s
Val
Thr

255
Au

dn
Tyr
Leu
Met
Leu
80

Al a
Val
Al a
Leu
Ay
160
Ser
Leu
Thr
Thr
Phe
240

Pro

Val



Phe Asn
275

Arg

Lys

Pro
290
Thr

Lys
Leu Val
305
Lys

Val Ser

Lys Ala Lys

Ser Arg Asp

355

Lys Gy Phe
370

Gn Pro

385

Ay

Au

Ser Phe

Gn dn dy

Hs Tyr
435

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

27
1338
DNA

<220>
<223>

<400> 27
caaat cactc
60
acct gt accg
120

cct ggcaagg
180
gctgccttca
240

accat gaaca
300
tacgccat gg
360

Artificial

Trp Tyr Val

Au du dn

Hs dn
310
Al a

Leu

Lys
325
Gy @n Pro
340
GQu

Leu Thr

Tyr Pro Ser
Tyr
390
Phe Leu Tyr
405
Asn Val
420

Thr

Phe

A n Lys

t aaaggaaag
t gt ct gget t
ccctcgagtg
t gt cccggct
acat ggat cc

act act gggg

Asp Ay Val

280
Tyr Asn Ser
295
Asp

Trp Leu

Leu Pro Al a

Au Pro
345
dn

Arg

Asn
360
Ile

Lys
Asp Al a
375
Lys

Thr Thr

Ser Lys Leu

Ser Ser
425
Ser

Ser Leu

440

Sequence

Nucl eoti de sequence of heavy

t ggt ccaact
tagcct gt ct
gct gggagt g
gaccat cacc
t gt ggacaca

ccagggcacc

d u Val

Thr Tyr

Hi s

Arg

Asn
285
Val

Al a

Val

300

Asn Ay
315
Prolle
330
d n Val

Val Ser

Val du

Lys
Au
Tyr
Leu

Trp

Gu Tyr

Lys Thr

Lys
Ser
Lys

Ile

Thr

Val

Cys
320
Ser

335

Thr Leu
350

Cys

Ser

Thr
365
Au

380

Pro
395
Val

Pro

Thr
410
Val

Leu Ser

Val
Asp
Met Hi s

Pro

Leu Asp

Lys Ser

Pro

Leu

Ser

Arg

Pro
Val

Ay
Asp

400
Trp

415

Gu Aa
430
Gy Lys

445

Leu

Hi s

chain HZ5GL1VH CH1-1 gGl

ct ggt gaaac
acct acggcg
at ct ggcggg
aaggacaact
gct acct act

ct ggt cacag

ccacccagac
t gcact ggat
gcgt gaccac
ccaagaacca
act gcgccag

tgtcctctgce

cct gacact g
cagacagcct
cgact at aat
agtggtgctg
act gggcttec

t agcacaaag



ggcccttccg
420
ct gggat gcc
480
gccct gacaa
540
ct gt ccagcg
600
gt gaat caca
660
aagacccat a
720
ctgtttccac
780
gt ggt ggt gg
840
gt ggaggt gc
900
gtggtgtctg
960
aaggtgtcta
1020
cagcct aggg
1080
caggt gt ccc
1140
gagt ct aat g
1200
ggctctttct
1260
gtgtttagct
1320
agcoct
1338

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

28
214
PRT

<220>
<223>

<400> 28

Artificial

tgttcccact
t ggt gaagga
gcggagt gca
t ggt gacagt
agcct agcaa
cat gcccccc
ccaagcccaa
acgt gagcca
at aat gct aa
t gct gaccgt
at aaggccct
agccacaggt
t gacct gt ct
gccagcct ga
ttctgtactc
gct ct gt gat

gt ctc

Am no aci d sequence of

ggct ccct ct
ttatttccca
tacctttcct
gccatcttcc
t accaaggt g
ttgtcctgct
ggacaccctg
cgaggat ccc
gaccaagcca
gct gcaccag
gcccgcet cct
gt ataccctg
ggt gaagggc
gaacaatt at
t aagct gaca

gcat gaggct

Sequence

t ccaagtcta
gagcccgt ga
gctgtgctge
agcct gggca
gacaagaagg
ccagagct gc
at gat ctccc
gaggt gaagt
agagaggagc
gact ggct ga
at cgagaaga
cctccatctc
ttctacccca
aagaccacac
gt ggat aagt

ctgcacaatc

cat ccggagg
ccgtgtcttg
agagct ct gg
cccagacat a
t ggagccaaa
t gggaggacc
gcacaccaga
ttaact ggta
agt at aacag
acggcaagga
caat ct ccaa
gggacgagct
gcgat at cgc
cccct gt get
ccaggt ggca

attacaccca

aaccgccgct
gaact ccggc
cctgtattct
cat ct gcaac
gtctt gt gat
atccgtgttc
ggt gacct gc
cgt ggat ggc
cacat accgc
gt acaagt gc
ggccaaggge
gacaaagaac
tgtggagt gg
ggacagcgat
gcagggcaac

gaagtccctg

ccggecaadg

l'i ght chain HZ5GL1VL- 1 gK



Asp Ile An Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A n Ser Val Ser Asn Asp
20 25 30
Val Ala Trp Tyr Gn @n Lys Pro Gy Lys Ala Pro Lys Leu Leu lle
35 40 45
Tyr Tyr Ala Ala Asn Arg Tyr Thr Ay Val Pro Asp Arg Phe Ser Gy
50 55 60
Ser Ay Tyr Ay Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu G n Pro
65 70 75 80
Gu Asp Ile Ala Thr Tyr Phe Cys A n A n Asp Tyr Thr Ser Pro Tyr
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Arg Thr Val Ala Al a
100 105 110
Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu G n Leu Lys Ser Ay
115 120 125
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Gu Al a
130 135 140
Lys Val @ n Trp Lys Val Asp Asn Ala Leu An Ser Gy Asn Ser Gn
145 150 155 160
Gu Ser Val Thr Au A@n Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys Val Tyr
180 185 190
Ala Cys Qu Val Thr HHs A n Ay Leu Ser Ser Pro Val Thr Lys Ser
195 200 205
Phe Asn Arg Ay du Cys
210

<210> 29

<211> 642

<212> DNA

<213> Artificial Sequence

<220>
<223> Nucl eotide sequence of |ight chain HZ5GL1VL-1gK

<400> 29

gatatccaaa tgactcaaag tccaagtagt ctgtccgctt ctgtcggcga cagagtgacc
60

atcacctgta aggcctctca gtccgtgtcc aacgacgtgg cttggtacca gcagaagcct
120

ggcaaggctc ctaagctgct gatctactac gccgccaacc ggtacaccgg cgtgcccgat
180



agattctccg
240
gaggat at cg
300
ggaacaaaac
360
t ccgat gagc
420
ccaagggagg
480
gagt ccgt ga
540
ct gt ccaagg
600

ctgtcttccec

642

<210> 30

<211> 451

<212> PRT

<213> Artificial Sequence

<220>

<223> Am no acid sequence of heavy

<400> 30

Gnlle Thr Leu Lys Gu Ser Ay Pro

1 5

Thr Leu Thr Leu Thr Cys Thr Val Ser

20 25
Ay VvVal Hs Trplle Arg Gn Pro Pro
35 40

Ay Vval Ile Trp Arg Ay Val Thr Thr
50 55

Ser Arg Leu Thr Ile Thr Lys Asp Asn

65 70

Thr Met Asn Asn Met Asp Pro Val Asp

85
Arg Leu Ay Phe Tyr Ala Met Asp Tyr
100 105
Thr Val Ser Ser Ay Lys GQu Thr Leu
115 120

Thr H's Val Thr H's His Pro Ile Ser

130 135

gctctggcta
ccacct actt
t ggaaat caa
agct gaagag
ccaaggt gca
ccgagcagga

ccgattacga

ccgtgacaaa

cggcaccgac
ct gccagcag
gcgtacggt g
cggcacagct
gtggaaggtg
cagcaaggat

gaagcacaag

ttcaccttta
gact acacct
gccgcetcctt
t ct gt ggt gt
gacaacgctc
tctacatatt

gt gt at gct t

gagctttaat

caat ct ccag
ctccat at ac
ccgtgttcat
gcct gct gaa
t gcagagcgg
ccctgtccag

gcgaggt gac

agaggcgagt

chain HZ5GL1VH C- | gGl1

Thr
10
Ay

Leu Val

Phe

Gy Lys

Asp Tyr

Ser Lys
75
Thr Al a
90
Trp Ay

An Arg

Arg H's

Ser

Al a

Thr

Adn

Al a

Au

Lys Pro

15
Ser
30

Au

Leu

Leu
45
Ala Al a

dn Val

Tyr Tyr

95
Thr
110
Pro

Ay

ASp
125

Al a Thr

140

Thr
Thr
Trp
Phe
Val

Cys
Leu
Pro

Leu

cct gcagcect
cttcggccaa
ctttccccct
caacttctac
caattctcag
caccctgaca

ccat cagggc

gt

An
Tyr
Leu
Met
Leu
80
Al a
Val
Lys

Arg



Cys
145
Arg
Pro
Ser
Pro
Asp

225
Ay

Au
Hi s
Arg
305
Lys
Au
Tyr
Leu
Trp
385
Val
Asp
Hi s

Pro

Trp

Asp

Ay
Lys
210
Lys
Pro
Ser
Asp
Asn
290
Val

Au
Lys
Thr
Thr
370
Au
Leu
Lys
Au

Ay
450

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

Al a
Ay
Ay
Au
195
Pro
Thr
Ser
Arg
Pro
275
Al a
Val
Tyr
Thr

Leu
355

Cys
Ser
Asp
Ser
Al a

435
Lys

31
1353
DNA

Artificial

Leu
Lys
Asp
180
Au
Leu
Hi s
Val
Thr
260
Au
Lys
Ser
Lys
Ile
340

Pro

Leu

Ser

Arg
420
Leu

Ay
Asp
165
Arg
dn
Thr
Thr
Phe
245
Pro
Val

Thr

Val

Cys
325
Ser
Pro
Val

Ay
Asp
405
Trp

Hi s

Phe
150
dn
Thr
Arg

Leu

Cys
230
Leu
GQu
Lys
Lys
Leu
310
Lys
Lys
Ser
Lys
an
390
Ay

Adn

Tyr
Thr
Phe
Tyr
Arg
215
Pro
Phe
Val
Phe
Pro
295
Thr
Val
Al a
Arg
Ay
375
Pro
Ser
dn

Hi s

Sequence

Pro
dn
dn
Thr
200
Trp
Pro
Pro
Thr
Asn
280
Arg
Val

Ser
Lys
Asp
360
Phe
Au
Phe
Ay

Tyr
440

Al a
Lys
Lys
185
Cys

Au

Pro

Cys
265
Trp
Au
Leu
Asn
Ay
345
Au

Tyr

Phe

Asn
425
Thr

Au
Thr
170
Trp
Hi s
Pro
Pro
Lys
250
Val
Tyr
Au
Hi s
Lys
330
Adn

Leu

Pro

Leu
410
Val

Adn

Ile
155
Au
Al a
Val
Ser
Al a
235
Pro
Val
Val
dn
dn
315
Al a
Pro
Thr
Ser
Tyr
395
Tyr
Phe

Lys

Thr
Leu
Al a
Adn
Au
220
Pro
Lys
Val
Asp
Tyr
300
Asp
Leu
Arg
Lys
Asp
380
Lys
Ser
Ser

Ser

Leu
Val
Val
H s
205
Pro
Au
Asp
Asp
Ay
285
Asn
Trp
Pro
Au
Asn
365
Ile

Thr

Lys

Leu
445

Thr
Au
Val
190
Au
Lys
Leu
Thr
Val
270
Val
Ser
Leu
Al a
Pro
350
dn
Al a
Thr
Leu
Ser

430
Ser

Trp
Thr
175
Val

Ay
Ser
Leu
Leu
255
Ser
Au

Thr

Pro
335
dn
Val
Val
Pro
Thr
415
Val

Leu

Adn
160
Arg
Pro

Leu

Ay
240
Met
H s
Val
Tyr
Ay
320
Ile
Val
Ser
AQu
Pro
400
Val
Met

Ser



<220>
<223>

<400> 31
caaat cactc
60
acct gt accg
120

cct ggcaagg
180
gctgccttca
240

accat gaaca
300
tacgccat gg
360

ct gcagagag
420
gccacact ga
480
cgcgacggca
540
cggacatttc
600

t gt cacgt gc
660
ccaaagtctt
720
ggaccat ccg
780
ccagaggt ga
840

t ggt acgt gg
900
aacagcacat
960
aaggagt aca
1020

t ccaaggcca
1080

gagct gacaa
1140

at cgct gt gg
1200

t aaaggaaag
t gt ct gget t
ccctcgagtg
t gt cccggct
acat ggat cc
act act gggg
ct gacccccc
ggtgctgggc
aggat cagac
agaagt gggc
agcat gaggg
gt gat aagac
tgttcctgtt
cct gcgt ggt
at ggcgt gga
accgcgt ggt
agt gcaaggt
agggccagcc

agaaccaggt

agtgggagtc

t ggt ccaact
t agcct gt ct
gct gggagt g
gaccat cacc
t gt ggacaca
ccagggcacc
t aagacccac
tctgggcttc
ccagaagaca
tgctgtggtg
cct gccaaag
ccat acat gc
t ccacccaag
ggtggacgtg
ggt gcat aat
gtctgtgctg
gt ct aat aag
t agggagcca
gt ccct gacc

t aat ggccag

ct ggt gaaac
acct acggcg
at ct ggcggg
aaggacaact
gct acct act
ct ggt cacag
gt gacacacc
taccct gccg
gagct ggt gg
gt gccat ccg
cccct gacac
ccceettgte
cccaaggaca
agccacgagg
gct aagacca
accgt gctgc
gccct gececg
caggt gt ata
t gt ct ggt ga

cct gagaaca

Nucl eoti de sequence of heavy chain HZ5GL1VH C-| gGl

ccacccagac
t gcact ggat
gcgt gaccac
ccaagaacca
act gcgccag
t gt cct ct gg
atcccatctc
agat caccct
agaccaggcc
gagaggagca
tgcggt ggga
ctgctccaga
ccct gat gat
at cccgaggt
agccaagaga
accaggact g
ctcctatcga
ccctgectcce
agggcttcta

att at aagac

cct gacact g
cagacagcct
cgact at aat
agtggtgctg
act gggcttec
caaggagacc
t agacat gag
gacat ggcag
tt gcggcgat
gaggt at acc
gccaagcgag
gctgctggga
ctcccgcaca
gaagtttaac
ggagcagt at
gct gaacggc
gaagacaat ¢
at ct cgggac
ccccagcgat

cacaccccct



gtgctggaca gcgatggctc tttctttctg tactctaagc tgacagtgga taagtccagg
1260
t ggcagcagg gcaacgtgtt tagctgctct gtgatgcatg aggctctgca caatcattac
1320
acccagaagt ccctgagecct gtctcccggec aag
1353

<210> 32

<211> 206

<212> PRT

<213> Artificial Sequence

<220>
<223> Am no acid sequence of light chain HZ5GL1VL-C

<400> 32
Asp Ile An Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A n Ser Val Ser Asn Asp
20 25 30
Val Ala Trp Tyr Gn G@n Lys Pro Gy Lys Ala Pro Lys Leu Leu lle
35 40 45
Tyr Tyr Ala Ala Asn Arg Tyr Thr Gy Val Pro Asp Arg Phe Ser Gy
50 55 60
Ser Ay Tyr Ay Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu G n Pro
65 70 75 80
Gu Asp Ile Ala Thr Tyr Phe Cys A n A n Asp Tyr Thr Ser Pro Tyr
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Ile @n Arg Thr Pro
100 105 110
Lys Ile @n Val Tyr Ser Cys Hs Pro Ala Au Asn Gy Lys Ser Asn
115 120 125
Phe Leu Asn Cys Tyr Val Ser Gy Phe Hs Pro Ser Asp Ile du Val
130 135 140
Asp Leu Leu Lys Asn Ay Qu Arg Ile Gu Lys Val Qu H's Ser Asp
145 150 155 160
Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr Thr Arg
165 170 175
Phe Thr Pro Thr A u Lys Asp Gu Tyr Ala Cys Arg Val Asn Hi s Val
180 185 190
Thr Leu Ser Gn Pro Lys Ile Val Lys Trp Asp Arg Ay Pro
195 200 205

<210> 33



<211> 618
<212> DNA
<213> Artificial Sequence

<220>
<223> Nucl eoti de sequence of |ight chain HZ5GL1VL-C

<400> 33

gat at ccaaa tgactcaaag tccaagtagt ctgtccgctt ctgtcggcga cagagtgacc
g?cacctgta aggcctctca gtccgtgtcc aacgacgtgg cttggtacca gcagaagcct
;Sgaaggctc ctaagctgct gatctactac gccgccaacc ggtacaccgg cgtgcccgat
iggttctccg gctctggcta cggcaccgac ttcaccttta caatctccag cctgcagect
S:ggatatcg ccacctactt ctgccagcag gactacacct ctccatatac cttcggccaa
Sggacaaaac t ggaaat caa gatccagaga acccccaaga tccaggtgta cagctgccac
gg?gccgaga acggcaagtc taacttcctg aattgttacg tgtccggett tcatccttcc
gigatcgagg t ggat ct gct gaagaat ggc gagcgcatcg agaaggtgga gcactccgac
g?gtccttca gcaaggattg gagcttttac ctgctgtact ataccaggtt caccccaaca
gigaaggacg agtatgcttg ccgggtgaac catgtgacac tgtctcagcc aaagatcgtg
600

aagtgggat a g gggececcoc
618

<210> 34

<211> 98

<212> PRT

<213> Artificial Sequence

<220>
<223> WId type am no acid sequence of constant region CHL of |gGlL

<400> 34
Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15

Ser Thr Ser Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr



20
Phe Pro Gu Pro Val Thr Val
35
Ay Vval His Thr Phe Pro Al a
50 55
Leu Ser Ser Val Val Thr Val
65 70
Tyr Ile Cys Asn Val Asn Hi's
85
Lys Val
<210> 35
<211> 107
<212> PRT
<213> Artificial Sequence
<220>
<223> WId type amno acid
<400> 35
Arg Thr Val Ala Ala Pro Ser
1 5
Gn Leu Lys Ser Ay Thr Al a
20
Tyr Pro Arg u Ala Lys Va
35
Ser Ay Asn Ser An @u Ser
50 55
Thr Tyr Ser Leu Ser Ser Thr
65 70
Lys His Lys Val Tyr Ala Cys
85
Pro Val Thr Lys Ser Phe Asn
100
<210> 36
<211> 214
<212> PRT
<213> Artificial Sequence
<220>
<223>

25
Ser Trp Asn
40
Val Leu @ n

Pro Ser Ser
Lys Pro Ser
90

sequence of

Val Phe Ile
10

Ser Val Val
25

A@n Trp Lys

40

Val

Thr du

Leu Thr Leu

Gu Thr
90
Gy Gu
105

Val

Arg

Ser
Ser
Ser

75
Asn

const ant

Phe

Val
dn
Ser

75
Hi s

30

Gy Ala Leu

45

Ser Ay Leu

60

Leu Gy Thr

Thr

Pro
Leu
Asp
Asp
60

Lys

Adn

Lys

Val

regi on

Pro
Leu
Asn
45

Ser
Al a

Ay

Am no acid sequence of HZ5GL1VL- 1 gK-S114A

Ser
Asn
30

Al a
Lys
Asp

Leu

Thr Ser

Tyr Ser
dn Thr

80
Asp Lys
95

CL of

Asp G u
15
Asn Phe

Leu G n
Asp Ser
Gu

80
Ser

Tyr

Ser
95

I gK



<400> 36
Asp Ile A n Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A n Ser Val Ser Asn Asp
20 25 30
Val Ala Trp Tyr G n Gn Lys Pro Gy Lys Ala Pro Lys Leu Leu Ile
35 40 45
Tyr Tyr Ala Ala Asn Arg Tyr Thr Gy Val Pro Asp Arg Phe Ser Gy
50 55 60
Ser Ay Tyr Ay Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu G n Pro
65 70 75 80
Gu Asp Ile Ala Thr Tyr Phe Cys A n A n Asp Tyr Thr Ser Pro Tyr
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Arg Thr Val Ala Al a
100 105 110
Pro Ala Val Phe Ile Phe Pro Pro Ser Asp Gu G n Leu Lys Ser Ay
115 120 125
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Gu Al a
130 135 140
Lys Val @ n Trp Lys Val Asp Asn Ala Leu A n Ser Gy Asn Ser Gn
145 150 155 160
Gu Ser Val Thr Au A@n Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys Val Tyr
180 185 190
Ala Cys Qu Val Thr HHs A n Ay Leu Ser Ser Pro Val Thr Lys Ser
195 200 205
Phe Asn Arg Ay du Cys
210

<210> 37

<211> 642

<212> DNA

<213> Artificial Sequence

<220>
<223> Nucl eoti de sequence of HZ5GL1VL- I gK-S114A

<400> 37

gatatccaaa tgactcaaag tccaagtagt ctgtccgctt ctgtcggcga cagagtgacc
60

atcacctgta aggcctctca gtccgtgtcc aacgacgtgg cttggtacca gcagaagcct
120



ggcaaggctc
180
agattctccg
240
gaggat at cg
300
ggaacaaaac
360
t ccgat gagc
420
ccaagggagg
480
gagt ccgt ga
540
ct gt ccaagg
600

ctgtcttccc ccgtgacaaa gagctttaat agaggcgagt gt
642
<210> 38
<211> 214
<212> PRT
<213> Artificial Sequence
<220>
<223> Am no acid sequence of HZ5GL1VL-IgK-F116A
<400> 38
Asp Ile Adn Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A n Ser Val Ser Asn Asp
20 25 30
Val Ala Trp Tyr Gn @n Lys Pro Gy Lys Ala Pro Lys Leu Leu lle
35 40 45
Tyr Tyr Ala Ala Asn Arg Tyr Thr Gy Val Pro Asp Arg Phe Ser Gy
50 55 60
Ser Ay Tyr Ay Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu G n Pro
65 70 75 80
Gu Asp Ile Ala Thr Tyr Phe Cys A n A n Asp Tyr Thr Ser Pro Tyr
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Arg Thr Val Ala Ala
100 105 110
Pro Ser Val Ala Ile Phe Pro Pro Ser Asp Au G n Leu Lys Ser Ay
115 120 125

ct aagct gct
gctctggcta
ccacct actt
t ggaaat caa
agct gaagag
ccaaggt gca
ccgagcagga

ccgattacga

gat ct act ac
cggcaccgac
ct gccagcag
gcgtacggtg
cggcacagct
gtggaaggtg
cagcaaggat

gaagcacaag

gccgccaacc
ttcaccttta
gact acacct
gccgcetcctg
t ct gt ggt gt
gacaacgctc
tctacatatt

gt gt at gct t

ggt acaccgg
caat ct ccag
ctccat at ac
ccgtgttcat
gcct gct gaa
t gcagagcgg
ccct gt ccag

gcgaggt gac

cgt gcccgat
cct gcagcect
cttcggccaa
ctttccccct
caacttctac
caattctcag
caccctgaca

ccat cagggc



Al a
Lys
Asp

185
Leu

Asn Phe Tyr

Pro Arg

140

Leu Gn Ser Ay

155

Asp Ser Thr Tyr

170

Tyr Qu Lys H's

Ser Ser

Pro Val

Asn

Ser

Ser

Au A a

Adn
160

Leu Ser

175

Lys
190
Thr
205

Thr Ala Ser Val Val Cys Leu Leu
130 135
Lys Val @ n Trp Lys Val Asp Asn
145 150
Gu Ser Val Thr Au G n Asp Ser
165
Ser Thr Leu Thr Leu Ser Lys Al a
180
Ala Cys Qu Val Thr Hs An Qy
195 200
Phe Asn Arg Ay du Cys
210
<210> 39
<211> 642
<212> DNA
<213> Artificial Sequence
<220>
<223> Nucl eoti de sequence of HZ5GL1VL- I gK-F116A
<400> 39

gat at ccaaa
60
atcacctgta
120
ggcaaggctc
180
agattctccg
240
gaggat at cg
300
ggaacaaaac
360
t ccgat gagc
420
ccaagggagg
480
gagt ccgt ga
540
ct gt ccaagg
600

ctgtcttccec

642

t gact caaag
aggcctctca
ct aagct get
gctctggcta
ccacct actt
t ggaaat caa
agct gaagag
ccaaggt gca
ccgagcagga

ccgattacga

ccgtgacaaa

t ccaagt agt
gtccgtgtcc
gat ct act ac
cggcaccgac
ct gccagcag
gcgtacggtg
cggcacagct
gtggaaggtg
cagcaaggat

gaagcacaag

ctgtccgcett
aacgacgt gg
gccgccaacc
ttcaccttta
gact acacct
gccgcetcctt
t ct gt ggt gt
gacaacgctc
tctacatatt

gt gt at gct t

gagctttaat

ct gt cggcga
cttggtacca
ggt acaccgg
caat ct ccag
ctccat at ac
ccgt ggccat
gcct gct gaa
t gcagagcgg
ccct gt ccag

gcgaggt gac

agaggcgagt

Val

Tyr

Lys Ser

cagagt gacc
gcagaagcct
cgt gcccgat
cct gcagcect
cttcggccaa
ctttccccct
caacttctac
caattctcag
caccctgaca

ccat cagggc

gt



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

<220>
<223>

<400>
Asp lle
1

Asp Arg

Val Al a

Tyr Tyr
50

Ser Ay

65

Gu Asp

Thr Phe
Pro Ser
Thr Al a
130
Lys Val
145
A u Ser
Ser Thr
Al a Cys

Phe Asn
210

40
214
PRT

Artificial

Sequence

Ami no acid sequence of HZ5GL1VL-1gK-F118A

40
Adn

Val
Trp
35

Al a

Tyr

Ay
Val

115
Ser
dn
Val

Leu
Au

195
Arg

<210> 41

<211>
<212>
<213>

642
DNA

Met
Thr
20

Tyr
Al a
Ay
Al a
dn
100
Phe
Val
Trp
Thr
Thr
180
Val

Ay

Artificial

Thr
Ile

Adn

Thr
Thr

85
Ay

Val

Lys
Au
165
Leu

Thr

Au

dn
Thr
dn
Arg
Asp
70

Tyr
Thr

Al a

Val

150
dn
Ser

Hi s

Ser

Lys
Tyr
55

Phe
Phe
Lys
Pro
Leu
135
Asp
Asp
Lys

Adn

Sequence

Pro
Lys
Pro
40

Thr

Thr

Leu
Pro

120
Leu

Ser
Al a

Ay
200

Ser
Al a
25

Ay
Ay
Phe
dn
Au

105
Ser

Al a
Lys
Asp

185
Leu

Ser
10

Ser
Lys
Val

Thr
dn
90

Ile
Asp
Asn
Leu
Asp
170
Tyr

Ser

Leu
dn
Al a
Pro
Ile
75

Asp
Lys
Au
Phe
dn
155
Ser
Au

Ser

Ser
Ser
Pro
Asp
60

Ser
Tyr
Arg
dn
Tyr
140
Ser
Thr

Lys

Pro

Al a
Val
Lys
45

Arg
Ser
Thr
Thr
Leu
125
Pro
Ay
Tyr
Hi s

Val
205

Ser
Ser
30

Leu
Phe
Leu
Ser
Val

110
Lys

Arg

Ser

Lys
190
Thr

Val
15

Asn
Leu
Ser
dn
Pro
95

Al a
Ser
Au
Ser
Leu
175
Val

Lys

Ay

Asp

Ay
Pro
80

Tyr
Al a
Ay
Al a
dn
160
Ser
Tyr

Ser



<220>
<223>

<400> 41
gat at ccaaa
60

at cacctgta
120
ggcaaggctc
180
agattctccg
240
gaggat at cg
300
ggaacaaaac
360

t ccgat gagc
420
ccaagggagg
480

gagt ccgt ga
540

ct gt ccaagg
600

t gact caaag
aggcctctca
ct aagct get
gctctggcta
ccacct actt
t ggaaat caa
agct gaagag
ccaaggt gca
ccgagcagga

ccgattacga

t ccaagt agt
gtccgtgtcc
gat ct act ac
cggcaccgac
ct gccagcag
gcgtacggtg
cggcacagct
gt ggaaggt g
cagcaaggat

gaagcacaag

ctgtccgett
aacgacgt gg
gccgccaacc
ttcaccttta
gact acacct
gccgcetcctt
t ct gt ggt gt
gacaacgctc
tctacatatt

gt gt at gct t

Nucl eoti de sequence of HZ5GL1VL- 1| gK- F118A

ct gt cggcga
cttggtacca
ggt acaccgg
caat ct ccag
ctccat at ac
ccgtgttcat
gcct gct gaa
t gcagagcgg
ccct gt ccag

gcgaggt gac

cagagt gacc
gcagaagcct
cgt gcccgat
cct gcagcect
cttcggccaa
cgctccccect
caacttctac
caattctcag
caccctgaca

ccat cagggc

ctgtcttccc ccgtgacaaa gagctttaat agaggcgagt gt

642

<210> 42

<211> 214

<212> PRT

<213> Artificial Sequence

<220>

<223> Am no acid sequence of HZ5GL1VL-IgK-F118I

<400> 42

Asp Ile An Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A n Ser Val Ser Asn Asp

20 25 30

Val Ala Trp Tyr Gn G@n Lys Pro Gy Lys Ala Pro Lys Leu Leu lle
35 40 45

Tyr Tyr Ala Ala Asn Arg Tyr Thr Gy Val Pro Asp Arg Phe Ser Gy



50
Ser Ay
65

Au

Tyr
Asp

Thr Phe Gy

Ser Val
115
Ser

Pro
Thr Al a
130
Lys Val dn
145
GAu

Ser Val

Ser Thr Leu

Al a Au
195

Arg

Cys

Asn
210

Phe

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

43
642
DNA

<220>
<223>

<400> 43
gat at ccaaa
60
atcacctgta
120
ggcaaggctc
180
agattctccg
240
gaggat at cg
300
ggaacaaaac
360

t ccgat gagc
420

Artificial

Gy Thr Asp

70

Ala Thr Tyr
85

Gn y

100

Phe

Thr
Ile
Val Val
Val

150
Adn

Trp Lys

Thr Qu
165
Thr Leu
180

Val

Ser
Thr H s

Gy Gu

t gact caaag
aggcctctca
ct aagct get
gctctggcta
ccacct actt
t ggaaat caa

agct gaagag

55

Phe Thr Phe

Phe Adn

Cys
Au
105
Ser

Lys Leu
Pro
120
Leu

Pro

Leu
135

Asp Asn Al a

Asp Ser Lys

Lys Ala Asp

185
Leu

Gn dy

200

Sequence

t ccaagt agt
gtccgtgtcc
gat ct act ac
cggcaccgac
ct gccagcag
gcgtacggtg

cggcacagct

60
Ser

Thr Ile
75
G n Asp
90
Ile Lys

Asp G u

Phe

Tyr
Arg
dn

Tyr

Ser Leu

Thr Ser

Thr Val
110
Leu Lys
125

Pro Arg

140

dn
155
Ser

Leu
Asp

170

Tyr Qu

Ser Ser

ctgtccgcett
aacgacgt gg
gccgccaacc
ttcaccttta
gact acacct

gccgcetcctt

t ct gt ggt gt

Ser
Thr
Lys

Pro

Ay

Tyr Ser

dn
Pro
95
Al a
Ser
Au
Ser

Leu

Pro
80
Tyr
Al a
Ay
Al a
dn

160
Ser

175

His Lys
190
Val Thr

205

Nucl eoti de sequence of HZ5GL1VL- | gK- F118lI

ct gt cggcga
cttggtacca
ggt acaccgg
caat ctccag
ctccat at ac
ccgtgttcat

gcct gct gaa

Val

Lys

Tyr

Ser

cagagt gacc
gcagaagcct
cgt gcccgat
cct gcagcect
cttcggccaa
cattccccct

caacttctac



ccaagggagg ccaaggtgca gtggaaggtg gacaacgctc tgcagagcgg caattctcag
gigt ccgtga ccgagcagga cagcaaggat tctacatatt ccctgtccag caccctgaca
Efgt ccaagg ccgattacga gaagcacaag gtgtatgctt gcgaggtgac ccatcagggce
S?Ogtcttccc ccgtgacaaa gagctttaat agaggcgagt gt
642

<210> 44

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Am no acid sequence of CL domai n containing F118A

<400> 44
Arg Thr Val Ala Ala Pro Ser Val Phe Ile Ala Pro Pro Ser Asp Gu
1 5 10 15
Gn Leu Lys Ser Ay Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
20 25 30
Tyr Pro Arg Gu Ala Lys Val G n Trp Lys Val Asp Asn Ala Leu Gn
35 40 45
Ser Ay Asn Ser An Gu Ser Val Thr Qu A n Asp Ser Lys Asp Ser
50 55 60
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Gu
65 70 75 80
Lys His Lys Val Tyr Ala Cys Au Val Thr Hs G n Ay Leu Ser Ser
85 90 95
Pro Val Thr Lys Ser Phe Asn Arg Ay du Cys
100 105
<210> 45
<211> 450
<212> PRT

<213> Artificial Sequence

<220>
<223> Am no acid sequence of HZ14A9VH CH1-1|gGl

<400> 45
A@n VvVal dn Leu Val Gn Ser Ay Ala Qu Val Lys Lys Pro Gy Al a



Ser
Tyr
Ay
Adn
65

Met
Al a
Ay
Phe
Leu
145
Trp
Leu
Ser
Pro
Lys
225
Pro

Ser

Asp

Val
305
Au

Lys

Thr

Val

Arg
50

Ay
Au
Arg
Thr
Pro
130
Ay
Asn
dn
Ser
Ser
210
Thr
Ser
Arg
Pro
Al a
290
Val
Tyr
Thr

Leu

Lys
Au
35

Ile
Arg
Leu
Pro
Leu

115
Leu

Ser
Ser
Ser
195
Asn
H s
Val
Thr
Au
275
Lys
Ser

Lys

Pro
355

Val
20

Trp
Asp
Val
Ser
Ay
100
Val
Al a
Leu
Ay
Ser
180
Leu
Thr
Thr
Phe
Pro
260
Val
Thr

Val

Ser
340
Pro

5
Ser

Val
Pro
Thr
Ser
85

Leu
Thr
Pro
Val
Al a
165
Ay
Ay

Lys

Leu
245
Au
Lys
Lys
Leu
Lys
325
Lys

Ser

Cys
Arg
Al a
Met
70

Leu
Arg
Val

Ser
Lys
150
Leu
Leu
Thr
Val

Pro
230
Phe
Val

Phe
Pro
Thr
310
Val

Al a

Arg

Lys
dn
Asn
55

Thr
Arg
Arg
Ser
Ser
135
Asp
Thr
Tyr
dn
Asp
215
Pro

Pro

Thr

Arg
295
Val

Ser
Lys

Asp

Val
Al a
40

Asp
Ay
Ser
Tyr
Ser
120
Lys
Tyr
Ser
Ser

Thr
200

280
Au

Leu

Ay

Au
360

Ser
25

Pro
Lys
Asp
Au
Tyr
105
Al a
Ser
Phe
Ay
Leu
185
Tyr
Lys
Pro
Lys
Val
265
Tyr
Au
Hi s
Lys
Adn

345
Leu

10
Ay

Ay
Thr
Thr
Asp
90

Ser
Ser
Thr
Pro
Val

170
Ser

Val
Al a
Pro
250
Val
Val
dn
dn
Al a
330

Pro

Thr

Phe
dn
Lys
Ser
75

Thr
Met
Thr
Ser
Au
155
H s

Ser

Au
Pro
235
Lys
Val

Asp
Tyr
Asp
315
Leu

Arg

Lys

Asn
Ay
Tyr
60

Thr
Al a
Asp
Lys
Ay
140
Pro

Thr

Val

Pro
220
AQu
Asp
Asp
Ay
Asn
300
Trp
Pro

Au

Asn

Leu
45

Al a
Asn
Val
Tyr
Ay
125
Ay
Val
Phe
Val
Val
205
Lys
Leu
Thr
Val
Val
285
Ser
Leu
Al a

Pro

Adn
365

Au
30

Au
dn
Thr
Tyr
Trp
110
Pro
Thr
Thr
Pro
Thr
190
Asn
Ser
Leu
Leu
Ser
270
Au
Thr
Asn
Pro
dn

350
Val

15
ASp

Trp
Lys
Val
Tyr
95

Ay
Ser
Al a
Val
Al a
175
Val
H s
Cys
Ay
Met
255
H s
Val
Tyr
Ay
Ile
335
Val

Ser

Asp
Met
Phe
Tyr
80

Cys
Adn
Val
Al a
Ser
160
Val
Pro
Lys
Asp
Ay
240
Ile
AQu
Hi s
Arg
Lys
320
Au
Tyr

Leu



Thr
Au
385
Leu
Lys
Au

Ay

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

Cys Leu
370
Ser

Asp Ser

Ser Arg

Al a Leu
435
Lys
450

46
214
PRT

<220>

<223>

<400>

Asp
1
Asp
Val
Tyr
Ser
65
Au
Thr
Pro
Thr
Lys
145
Au

Ser

46
Ile dAn

Arg Val

Ser Trp
35
Gy Aa
50
Gy Ser

Asp Phe

Phe Gy

Ser Val
115
Al a Ser
130
Val dn
Ser Val

Thr Leu

Artificial

Val Lys

Gy d@n

Asp Ay
405

Trp Gn

420

H's Asn

Met Thr
5
Thr 1le
20
Tyr Gn

Ser Asn

Ser Thr
Thr
85
Ay

Al a

dn
100
Phe Il e

Val Val

Trp Lys

Thr du
165

Thr Leu

Ay
Pro
390
Ser
dn

Hi s

Adn
Thr
Adn
Arg
Asp
70

Tyr
Thr

Phe

Val
150
dn

Ser

Phe
375
Au
Phe
Ay

Tyr

Sequence

Ser
Cys
Lys
Tyr
55

Phe
Tyr
Lys
Pro
Leu
135
Asp
Asp

Lys

Thr
440

Pro
Lys
Pro
40
Thr
Thr
Cys
Leu
Pro
120
Leu
Asn
Ser

Al a

Pro

Leu
Val

425
Adn

Ser
Al a
25

Ay
Ay
Leu
Ay
Au

105
Ser

Al a
Lys

Asp

Ser
Tyr
Tyr
410
Phe

Lys

Ser
10

Ser
Lys
Val

Thr
dn
90

Ile
Asp
Asn
Leu
Asp

170
Tyr

Asp
Lys
395
Ser
Ser

Ser

Am no acid sequence of HZ14A9VL-1gK

Leu
Au
Al a
Pro
Ile
75

Ser
Lys
Au
Phe
dn
155
Ser

AQu

Ile
380
Thr
Lys
Cys

Leu

Ser
Asn
Pro
Ser
60

Ser
Tyr
Arg
dn
Tyr
140
Ser
Thr

Lys

Al a Val

Thr
Leu
Ser

Ser
445

Al a
Val
Lys
45

Arg
Ser
Ser
Thr
Leu
125
Pro
Ay
Tyr

Hi s

AQu

Trp

Pro Pro Val

Thr
Val

430
Leu

Ser
Val

30

Leu
Phe
Leu
Tyr
Val

110
Lys
Arg
Asn
Ser

Lys

Val
415
Met

Ser

Val
15
Ser

Leu

dn
Pro
95

Al a
Ser
Au
Ser
Leu

175
Val

400
ASp

Hi s

Pro

Ay

Tyr

Ay
Pro
80

Leu
Al a
Ay
Al a
dn
160
Ser

Tyr



180

Ala Cys Gu Val

195

Thr

185

Hs Gn Gy Leu Ser Ser

Phe Asn Arg Ay du Cys

210

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

<220>
<223>

<400>

dn
1
Ser
Tyr
Ay
dn
65
Met
Al a
Ay
Asp
Al a
145
Leu
Val
Val
H s

Pro
225

Val

Val

Ile
Arg
50

Ay
Au
Arg
Thr
Pro
130
Thr
Thr
Au
Val

Au

210
Lys

47
455
PRT

Artificial

Sequence

200

Pro

Am no acid sequence of HZ14A9VH C- 1 gGl

47
Adn

Lys
Au
35

Ile
Arg
Leu
Pro
Leu
115
Pro
Leu
Trp
Thr
Val

195
Ay

Ser

Leu
Val
20
Trp
Asp
Val
Ser
Ay
100
Val
Lys
Arg
Adn
Arg
180

Pro

Leu

Cys

Val
5
Ser
Val
Pro
Thr
Ser
85
Leu
Thr
Thr
Cys
Arg
165
Pro
Ser

Pro

Asp

Adn
Cys
Arg
Al a
Met
70

Leu
Arg
Val
Hi s
Trp
150
Asp
Cys
Ay
Lys

Lys
230

Ser
Lys
Adn
Asn
55

Thr
Arg
Arg
Ser
Val
135
Al a
Ay
Ay
Au
Pro

215
Thr

Ay
Val
Al a
40

Asp
Ay
Ser
Tyr
Ser
120
Thr
Leu
Lys
Asp
Au
200

Leu

Hi s

Al a
Ser
25

Pro
Lys
Asp
Au
Tyr
105
Ay
H s
Ay
Asp
Arg
185
dn
Thr

Thr

Au
10

Ay
Ay
Thr
Thr
Asp
90

Ser
Lys
Hi s
Phe
Adn
170
Thr
Arg

Leu

Val

Phe
dn
Lys
Ser
75

Thr
Met
Au
Pro
Tyr
155
Thr
Phe
Tyr
Arg

Pro
235

Lys
Asn
Ay
Tyr
60

Thr
Al a
Asp
Thr
Ile
140
Pro
dn
dn
Thr
Trp

220
Pro

Val
205

Lys

Leu
45
Al a

Val
Tyr
Leu
125
Ser
Al a
Lys
Lys
Cys

205
Au

190
Thr

Pro
Au
30

Au
Adn
Thr
Tyr
Trp
110
Adn
Arg
Au
Thr
Trp
190
Hi s
Pro

Pro

Lys

Ay
15

Asp
Trp
Lys
Val

Tyr
95

Ay
Arg

Hi s

Au
175
Al a
Val
Ser

Al a

Ser

Al a
Asp
Met
Phe
Tyr
80

Cys
dn
Al a
Au
Thr
160
Leu
Al a
dn
Au

Pro
240



Gu Leu Leu dy Ay Pro Ser
245
Asp Thr Leu Met Ile Ser Arg
260
Asp Val Ser H's Qu Asp Pro
275
Gy Val du Val H's Asn Al a
290 295
Asn Ser Thr Tyr Arg Val Val
305 310
Trp Leu Asn Gy Lys Gu Tyr
325
Pro Ala Pro Ile Qu Lys Thr
340
GQu Pro dn Val Tyr Thr Leu
355
Asn G n Val Ser Leu Thr Cys
370 375
Ile Ala Val Gu Trp Au Ser
385 390
Thr Thr Pro Pro Val Leu Asp
405
Lys Leu Thr Val Asp Lys Ser
420
Cys Ser Val Met Hs GQu Ala
435
Leu Ser Leu Ser Pro Ay Lys
450 455

<210> 48

<211> 206

<212> PRT

<213> Artificial Sequence

<220>

Val

Thr
Au
280
Lys
Ser

Lys

Pro
360
Leu

Ser
Arg

Leu
440

Phe
Pro
265
Val

Thr
Val

Cys
Ser
345
Pro
Val

Ay
Asp
Trp

425
Hi s

Leu
250
GQu
Lys
Lys
Leu
Lys
330
Lys
Ser
Lys
An
Ay

410
Adn

Phe
Val
Phe
Pro
Thr
315
Val
Al a
Arg
Ay
Pro
395
Ser
Adn

Hi s

<223> Am no acid sequence of HZ14A9VL-C

<400> 48

Asp Ile A n Met Thr A n Ser

1 5

Asp Arg Val Thr Ile Thr Cys

20

Val Ser Trp Tyr G n dn Lys
35

Tyr Ay Ala Ser Asn Arg Tyr

Pro

Ser

Ser
10

Leu

Lys Ala Ser Gu

25

Pro Gy Lys Ala

40

Thr @y Val

Pro

Pro Pro
Thr Cys
Asn Trp
285
Arg Gu
300
Val Leu
Ser Asn
Lys Gy
Asp G u
365
Phe Tyr
380
G u Asn
Phe Phe
Gy Asn

Tyr Thr
445

Ser Al a

Asn Val

Lys
Val
270
Tyr
Au
Hi s
Lys
Adn
350
Leu
Pro
Asn
Leu
Val

430
Adn

Ser

Val
30

Pro
255
Val
Val
dn
dn
Al a
335
Pro
Thr
Ser
Tyr
Tyr
415
Phe

Lys

Val
15
Ser

Lys
Val

Asp
Tyr
Asp
320
Leu
Arg
Lys
Asp
Lys
400
Ser
Ser

Ser

Ay

Tyr

Pro Lys Leu Leu Ile

45

Ser Arg Phe Ile Ay



50 55 60
Ser Ay Ser Ser Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu G n Pro
65 70 75 80
G u Asp Phe Ala Thr Tyr Tyr Cys Ay A n Ser Tyr Ser Tyr Pro Leu
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Ile @n Arg Thr Pro
100 105 110
Lys Ile @n Val Tyr Ser Cys Hs Pro Ala Gu Asn Gy Lys Ser Asn
115 120 125
Phe Leu Asn Cys Tyr Val Ser Gy Phe Hs Pro Ser Asp Ile du Val
130 135 140
Asp Leu Leu Lys Asn Ay Qu Arg Ille Gu Lys Val Gu H's Ser Asp
145 150 155 160
Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr Thr Arg
165 170 175
Phe Thr Pro Thr Ju Lys Asp Gu Tyr Ala Cys Arg Val Asn Hi s Val
180 185 190
Thr Leu Ser Gn Pro Lys Ile Val Lys Trp Asp Arg Ay Pro
195 200 205

<210> 49

<211> 451

<212> PRT

<213> Artificial Sequence

<220>
<223> Amno acid sequence of H2 of MHL147-3322-19GLl-wt/MIL147-3322-
F118A

<400> 49

G@n lle Thr Leu Lys GQu Ser Ay Pro Thr Leu Val Lys Pro Thr dn

1 5 10 15

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

Gy Val His Trplle Arg Gn Pro Pro Ay Lys Ala Leu Qu Trp Leu

35 40 45
Gy Val Ile Trp Arg Gy Val Thr Thr Asp Tyr Asn Ala Al a Phe Mt
50 55 60

Ser Arg Leu Thr Ile Thr Lys Asp Asn Ser Lys Asn G n Val Val Leu

65 70 75 80

Thr Met Asn Asn Met Asp Pro Val Asp Thr Ala Thr Tyr Tyr Cys Al a

85 90 95

Arg Leu Ay Phe Tyr Ala Met Asp Tyr Trp Ay A n dy Thr Leu Val
100 105 110

Thr Val Ser Ser Gy Lys Qu Thr Leu Gn Arg Ala Asp Pro Pro Lys



Thr

Cys
145
Arg
Pro
Ser
Pro
Asp

225
Ay

Au
Hi s
Arg
305
Lys

Au

Leu
Trp
385
Val
Asp
H s

Pro

H s
130
Trp

Asp

Ay
Lys
210
Lys
Pro
Ser
Asp
Asn
290
Val

Au
Lys
Thr
Ser
370
Au
Leu
Lys
Au

Ay
450

<210>

115
Val

Al a
Ay
Ay
Au
195
Pro
Thr
Ser
Arg
Pro
275
Al a
Val
Tyr
Thr

Leu
355

Cys
Ser
Asp
Ser
Al a

435
Lys

50

Thr
Leu
Lys
Asp
180
Au
Leu
Hi s
Val
Thr
260
Au
Lys
Ser
Lys
Ile
340

Pro

Al a

Ser

Arg
420
Leu

Hi s
Ay
Asp
165
Arg
Adn
Thr
Thr
Phe
245
Pro
Val
Thr

Val

Cys
325
Ser
Pro
Val

Ay
Asp
405
Trp

Hi s

H s
Phe
150
dn
Thr
Arg

Leu

Cys
230
Leu
Au
Lys
Lys
Leu
310
Lys
Lys
Ser
Lys
dn
390
Ay

Adn

Pro
135
Tyr
Thr
Phe
Tyr
Arg
215
Pro
Phe
Val
Phe
Pro
295
Thr
Val
Al a
Arg
Ay
375
Pro
Ser
dn

Arg

120
Ile

Pro
Adn
Adn
Thr
200
Trp
Pro
Pro
Thr
Asn
280
Arg
Val

Ser
Lys
Asp
360
Phe
Au
Phe
Ay

Phe
440

Ser
Al a
Lys
Lys
185
Cys
Au

Pro

Cys
265
Trp
Au
Leu
Asn
Ay
345
Au

Tyr

Phe

Asn
425
Thr

Arg
AQu
Thr
170
Trp
Hi s
Pro
Pro
Lys
250
Val
Tyr
Au
Hi s
Lys
330
Adn

Leu

Pro

Leu
410
Val

Adn

H s
Ile
155
AQu
Al a
Val
Ser
Al a
235
Pro
Val
Val
dn
dn
315
Al a
Pro
Thr
Ser
Tyr
395
Val
Phe

Lys

Au
140
Thr
Leu
Al a
Adn
Au
220
Pro
Lys
Val
Asp
Tyr
300
Asp
Leu
Arg
Lys
Asp
380
Lys
Ser
Ser

Ser

125
Al a

Leu
Val
Val
H s
205
Pro
Au
Asp
Asp
Ay
285
Asn
Trp
Pro
Au
Asn
365
Ile

Thr

Lys

Leu
445

Thr
Thr
Au
Val
190
Au
Lys
Al a
Thr
Val
270
Val
Ser
Leu
Al a
Pro
350
dn
Al a
Thr
Leu
Ser

430
Ser

Leu
Trp
Thr
175
Val
Ay
Ser
Al a
Leu
255
Ser
Au

Thr

Pro
335
dn
Val
Val
Pro
Thr
415
Val

Leu

Arg
Adn
160
Arg
Pro
Leu
Ser
Ay
240
Met
Hi s
Val
Tyr
Ay
320
Ile
Val
Ser
AQu
Pro
400
Val
Met

Ser



<211> 206
<212> PRT
<213> Artificial Sequence

<220>
<223> Am no acid sequence of L2 of MHL147-3322-19GLl-wt/MIL147-3322-
F118A

<400> 50
Asp Ile A n Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A n Ser Val Ser Asn Asp
20 25 30
Val Ala Trp Tyr G n An Lys Pro Gy Lys Ala Pro Lys Leu Leu lle
35 40 45
Tyr Tyr Ala Ala Asn Arg Tyr Thr Gy Val Pro Asp Arg Phe Ser Gy
50 55 60
Ser Ay Tyr Ay Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu G n Pro
65 70 75 80
Qu Asp Ile Ala Thr Tyr Phe Cys A n @ n Asp Tyr Thr Ser Pro Tyr
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Ile @n Arg Thr Pro
100 105 110
Lys Ile @n Val Tyr Ser Cys Hs Pro Ala Gu Asn Gy Lys Ser Asn
115 120 125
Phe Leu Asn Cys Tyr Val Ser Gy Phe H's Pro Ser Asp Ile du Val
130 135 140
Asp Leu Leu Lys Asn Ay Qu Arg Ile Gu Lys Val Gu H's Ser Asp
145 150 155 160
Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr Thr Arg
165 170 175
Phe Thr Pro Thr A u Lys Asp Gu Tyr Ala Cys Arg Val Asn Hi s Val
180 185 190
Thr Leu Ser Gn Pro Lys Ile Val Lys Trp Asp Arg Ay Pro
195 200 205

<210> 51

<211> 450

<212> PRT

<213> Artificial Sequence

<220>
<223> Amino acid sequence of H3 of MHL147-3322-19Gl-w/ MHL147-3322-
F118A



<400>
d n Val
1

Ser Val

Tyr lle

Gy Arg
50
Gn y
65
Met Gu

Ala Arg

Ay Thr

Phe Pro
130
Leu Gy
145
Trp Asn

Leu dn

Ser Ser
Ser
210
Thr

Pro

Lys
225
Pro Ser

Ser Arg

Asp Pro

Asn Al a
290
Val Val
305
Gu Tyr

Lys Thr

51

An
Lys
Au
35

I'le
Arg
Leu
Pro
Leu

115
Leu

Cys
Ser
Ser
Ser
195
Asn
Hi s
Val
Thr
Au
275
Lys
Ser
Lys

Ile

Leu
Val
20

Trp
Asp
Val
Ser
Ay
100
Val
Al a
Leu
Ay
Ser
180
Leu
Thr
Thr
Phe
Pro
260
Val
Thr

Val

Ser
340

Val
5
Ser

Adn

Cys

Val Arg

Pro Al a
Thr Met
70
Ser Leu
85
Leu Arg

Thr Val

Pro Ser

Val Lys
150
Al a Leu
165
Gy Leu

Ay Thr

Lys Val
Pro
230
Leu Phe
245
d u Val

Lys Phe

Lys Pro
Thr
310
Val

Leu

Lys
325

Lys Al a

Ser
Lys
Adn
Asn
55

Thr
Arg
Arg
Ser
Ser
135
Asp
Thr
Tyr
Adn
Asp
215
Pro

Pro

Thr

Arg
295
Val

Ser

Lys

Ay
Val
Al a
40

Asp
Ay
Ser
Tyr
Ser
120
Lys
Tyr
Ser
Ser

Thr
200

280
Au

Leu

Ay

Al a
Ser
25

Pro
Lys
Asp
Au
Tyr
105
Al a
Ser
Phe
Ay
Leu
185
Tyr
Lys
Pro
Lys
Val
265
Tyr
Au
Hi s
Lys

Adn
345

Au
10

Ay
Ay
Thr
Thr
Asp
90

Ser
Ser
Thr
Pro
Val

170
Ser

Val
Al a
Pro
250
Val
Val
An
An
Al a

330
Pro

Val
Phe
dn
Lys
Ser
75
Thr
Met
Thr
Ser
Au
155
H s

Ser

Au
Pro
235
Lys
Val

Asp
Tyr
Asp
315

Leu

Arg

Lys

Ay
Tyr
60

Thr
Al a
Asp
Lys
Ay
140
Pro
Thr
Val
Asn
Pro
220
AQu
Asp
Asp
Ay
Asn
300
Trp

Pro

Au

Lys

Leu
45
Al a

Val
Tyr
Ay
125
Ay
Val
Phe
Val
Val
205
Lys
Al a
Thr
Val
Val
285
Ser
Leu

Al a

Pro

Pro
Au
30

Au
dn
Thr
Tyr
Trp
110
Pro
Thr
Thr
Pro
Thr
190
Asn
Ser
Al a
Leu
Ser
270
Au

Thr

Pro

Adn
350

Ay
15

Asp
Trp
Lys
Val
Tyr
95

Ay
Ser
Al a
Val
Al a
175
Val

Hi s

Ay
Met
255
H s
Val
Tyr
Ay
Ile

335
Val

Al a
Asp
Met
Phe
Tyr
80

Cys
Adn
Val
Al a
Ser
160
Val
Pro
Lys
Asp
Ay
240
Ile
AQu
Hi s
Arg
Lys
320
Au

Tyr



Thr Leu

Trp Cys
370
G u Ser
385
Leu Asp

Lys Ser

Au A a

Gy Lys
450

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

<220>
<223>

<400>
Asp lle
1

Asp Arg

Val Ser

Tyr Ay
50
Ser Ay
65
Gu Asp

Thr Phe

Pro Ser

Thr Al a
130
Lys Val
145

A u Ser

Pro
355
Leu
Asn
Ser
Arg

Leu
435

52
214
PRT

Artificial

Pro

Val Lys

Gy d@n

Asp Gy
405
Trp Gn
420

H s Asn

Arg
Ay
Pro
390
Ser
dn

Hi s

Asp
Phe
375
Au
Phe
Ay

Tyr

Sequence

Au
360
Tyr
Asn

Phe

Thr
440

Leu
Pro
Asn
Leu
Val

425
Adn

Am no acid sequence of L3 of

52
Adn

Val
Trp
35
Al a
Ser
Phe
Ay
Val
115
Ser
dn

Val

Met Thr
5
Thr 1le
20
Tyr Gn

Ser Asn

Ser Thr
Thr
85
Ay

Al a

dn
100
Phe

Val Val

Trp Lys

Thr A u

Adn
Thr
Adn
Arg
Asp
70

Tyr
Thr

Al a

Val
150
dn

Ser
Cys
Lys
Tyr
55

Phe
Tyr
Lys
Pro
Leu
135
Asp

Asp

Pro
Lys
Pro
40

Thr

Thr

Leu
Pro

120
Leu

Ser

Ser
Al a
25

Ay
Ay
Leu
Ay
Au
105
Ser
Asn
Al a

Lys

Thr Lys Asn

Ser Asp lle

380
Lys Thr
395
Ser

Tyr

Tyr
410
Phe Ser

Lys
Cys

Lys Ser Leu

VHL147- 3322-

Ser
10
Ser

Leu Ser

A u Asn

Lys Ala Pro

Val Ser
60
Ser

Pro
Thr Ile
75
dn Ser
90

Ile

Tyr

Lys Arg

Asp Gu dn

Asn Phe Tyr
140
Adn Ser
155

Ser Thr

Leu

Asp

dn
365
Al a

Val
Val

Thr Pro

Leu Thr

Ser Val
430
Ser Leu

445

F118A

Al a Ser
Val Val
30
Lys Leu
45
Arg Phe

Ser Leu

Ser Tyr

Thr Val
110
Leu Lys
125
Pro Arg

Gy Asn

Tyr Ser

Ser
Au
Pro
Val
415
Met

Ser

Val
15
Ser

Leu

dn
Pro
95

Al a
Ser
Au
Ser

Leu

Leu
Trp
Val
400
Asp
H s

Pro

Ay

Tyr

Ay
Pro
80

Leu
Al a
Ay
Al a
dn

160
Ser



165 170 175
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys Val Tyr
180 185 190
Ala Cys Qu Val Thr HHs A n Ay Leu Ser Ser Pro Val Thr Lys Ser
195 200 205
Phe Asn Arg Ay du Cys
210

<210> 53

<211> 214

<212> PRT

<213> Artificial Sequence

<220>
<223> Am no acid sequence of L3 of ML147-3322-19gGl-wt

<400> 53
Asp Ile An Met Thr An Ser Pro Ser Ser Leu Ser Ala Ser Val Gy
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser A u Asn Val Val Ser Tyr
20 25 30
Val Ser Trp Tyr Gdn An Lys Pro Gy Lys Ala Pro Lys Leu Leu lle
35 40 45
Tyr Ay Ala Ser Asn Arg Tyr Thr Ay Val Pro Ser Arg Phe Ile Gy
50 55 60
Ser Ay Ser Ser Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu G n Pro
65 70 75 80
G u Asp Phe Ala Thr Tyr Tyr Cys Ay A n Ser Tyr Ser Tyr Pro Leu
85 90 95
Thr Phe Ay A n @y Thr Lys Leu Gu Ile Lys Arg Thr Val Ala Al a
100 105 110
Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Qu G n Leu Lys Ser Ay
115 120 125
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Gu Al a
130 135 140
Lys Val @n Trp Lys Val Asp Asn Ala Leu A n Ser Ay Asn Ser Gn
145 150 155 160
Gu Ser Val Thr Au @ n Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys Val Tyr
180 185 190
Ala Cys Qu Val Thr HHs A n Ay Leu Ser Ser Pro Val Thr Lys Ser
195 200 205
Phe Asn Arg Ay du Cys
210
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