DESCRIPTION

ANTI-PD-L1 ANTIBODY

TECHNICAL FIELD

The present invention relates to an anti-PD-L1 antibody. More specifically, the
present invention relates to an anti-PD-L1 antibody comprising a variable region containing
complementarity-determining regions (CDR) of a rat anti-bovine PD-L1 antibody and a

constant region of an antibody of an animal other than rat.

BACKGROUND ART

Programmed cell death 1 (PD-1), an immunoinhibitory receptor, and its ligand
programmed cell death ligand 1 (PD-L1) are molecules identified by Prof. Tasuku Honjo et
al., Kyoto University, as factors which inhibit excessive immune response and are deeply
involved in immunotolerance (Non-Patent Document No. 1: Ishida Y, Agata Y, Shibahara K,
Honjo T The EMBO Journal. 1992 Nov; 11(11):3887-3895). Recently, it has been elucidated
that these molecules are also involved in immunosuppression in tumors. In the field of
human medical care, an antibody drug that inhibits the effect of PD-1 has been developed and
put into practical use (Opdivo' ™, Ono Pharmaceutical Co., Ltd.)

To date, the present inventors have been developing an immunotherapy for animal
refractory diseases targeting PD-1 or PD-L1, and have revealed that this novel
immunotherapy is applicable to multiple-diseases and multiple-animals. (Non-Patent
Document No. 2: Ikebuchi R, Konnai S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y,
Murata S, Ohashi K. Immunology. 2014 Aug;142(4):551-61; Non-Patent Document No. 3:
Maekawa N, Konnai S, Ikebuchi R, Okagawa T, Adachi M, Takagi S, Kagawa Y, Nakajima
C, Suzuki Y, Murata S, Ohashi K. PLoS One. 2014 Jun 10; 9(6):¢98415; Non-Patent
Document No. 4: Mingala CN, Konnai S, Ikebuchi R, Ohashi K. Comp. Immunol. Microbiol.
Infect. Dis. 2011 Jan; 34(1):55-63.)

However, the antibodies which the present inventors have prepared to date are rat
antibodies, and therefore it is impossible to administer those antibodies repeatedly to animals

other than rat.
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DISCLOSURE OF THE INVENTION
PROBLEM FOR SOLUTION BY THE INVENTION

It is an object of the present invention to provide an anti-PD-L1 antibody capable of
repeated administration even to animals other than rat.
MEANS TO SOLVE THE PROBLEM

The present inventors have determined the variable regions of a rat anti-bovine PD-L1
monoclonal antibody (4G12) capable of inhibiting the binding of canine PD-1 to PD-L1, and
then combined genes encoding the resultant variable regions with genes encoding the
constant regions of a canine immunoglobulin (IgG-D equivalent to human IgG4) to thereby
obtain a chimeric antibody gene, which was introduced into Chinese hamster ovary cells
(CHO cells). By culturing/proliferating the resultant CHO cells, the present inventors have
succeeded in preparing a rat-canine chimeric anti-PD-L1 antibody. Further, the present
inventors have determined the CDRs of the variable region of the rat anti-bovine PD-L1
monoclonal antibody 4G12.
Furthermore, the present inventors have determined the variable regions of the rat anti-bovine
PD-L1 monoclonal antibody 4G12 capable of inhibiting the binding of bovine PD-1 to PD-
L1, and then combined genes encoding the resultant variable regions with genes encoding the
constant regions of a bovine immunoglobulin (bovine IgG1, with mutations having been
introduced into the putative binding sites of Fcy receptors in CH2 domain in order to inhibit
ADCC activity; see Fig. 19 for amino acid numbers and mutations: 250 E—P, 251 L—V, 252
P—A, 253 G—deletion, 347 A—S, 348 P—S; Ikebuchi R, Konnai S, Okagawa T, Yokoyama
K, Nakajima C, Suzuki Y, Murata S, Ohashi K. Immunology 2014 Aug; 142(4):551-561) to
thereby obtain a chimeric antibody gene. This gene was introduced into Chinese hamster

ovary cells (CHO cells). By culturing/proliferating the resultant cells, the present inventors



have succeeded in preparing a rat-bovine chimeric anti-PD-L1 antibody. The present

invention has been achieved based on these findings.
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A summary of the present disclosure is as described below.
An anti-PD-L1 antibody comprising (a) a light chain comprising a light chain variable
region containing CDR1 having the amino acid sequence of QSLLYSENQKDY (SEQ ID
NO: 37), CDR2 having the amino acid sequence of WAT and CDR3 having the amino
acid sequence of GQYLVYPFT (SEQ ID NO: 38) and the light chain constant region of
an antibody of an animal other than rat; and (b) a heavy chain comprising a heavy chain
variable region containing CDR1 having the amino acid sequence of GYTFTSNF (SEQ
ID NO: 39), CDR2 having the amino acid sequence of [YPEYGNT (SEQ ID NO: 40)
and CDR3 having the amino acid sequence of ASEEAVISLVY (SEQ ID NO: 41) and the
heavy chain constant region of an antibody of an animal other than rat.
The antibody of (1) above, wherein the light chain variable region and the heavy chain
variable region are derived from rat.
The antibody of (2) above, wherein the light chain variable region is the light chain
variable region of a rat anti-bovine PD-L1 antibody and the heavy chain variable region
is the heavy chain variable region of a rat anti-bovine PD-L1 antibody.
The antibody of (3) above, wherein the light chain variable region has the amino acid
sequence as shown in SEQ ID NO. 1 and the heavy chain variable region has the amino
acid sequence as shown in SEQ ID NO: 2.
The antibody of any one of (1) to (4) above, wherein the light chain constant region of an
antibody of an animal other than rat has the amino acid sequence of the constant region
of lambda chain or kappa chain.
The antibody of any one of (1) to (5) above, wherein the heavy chain constant region of
an antibody of an animal other than rat has the amino acid sequence of the constant
region of an immunoglobulin equivalent to human IgG4.
The antibody of any one of (1) to (5) above, wherein the animal other than rat is bovine
and the heavy chain constant region of the bovine antibody has mutations introduced
thereinto that reduce ADCC activity and/or CDC activity.

The antibody of (6) above, wherein the animal other than rat is canine; the light chain
constant region of the canine antibody has the amino acid sequence of the constant
region of lambda chain; and the heavy chain constant region of the canine antibody has
the amino acid sequence of the constant region of an immunoglobulin equivalent to
human IgG4.



(9) The antibody of (7) above, wherein the light chain constant region of the bovine antibody
has the amino acid sequence of the constant region of lambda chain and the heavy chain
constant region of the bovine antibody has mutations introduced thereinto that reduce
ADCC activity and/or CDC activity.

(10) The antibody of (8) above, wherein the light chain constant region of the canine
antibody has the amino acid sequence as shown in SEQ ID NO: 3 and the heavy chain
constant region of the canine antibody has the amino acid sequence as shown in SEQ ID
NO: 4.

(11) The antibody of (9) above, wherein the light chain constant region of the bovine
antibody has the amino acid sequence as shown in SEQ ID NO: 100 and the heavy chain
constant region of the bovine antibody has the amino acid sequence as shown in SEQ ID
NO: 102.

(12) The antibody of any one of (1) to (11) above which has a four-chain structure
comprising two light chains and two heavy chains.

(13) A pharmaceutical composition comprising the antibody of any one of (1) to (12) above
as an active ingredient.

(14) The composition of (13) above for prevention and/or treatment of cancers and/or
inflammations.

(15) The composition of (14) above, wherein the cancers and/or inflammations are selected
from the group consisting of neoplastic diseases, leukemia, Johne's disease,
anaplasmosis, bacterial mastitis, mycotic mastitis, mycoplasma infections (such as
mycoplasma mastitis, mycoplasma pneumonia or the like), tuberculosis, Theileria
orientalis infection, cryptosporidiosis, coccidiosis, trypanosomiasis and leishmaniasis.

(16) An artificial genetic DNA comprising (a’) a DNA encoding a light chain comprising a
light chain variable region containing CDRI1 having the amino acid sequence of
QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid sequence of WAT
and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID NO: 38) and the
light chain constant region of an antibody of an animal other than rat and (b’) a DNA
encoding a heavy chain comprising a heavy chain variable region containing CDR1
having the amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having the
amino acid sequence of [YPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid
sequence of ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region of an
antibody of an animal other than rat.

(17) A vector comprising the artificial genetic DNA of (16) above.



(18) A host cell transformed with the vector of (17) above.

(19) A method of preparing an antibody, comprising culturing the host cell of (18) above and
collecting an anti-PD-L1 antibody from the resultant culture.

(20) A DNA encoding a light chain comprising a light chain variable region containing
CDRI1 having the amino acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2
having the amino acid sequence of WAT and CDR3 having the amino acid sequence of
GQYLVYPFT (SEQ ID NO: 38) and the light chain constant region of an antibody of an
animal other than rat.

(21) A DNA encoding a heavy chain comprising a heavy chain variable region containing
CDRI1 having the amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having
the amino acid sequence of [IYPEYGNT (SEQ ID NO: 40) and CDR3 having the amino
acid sequence of ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region
of an antibody of an animal other than rat.

The present specification encompasses the contents disclosed in the specifications
and/or drawings of Japanese Patent Applications No. 2016-159088, No. 2016-159089, No.
2017-110723 and No. 2017-61454 based on which the present patent application claims
priority.

In one aspect, the present disclosure refers to an anti-PD-L1 antibody comprising (a)
and (b) or an anti-PD-L1 antibody comprising (¢) and (d):

(a) a light chain comprising a light chain variable region containing CDR1 having the
amino acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid
sequence of WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID NO:
38) and the light chain constant region of a canine antibody having the amino acid sequence
as shown in SEQ ID NO: 3;

(b) a heavy chain comprising a heavy chain variable region containing CDR1 having
the amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid
sequence of [IYPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid sequence of
ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region of a canine antibody
having the amino acid sequence as shown in SEQ ID NO: 4;

(c) a light chain comprising a light chain variable region containing CDR1 having the
amino acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid
sequence of WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID NO:
38) and the light chain constant region of a bovine antibody having the amino acid sequence
as shown in SEQ ID NO: 100; and

(d) a heavy chain comprising a heavy chain variable region containing CDR1 having
the amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid
sequence of [YPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid sequence of
ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region of a bovine antibody
having the amino acid sequence as shown in SEQ ID NO: 102.

In another aspect, the present disclosure refers to a pharmaceutical composition
comprising the antibody as described herein as an active ingredient.

In another aspect, the present disclosure refers to the pharmaceutical composition as
described herein for use as a medicament.

In another aspect, the present disclosure refers to use of the pharmaceutical composition
as described herein in the manufacture of a medicament for treatment of cancers and/or
infections in non-human subjects.

In another aspect, the present disclosure refers to an artificial genetic DNA encoding
the anti-PD-L1 antibody as disclosed herein.
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In another aspect, the present disclosure refers to a vector comprising the artificial
genetic DNA as described herein.

In another aspect, the present disclosure refers to a host cell transformed with the vector
as described herein.

In another aspect, the present disclosure refers to a method of preparing an antibody,
comprising culturing the host cell as described herein and collecting an anti-PD-L1 antibody
from the resultant culture.

In another example, the present disclosure refers to a DNA encoding (a) a light chain
comprising a light chain variable region containing CDR1 having the amino acid sequence of
QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid sequence of WAT and
CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID NO: 38) and the light
chain constant region of an antibody of an animal other than rat; and (b) a heavy chain
comprising a heavy chain variable region containing CDR1 having the amino acid sequence
of GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid sequence of [YPEYGNT
(SEQ ID NO: 40) and CDR3 having the amino acid sequence of ASEEAVISLVY (SEQ ID
NO: 41) and the heavy chain constant region of an antibody of an animal other than rat.

In another example, there is provided a DNA encoding a heavy chain comprising a
heavy chain variable region containing CDR1 having the amino acid sequence of
GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid sequence of [YPEYGNT (SEQ
ID NO: 40) and CDR3 having the amino acid sequence of ASEEAVISLVY (SEQ ID NO: 41)

and the heavy chain constant region of an antibody of an animal other than rat.

EFFECT OF THE INVENTION

According to the present invention, a novel anti-PD-L1 antibody has been obtained.

This antibody is applicable even to those animals other than rat.
BRIEF DESCRIPTION OF THE DRAWINGS

[Fig. 1] Inhibition of the binding of recombinant canine PD-L1 to recombinant
canine PD-1. The binding of canine PD-L1-Ig to canine PD-1-Ig was detected on ELISA
plates. The optical density (O.D.) without addition of antibody was taken as 100%. O.D. at
each antibody concentration was shown as relative value. Among rat anti-bovine PD-L1
monoclonal antibodies 4G12 (Rat IgG2a (x)), SA2 (Rat IgG1 (x)) and 6G7 (Rat IgM (x))
which showed cross-reaction with canine PD-L1, clones 4G12 and 6G7 exhibited a high
binding inhibition capacity.

[Fig. 2] Schematic drawings of pDC6 vector and a rat-canine chimeric anti-PD-L1
antibody.

[Fig. 3] Expression and purification of rat-canine chimeric anti-PD-L1 antibodies
c4G12 and c6G7. SDS-PAGE was performed under non-reducing conditions, followed by



visualization of bands by CBB staining. a: purification with protein A alone. b: a + gel
filtration chromatography.

[Fig. 4] PD-1/PD-L1 binding inhibition activities of rat-canine chimeric anti-PD-L1
antibodies c4G12 and c6G7.

[Fig. 5] Establishment of cell clones capable of high expression of rat-canine
chimeric anti-PD-L1 antibody c4G12.

[Fig. 6] SDS-PAGE images of rat-canine chimeric anti-PD-L1 antibody c4G12. Rat
anti-bovine PD-L1 antibody 4G12 and rat-canine chimeric anti-PD-L1 antibody c4G12 were
electrophoresed under reducing conditions and non-reducing conditions, followed by
visualization of bands by CBB staining. Under reducing conditions, a band of antibody’s
heavy chain was detected at around 50 kDa and a band of antibody’s light chain at around 25
kDa. No bands other than the bands of interest were detected.

[Fig. 7] Inhibitory activities of rat anti-bovine PD-L1 antibody 4G12 and rat-canine
chimeric anti-PD-L1 antibody c4G12 against canine PD-1/PD-L1 binding and CD80/PD-L1
binding. Rat anti-bovine PD-L1 monoclonal antibody 4G12 and rat-canine chimeric anti-PD-
L1 antibody c4G12 reduced the amounts of binding of PD-L1-Ig to canine PD-1-Ig and
CD80-Ig. No change due to chimerization of the antibody was observed in binding inhibition
activity

[Fig. 8] Canine immune cell activation effect by rat-canine chimeric anti-PD-L1
antibody c4G12. Canine PBMCs were cultured under stimulation for 3 days, followed by
determination of IL-2 and IFN-y concentrations in the supernatant by ELISA. Further,
nucleic acid analogue EAU was added to the culture medium at day 2 of the culture under
stimulation, followed by determination of the EdU uptake by flow cytometry. Rat-canine
chimeric anti-PD-L1 antibody c4G12 increased the production of IL-2 and IFN-y from canine
PBMCs and enhanced proliferation of CD4" and CD8" lymphocytes.

[Fig. 9] Expression of PD-L1 in oral melanoma (A) and undifferentiated sarcoma
(B)

[Fig. 10] CT images and appearances of tumor in a test of treatment by
administering rat-canine chimeric anti-PD-L1 antibody c4G12 to a dog with oral melanoma.
(a,d) Before the start of the treatment, (b,e) at week 10 of the treatment, and (c,f) at week 34
of the treatment. A remarkable anti-tumor effect was recognized upon five administrations of
the antibody (at week 10 from the start of the treatment). At week 34, a further reduction of
tumor was confirmed.

[Fig. 11] Time-dependent changes in the longest diameter of the tumor in the dog



with oral melanoma shown in Fig. 10. Reduction by 30% or more compared to the baseline
longest diameter was regarded as partial response (PR).

[Fig. 12] CT images in a test of treatment by administering rat-canine chimeric anti-
PD-L1 antibody c4G12 to a dog with undifferentiated sarcoma. (a,c) Before the start of the
treatment, (b,d) at week 3 of the treatment. A remarkable reduction of tumor was recognized
upon two administrations of the antibody.

[Fig. 13] CT images in a test of treatment by administering rat-canine chimeric anti-
PD-L1 antibody c4G12 to dogs with oral melanoma (pulmonary metastatic cases). (a,d,g)
Before the start of the treatment, (b,e,h) at week 6 of the treatment, and (c,f,i) at week 18 of
the treatment. A plurality of pulmonary metastatic lesions disappeared upon nine
administrations of the antibody.

[Fig. 14] Time-dependent changes in the proportion survival of dogs with oral
melanoma after the occurrence of pulmonary metastasis. In the antibody administration
group, the survival duration may have been prolonged compared to the control group.

[Fig. 15] CDR1, CDR2 and CDR3 regions in the light chain variable region and the
heavy chain variable region of rat anti-bovine PD-L1 antibody 4G12 are illustrated.

[Fig. 16] Cross-reactivity of rat anti-bovine PD-L1 antibody 4G12. It was
confirmed that rat anti-bovine PD-L1 antibody 4G12 binds to ovine PD-L1 and porcine PD-
L1.

[Fig. 17] Reactivity of rat anti-bovine PD-L1 antibody 4G12 with water buffalo
leukocytes. Rat anti-bovine PD-L1 antibody 4G12 strongly bound to blood macrophages
(CD14" CD11b" cells) of water buffalo, whereas rat anti-bovine PD-L1 antibody 4G12 bound
weakly to lymphocytes (CD14'CD11b" cells) of water buffalo. It is believed that this
difference in binding reflects the expression levels of PD-L1 in macrophages and
lymphocytes.

[Fig. 18] Inhibition test on rat anti-bovine PD-L1 antibody 4G12 against ovine or
porcine PD-1/PD-L1 binding. It was demonstrated that rat anti-bovine PD-L1 antibody 4G12
is capable of inhibiting ovine and porcine PD-1/PD-L1 binding in a concentration dependent
manner.

[Fig. 19] The amino acid sequence of rat-bovine chimeric anti-bovine PD-L1
antibody ch4G12. CDRI, CDR2 and CDR3 regions in the light chain variable region and
the heavy chain variable region of rat anti-bovine PD-L1 antibody 4G12 are shown. Further,
amino acids introduced as mutations to bovine IgG1 (CH2 domain) are also shown (amino

acid numbers and mutations: 250 E—P, 251 L—V, 252 P—A, 253 G —deletion, 347 A—S,



348 P—S).

[Fig. 20] Schematic drawings of pDC6 vector and rat-bovine chimeric anti-bovine
PD-L1 antibody ch4G12.

[Fig. 21] Confirmation of the purity of purified rat-bovine chimeric anti-bovine PD-
L1 antibody ch4G12.

[Fig. 22] Binding specificity of rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12.

[Fig. 23] Inhibitory activity of rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12 against bovine PD-1/PD-L1 binding (the test results of inhibition against binding of
bovine PD-L1 expressing cells and soluble bovine PD-1).

[Fig. 24] Inhibitory activity of rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12 against bovine PD-1/PD-L1 binding (the test results of inhibition against binding of
bovine PD-1 expressing cells and soluble bovine PD-L1).

[Fig. 25] Activation effect of rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12 on bovine lymphocyte response (in terms of cell proliferation).

[Fig. 26] Activation effect of rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12 on bovine lymphocyte response to BLV antigen (in terms of IFN-y production).

[Fig. 27] The proliferation response of T cells against BLV antigen in a calf
experimentally infected with BLV through administration of rat-bovine chimeric anti-bovine
PD-L1 antibody ch4G12.

[Fig. 28] Changes in BLV provirus loads in the calf experimentally infected with
BLYV through administration of rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12.

BEST MODES FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be described in detail.

The present invention provides an anti-PD-L1 antibody comprising (a) a light chain
comprising a light chain variable region containing CDR1 having the amino acid sequence of
QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid sequence of WAT and
CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID NO: 38) and a light chain
constant region of an antibody of an animal other than rat; and (b) a heavy chain comprising a
heavy chain variable region containing CDR1 having the amino acid sequence of
GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid sequence of [YPEYGNT (SEQ
ID NO: 40) and CDR3 having the amino acid sequence of ASEEAVISLVY (SEQ ID NO: 41)

and a heavy chain constant region of an antibody of an animal other than rat.



CDRI1, CDR2 and CDR3 in the light chain variable region (VL) of rat anti-bovine
PD-L1 antibody 4G12 are a region consisting of the amino acid sequence of
QSLLYSENQKDY (SEQ ID NO: 37), a region consisting of the amino acid sequence of
WAT and a region consisting of the amino acid sequence of GQYLVYPFT (SEQ ID NO: 38),
respectively (see Fig. 15).

Further, CDR1, CDR2 and CDR3 in the heavy chain variable region (VH) of rat anti-
bovine PD-L1 antibody 4G12 are a region consisting of the amino acid sequence of
GYTFTSNF (SEQ ID NO: 39), a region consisting of the amino acid sequence of
IYPEYGNT (SEQ ID NO: 40) and a region consisting of the amino acid sequence of
ASEEAVISLVY (SEQ ID NO: 41), respectively (see Fig.15).

In the amino acid sequences of QSLLYSENQKDY (SEQ ID NO: 37), WAT and
GQYLVYPFT (SEQ ID NO: 38), as well as the amino acid sequences of GYTFTSNF (SEQ
ID NO: 39), IYPEYGNT (SEQ ID NO: 40) and ASEEAVISLVY (SEQ ID NO: 41), one, two,
three, four or five amino acids may be deleted, substituted or added.

As used herein, the term “antibody” is a concept encompassing not only full-length
antibodies but also antibodies of smaller molecular sizes such as Fab, F(ab)’,, ScFv, Diabody,
Vi, Vi, Sc(Fv),, Bispecific sc(Fv),, Minibody, scFv-Fc monomer and scFv-Fc dimer.

In the anti-PD-L1 antibody of the present invention, VL and VH thereof may be
derived from rat. For example, VL thereof may be the VL of a rat anti-bovine PD-L1
antibody, and VH thereof may be the VH of the rat anti-bovine PD-L1 antibody.

The amino acid sequence of the VL and the amino acid sequence of the VH of the rat
anti-bovine PD-L1 antibody are shown in SEQ ID NOS: 1 and 2, respectively. The amino
acid sequences as shown in SEQ ID NOS: 1 and 2 may have deletion(s), substitution(s) or
addition(s) of one or several (e.g., up to five, about 10 at the most) amino acids. Even when
such mutations have been introduced, the resulting amino acid sequences are capable of
having the function as VL or VH of the PD-L1 antibody.

The VL and VH of an antibody of an animal other than rat may be derived from an
animal which produces a PD-L1 that cross-reacts with rat anti-bovine PD-L1 antibody 4G12.

There are two types of immunoglobulin light chain, which are called Kappa chain (k)
and Lambda chain (A). In the anti-PD-L1 antibody of the present invention, the light chain
constant region (CL) of an antibody of an animal other than rat may have the amino acid
sequence of the constant region of either Kappa chain or Lambda chain. However, the
relative abundance of Lambda chain is higher in ovine, feline, canine, equine and bovine, and

that of Kappa chain is higher in mouse, rat, human and porcine. Since a chain with a higher



10

relative abundance is considered to be preferable, an ovine, feline, canine, equine or bovine
antibody preferably has the amino acid sequence of the constant region of Lambda chain
whereas a mouse, rat, human or porcine antibody preferably has the amino acid sequence of
the constant region of Kappa chain.

The heavy chain constant region (CH) of an antibody of an animal other than rat may
have the amino acid sequence of the constant region of an immunoglobulin equivalent to
human IgG4. Immunoglobulin heavy chain is classified into y chain, p chain, o chain, o
chain and ¢ chain depending on the difference in constant region. According to the type of
heavy chain present, five classes (isotypes) of immunoglobulin are formed; they are IgG,
IgM, IgA, IgD and IgE.

Immunoglobulin G (IgG) accounts for 70-75% of human immunoglobulins and is the
most abundantly found monomeric antibody in plasma. IgG has a four-chain structure
consisting of two light chains and two heavy chains. Human IgGl, IgG2 and IgG4 have
molecular weights of about 146,000, whereas human IgG3 has a long hinge region that
connects Fab region and Fc region and has a larger molecular weight of 170,000. Human
IgG1 accounts for about 65%, human IgG2 about 25%, human IgG3 about 7%, and human
IgG4 about 3% of human IgG. They are uniformly distributed inside and outside of blood
vessels. Having a strong affinity for Fc receptors and complement factors on effector cell
surfaces, human IgGl induces antibody-dependent cell cytotoxicity (ADCC) and also
activates complements to induce complement-dependent cell cytotoxicity (CDC). Human
IgG2 and IgG4 are low at ADCC and CDC activities because their affinity for Fc receptors
and complement factors is low.

Immunoglobulin M (IgM), which accounts for about 10% of human
immunoglobulins, is a pentameric antibody consisting of five basic four-chain structures
joined together. It has a molecular weight of 970,000. Usually occurring only in blood, IgM
is produced against infectious microorganisms and takes charge of early stage immunity.

Immunoglobulin A (IgA) accounts for 10-15% of human immunoglobulins. It has a
molecular weight of 160,000. Secreted IgA is a dimeric antibody consisting of two IgA
molecules joined together. IgAl is found in serum, nasal discharge, saliva and breast milk.
In intestinal juice, IgA?2 is found abundantly.

Immunoglobulin D (IgD) is a monomeric antibody accounting for no more than 1% of
human immunoglobulins. IgD is found on B cell surfaces and involved in induction of
antibody production.

Immunoglobulin E (IgE) is a monomeric antibody that occurs in an extremely small
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amount, accounting for only 0.001% or less of human immunoglobulins. Immunoglobulin E
is considered to be involved in immune response to parasites but in advanced countries where
parasites are rare, IgE is largely involved in bronchial asthma and allergy among other things.

With respect to canine, sequences of IgG-A (equivalent to human IgG2), IgG-B
(equivalent to human IgG1), IgG-C (equivalent to human IgG3) and IgG-D (equivalent to
human IgGG4) have been identified as the heavy chain of IgG. In the antibody of the present
invention, an IgG’s heavy chain constant region with neither ADCC activity nor CDC activity
is preferable (IgG4 in human). In the case where the constant region of an immunoglobulin
equivalent to human IgG4 has not been identified, one may use a constant region that has lost
both ADCC activity and CDC activity as a result of introducing mutations into the relevant
region of an immunoglobulin equivalent to human IgG4.

With respect to bovine, sequences of IgG1, IgG2 and IgG3 have been identified as the
heavy chain of IgG. In the antibody of the present invention, an IgG’s heavy chain constant
region with neither ADCC activity nor CDC activity is preferable (IgG4 in human).
Although the constant region of wild-type human IgG1 has ADCC activity and CDC activity,
it is known that these activities can be reduced by introducing amino acid substitutions or
deletions into specific sites. In bovine, the constant region of an immunoglobulin equivalent
to human IgG4 has not been identified, so mutations may be added at the relevant region of
an immunoglobulin equivalent to human IgG1 and the resultant constant region then used.
As one example, the amino acid sequence of the CH of a bovine antibody (IgG1 chain,
GenBank: X62916) having mutations introduced into CH2 domain and a nucleotide sequence
for such amino acid sequence (after codon optimization) are shown in SEQ ID NOS: 102 and
102, respectively.

When an animal other than rat is canine, an anti-PD-L1 antibody is more preferable in
which (i) the CL of a canine antibody has the amino acid sequence of the constant region of
Lambda chain and (ii) the CH of the canine antibody has the amino acid sequence of the
constant region of an immunoglobulin equivalent to human IgG4.

When an animal other than rat is bovine, an anti-PD-L1 antibody is more preferable in
which (i) the CL of a bovine antibody has the amino acid sequence of the constant region of
Lambda chain and (ii) the CH of the bovine antibody has mutations introduced thereinto that
reduce ADCC activity and/or CDC activity.

The anti-PD-L1 antibody of the present invention encompasses rat-canine chimeric
antibodies, caninized antibodies, complete canine-type antibodies, rat-bovine chimeric

antibodies, bovinized antibodies and complete bovine-type antibodies. However, animals are
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not limited to canine and bovine and may be exemplified by human, porcine, simian, mouse,
feline, equine, goat, sheep, water buffalo, rabbit, hamster, guinea pig and the like.

For example, the anti-PD-L1 antibody of the present invention may be an anti-PD-L1
antibody in which the CL of a canine antibody has the amino acid sequence as shown in SEQ
ID NO: 3 and the CH of the canine antibody has the amino acid sequence as shown in SEQ
ID NO: 4.

As a further example, the anti-PD-L1 antibody of the present invention may be an
anti-PD-L1 antibody in which the CL of a bovine antibody has the amino acid sequence as
shown in SEQ ID NO: 100 and the CH of the bovine antibody has the amino acid sequence as
shown in SEQ ID NO: 102.

The amino acid sequences as shown in SEQ ID NOS: 3 and 4 as well as SEQ ID
NOS: 100 and 102 may have deletion(s), substitution(s) or addition(s) of one or several (e.g.,
up to five, about 10 at the most) amino acids. Even when such mutations have been
introduced, the resulting amino acid sequences are capable of having the function as CL or
CH of the PD-L1 antibody.

The anti-PD-L1 antibody of the present invention may have a four-chain structure
comprising two light chains and two heavy chains.

The anti-PD-L1 antibody of the present invention may be prepared as described
below. Briefly, an artificial gene is synthesized which comprises (i) the identified variable
region sequences of a rat anti-bovine PD-L1 antibody and (ii) the constant region sequences
of an antibody of an animal other than rat (e.g., canine or bovine) (preferably, human IgG4
antibody; antibody equivalent to human IgG4 antibody; or an immunoglobulin equivalent to
human IgGl, in which mutations have been introduced into the relevant region to reduce
ADCC activity and/or CDC activity). The resultant gene is inserted into a vector (e.g.,
plasmid), which is then introduced into a host cell (e.g., mammal cell such as CHO cell). The
host cell is cultured, and the antibody of interest is collected from the resultant culture.

The amino acid sequence and the nucleotide sequence of the VL of the rat anti-bovine
PD-L1 antibody identified by the present inventors are shown in SEQ ID NOS: 1 and 5,
respectively. Further, the nucleotide sequence after codon optimization is shown in SEQ ID
NO: 15.

The amino acid sequence and the nucleotide sequence of the VH of the rat anti-
bovine PD-L1 antibody identified by the present inventors are shown in SEQ ID NOS: 2 and
6, respectively. Further, the nucleotide sequence after codon optimization is shown in SEQ

ID NO: 16.
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The amino acid sequence and the nucleotide sequence of the CL (Lambda chain,
GenBank: E02824.1) of a canine antibody are shown in SEQ ID NOS: 3 and 7, respectively.
Further, the nucleotide sequence after codon optimization is shown in SEQ ID NO: 17.

The amino acid sequence and the nucleotide sequence of the CL (Lambda chain,
GenBank: X62917) of a bovine antibody are shown in SEQ ID NOS: 100 and 101,
respectively. Further, the nucleotide sequence after codon optimization is shown in SEQ ID
NO: 104.

The amino acid sequence and the nucleotide sequence of the CH (IgG-D chain,
GenBank: AF354267.1) of the canine antibody are shown in SEQ ID NOS: 4 and 8,
respectively. Further, the nucleotide sequence after codon optimization is shown in SEQ ID
NO: 18.

The amino acid sequence and the nucleotide sequence (after codon optimization) of
the CH (IgG1 chain, modified from GenBank: X62916) of the bovine antibody are shown in
SEQ ID NOS: 102 and 103, respectively.

Further, SEQ ID NO: 9 shows the amino acid sequence of a chimeric light chain
consisting of the VL of the rat anti-bovine PD-L1 antibody and the CL (Lambda chain,
GenBank: E02824.1) of the canine antibody. The nucleotide sequence (after codon
optimization) of the chimeric light chain consisting of the VL of the rat anti-bovine PD-L1
antibody and the CL (Lambda chain, GenBank: E02824.1) of the canine antibody is shown in
SEQ ID NO: 19.

Further, SEQ ID NO: 105 shows the amino acid sequence of a chimeric light chain
consisting of the VL of the rat anti-bovine PD-L1 antibody and the CL (Lambda chain,
GenBank: X62917) of the bovine antibody. The nucleotide sequence (after codon
optimization) of the chimeric light chain consisting of the VL of the rat anti-bovine PD-L1
antibody and the CL (Lambda chain, GenBank: X62917) of the bovine antibody is shown in
SEQ ID NO: 107.

SEQ ID NO: 10 shows the amino acid sequence of a chimeric heavy chain consisting
of the VH of the rat anti-bovine PD-L1 antibody and the CH (IgG-D chain, GenBank:
AF354267.1) of the canine antibody. The nucleotide sequence (after codon optimization) of
the chimeric heavy chain consisting of the VH of the rat anti-bovine PD-L1 antibody and the
CH (IgG-D chain, GenBank: AF354267.1) of the canine antibody is shown in SEQ ID NO:
20.

SEQ ID NO: 106 shows the amino acid sequence of a chimeric heavy chain consisting

of the VH of the rat anti-bovine PD-L1 antibody and the CH (IgG1 chain, modified from
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GenBank: X62916) of the bovine antibody. The nucleotide sequence (after codon
optimization) of the chimeric heavy chain consisting of the VH of the rat anti-bovine PD-L1
antibody and the CH (IgG1 chain, modified from GenBank: X62916) of the bovine antibody
is shown in SEQ ID NO: 108.

Amino acid sequences and nucleotide sequences of CLs and CHs for various animals
other than the above may be obtained from known databases for use in the present invention.

Amino acid sequences and nucleotide sequences of CLs and CHs for canine, ovine,
porcine, water buffalo, human and bovine are summarized in the table below.

Table.
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Species

Ig Domain

Nucleotide Sequence

Amino Acid Sequence

GenBank
Accession No.

IMGT Database

Reference

Canine (Scientific
Name: Canis lupus
familiaris)

Canine Ig
heavy chain
constant.
region
(CH1"CH3)

1gG-D

GCCTCCACCACGGCCCCCTCGGTTTTCCCACTGGCC
CCCAGCTGCGGGTCCACTTCCGGCTCCACGGTGGCC
CTGGCCTGCCTGGTGTCAGGCTACTTCCCCGAGCCT
GTAACTGTGTCCTGGAATTCCGGCTCCTTGACCAGC

GGTGTGCACACCTTCCCGTCCGTCCTGCAGTCCTCA
GGGCTCTACTCCCTCAGCAGCACGGTGACAGTGCCC
TCCAGCAGGTGGCCCAGCGAGACCTTCACCTGCAAC
GTGGTCCACCCGGCCAGCAACACTAAAGTAGACAAG
CCAGTGCCCAAAGAGTCCACCTGCAAGTGTATATCC

CCATGCCCAGTCCCTGAATCACTGGGAGGGCCTTCG
GTCTTCATCTTTCCCCCGAAACCCAAGGACATCCTC

AGGATTACCCGAACACCCGAGATCACCTGTGTGGTG
TTAGATCTGGGCCGTGAGGACCCTGAGGTGCAGATC
AGCTGGTTCGTGGATGGTAAGGAGGTGCACACAGCC
AAGACGCAGCCTCGTGAGCAGCAGTTCAACAGCACC
TACCGTGTGGTCAGCGTCCTCCCCATTGAGCACCAG
GACTGGCTCACCGGAAAGGAGTTCAAGTGCAGAGTC
AACCACATAGGCCTCCCGTCCCCCATCGAGAGGACT
ATCTCCAAAGCCAGAGGGCAAGCCCATCAGCCCAGT
GTGTATGTCCTGCCACCATCCCCAAAGGAGTTGTCA

TCCAGTGACACGGTCACCCTGACCTGCCTGATCAAA

GACTTCTTCCCACCTGAGATTGATGTGGAGTGGCAG

AGCAATGGACAGCCGGAGCCCGAGAGCAAGTACCAC
ACGACTGCGCCCCAGCTGGACGAGGACGGGTCCTAC
TTCCTGTACAGCAAGCTCTCTGTGGACAAGAGCCGC
TGGCAGCAGGGAGACACCTTCACATGTGCGGTGATG
CATGAAGCTCTACAGAACCACTACACAGATCTATCCC
TCTCCCATTCTCCGGGTAAATGA

(SEQ ID NO: 8)

ASTTAPSVFPLAPSCGSTSGSTVALAC
LVSGYFPEPVTVSWNSGSLTSGVHTFP
SVLQSSGLYSLSSTVTVPSSRWPSETF
TCNVVHPASNTKVDKPVPKESTCKCIS
PCPVPESLGGPSVFIFPPKPKDILRITRT
PEITCVVLDLGREDPEVQISWFVDGKEV
HTAKTQPREQQFNSTYRVVSVLPIEHQ
DWLTGKEFKCRVNHIGLPSPIERTISKA
RGQAHQPSVYVLPPSPKELSSSDTVTL
TCLIKDFFPPEIDVEWQSNGQPEPESKY
HTTAPQLDEDGSYFLYSKLSVDKSRWQ
QGDTFTCAVMHEALQNHYTDLSLSHS
PGK*

(SEQ ID NO: 4)

AF354267

http://www.imgt.org/l
MGTrepertoire/index.p
hp?section=LocusGen
es&repertoire=genetab
le&species=dog&group
=IGHC

Tang L. et al., Vet.
Immunol.
Immunopathol. 80 (3-
4), 259-270 (2001).
PMID: 11457479

Canine Ig light
chain constant
region

Ig lambda (CL)

CAGGCCAAGGGCTCCCGCTCGGTGAGACTCTTGCCG
CCCTCCTCTGAGGAGCTCGGCGCCAACAAGGCCACC
CTGGTGTGCCTCATCAGCGACTTCTACCCCAGCGGC
GTGACGGTGGCCTGGAAGGCAAGCGGCAGCCCCGT
CACCCAGGGCGTGGAGACCACCAAGCCCTCCAAGCA
GAGGAACAACAAGTACGCGGGCAGGAGGTACCTGAG
GCTGAGGCCTGAGAAGTGGAAATCTCACAGCAGCTT
GAGGTGGCTGGTGAGGCAGGAGGGGAGCACCGTGG
AGAAGAAGGTGGCCCCCGCAGAGTGCTCTTAG
(SEQID NO: 7)

QPKASPSVTLFPPSSEELGANKATLVC
LISDFYPSGVTVAWKASGSPVTQGVET
TKPSKQSNNKYAASSYLSLTPDKWKSH
SSFSCLVTHEGSTVEKKVAPAECS*
(SEQ ID NO: 3)

E02824

Not registered

None
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Species lg Domain Nucleotide Sequence Amino Acid Sequence GenBank o, |MGT Database Reference
ccession No.
Ovine Ovine heavy |1gG1 GCCTCAACAACACCCCCGAAAGTCTACCCTCTGACT |ASTTPPKVYPLTSCCGDTSSSIVILGC |X69797 htto-//www.imgt.ore/l |Dufour V. et al., J.
(Scientific  |chain constant TCTTGCTGCGGGGACACGTCCAGCTCCATCGTGACC [LVSSYMPEPVTVTWNSGALTSGVHTF MGTrepertoire/index.o | Immunol. 156, 2163-
Name:Ovis  [region CTGGGCTGCCTGGTCTCCAGCTATATGCCCGAGCCG |PAILQSSGLYSLSSVVTVPASTSGAQT ho?section=LocusGen |2170 (1996). PMID:
aries) (CH1"CH3) GTGACCGTGACCTGGAACTCTGGTGCCCTGACCAGC |FIGNVAHPASSTKVDKRVEPGCPDPCK es&repertoire=genetab 8690905
GGCGTGCACACCTTCCCGGCCATCCTGCAGTCCTCC [HCRCPPPELPGGPSVFIFPPKPKDTLTI le8species=sheep&gro
GGGCTCTACTCTCTCAGCAGCGTGGTGACCGTGCCG [SGTPEVTCVVVDVGQDDPEVQFSWFYV up=IGHC
GCCAGCACCTCAGGAGCCCAGACCTTCATCTGCAAC [DNVEVRTARTKPREEQFNSTFRVVSAL
GTAGCCCACCCGGCCAGCAGCACCAAGGTGGACAAG |PIQHQDWT GGKEFKCKVHNEALPAPIY
CGTGTTGAGCCCGGATGCCCGGACCCATGCAAACAT |RTISRTKGQAREPQVYVLAPPQEELSK
TGCCGATGCCCACCCCCTGAGCTCCCCGGAGGACC [STLSVTCLVTGFYPDYIAVEWQKNGGP
GTCTGTCTTCATCTTCCCACCGAAACCCAAGGACAC |ESEDKYGTTTSQLDADGSYFLYSRLRV
GCTTACAATCTCTGGAACGCCCGAGGTCACGTGTGT |DKNSWQEGDTYAGVVMHEALHNHYTQ
GGTGGTGGACGTGGGCCAGGATGACCCCGAGGTGC |KSISKPPGK*
AGTTCTCCTGGTTCGTGGACAACGTGGAGGTGCGCA | (SEQ ID NO: 42)
CGGCCAGGACAAAGCCGAGAGAGGAGCAGTTCAACA
GCACCTTCCGCGTGGTCAGCGCCCTGCCCATCCAGC
AGCAAGACTGGACTGGAGGAAAGGAGTTCAAGTGCA
AGGTCCACAACGAAGCCCTCCCGGCCCCCATCGTGA
GGACCATCTCCAGGACCAAAGGGCAGGCCCGGGAG
GCGCAGGTGTACGTCCTGGCCCCACCGCAGGAAGAG
CTCAGCAAAAGCACGCTCAGCGTCACCTGCCTGGTC
ACCGGCTTCTACCCAGACTACATCGCCGTGGAGTGG
CAGAAAAATGGGCAGCCTGAGTCGGAGGACAAGTAC
GGCACGACCACATCCCAGCTGGACGCCGACGGCTCC
TACTTCCTGTACAGCAGGCTCAGGGTGGACAAGAAC
AGCTGGCAAGAAGGAGACACCTACGCGTGTGTGGTG
ATGCACGAGGCTCTGCACAACCACTAGACACAGAAG
TCGATCTCTAAGCCTCCGGGTAAATGA
(SEQ ID NO: 43)
16G2 GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGACT |ASTTAPKVYPLTSCCGDTSSSSSIVTL |X70983 Clarkson CA. et al.,
TCTTGCTGCGGGGACACGTCCAGCTCCAGCTCCATC |GCLVSSYMPEPVTVTWNSGALTSGVH Mol. Immunol., 30,
GTGACCCTGGGCTGCCTGGTCTCCAGCTATATGCCC |TFPAILQSSGLYSLSSVVTVPASTSGA 1195-1204 (1993).
GAGCCGGTGAGCGTGACCTGGAAGTGTGGTGCCCTG |QTFICNVAHPASSAKVDKRVGISSDYS PMID: 8413324
ACCAGCGGCGTGCACACCTTCCCGGCCATCCTGCAG [KCSKPPCVSRPSVFIFPPKPKDSLMITG
TCCTCCGGGCTCTACTCTCTCAGCAGCGTGGTGACC | TPEVTCVVVDVGQGDPEVQFSWFVDN
GTGCCGGCCAGCACCTCAGGAGCCCAGACCTTCATC [VEVRTARTKPREEQFNSTFRVVSALPI
TGCAACGTAGCCCACCCGGCCAGCAGCGCCAAGGTG|QHDHWT GGKEFKCKVHSKGLPAPIVRT
GACAAGCGTGTTGGGATCTCCAGTGACTACTCCAAG [ISRAKGQAREPQVYVLAPPQEELSKST
TGTTCTAAACCGCCTTGCGTGAGCCGACCGTCTGTG |LSVTCLVTGFYPDYIAVEWQRARQPES
TTCATCTTCCCCCCGAAACCCAAGGACAGCCTCATG [EDKYGTTTSQLDADGSYFLYSRLRVDK
ATCACAGGAACGCCCGAGGTCACGTGTGTGGTGGTG |SSWQRGDTYACVVMHEALHNHYTQKS
GACGTGGGCCAGGGTGACCCCGAGGTGCAGTTCTCC|ISKPPGK*
TGGTTCGTGGACAACGTGGAGGTGCGCACGGCCAGG| (SEQ ID NO: 44)
ACAAAGCCGAGAGAGGAGCAGTTCAACAGCACCTTC
CGCGTGGTCAGCGCCCTGCCCATCCAGCACGACCAC
TGGACTGGAGGAAAGGAGTTCAAGTGCAAGGTCCAC
AGCAAAGGCCTCCCGGCCCCCATCGTGAGGACCATC
TCCAGGGCCAAAGGGCAGGCCCGGGAGCCGCAGGT
GTACGTCCTGGCCCCACCCCAGGAAGAGCTCAGCAA
AAGCACGCTCAGCGTCACCTGCCTGGTCACCGGCTT
GCTACCCAGACTACATCGCCGTGGAGTGGCAGAGAGC
GCGGCAGCCTGAGTCGGAGGACAAGTACGGCACGAC
GACATCCCAGCTGGACGCCGAGGGCTCCTAGTTCCT
GTACAGCAGGCTCAGGGTGGAGAAGAGCAGCTGGCA
AAGAGGAGACACCTACGCGTGTGTGGTGATGCACGA
GGCTCTGCACAACCACTACACACAGAAGTCGATCTC
TAAGCCTCCGGGTAAATGA
(SEQ ID NO: 45)
Ovine light | Ig kappa (CK) CCATCCGTCTTCCTCTTGAAACCATCTGAGGAACAG |PSVFLFKPSEEQLRTGTVSVVCLVNDF |X54110 Not registered
chain constant CTGAGGACCGGAACTGTCTCTGTCGTGTGCTTGGTG |YPKDINVKVKVDGVTQNSNFQNSFTDQ Jenne CN. et al,
region AATGATTTCTACCCCAAAGATATCAATGTCAAGGTGA [DSKKSTYSLSSTLTLSSSEYQSHNAYA Dev. Comp. Immunol.
AAGTGGATGGGGTTACCCAGAACAGCAAGTTCCAGA |CEVSHKSLPTALVKSFNKNECH 30 (1-2), 165-174
ACAGCTTCACAGACCAGGACAGCAAGAAAAGCACCT | (SEQ ID NO: 46) (2006). PMID:
ACAGCCTCAGCAGCACCCTGACACTGTCCAGCTCAG 16083958
AGTACCAGAGCCATAACGCCTATGCGTGTGAGGTCA
GCCAGAAGAGCCTGCCCACCGCCCTCGTCAAGAGCT
TCAATAAGAATGAATGTTAG
(SEQ ID NO: 47)
g lambda (CL) GGTCAGCCCAAGTCCGCACCCTCGGTCACCCTGTTC |GQPKSAPSVTLFPPSTEELSTNKATVV |AY734681

CCGCCTTCCACGGAGGAGCTCAGTACCAACAAGGCC
ACCGTGGTGTGTCTCATCAACGACTTCTACCCGGGT
AGCGTGAACGTGGTCTGGAAGGCAGATGGCAGCACC
ATCAATCAGAACGTGAAGACCACCCAGGCCTCCAAA
CAGAGCAACAGCAAGTACGCGGCCAGCAGCTACCTG
ACCCTGACGGGCAGCGAGTGGAAGTCTAAGAGCAGT
TACACCTGCGAGGTCACGCACGAGGGGAGCACCGTG
ACGAAGACAGTGAAGCCCTCAGAGTGTTCTTAG
(SEQ ID NO: 49)

CLINDFYPGSVNVVWKADGSTINQNVK
TTQASKQSNSKYAASSYLTLTGSEWKS
KSSYTCEVTHEGSTVTKTVKPSECS*
(SEQ ID NO: 48)
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Species

Ig Domain

Nucleotide Sequence

Amino Acid Sequence

GenBank
Accession No.

IMGT Database

Reference

Porcine
(Scientific
Name: Sus
scrofa)

Porcine lg
heavy chain
constant
region
(CHI"CH3)

16G1”

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCGGCAGGGACACGTCTG
GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCATG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCATACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCAGCAGCCTGTCCAGCA
AGAGCTACACCTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACAAGCGTGTT
GGAACAAAGACCAAACCACCATGTCCCATATGCCCAGGCTGTGAAGTGGCCGGGCCCTC
GGTCTTCATCTTCCCTCCAAAACCCAAGGACACCCTCATGATCTCCCAGACCCCCGAGG
TCACGTGCGTGGTGGTGGACGTCAGCAAGGAGCACGCCGAGGTCCAGTTCTCCTGGTAC
GTGGACGGCGTAGAGGTGCACACGGCCGAGACGAGACCAAAGGAGGAGCAGTTCAACAG
CACCTACCGTGTGGTCAGCGTCCTGCCCATCCAGCACCAGGACTGGCTGAAGGGGAAGG
AGTTCAAGTGCAAGGTCAACAACGTAGACCTCCCAGCCCCCATCACGAGGACCATCTCC
AAGGCTATAGGGCAGAGCCGGGAGCCGCAGGTGTACACCCTGCCCCCACCCGCCGAGG
AGCTGTCCAGGAGCAAAGTCACCGTAACCTGCCTGGTCATTGGCTTCTACCCACCTGAC
ATCCATGTTGAGTGGAAGAGCAACGGACAGCCGGAGCCAGAGGGCAATTACCGCACCAC
CCCGCCCCAGCAGGACGTGGACGGGACCTTCTTCCTGTACAGCAAGCTCGCGGTGGACA
AGGCAAGATGGGACCATGGAGAAACATTTGAGTGTGCGGTGATGCACGAGGCTCTGCAC
AACCACTACACCCAGAAGTCCATCTCCAAGACTCAGGGTAAATGA

(SEQID NO: 51)

APKTAPSVYPLAPCGRDTSGPNVALG
CLASSYFPEPVTMTWNSGALTSGVHT
FPSVLQPSGLYSLSSMVTVPASSLSS
KSYTCNVNHPATTTKVDKRVGTKTKP
PCPICPGCEVAGPSVFIFPPKPKDTLMI
SQTPEVTCVVVDVSKEHAEVQFSWYV
DGVEVHTAETRPKEEQFNSTYRVVSV
LPIQHQDWLKGKEFKCKVNNVDLPAPI
TRTISKAIGQSREPQVYTLPPPAEELS
RSKVTVTCLVIGFYPPDIHVEWKSNGQ
PEPEGNYRTTPPQQDVDGTFFLYSKL
AVDKARWDHGETFECAVMHEALHNHY
TQKSISKTQGK*

(SEQ ID NO: 50)

u03781

http://www.imgt org/l

GTrepertoire/index.p

Butler JE. et al.,

15G1°

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCGGCAGGGACGTGTCTG

GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCGTG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCACACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCAGCAGCCTGTCCAGCA
AGAGCTACACCTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACAAGCGTGTT
GGAATACACCAGCCGCAAACATGTCCCATATGCCCAGGCTGTGAAGTGGCCGGGCCCTC
GGTCTTCATCTTCCCTCCAAAACCCAAGGACACCCTCATGATCTCCCAGACCCCCGAGG
TCACGTGCGTGGTGGTGGACGTCAGCAAGGAGCACGCCGAGGTCCAGTTCTCCTGGTAC
GTGGACGGCGTAGAGGTGCACACGGCCGAGACGAGACCAAAGGAGGAGCAGTTCAACAG
CACCTACCGTGTGGTCAGCGTCCTGCCCATCCAGCACCAGGACTGGCTGAAGGGGAAGG
AGTTCAAGTGCAAGGTCAACAACGTAGACCTCCCAGCCCCCATCACGAGGACCATCTCC
AAGGCTATAGGGCAGAGCCGGGAGCCGCAGGTGTACACCCTGCCCCCACCCGCCGAGG

AGCTGTCCAGGAGCAAAGTCACGCTAACCTGCCTGGTCATTGGCTTCTACCCACCTGAC

ATCCATGTTGAGTGGAAGAGCAACGGACAGCCGGAGCCAGAGAACACATACCGCACCAC
CCCGCCCCAGCAGGACGTGGACGGGACCTTCTTCCTGTACAGCAAACTCGCGGTGGACA
AGGCAAGATGGGACCATGGAGACAAATTTGAGTGTGCGGTGATGCACGAGGCTCTGCAC

AACCACTACACCCAGAAGTCCATCTCCAAGACTCAGGGTAAATGA

(SEQ ID NO: 53)

APKTAPSVYPLAPCGRDVSGPNVALG
CLASSYFPEPVTVTWNSGALTSGVHT
FPSVLQPSGLYSLSSMVTVPASSLSS
KSYTCNVNHPATTTKVDKRVGIHQPQ
TCPICPGCEVAGPSVFIFPPKPKDTLMI
SQTPEVTCVVVDVSKEHAEVQFSWYV
DGVEVHTAETRPKEEQFNSTYRVVSV
LPIQHQDWLKGKEFKCKVNNVDLPAPI
TRTISKAIGQSREPQVYTLPPPAEELS
RSKVTLTCLVIGFYPPDIHVEWKSNGQ
PEPENTYRTTPPQQDVDGTFFLYSKL
AVDKARWDHGDKFECAVMHEALHNH
YTQKSISKTQGK*

(SEQ ID NO: 52)

U03778

16G2"

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCAGCAGGGACACGTCTG

GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCGTG
ACCTGGAACTCGGGCGCCCTGTCCAGTGGCGTGCATACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCAGCAGCCTGTCCAGCA
AGAGCTACACCTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACAAGCGTGTT
GGAACAAAGACCAAACCACCATGTCCCATATGCCCAGCCTGTGAATCACCAGGGCCCTC
GGTCTTCATCTTCCCTCCAAAACCCAAGGACACCCTCATGATCTCCCGGACACCCCAGG
TCACGTGCGTGGTGGTTGATGTGAGCCAGGAGAACCCGGAGGTCCAGTTCTCCTGGTAC
GTGGACGGCGTAGAGGTGCACACGGCCCAGACGAGGCCAAAGGAGGAGCAGTTCAACAG
CACCTACCGCGTGGTCAGCGTCCTACCCATCCAGCACCAGGACTGGCTGAACGGGAAGG
AGTTCAAGTGCAAGGTCAACAACAAAGACCTCCCAGCCCCCATCACAAGGATCATCTCC

AAGGCCAAAGGGCAGACCCGGGAGCCGCAGGTGTACACCCTGCCCCCACACGCCGAGG

AGCTGTCCAGGAGCAAAGTCAGCATAACCTGCCTGGTCATTGGCTTCTACCCACCTGAC

ATCGATGTCGAGTGGCAAAGAAACGGACAGCCGGAGCCAGAGGGCAATTACCGCACCAC
CCCGCCCCAGCAGGACGTGGACGGGACCTACTTCCTGTACAGCAAGTTCTCGGTGGACA
AGGCCAGCTGGCAGGGTGGAGGCATATTCCAGTGTGCGGTGATGCACGAGGCTCTGCAC
AACCACTACACCCAGAAGTCTATCTCCAAGACTCCGGGTAAATGA

(SEQ ID NO: 55)

APKTAPSVYPLAPCSRDTSGPNVALG
CLASSYFPEPVTVTWNSGALSSGVHT
FPSVLQPSGLYSLSSMVTVPASSLSS
KSYTCNVNHPATTTKVDKRVGTKTKP
PCPICPACESPGPSVFIFPPKPKDTLMI
SRTPQVTCVVVDVSQENPEVQFSWYV
DGVEVHTAQTRPKEEQFNSTYRVVSV
LPIQHQDWLNGKEFKCKVNNKDLPAPI
TRISKAKGQTREPQVYTLPPHAEELS
RSKVSITCLVIGFYPPDIDVEWQRNGQ
PEPEGNYRTTPPQQDVDGTYFLYSKF
SVDKASWQGGGIFQCAVMHEALHNHY
TQKSISKTPGK*

(SEQID NO: 54)

U03779

1gG2°

GCCCCCAAGACGGCCCCATTGGTCTACCCTCTGGCCCCCTGCGGCAGGGACACGTCTG

GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCGTG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCATACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCAGCAGCCTGTCCAGCA
AGAGCTACACCTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACAAGCGTGTT
GGAACAAAGACCAAACCACCATGTCCCATATGCCCAGCCTGTGAATCGCCAGGGCCCTC
GGTCTTCATCTTCCCTCCAAAACCCAAGGACACCCTCATGATCTCCCGGACACCCCAGG
TCACGTGCGTGGTAGTTGATGTGAGCCAGGAGAACCCGGAGGTCCAGTTCTCCTGGTAC

GTGGACGGCGTAGAGGTGCACACGGCCCAGACGAGGCCAAAGGAGGAGCAGTTCAACAG
CACCTACCGCGTGGTCAGCGTCCTGCCCATCCAGCACCAGGACTGGCTGAACGGGAAGG
AGTTCAAGTGCAAGGTCAACAACAAAGACCTCCCAGCCCCCATCACAAGGATCATCTCC

AAGGCCAAAGGGCAGACCCGGGAGCCGCAGGTGTACACCCTGCCCCCACACGCCGAGG
AGCTGTCCAGGAGCAAAGTCAGCATAACCTGCCTGGTCATTGGCTTCTACCCACCTGAC

ATCGATGTCGAGTGGCAAAGAAACGGACAGCCGGAGCCAGAGGGCAATTACCGCACCAC
CCCGCCCCAGCAGGACGTGGACGGGACCTACTTCCTGTACAGCAAGTTCTCGGTGGACA
AGGCCAGCTGGCAGGGTGGAGGCATATTCCAGTGTGCGGTGATGCACGAGGCTCTGCAC
AACCACTACACCCAGAAGTCTATCTCCAAGACTCCGGGTAAATGA

(SEQID NO: 57)

APKTAPLVYPLAPCGRDTSGPNVALG
CLASSYFPEPVTVTWNSGALTSGVHT
FPSVLQPSGLYSLSSMVTVPASSLSS
KSYTCNVNHPATTTKVDKRVGTKTKP
PCPICPACESPGPSVFIFPPKPKDTLMI
SRTPQVTCVVVDVSQENPEVQFSWYV
DGVEVHTAQTRPKEEQFNSTYRVVSV
LPIQHQDWLNGKEFKCKVNNKDLPAPI
TRISKAKGQTREPQVYTLPPHAEELS
RSKVSITCLVIGFYPPDIDVEWQRNGQ
PEPEGNYRTTPPQQDVDGTYFLYSKF
SVDKASWQGGGIFQCAVMHEALHNHY
TQKSISKTPGK*

(SEQ ID NO: 56)

U03780

1G3

GCCTACAACACAGCTCCATCGGTCTAGCCTGTGGCCCCCTGTGGCAGGGAGGTGTCTGA
TCATAACGTGGCCTTGGGCTGCCTTGTCTCAAGCTACTTCCCCGAGCCAGTGACCGTGA
CCTGGAACTCGGGTGCCCTGTCCAGAGTCGTGCATACCTTCCCATCCGTCCTGCAGCCG
TGAGGGCTCTAGTCCCTCAGCAGGATGGTGATCGTGGCGGCCAGCAGCCTGTCCACCCT
GAGCTACACGTGCAACGTCTACCACCCGGCCACCAACACCAAGGTGGACAAGCGTGTTG
ACATCGAACCCCCCACACCCATCTGTCCCGAAATTTGCTCATGCCCAGCTGCAGAGGTC
CTGGGAGCACCGTCGGTGTTCCTGTTGCCTGCAAAACCCAAGGACATCCTCATGATCTC

CCGGACACCCAAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAGGAGGCTGAAGTCC
AGTTCTCCTGGTACGTGGACGGCGTACAGTTGTACACGGCCCAGACGAGGCCAATGGAG
GAGCAGTTCAACAGCACCTACCGCGTGGTCAGCGTCCTGCCCATCCAGCACCAGGACTG
GCTGAAGGGGAAGGAGTTCAAGTGCAAGGTCAACAACAAAGACCTCCTTTCCCCCATCA

CGAGGACCATCTCCAAGGCTACAGGGCCGAGCCGGGTGCCGCAGGTGTACACCCTGCC

CCCAGCCTGGGAAGAGCTGTCCAAGAGCAAAGTCAGCATAACCTGCCTGGTCACTGGCT
TCTACCCACCTGACATCGATGTCGAGTGGCAGAGCAACGGACAACAAGAGCCAGAGGGC
AATTACCGCACCACCCCGCCCCAGCAGGACGTGGATGGGACCTACTTCCTGTACAGCAA
GCTCGCGGTGGACAAGGTCAGGTGGCAGCGTGGAGACCTATTCCAGTGTGCGGTGATGC
ACGAGGCTCTGCACAACCACTACACCCAGAAGTCCATCTCCAAGACTCAGGGTAAATGA

(SEQ ID NO: 59)

AYNTAPSVYPLAPCGRDVSDHNVALG
CLVSSYFPEPVTVTWNSGALSRVVHT
FPSVLQPSGLYSLSSMVIVAASSLSTL
SYTCNVYHPATNTKVDKRVDIEPPTPI
CPEICSCPAAEVLGAPSVFLFPPKPKD
ILMISRTPKVTCVVVDVSQEEAEVQFS
WYVDGVQLYTAQTRPMEEQFNSTYRV
VSVLPIQHQDWLKGKEFKCKVNNKDLL
SPITRTISKATGPSRVPQVYTLPPAWE
ELSKSKVSITCLVTGFYPPDIDVEWQS
NGQQEPEGNYRTTPPQQDVDGTYFLY
SKLAVDKVRWQRGDLFQCAVMHEALH
NHYTQKSISKTQGK

(SEQID NO: 58)

EU372658

1gG4*

ACCTTCCCATCCGTCCTGCAGCCGTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGT
GCCGGCCAGCAGCCTGTCCAGCAAGAGCTACACCTGCAATGTCAACCACCCGGCCACCA
CCACCAAGGTGGACAAGCGTGTTGGAACAAAGACCAAACCACCATGTCCCATATGCCCA
GCCTGTGAAGGGCCCGGGCCCTCGGCCTTCATCTTCCCTCCAAAACCCAAGGACACCCT
CATGATCTCCCGGACCCCCAAGGTCACGTGCGTGGTGGTAGATGTGAGCCAGGAGAACC
CGGAGGTCCAGTTCTCCTGGTACGTGGACGGCGTAGAGGTGCACACGGCCCAGACGAGG
CCAAAGGAGGAGCAGTTCAACAGCACCTACCGCGTGGTCAGCGTCCTGCCCATCCAGCA
CCAGGACTGGCTGAACGGGAAGGAGTTCAAGTGCAAGGTCAACAACAAAGACCTCCCAG
CCCCCATCACAAGGATCATCTCCAAGGCCAAAGGGCAGACCCGGGAGCCGCAGGTGTAC
ACCCTGCCCCCACCCACCGAGGAGCTGTCCAGGAGCAAAGTCACGCTAACCTGCCTGGT
CACTGGCTTCTACCCACCTGACATCGATGTCGAGTGGCAAAGAAACGGACAGCCGGAGC
CAGAGGGCAATTACCGCACCACCCCGCCCCAGCAGGACGTGGACGGGACCTACTTCCTG
TACAGCAAGCTCGCGGTGGACAAGGCCAGCTGGCAGCGTGGAGACACATTCCAGTGTGC
GGTGATGCACGAGGCTCTGCACAACCACTACACCCAGAAGTCCATCTTCAAGACTCCGG
GTAAATGA

(SEQID NO: 61)

TFPSVLQPSGLYSLSSMVTVPASSLS

SKSYTCNVNHPATTTKVDKRVGTKTK
PPCPICPACEGPGPSAFIFPPKPKDTL
MISRTPKVTCVVVDVSQENPEVQFSW
YVDGVEVHTAQTRPKEEQFNSTYRVV
SVLPIQHQDWLNGKEFKCKVNNKDLP

APITRISKAKGQTREPQVYTLPPPTEE
LSRSKVTLTCLVTGFYPPDIDVEWQRN
GQPEPEGNYRTTPPQQDVDGTYFLYS
KLAVDKASWQRGDTFQCAVMHEALH

NHYTQKSIFKTPGK*

(SEQ ID NO: 60)

U03782

1gG4°

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCGGCAGGGACGTGTCTG
GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCGTG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCACACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCAGCAGCCTGTCCAGCA
AGAGCTACACCTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACAAGCGTGTT
GGAATACACCAGCCGCAAACATGTCCCATATGCCCAGCCTGTGAAGGGCCCGGGCCCTC
GGCCTTCATCTTCCCTCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCCAAGG
TCACGTGCGTGGTGGTTGATGTGAGCCAGGAGAACCCGGAGGTCCAGTTCTCCTGGTAC
GTGGACGGCGTAGAGGTGCACACGGCCCAGACGAGGCCAAAGGAGGAGCAGTTCAACAG
CACCTACCGCGTGGTCAGCGTCCTGCTCATCCAGCACCAGGACTGGCTGAACGGGAAGG
AGTTCAAGTGCAAGGTCAACAACAAAGACCTCCCAGCCCCCATCACAAGGATCATCTCC
AAGGCCAAAGGGCAGACCCGGGAGCCGCAGGTGTACACCCTGCCCCCACCCACCGAGG

AGCTGTCCAGGAGCAAAGTCACGCTAACCTGCCTGGTCACTGGCTTCTACCCACCTGAC |Y'

ATCGATGTCGAGTGGCAAAGAAACGGACAGCCGGAGCCAGAGGGCAATTACCGCACCAC
CCCGCCCCAGCAGGACGTGGACGGGACCTAGTTCCTGTACAGCAAGCTCGCGGTGGAGA
AGGCCAGCTGGCAGCGTGGAGACACATTCCAGTGTGCGGTGATGCACGAGGCTCTGCAC
AACCACTACACCC

(SEQID NO: 63)

APKTAPSVYPLAPCGRDVSGPNVALG
CLASSYFPEPVTVTWNSGALTSGVHT
FPSVLQPSGLYSLSSMVTVPASSLSS
KSYTCNVNHPATTTKVDKRVGIHQPQ
TCPICPACEGPGPSAFIFPPKPKDTLMI
SRTPKVTCVVVDVSQENPEVQFSWYV
DGVEVHTAQTRPKEEQFNSTYRVVSV
LLIQHQDWLNGKEFKCKVNNKDLPAPI
TRISKAKGQTREPQVYTLPPPTEELSR|
SKVTLTCLVTGFYPPDIDVEWQRNGQ
PEPEGNYRTTPPQQDVDGTYFLYSKL
AVDKASWQRGDTFQCAVMHEALHNH

T
(SEQID NO: 62)

|EU72654

hp?section=LocusGen
es&repertoire=genetab
le&species=Piglgroup
=IGHC

61(3): 209-230
(2009). PMID:
19048248

Kacskovics L et al, J.
Immunol. 153(8):
3565-3573 (1994).
PMID: 7930579
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IgG5°

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCAGCAGGGACACGTCTG

GCCCTAACGTGGCCTTGGGCTGCCTGGTCTCAAGCTACTTCCCCGAGCCAGTGACCGTG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCACACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCCACAGCTTGTCCAGCA
AGCGCTATACGTGCAATGTCAACCACCCAGCCACCAAAACCAAGGTGGACCTGTGTGTT

GGACGACCATGTCCCATATGCCCAGGCTGTGAAGTGGCCGGGCCCTCGGTCTTCATCTT
CCCTCCAAAACCCAAGGACATCCTCATGATCTCCCGGACCCCCGAGGTCACGTGCGTGG
TGGTGGACGTCAGCAAGGAGCACGCCGAGGTCCAGTTCTCCTGGTACGTGGACGGCGAA
GAGGTGCACACGGCCGAGACGAGGCCAAAGGAGGAGCAGTTCAACAGCACCTACCGCGT
GGTCAGCGTCCTGCCCATCCAGCACGAGGACTGGCTGAAGGGGAAGGAGTTCGAGTGCA
AGGTCAACAACGAAGACCTCCCAGGCCCCATCACGAGGACCATCTCCAAGGCCAAAGGG
GTGGTACGGAGCCCGGAGGTGTACACCCTGCCCCCACCCGCCGAGGAGCTGTCCAAGA

GCATAGTCACGCTAACCTGCCTGGTCAAAAGCATCTTCCCGNCTTTCATCCATGTTGAGT
GGAAAATCAACGGAAAACCAGAGCCAGAGAACGCATATCGCACCACCCCGCCTCAGGAG
GACGAGGACAGGACCTACTTCCTGTACAGCAAGCTCGCGGTGGACAAGGCAAGATGGGA
CCATGGAGAAACATTTGAGTGTGCGGTGATGCACGAGGCTCTGCACAACCACTACACCC

AGAAGTCCATCTCCAAGACTCAGGGTAAATGA

(SEQ D NO: 65)

APKTAPSVYPLAPCSRDTSGPNVALG
CLVSSYFPEPVTVTWNSGALTSGVHT
FPSVLQPSGLYSLSSMVTVPAHSLSS

KRYTCNVNHPATKTKVDLCVGRPCPI

CPGCEVAGPSVFIFPPKPKDILMISRTP
EVTCVVVDVSKEHAEVQFSWYVDGEE
VHTAETRPKEEQFNSTYRVVSVLPIQH
EDWLKGKEFECKVNNEDLPGPITRTIS

KAKGVVRSPEVYTLPPPAEELSKSIVT
LTCLVKSIFP?FIHVEWKINGKPEPENA
YRTTPPQEDEDRTYFLYSKLAVDKAR

WDHGETFECAVMHEALHNHYTQKSIS
KTQGK*

(SEQ ID NO: 64)

EU372657

1gG5°

GCCTACAACACAGCTCCATCGGTCTACCCTCTGGCCCCCTGTGGCAGGGACGTGTCTGA
TCATAACGTGGCCTTGGGCTGCCTGGTCTCAAGCTACTTCCCCGAGCCAGTGACCGTGA

CCTGGAACTGGGGCGCCCAGACCAGTGGCGTGCACACCTTCCCATCCGTCCTGCAGCCG
TCAGGGCTCTACTCCCTCAGCAGCACGGTGACCGTGCCGGCCCACAGCTTGTCCAGCAA
GTGCTTCACGTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACCTGTGTGTTG

GAAAAAAGACCAAGCCTCGATGTCCCATATGCCCAGGCTGTGAAGTGGCCGGGCCCTCG
GTCTTCATCTTCCCTCCAAAACCCAAGGACATCCTCATGATCTCCCGGACCCCCGAGGT

CACGTGCGTGGTGGTGGACGTCAGCAAGGAGCACGCCGAGGTCCAGTTCTCCTGGTACG
TGGACGGCGAAGAGGTGCACACGGCCGAGACGAGACCAAAGGAGGAGCAGTTCAACAGC
ACTTACCGCGTGGTCAGCGTCCTGCCCATCCAGCACGAGGACTGGCTGAAGGGGAAGGA
GTTCGAGTGCAAGGTCAACAACGAAGACCTCCCAGGCCCCATCACGAGGACCATCTCCA
AGGCCAAAGGGGTGGTACGGAGCCCGGAGGTGTACACCCTGCCCCCACCCGCCGAGGA

GCTGTCCAAGAGCATAGTCACGCTAACCTGCCTGGTCAAAAGCTTCTTCCCGCCTTTCAT
CCATGTTGAGTGGAAAATCAACGGAAAACCAGAGCCAGAGAACGCATACCGCACCACCC

CGCCCCAGGAGGACGAGGACGGGACCTACTTCCTGTACAGCAAGTTCTCGGTGGAAAAG
TTCAGGTGGCACAGTGGAGGCATCCACTGTGCGGTGATGCACGAGGCTCTGCACAACCA
CTACACCC

(SEQID NO: 67)

AYNTAPSVYPLAPCGRDVSDHNVALG
CLVSSYFPEPVTVTWNWGAQTSGVHT
FPSVLQPSGLYSLSSTVTVPAHSLSSK
CFTCNVNHPATTTKVDLCVGKKTKPR
CPICPGCEVAGPSVFIFPPKPKDILMIS
RTPEVTCVVVDVSKEHAEVQFSWYVD
GEEVHTAETRPKEEQFNSTYRVVSVL
PIQHEDWLKGKEFECKVNNEDLPGPIT
RTISKAKGVVRSPEVYTLPPPAEELSK
SIVTLTCLVKSFFPPFIHVEWKINGKPE
PENAYRTTPPQEDEDGTYFLYSKFSVE
KFRWHSGGIHCAVMHEALHNHYT
(SEQ D NO: 66)

[EU372656

1£G6”

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCGGCAGGGACACGTCTG
GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCCTG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCATACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCATGGTGACCGTGCCGGCCAGCAGCCTGTCCAGCA
AGAGCTACACCTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACCTGTGTGTT
GGACGACCATGTCCCATATGCCCAGCCTGTGAAGGGCCCGGGCCCTCGGTCTTCATCTT
CCCTCCAAAACCCAAGGACACCCTCATGATCTCCCGGACACCCCAGGTCACGTGCGTGG
TGGTAGATGTGAGCCAGGAAAACCCGGAGGTCCAGTTCTCCTGGTATGTGGACGGTGTA
GAGGTGCACACGGCCCAGACGAGGCCAAAGGAGGCGCAGTTCAACAGCACCTACCGTGT
GGTCAGCGTCCTGCCCATCCAGCACGAGGACTGGCTGAAGGGGAAGGAGTTCGAGTGCA
AGGTCAACAACAAAGACCTCCCAGCCCCCATCACAAGGATCATCTCCAAGGCCAAAGGG
CCGAGCCGGGAGCCGCAGGTGTACACCCTGTCCCCATCCGCCGAGGAGCTGTCCAGGA
GCAAAGTCAGCATAACCTGCCTGGTCACTGGCTTCTACCCACCTGACATCGATGTCGAG
TGGAAGAGCAACGGACAGCCGGAGCCAGAGGGCAATTACCGCACCACCCCGCCCCAGC
AGGACGTGGACGGGACCTACTTCCTGTACAGCAAGCTCGCGGTGGACAAGGCCAGCTGG
CAGCGTGGAGACCCATTCCAGTGTGCGGTGATGCACGAGGCTCTGCACAACCACTACAC

cc
(SEQID NO: 69)

APKTAPSVYPLAPCGRDTSGPNVALG
CLASSYFPEPVTLTWNSGALTSGVHT
FPSVLQPSGLYSLSSMVTVPASSLSS
KSYTCNVNHPATTTKVDLCVGRPCPI
CPACEGPGPSVFIFPPKPKDTLMISRT
PQVTCVVVDVSQENPEVQFSWYVDG
VEVHTAQTRPKEAQFNSTYRVVSVLPI
QHEDWLKGKEFECKVNNKDLPAPITRIT
SKAKGPSREPQVYTLSPSAEELSRSKV/
SITCLVTGFYPPDIDVEWKSNGQPEPE
GNYRTTPPQQDVDGTYFLYSKLAVDK
ASWQRGDPFQCAVMHEALHNHYT
(SEQID NO: 68)

EU372655

1gG6°

GCCCCCAAGACGGCCCCATCGGTCTACCCTCTGGCCCCCTGCGGCAGGGACACGTCTG

GCCCTAACGTGGCCTTGGGCTGCCTGGCCTCAAGCTACTTCCCCGAGCCAGTGACCGTG
ACCTGGAACTCGGGCGCCCTGACCAGTGGCGTGCACACCTTCCCATCCGTCCTGCAGCC
GTCAGGGCTCTACTCCCTCAGCAGCACGGTGACCGTGCCGGCCAGGAGCTCGTCCAGAA
AGTGCTTCACGTGCAATGTCAACCACCCGGCCACCACCACCAAGGTGGACCTGTGTGTT

GGACGACCATGTCCCATATGCCCAGCCTGTGAAGGGAACGGGCCCTCGGTCTTCATCTT

CCCTCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCCGAGGTCACGTGCGTGG
TGGTAGATGTGAGCCAGGAAAACCCGGAGGTCCAGTTCTCCTGGTACGTGGACGGCGAA

GAGGTGCACACGGCCGAGACGAGGCCAAAGGAGGAGCAGTTCAACAGCACCTACCGTGT
GGTCAGCGTCCTGCCCATCCAGCACCAGGACTGGCTGAAGGGAAAGGAGTTCGAGTGCA
AGGTCAACAACAAAGACCTCCCAGCCCCCATCACAAGGATCATCTCCAAGGCCAAAGGG

CCGAGCCGGGAGCCGCAGGTGTACACCCTGTCCCCATCCGCCGAGGAGCTGTCCAGGA

GCAAAGTCAGCATAACCTGCCTGGTCACTGGCTTCTACCCACCTGACATCGATGTCGAG

TGGAAGAGCAACGGACAGCCGGAGCCAGAGGGCAATTACCGCTCCACCCCGCCCCAGGA
GGACGAGGACGGGACCTACTTCCTGTACAGCAAACTCGCGGTGGACAAGGCGAGGTTGC
AGAGTGGAGGCATCCACTGTGCGGTGATGCACGAGGCTCTGCACAACCACTACACCCAG
AAGTCCATCTCCAAGACT

(SEQID NO: 71)

APKTAPSVYPLAPCGRDTSGPNVALG
CLASSYFPEPVTVTWNSGALTSGVHT
FPSVLQPSGLYSLSSTVTVPARSSSRK
CFTCNVNHPATTTKVDLCVGRPCPIC
PACEGNGPSVFIFPPKPKDTLMISRTP
EVTCVVVDVSQENPEVQFSWYVDGEE
VHTAETRPKEEQFNSTYRVVSVLPIQH
QDWLKGKEFECKVNNKDLPAPITRISK
AKGPSREPQVYTLSPSAEELSRSKVSI
TCLVTGFYPPDIDVEWKSNGQPEPEG
NYRSTPPQEDEDGTYFLYSKLAVDKA
RLQSGGIHCAVMHEALHNHYTQKSISK

=

(SEQID NO: 70)

[EU372653

Porcine Ig
light chain
constant
region

g kappa
(CK)

variant 1

Ig kappa
(cK)
variant 2

g lambda
(cL)

variant 1

g lambda
(cK)

variant 2

FP312898

http://www.imgt.org/I
MGTrepertoire/indexp

Schwartz J.C. et
| *

hp?section=LocusGen
es&reper

le&species=Pig&group

CU694848

=IGLC

CU467669

http://www.imgt.org/I
MGTrepertoire/indexp

hp?section=LocusGen
es&repe

le&species=Pig&group

CU467599

=IGKC

64, 303-311 (2012).
PMID: 22109540
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Species

Ig Domain

Nucleotide Sequence

Amino Acid Sequence

GenBank
Accession No.

IMGT Database

Reference

Water buffalo
(Scientific
Name: Bubalus
bubalis)

Water buffalo
Ig heavy chain
constant
region
(CH1"CH3)

1gG1?

GAGCGGCGTGCACACCTTCCCGGCCGTCCTTCAGTCC
TCCGGGCTCTACTCTCTCAGCAGCACGGTGACCGCGC

CCGCCAGCGCCACAAAAAGCCAGACCTTCACCTGCAA

CGTAGCCCACCCGGCCAGCAGCACCAAGGTGGACAAG
GCTGTTGTTCCCCCATGCAGACCGAAACCCTGTGATTG
CTGCCCACCCCCTGAGCTCCCCGGAGGACCCTCTGTC
TTCATCTTCCCACCAAAACCCAAGGACACCCTCACAAT
CTCTGGAACTCCTGAGGTCACGTGTGTGGTGGTGGAC

GTGGGCCACGATGACCCCGAGGTGAAGTTCTCCTGGT

TCGTGGACGATGTGGAGGTAAACACAGCCAGGACGAA

GCCAAGAGAGGAGCAGTTCAACAGCACCTACCGCGTG

GTCAGCGCCCTGCCCATCCAGCACAACGACTGGACTG

GAGGAAAGGAGTTCAAGTGCAAGGTCTACAATGAAGGC
CTCCCAGCCCCCATCGTGAGGACCATCTCCAGGACCA

AAGGGCAGGCCCGGGAGCCGCAGGTGTACGTCCTGGC
CCCACCCCAGGACGAGCTCAGCAAAAGCACGGTCAGC

ATCACTTGCATGGTCACTGGCTTCTACCCAGACTACAT
CGCCGTAGAGTGGCAGAAAGATGGGCAGCCTGAGTCA

GAGGACAAATATGGCACGACCCCGCCCCAGCTGGACA

GCGATGGCTCCTACTTCCTGTACAGCAGGCTCAGGGT

GAACAAGAACAGCTGGCAAGAAGGAGGCGCCTACACG

TGTGTAGTGATGCATGAGGC

(SEQ ID NO: 73)

SGVHTFPAVLQSSGLYSLSSTVTAPAS
ATKSQTFTCNVAHPASSTKVDKAVVP
PCRPKPCDCCPPPELPGGPSVFIFPPK
PKDTLTISGTPEVTCVVVDVGHDDPEV
KFSWFVDDVEVNTARTKPREEQFNSTY
RVVSALPIQHNDWTGGKEFKCKVYNEG
LPAPIVRTISRTKGQAREPQVYVLAPP
QDELSKSTVSITCMVTGFYPDYIAVEW
QKDGQPESEDKYGTTPPQLDSDGSYF
LYSRLRVNKNSWQEGGAYTCVVMHE
(SEQ ID NO: 72)

NW_00569090
3

18G2?

GCCTCCATCACAGCCCCGAAAGTCTACCCTCTGACTTC
TTGCCGCGGGGAAACGTCCAGCTCCACCGTGACCCTG
GGCTGCCTGGTCTCCAGCTACATGCCCGAGCCGGTGA
CCGTGACCTGGAACTCGGGTGCCCTGAAGAGCGGCGT
GCACACCTTCCCGGCCGTCCTTCAGTCCTCTGGGCTC
TACTCTCTCAGCAGCACGGTGACCGCGCCCGCCAGCG
CCACAAAAAGCCAGACCTTCACCTGCAACGTAGCCCAC
CCGGCCAGCAGCACCAAGGTGGACACGGCTGTTGGGT
TCTCCAGTGACTGCTGCAAGTTTCCTAAGCCTTGTGTG
AGGGGACCATCTGTCTTCATCTTCCCGCCGAAACCCAA
AGACACCCTGATGATCACAGGAAATCCCGAGGTCACAT
GTGTGGTGGTGGACGTGGGCCGGGATAACCCCGAGGT
GCAGTTCTCCTGGTTCGTGGGTGATGTGGAGGTGCAC
ACGGGCAGGTCGAAGCCGAGAGAGGAGCAGTTCAACA
GCACCTACCGCGTGGTCAGCACCCTGCCCATCCAGCA
CAATGACTGGACTGGAGGAAAGGAGTTCAAGTGCAAG
GTCAACAACAAAGGCCTCCCAGCCCCCATCGTGAGGA
CCATCTCCAGGACCAAAGGGCAGGCCCGGGAGCCGCA
GGTGTACGTCCTGGCCCCACCCCAGGAAGAGCTCAGC
AAAAGCACGGTCAGCGTCACTTGCATGGTCACTGGCTT
CTACCCAGACTACATCGCCGTAGAGTGGCATAGAGACC
GGCAGGCTGAGTCGGAGGACAAGTACCGCACGACCCC
GCCCCAGCTGGACAGCGATGGCTCCTACTTCCTGTAC
AGCAGGCTCAAGGTGAACAAGAACAGCTGGCAAGAAG
GAGGCGCCTACACGTGTGTAGTGATGCATGAGGC
(SEQ ID NO: 75)

ASITAPKVYPLTSCRGETSSSTVTLGC

LVSSYMPEPVTVTWNSGALKSGVHTF

PAVLQSSGLYSLSSTVTAPASATKSQT
FTCNVAHPASSTKVDTAVGFSSDCCK

FPKPCVRGPSVFIFPPKPKDTLMITGNP
EVTCVVVDVGRDNPEVQFSWFVGDVE
VHTGRSKPREEQFNSTYRVVSTLPIQH
NDWTGGKEFKCKVNNKGLPAPIVRTIS

RTKGQAREPQVYVLAPPQEELSKSTVS
VTCMVTGFYPDYIAVEWHRDRQAESED
KYRTTPPQLDSDGSYFLYSRLKVNKNS
WQEGGAYTCVVMHE

(SEQ ID NO: 74)

NW_00576614
3

1gG3?

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGGCAT

CCAGCTGCGGGGACACGTCCAGCTCCACCGTGACCCT

GGGCTGCCTGGTCTCCAGCTACATGCCCGAGCCGGTG

ACCGTGACCTGGAACTCGGGTGCCCTGAAGAACGGCG

TGCACACCTTCCCGGCCGTCCGGCAGTCCTCCGGGCT

CTACTCTCTCAGCAGCATGGTGACCATGCCCACCAGCA
CCGCAGGAACCCAGACCTTCACCTGCAACGTAGCCCA

CCCGGCCAGCAGCACCAAGGTGGACACGGCTGTCACT

GCAAGGCATCCGGTCCCGAAGACACCAGAGACACCTA

TCCATCCTGTAAAACCCCCAACCCAGGAGCCCAGAGAT
GAAAAGACACCCTGCCAGTGTCCCAAATGCCCAGAACC
TCTGGGAGGACTGTCTGTCTTCATCTTCCCACCGAAAC
CCAAGGACACCCTCACAATCTCTGGAACGCCCGAGGT

CACGTGTGTGGTGGTGGACGTGGGCCAGGATGACCCC
GAAGTGCAGTTCTCCTGGTTCGTGGATGACGTGGAGG

TGCACACAGCCAGGATGAAGCCAAGAGAGGAGCAGTT

CAACAGCACCTACCGCGTGGTCAGCGCCCTGCCCATC

CAGCACCAGGACTGGCTGCGGGAAAAGGAGTTCAAGT

GCAAGGTCAACAACAAAGGCCTCCCGGCCCCCATCGT

GAGGACCATCTCCAGGACCAAAGGGCAGGCCCGGGAG
CCACAGGTGTATGTCCTGGCCCCACCCCGGGAAGAGC

TCAGCAAAAGCACGCTCAGCCTCACCTGCCTAATCACC
GGCTTCTACCCAGAAGAGGTAGACGTGGAGTGGCAGA

GAAATGGGCAGCCTGAGTCAGAGGACAAGTACCACAC

GACCCCACCCCAGCTGGACGCTGACGGCTCCTACTTC

CTGTACAGCAGGCTCAGGGTGAACAGGAGCAGCTGGC

AGGAAGGAGACCACTACACGTGTGCAGTGATGCATGAA
GCTTTACGGAATCACTACAAAGAGAAGCCCATCTCGAG
GTCTCCGGGTAAATGA

(SEQ ID NO: 77)

ASTTAPKVYPLASSCGDTSSSTVTLGC
LVSSYMPEPVTVTWNSGALKNGVHTF

PAVRQSSGLYSLSSMVTMPTSTAGTQ

TFTCNVAHPASSTKVDTAVTARHPVP

KTPETPIHPVKPPTQEPRDEKTPCQCP
KCPEPLGGLSVFIFPPKPKDTLTISGTP
EVTCVVVDVGQDDPEVQFSWFVDDVE
VHTARMKPREEQFNSTYRVVSALPIQH
QDWLREKEFKCKVNNKGLPAPIVRTISR
TKGQAREPQVYVLAPPREELSKSTLSL
TCLITGFYPEEVDVEWQRNGQPESEDK
YHTTPPQLDADGSYFLYSRLRVNRSSW
QEGDHYTCAVMHEALRNHYKEKPISRS
PGK*

(SEQ ID NO: 76)

NW_00578420
6

Not registered

None

Water buffalo
Ig light chain
constant
region (CL)

Ig lambda?

CAGCCCAAGTCCGCACCCTCAGTCACCCTGTTCCCAC

CCTCCACGGAGGAGCTCAGCGCCAACAAGGCCACCCT
GGTGTGTCTCATCAGCGACTTCTACCCGGGTAGCATGA
CCGTGGCCAGGAAGGCAGACGGCAGCACCATCACCCG
GAACGTGGAGACCACCCGGGCCTCCAAACAGAGCAAC
AGCAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGG
GCAGCGAGTGGAAATCGAAAGGCAGTTACAGCTGCGA

GGTCACGCACGAGGGGAGCACCGTGACAAAGACAGTG
AAGCCCTCAGAGTGTTCTTAG

(SEQ ID NO: 79)

QPKSAPSVTLFPPSTEELSANKATLVGC
LISDFYPGSMTVARKADGSTITRNVETT
RASKQSNSKYAASSYLSLTGSEWKSKG
SYSCEVTHEGSTVTKTVKPSECS*
(SEQ ID NO: 78)

NW_00569078
6

Not registered

None
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Species

Ig Domain

Nucleotide Sequence

Amino Acid Sequence

GenBank
Accession No.

IMGT Database

Reference

Human
(Scientific
Name : Homo
sapiens)

Human Ig
heavy chain
constant
region
(CH1"CH3)

IgG4 variant 1

GAGTCCAAATATGGTCCCCCATGCCCATCATGCCCA
GCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTG
TTCCCCCCAAAACCCAAGGACACTCTCATGATCTCC
CGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTG
AGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC
GTGGATGGCGTGGAGGTGCATAATGCCAAGACAAAG
CCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTG
GTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAA
GGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAA
GCCAAAGGGCAGCCCCGAGAGCCACAGGTGTACACC
CTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAG
GTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCC
AGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTG
GACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA
ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTC
TTCTCATGCTCCGTGATGCATGAGGCTCTGCACAAC
CACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGT
AAATGA

(SEQ ID NO: 14)

ESKYGPPCPSCPAPEFLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSQEDPE
VQFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFL
YSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK*

(SEQ ID NO: 12)

K01316

http://www.imgt.org/1
MGTrepertoire/index.p
hp?section=LocusGen
es&repertoire=genetab
! =human&gro

Ellison J. et al., DNA,
1,11-18 (1981).
PMID: 6299662

up=IGHC

18G4 variant 2

GAGTCCAAATATGGTCCCCCGTGCCCATCATGCCCA
GCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTG
TTGCCCGGAAAAGCCAAGGAGACTCTGATGATCTCC

GGGAGGGCTGAGGTGACGTGCGTGGTGGTGGAGGTG
AGGCAGGAAGACCCGCGAGGTCCAGTTCAAGTGGTAG
GTGGATGGCGTGGAGGTGCATAATGCCAAGACAAAG
CCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTG
GTCAGCGTCCTCACCGTCGTGCACCAGGACTGGCTG
AACGGCAAGGAGTACAAGTGCAAGGTGTGCAACAAA

GGGGTGCCGTCCTCCATCGAGAAAACCATGTCCAAA

GGCAAAGGGCAGCCCGGAGAGCCAGAGGTGTACACC
CTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAG
GTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCC
AGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG
GCGGAGAACAAGTACAAGAGCAGGCCTCGCGTGCTG
GACTCCGACGGCTCCTTGTTCCTCTACAGCAGGGTA

AGCGTGGAGAAGAGCAGGTGGCAGGAGGGGAATGTC
TTCTCATGCTCCGTGATGCATGAGGCTCTGCACAAC

CACTACACGCAGAAGAGCCTCTCCCTGTCTCTGGGT
AAATGA

(SEQ ID NO: 81)

ESKYGPPCPSCPAPEFLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSQEDPE
VQFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVVHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFL
YSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK*

(SEQ ID NO: 80)

AJ001563

18G4 variant 3

GCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTG
TTCCCCCCAAAACCCAAGGACACTCTCATGATCTCC

GGGAGGGCTGAGGTGACGTGCGTGGTGGTGGAGGTG
AGGCAGGAAGACCCGGAGGTCCAGTTCAAGTGGTAG
GTGGATGGCGTGGAGGTGCATAATGCCAAGACAAAG
CCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTG
GTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAA

GGGGTGCCGTCCTCCATCGAGAAAACCATGTCCAAA

GGCAAAGGGCAGGCCGGAGAGCCAGAGGTGTACACC
GTGCGCCCATCCGAGGAGGAGATGACCAAGAAGCAG
GTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCC
AGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTG
GACTCCGAGGGCTGCTTCTTCCTCTACAGCAAGCTC

AGCGTGGACAAGAGCAGGTGGCAGGAGGGGAACGTC
TTGTCATGGTCCGTGATGGATGAGGCTCTGCAGAAG

CACTACACGCAGAAGAGCCTCTCCCTGTCTCTGGGT
AAATGA

(SEQ ID NO: 83)

APEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEV
HNAKTKPREEQFNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKGLPSSIEKTISKA
KGQPREPQVYTLPPSQEEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQE
GNVFSCSVMHEALHNHYTQKSLSLSLG
K

(SEQ ID NO: 82)

AJ001564

Brusco A. et al., Eur.
J. Immunogenet., 25,
349-355 (1998).
PMID: 9805657

Human Ig light
chain constant
region

Ig kappa (CK)

ACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCA
TCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTT
GTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCG
GGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGC
AAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTAC
GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCC
GTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG
(SEQ ID NO: 13)

TVAAPSVFIFPPSDEQLKSGTASVVGL
LNNFYPREAKVQWKVDNALQSGNSQE
SVTEQDSKDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKSFNRGEC*
(SEQ ID NO: 11)

X96754

http://www.imgt.org/l
MGTrepertoire/index.n
hp?section=LocusGen
es&repertoire=genetab
1 uman&gro

None

up=IGKC
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Species

Ig Domain

Nucleotide Sequence

Amino Acid Sequence

GenBank
Accession
No.

IMGT Database

Reference

Bovine (Scientific
Name:Bos
taurus)

Bovine Ig heavy
chain constant
region
(CH1"CH3)

1sG1
variant 1

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGAGTTCTTGCT
GCGGGGACAAGTCCAGCTCCACCGTGACCCTGGGCTGCCTGG
' TCTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT
CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCTGTCC
' TTCAGTCCTCCGGGCTGTACTCTCTCAGCAGCATGGTGACCGT
GCCCGGCAGCACCTCAGGACAGACCTTCACCTGCAACGTAGC
CCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTTGATCC
CACATGCAAACCATCACCCTGTGACTGTTGCCCACCCCCTGAG
CTCCCCGGAGGACCCTCTGTCTTCATCTTCCCACCGAAACCCA
AGGACACCCTCACAATCTCGGGAACGCCCGAGGTCACGTGTG
TGGTGGTGGACGTGGGCCACGATGACCCCGAGGTGAAGTTCT
CCTGGTTCGTGGACGACGTGGAGGTAAACACAGCCACGACGA
AGCCGAGAGAGGAGCAGTTCAACAGCACCTACCGCGTGGTCA
GCGCCCTGCGCATCCAGCACCAGGACTGGACTGGAGGAAAGG
AGTTCAAGTGCAAGGTCCACAACGAAGGCCTCCCGGCCCCCA
' TCGTGAGGACCATCTCCAGGACCAAAGGGCCGGCCCGGGAGC
CGCAGGTGTATGTCCTGGCCCCACCCCAGGAAGAGCTCAGCA
AAAGCACGGTCAGCCTCACCTGCATGGTCACCAGCTTCTACCC
AGACTACATCGCCGTGGAGTGGCAGAGAAACGGGCAGCCTGA
GTCGGAGGACAAGTACGGCACGACCCCGCCCCAGCTGGACGC
CGACAGCTCCTACTTCCTGTACAGCAAGCTCAGGGTGGACAGG
AACAGCTGGCAGGAAGGAGACACCTACACGTGTGTGGTGATG
CACGAGGCCCTGCACAATCACTACACGCAGAAGTCCACCTCTA
AGTCTGCGGGTAAATGA

(SEQ ID NO: 92)

ASTTAPKVYPLSSCCGDKSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPGSTS
GQTFTCNVAHPASSTKVDKAVDPTCKPSPCDCCPPPE
LPGGPSVFIFPPKPKDTLTISGTPEVTCVVVDVGHDDPE
VKFSWFVDDVEVNTATTKPREEQFNSTYRVVSALRIQH

QDWTGGKEFKCKVHNEGLPAPIVRTISRTKGPAREPQV

YVLAPPQEELSKSTVSLTCMVTSFYPDYIAVEWQRNGQ

PESEDKYGTTPPQLDADSSYFLYSKLRVDRNSWQEGDT
YTCVVMHEALHNHYTQKSTSKSAGK*

(SEQ ID NO: 84)

X62916

http://www.imgt.org/IMGTre
pertoire/ind: =i

Symons DB. et al, J.
14, 273-

283 (1987). PMID:

ocusGenes&repertoire=;
bl

3141517

1gG1
variant 2

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGAGTTCTTGCT
GCGGGGACAAGTCCAGCTCCACCGTGACCCTGGGCTGCCTGG
' TCTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT
CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCCGTCC
TTCAGTCCTCCGGGCTGTACTCTCTCAGCAGCATGGTGACCGT
GCCCGGCAGCACCTCAGGACAGACCTTCACCTGCAACGTAGC
CCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTTGATCC
CACATGCAAACCATCACCCTGTGACTGTTGCCCACCCCCTGAG
CTCCCCGGAGGACCCTCTGTCTTCATCTTCCCACCGAAACCCA
AGGACACCCTCACAATCTCGGGAACGCCCGAGGTCACGTGTG
TGGTGGTGGACGTGGGCCACGATGACCCCGAGGTGAAGTTCT
CCTGGTTCGTGGACGACGTGGAGGTAAACACAGCCACGACGA
AGCCGAGAGAGGAGCAGTTCAACAGCACCTACCGCGTGGTCA
GCGCCCTGCGCATCCAGCACCAGGACTGGACTGGAGGAAAGG
AGTTCAAGTGCAAGGTCCACAACGAAGGCCTCCCGGCCCCCA
'TCGTGAGGACCATCTCCAGGACCAAAGGGCCGGCCCGGGAGC
CGCAGGTGTATGTCCTGGCCCCACCCCAGGAAGAGCTCAGCA
AAAGCACGGTCAGCCTCACCTGCATGGTCACCAGCTTCTACCC
AGACTACATCGCCGTGGAGTGGCAGAGAAACGGGCAGCCTGA
GTCGGAGGACAAGTACGGCACGACCCCGCCCCAGCTGGACGC
CGACAGCTCCTACTTCCTGTACAGCAAGCTCAGGGTGGACAGG
AACAGCTGGCAGGAAGGAGACACCTACACGTGTGTGGTGATG
CACGAGGCCCTGCACAATCACTACACGCAGAAGTCCACCTCTA
AGTCTGCGGGTAAATGA

(SEQ ID NO: 93)

ASTTAPKVYPLSSCCGDKSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPGSTS
GQTFTCNVAHPASSTKVDKAVDPTCKPSPCDCCPPPE
LPGGPSVFIFPPKPKDTLTISGTPEVTCVVVDVGHDDPE
'VKFSWFVDDVEVNTATTKPREEQFNSTYRVVSALRIQH

QDWTGGKEFKCKVHNEGLPAPIVRTISRTKGPAREPQV

YVLAPPQEELSKSTVSLTCMVTSFYPDYIAVEWQRNGQ

PESEDKYGTTPPQLDADSSYFLYSKLRVDRNSWQEGDT
YTCVVMHEALHNHYTQKSTSKSAGK*

(SEQ ID NO: 85)

X16701
(M25278)

GHC

1sG1
variant 3

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGAGTTCTTGCT
GCGGGGACAAGTCCAGCTCCACCGTGACCCTGGGCTGCCTGG
' TCTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT
CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCCGTCC
' TTCAGTCCTCCGGGCTCTACTCTCTCAGCAGCATGGTGACCGT
GCCCGGCAGCACCTCAGGAACCCAGACCTTCACCTGCAACGT
AGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTTGA
' TCCCAGATGCAAAACAACCTGTGACTGTTGCCCACCGCCTGAG
CTCCCTGGAGGACCCTCTGTCTTCATCTTCCCACCGAAACCCA
AGGACACCCTCACAATCTCGGGAACGCCCGAGGTCACGTGTG
' TGGTGGTGGACGTGGGCCACGATGACCCCGAGGTGAAGTTCT
CCTGGTTCGTGGACGACGTGGAGGTAAACACAGCCACGACGA
AGCCGAGAGAGGAGCAGTTCAACAGCACCTACCGCGTGGTCA
GCGCCCTGCGCATCCAGCACCAGGACTGGACTGGAGGAAAGG
AGTTCAAGTGCAAGGTCCACAACGAAGGCCTCCCAGCCCCCAT
CGTGAGGACCATCTCCAGGACCAAAGGGCCGGCCCGGGAGCC
GCAGGTGTATGTCCTGGCCCCACCCCAGGAAGAGCTCAGCAA
AAGCACGGTCAGCCTCACCTGCATGGTCACCAGCTTCTACCCA
GACTACATCGCCGTGGAGTGGCAGAGAAATGGGCAGCCTGAG
'TCAGAGGACAAGTACGGCACGACCCCTCCCCAGCTGGACGCC
GACGGCTCCTACTTCCTGTACAGCAGGCTCAGGGTGGACAGG
AACAGCTGGCAGGAAGGAGACACCTACACGTGTGTGGTGATG
CACGAGGCCCTGCACAATCACTACACGCAGAAGTCCACCTCTA
AGTCTGCGGGTAAATGA

(SEQ ID NO: 94)

ASTTAPKVYPLSSCCGDKSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPGSTS
GTQTFTCNVAHPASSTKVDKAVDPRCKTTCDCCPPPE
LPGGPSVFIFPPKPKDTLTISGTPEVTCVVVDVGHDDPE
VKFSWFVDDVEVNTATTKPREEQFNSTYRVVSALRIQH

QDWTGGKEFKCKVHNEGLPAPIVRTISRTKGPAREPQV

YVLAPPQEELSKSTVSLTCMVTSFYPDYIAVEWQRNGQ

PESEDKYGTTPPQLDADGSYFLYSRLRVDRNSWQEGDT
YTCVVMHEALHNHYTQKSTSKSAGK*

(SEQ ID NO: 86)

$82409

15G2
variant 1

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGGCATCCAGCT
GCGGAGACACATCCAGCTCCACCGTGACCCTGGGCTGCCTGG
' TGTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT
CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCTGTCC
' TTCAGTCCTCCGGGCTCTACTCTCTCAGCAGCATGGTGACCGT
GCCCGCCAGCAGCTCAGGACAGACCTTCACCTGCAACGTAGC
CCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTTGGGGT
CTCCATTGACTGCTCCAAGTGTCATAACCAGCCTTGCGTGAGG
GAACCATCTGTCTTCATCTTCCCACCGAAACCCAAAGACACCC
TGATGATCACAGGAACGCCCGAGGTCACGTGTGTGGTGGTGAA
CGTGGGCCACGATAACCCCGAGGTGCAGTTCTCCTGGTTCGT
GGATGACGTGGAGGTGCACACGGCCAGGTCGAAGCCAAGAGA
GGAGCAGTTCAACAGCACGTACCGCGTGGTCAGCGCCCTGCC
CATCCAGCACCAGGACTGGACTGGAGGAAAGGAGTTCAAGTG
CAAGGTCAACAACAAAGGCCTCTCGGCCCCCATCGTGAGGATC
ATCTCCAGGAGCAAAGGGCCGGCCCGGGAGCCGCAGGTGTAT
GTCCTGGACCCACCCAAGGAAGAGCTCAGCAAAAGCACGCTC
AGCGTCACCTGCATGGTCACCGGCTTCTACCCAGAAGATGTAG
CCGTGGAGTGGCAGAGAAACCGGCAGACTGAGTCGGAGGACA
AGTACCGCACGACCCCGCCCCAGCTGGACACCGACCGCTCCT
ACTTCCTGTACAGCAAGCTCAGGGTGGACAGGAACAGCTGGCA
GGAAGGAGACGCCTACACGTGTGTGGTGATGCACGAGGCCCT
GCACAATCACTACATGCAGAAGTCCACCTCTAAGTCTGCGGGT
AAATGA

(SEQ ID NO: 95)

ASTTAPKVYPLASSCGDTSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPASSS
GQTFTCNVAHPASSTKVDKAVGVSIDCSKCHNQPCVRE
PSVFIFPPKPKDTLMITGTPEVTCVVVNVGHDNPEVQFS
WFVDDVEVHTARSKPREEQFNSTYRVVSALPIQHQDWT
GGKEFKCKVNNKGLSAPIVRIISRSKGPAREPQVYVLDP

PKEELSKSTLSVTCMVTGFYPEDVAVEWQRNRQTESED
KYRTTPPQLDTDRSYFLYSKLRVDRNSWQEGDAYTCVV
MHEALHNHYMQKSTSKSAGK*

(SEQ ID NO: 87)

$82407

Symons D.B. et al. Mol
Immunol., 26, 841-850
(1989). PMID: 2513487

Kacskovics L. and Butler
J.E., Mol. Immunol., 33,
189-195 (1996). PMID:
8649440

Rabbani H. et al.,
Immunogenetics, 46,
326-331 (1997). PMID:
9218535

Saini 8.8. et al, Scand.
J. Immunol. 65, 32-8
(2007). PMID: 17212764
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G2
variant 2

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGAGTTCTTGCT
GCGGGGACAAGTCCAGCTCCACCGTGACCCTGGGCTGCCTGG
' TGTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT
CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCCGTCC
' TTCAGTCCTCCGGGCTCTACTCTCTCAGCAGCATGGTGACCGT
GCCCGGCAGCACCTCAGGACAGACCTTCACCTGCAACGTAGC
CCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTTGGGGT
CTCCAGTGACTGCTCCAAGCCTAATAACCAGCATTGCGTGAGG
GAACCATCTGTCTTCATCTTCCCACCGAAACCCAAAGACACCC
TGATGATCACAGGAACGCCCGAGGTCACGTGTGTGGTGGTGAA
CGTGGGCCACGATAACCCCGAGGTGCAGTTCTCCTGGTTCGT
GGACGACGTGGAGGTGCACACGGCCAGGACGAAGCCGAGAGA
GGAGCAGTTCAACAGCACGTACCGCGTGGTCAGCGCCCTGCC
CATCCAGCACCAGGACTGGACTGGAGGAAAGGAGTTCAAGTG
CAAGGTCAACATCAAAGGCCTCTCGGCCTCCATCGTGAGGATC
ATCTCCAGGAGCAAAGGGCCGGCCCGGGAGCCGCAGGTGTAT
GTCCTGGACCCACCCAAGGAAGAGCTCAGCAAAAGCACGGTC
AGCGTCACCTGCATGGTCATCGGCTTCTACCCAGAAGATGTAG
ACGTGGAGTGGCAGAGAGACCGGCAGACTGAGTCGGAGGACA
AGTACCGCACGACCCCGCCCCAGCTGGACGCCGACCGCTCCT
ACTTCCTGTACAGCAAGCTCAGGGTGGACAGGAACAGCTGGCA
GAGAGGAGACACCTACACGTGTGTGGTGATGCACGAGGCCCT
GCACAATCACTACATGCAGAAGTCCACCTCTAAGTCTGCGGGT
AAATGA

(SEQ ID NO: 96)

ASTTAPKVYPLSSCCGDKSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPGSTS
GQTFTCNVAHPASSTKVDKAVGVSSDCSKPNNQHCVR
EPSVFIFPPKPKDTLMITGTPEVTCVVVNVGHDNPEVQF
SWFVDDVEVHTARTKPREEQFNSTYRVVSALPIQHQDW
TGGKEFKCKVNIKGLSASIVRISRSKGPAREPQVYVLDP
PKEELSKSTVSVTCMVIGFYPEDVDVEWQRDRQTESED
KYRTTPPQLDADRSYFLYSKLRVDRNSWQRGDTYTCVV
MHEALHNHYMQKSTSKSAGK*

(SEQID NO: 88)

M36946
(X06703)

15G2
variant 3

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGAGTTCTTGCT
GCGGGGACAAGTCCAGCTCGGGGGTGACCCTGGGCTGCCTGG
TCTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT

CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCCGTCC
' TTCAGTCCTCCGGGCTCTACTCTCTCAGCAGCATGGTGACCGT
GCCCGCCAGCAGCTCAGGAACCCAGACCTTCACCTGCAACGT

AGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTTGG
GGTCTCCAGTGACTGCTCCAAGCCTAATAACCAGCATTGCGTG
AGGGAACCATCTGTCTTCATCTTCCCACCGAAACCCAAAGACA
CCCTGATGATCACAGGAACGCCCGAGGTCACGTGTGTGGTGG

TGAACGTGGGCCACGATAACCCCGAGGTGCAGTTCTCCTGGTT
CGTGGACGACGTGGAGGTGCACACGGCCAGGACGAAGCCGAG
AGAGGAGCAGTTCAACAGCACGTACCGCGTGGTCAGCGCCCT

GCCCATCCAGCACCAGGACTGGACTGGAGGAAAGGAGTTCAA

GTGCAAGGTCAACATCAAAGGCCTCTCGGCCTCCATCGTGAGG
ATCATCTCCAGGAGCAAAGGGCCGGCCCGGGAGCCGCAGGTG
TATGTCCTGGACCCACCCAAGGAAGAGCTCAGCAAAAGCACGG
' TCAGCCTCACCTGCATGGTCATCGGCTTCTACCCAGAAGATGT
AGACGTGGAGTGGCAGAGAGACCGGCAGACTGAGTCGGAGGA
CAAGTACCGCACGACCCCGCCCCAGCTGGACGCCGACCGCTC
CTACTTCCTGTACAGCAAGCTCAGGGTGGACAGGAACAGCTGG
CAGAGAGGAGACACCTACACGTGTGTGGTGATGCACGAGGCC

CTGCACAATCACTACATGCAGAAGTCCACCTCTAAGTCTGCGG
GTAAATGA

(SEQ ID NO: 97)

ASTTAPKVYPLSSCCGDKSSSGVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPASSS
GTQTFTCNVAHPASSTKVDKAVGVSSDCSKPNNQHCV
REPSVFIFPPKPKDTLMITGTPEVTCVVVNVGHDNPEVQ
FSWFVDDVEVHTARTKPREEQFNSTYRVVSALPIQHQD

WTGGKEFKCKVNIKGLSASIVRISRSKGPAREPQVYVLD
PPKEELSKSTVSLTCMVIGFYPEDVDVEWQRDRQTESE

DKYRTTPPQLDADRSYFLYSKLRVDRNSWQRGDTYTCV
VMHEALHNHYMQKSTSKSAGK*

(SEQ ID NO: 89)

X16702
(M25279)

16G3
variant 1

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGGCATCCAGCT
GCGGAGACACATCCAGCTCCACCGTGACCCTGGGCTGCCTGG
' TCTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAACT
CGGGTGCCCTGAAGAGCGGCGTGCACACCTTCCCGGCCGTCC
GGCAGTCCTCTGGGCTGTACTCTCTCAGCAGCATGGTGACTGT
GCCCGCCAGCAGCTCAGAAACCCAGACCTTCACCTGCAACGTA
GCCCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTCACT
GCAAGGCGTCCAGTCCCGACGACGCCAAAGACAACTATCCCT
CCTGGAAAACCCACAACCCCAAAGTCTGAAGTTGAAAAGACAC
CCTGCCAGTGTTCCAAATGCCCAGAACCTCTGGGAGGACTGTC
TGTCTTCATCTTCCCACCGAAACCCAAGGACACCCTCACAATC
' TCGGGAACGCCCGAGGTCACGTGTGTGGTGGTGGACGTGGGC
CAGGATGACCCCGAGGTGCAGTTCTCCTGGTTCGTGGACGAC
GTGGAGGTGCACACGGCCAGGACGAAGCCGAGAGAGGAGCAG
' TTCAACAGCACCTACCGCGTGGTCAGCGCCCTGCGCATCCAG
CACCAGGACTGGCTGCAGGGAAAGGAGTTCAAGTGCAAGGTC
AACAACAAAGGCCTCCCGGCCCCCATTGTGAGGACCATCTCCA
GGACCAAAGGGCAGGCCCGGGAGCCGCAGGTGTATGTCCTGG
CCCCACCCCGGGAAGAGCTCAGCAAAAGCACGCTCAGCCTCA
CCTGCCTGATCACCGGTTTCTACCCAGAAGAGATAGACGTGGA
GTGGCAGAGAAATGGGCAGCCTGAGTCGGAGGACAAGTACCA
CACGACCGCACCCCAGCTGGATGCTGACGGCTCCTACTTCCT
GTACAGCAAGCTCAGGGTGAACAAGAGCAGCTGGCAGGAAGG
AGACCACTACACGTGTGCAGTGATGCACGAAGCTTTACGGAAT
CACTACAAAGAGAAGTCCATCTCGAGGTCTCCGGGTAAATGA
(SEQ ID NO: 98)

ASTTAPKVYPLASSCGDTSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVRQSSGLYSLSSMVTVPASSS
ETQTFTCNVAHPASSTKVDKAVTARRPVPTTPKTTIPP

GKPTTPKSEVEKTPCQCSKCPEPLGGLSVFIFPPKPKDT
LTISGTPEVTCVVVDVGQDDPEVQFSWFVDDVEVHTAR
TKPREEQFNSTYRVVSALRIQHQDWLQGKEFKCKVNNK
GLPAPIVRTISRTKGQAREPQVYVLAPPREELSKSTLSLT
CLITGFYPEEIDVEWQRNGQPESEDKYHTTAPQLDADGS
'YFLYSKLRVNKSSWQEGDHYTCAVMHEALRNHYKEKSIS}
RSPGK*

(SEQ ID NO: 90)

U63638

15G3
variant 2

GCCTCCACCACAGCCCCGAAAGTCTACCCTCTGGCATCCCGC
TGCGGAGACACATCCAGCTCCACCGTGACCCTGGGCTGCCTG
GTCTCCAGCTACATGCCCGAGCCGGTGACCGTGACCTGGAAC
' TCGGGTGCCCTGAAGAGTGGCGTGCACACCTTCCCGGCCGTC
CTTCAGTCCTCCGGGCTGTACTCTCTCAGCAGCATGGTGACCG
' TGCCCGCCAGCACCTCAGAAACCCAGACCTTCACCTGCAACGT
AGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGGCTGTCAC
TGCAAGGCGTCCAGTCCCGACGACGCCAAAGACAACCATCCC
TCCTGGAAAACCCACAACCCAGGAGTCTGAAGTTGAAAAGACA
CCCTGCCAGTGTTCCAAATGCCCAGAACCTCTGGGAGGACTGT
CTGTCTTCATCTTCCCACCGAAACCCAAGGACACCCTCACAAT
CTCGGGAACGCCCGAGGTCACGTGTGTGGTGGTGGACGTGGG
CCAGGATGACCCCGAGGTGCAGTTCTCCTGGTTCGTGGACGA
CGTGGAGGTGCACACGGCCAGGACGAAGCCGAGAGAGGAGCA
GTTCAACAGCACCTACCGCGTGGTCAGCGCCCTGCGCATCCA
GCACCAGGACTGGCTGCAGGGAAAGGAGTTCAAGTGCAAGGT
CAACAACAAAGGCCTCCCGGCCCCCATTGTGAGGACCATCTCC
AGGACCAAAGGGCAGGCCCGGGAGCCGCAGGTGTATGTCCTG
GCCCCACCCCGGGAAGAGCTCAGCAAAAGCACGCTCAGCCTC
ACCTGCCTGATCACCGGTTTCTACCCAGAAGAGATAGACGTGG
AGTGGCAGAGAAATGGGCAGCCTGAGTCGGAGGACAAGTACC
ACACGACCGCACCCCAGCTGGATGCTGACGGCTCCTACTTCCT
GTACAGCAGGCTCAGGGTGAACAAGAGCAGCTGGCAGGAAGG
AGACCACTACACGTGTGCAGTGATGCATGAAGCTTTACGGAAT
CACTACAAAGAGAAGTCCATCTCGAGGTCTCCGGGTAAATGA
(SEQ ID NO: 99)

ASTTAPKVYPLASRCGDTSSSTVTLGCLVSSYMPEPVT
VTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPASTS
ETQTFTCNVAHPASSTKVDKAVTARRPVPTTPKTTIPP
GKPTTQESEVEKTPCQCSKCPEPLGGLSVFIFPPKPKDT]
LTISGTPEVTCVVVDVGQDDPEVQFSWFVDDVEVHTAR
' TKPREEQFNSTYRVVSALRIQHQDWLQGKEFKCKVNNK
GLPAPIVRTISRTKGQAREPQVYVLAPPREELSKSTLSLT
CLITGFYPEEIDVEWQRNGQPESEDKYHTTAPQLDADGS
YFLYSRLRVNKSSWQEGDHYTCAVMHEALRNHYKEKSI
SRSPGK*

(SEQID NO: 91)

U63639

Bovine Ig light
chain constant
region (CL)

Ig lambda

CAGCCCAAGTCCCCACCCTCGGTCACCCTGTTCCCGCCCTCC

ACGGAGGAGCTCAACGGCAACAAGGCCACCCTGGTGTGTCTC

ATCAGCGACTTCTACCCGGGTAGCGTGACCGTGGTCTGGAAG

GCAGACGGCAGCACCATCACCCGCAACGTGGAGACCACCCGG
GCCTCCAAACAGAGCAACAGCAAGTACGCGGCCAGCAGCTAC

CTGAGCCTGACGAGCAGCGACTGGAAATCGAAAGGCAGTTACA|
GCTGCGAGGTCACGCACGAGGGGAGCACCGTGACGAAGACAG
TGAAGCCCTCAGAGTGTTCTTAG

(SEQ ID NO: 101)

QPKSPPSVTLFPPSTEELNGNKATLVCLISDFYPGSVTV
VWKADGSTITRNVETTRASKQSNSKYAASSYLSLTSSD
WKSKGSYSCEVTHEGSTVTKTVKPSECS*

(SEQ ID NO: 100)

X62917

Not registered

Chen L. et al., Vet
Immunol. Immunopathol..
124, 284-294 (2008).
PMID: 18538861




23

The amino acid sequences as shown in SEQ ID NOS: 4, 3, 42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 12, 80, 82, 84-91, 100, 102 and 11 may have
deletion(s), substitution(s) or addition(s) of one or several (e.g., up to five, about 10 at the
most) amino acids. Even when such mutations have been introduced, the resulting amino
acid sequences are capable of having the function as the constant region of Ig heavy chain or
light chain.

Although the constant region of wild-type human IgG1 has ADCC activity and CDC
activity, it is known that these activities can be reduced by introducing amino acid
substitutions and deletions into specific sites. In the case of animals other than human where
the constant region of an immunoglobulin equivalent to human IgG4 has not been identified,
mutations may be introduced into the relevant region of an immunoglobulin equivalent to
human IgG1 so that the resultant constant region with reduced ADCC activity and CDC
activity can be used.

The present invention provides an artificial genetic DNA comprising (a’) a DNA
encoding a light chain comprising a light chain variable region (VL) containing CDR1 having
the amino acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino
acid sequence of WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID
NO: 38) and the light chain constant region (CL) of an antibody of an animal other than rat
and (b’) a DNA encoding a heavy chain comprising a heavy chain variable region (VH)
containing CDR1 having the amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2
having the amino acid sequence of [YPEYGNT (SEQ ID NO: 40) and CDR3 having the
amino acid sequence of ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant
region (CH) of an antibody of an animal other than rat. The present invention also provides a
DNA encoding a light chain comprising a VL containing CDR1 having the amino acid
sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid sequence of
WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID NO: 38) and the
CL of an antibody of an animal other than rat (i.e., the DNA of (a’) above). Further, the
present invention also provides a DNA encoding a heavy chain comprising a VH containing
CDRI1 having GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid sequence of
IYPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid sequence of
ASEEAVISLVY (SEQ ID NO: 41) and the CH of an antibody of an animal other than rat
(i.e., the DNA of (b’) above).

For (a) a light chain comprising a light chain variable region containing CDR1 having

the amino acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino
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acid sequence of WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID
NO: 38) and the light chain constant region of an antibody of an animal other than rat; and
(b) a heavy chain comprising a heavy chain variable region containing CDR1 having the
amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid
sequence of IYPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid sequence of
ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region of an antibody of an
animal other than rat, reference should be had to the foregoing description. The DNA of (a’)
is a DNA (gene) encoding the light chain of (a); and the DNA of (b’) is a DNA (gene)
encoding the heavy chain of (b). An artificial genetic DNA comprising the DNA of (a’) and
the DNA of (‘b) may be synthesized on commercial synthesizer. Restriction enzyme
recognition sites, KOZAK sequences, poly-A addition signal sequences, promoter sequences,
intron sequences or the like may be added to the artificial genetic DNA.

The present invention also provides a vector comprising the above-mentioned
artificial genetic DNA.

As the vector, Escherichia coli-derived plasmids (e.g., pPBR322, pBR325, pUCI12 or
pUC13); Bacillus subtilis-derived plasmids (e.g., pUB110, pTP5 or pC194), yeast-derived
plasmids (e.g., pPSH19 or pSH15); bacteriophages such as A phage; animal viruses such as
retrovirus or vaccinia virus; or insect pathogen viruses such as baculovirus may be used. In
the Examples described later, pDC6 (Japanese Patent No. 5704753, US Patent 9096878, EU
Patent 2385115, Hong Kong (China) patent HK1163739 and Australia Patent 2009331326)
was used.

The vector may also comprise promoters, enhancers, splicing signals, poly-A addition
signals, intron sequences, selection markers, SV40 replication origins, and so forth.

The present invention also provides a host cell transformed by the above vector. It is
possible to prepare the anti-PD-L1 antibody of the invention by culturing the host cell and
collecting the antibody of interest from the resultant culture. Therefore, the present invention
also provides a method of preparing an antibody, comprising culturing the above-described
host cell and collecting the anti-PD-L1 antibody of the invention from the culture. In the
method of the present invention for preparing an antibody, a vector incorporating an artificial
genetic DNA comprising a DNA encoding the light chain and a DNA encoding the heavy
chain may be transfected into a host cell. Alternatively, a vector incorporating a DNA
encoding the light chain and a vector incorporating a DNA encoding the heavy chain may be
co-transfected into a host cell.

Examples of the host cell include, but are not limited to, bacterial cells (such as
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Escherichia bacteria, Bacillus bacteria or Bacillus subtilis), fungal cells (such as yeast or
Aspergillus), insect cells (such as S2 cells or Sf cells), animal cells (such as CHO cells, COS
cells, HeLa cells, C127 cells, 3T3 cells, BHK cells or HEK 293 cells) and plant cells. Among
these, CHO-DG44 cell (CHO-DG44(dfhr/")) which is a dihydrofolate reductase deficient cell
is preferable.

Introduction of a recombinant vector into a host cell may be performed by the
methods disclosed in Molecular Cloning 2nd Edition, J. Sambrook et al., Cold Spring Harbor
Lab. Press, 1989 (e.g., the calcium phosphate method, the DEAE-dextran method,
transfection, microinjection, lipofection, electroporation, transduction, scrape loading, the
shotgun method, etc.) or by infection.

The resultant transformant may be cultured in a medium, followed by collection of the
anti-PD-L1 antibody of the present invention from the culture. When the antibody is secreted
into the medium, the medium may be recovered, followed by isolation and purification of the
antibody from the medium. When the antibody is produced within the transformed cells, the
cells may be lysed, followed by isolation and purification of the antibody from the cell lysate.

Examples of the medium include, but are not limited to, OptiCHO medium, Dynamis
medium, CD CHO medium, ActiCHO medium, FortiCHO medium, Ex-Cell CD CHO
medium, BalanCD CHO medium, ProCHO 5 medium and Cellvento CHO-100 medium.

The pH of the medium varies depending on the cell to be cultured. Generally, a pH
range from 6.8 to 7.6 is used; mostly, a pH range from 7.0 to 7.4 is appropriate.

When the cell to be cultured is CHO cells, culture may be performed by methods
known to those skilled in the art. For example, it is usually possible to perform culturing in a
gas-phase atmosphere having a CO, concentration of 0-40%, preferably 2-10%, at 30-39°C,
preferably around 37°C.

The appropriate period of culture is usually from one day to three months, preferably
from one day to three weeks.

Isolation and purification of the antibody may be performed by known methods.
Known isolation/purification methods which may be used in the present invention include,
but are not limited to, methods using difference in solubility (such as salting-out or solvent
precipitation); methods using difference in molecular weight (such as dialysis, ultrafiltration,
gel filtration or SDS-polyacrylamide gel electrophoresis); methods using difference in
electric charge (such as ion exchange chromatography); methods using specific affinity (such
as affinity chromatography); methods using difference in hydrophobicity (such as reversed

phase high performance liquid chromatography); and methods using difference in isoelectric



26

point (such as isoelectric focusing).

The anti-PD-L1 antibody of the present invention may be used as an antibody drug for
animals or human. Therefore, the present invention provides a pharmaceutical composition
comprising the above-described anti-PD-L1 antibody as an active ingredient.

The pharmaceutical composition of the present invention may be used for prevention
and/or treatment of cancers and/or infections. Examples of cancers and/or infections include,
but are not limited to, neoplastic diseases (e.g., malignant melanoma, lung cancer, gastric
cancer, renal cancer, breast cancer, bladder cancer, esophageal cancer, ovarian cancer and the
like), leukemia, Johne's disease, anaplasmosis, bacterial mastitis, mycotic mastitis,
mycoplasma infections (such as mycoplasma mastitis, mycoplasma pneumonia or the like),
tuberculosis, Theileria orientalis infection, cryptosporidiosis, coccidiosis, trypanosomiasis
and leishmaniasis.

The anti-PD-L1 antibody of the present invention may be dissolved in buffers such as
PBS, physiological saline or sterile water, optionally filter-sterilized with a filter or the like,
and then administered to animal subjects (including human) by injection. To the solution of
this antibody, additives (such as coloring agents, emulsifiers, suspending agents, surfactants,
solubilizers, stabilizers, preservatives, antioxidants, buffers, isotonizing agents, pH adjusters
and the like) may be added. As routes of administration, intravenous, intramuscular,
intraperitoneal, subcutaneous or intradermal administration and the like may be selected.
Transnasal or oral administration may also be used.

The dose and the number of times and frequency of administration of the anti-PD-L1
antibody of the present invention may vary depending on the symptoms, age and body weight
of the animal subject, the method of administration, the dosage form and so on. For example,
0.1-100 mg/kg body weight, preferably 1-10 mg/kg body weight, per adult animal may
usually be administered at least once, at such a frequency that enables confirmation of the
desired effect.

While the pharmaceutical composition of the present invention may be used alone, it
may be used in combination with surgical operations, radiation therapies, other
immunotherapies such as cancer vaccine, or molecular target drugs. Synergistic effect can be

expected from such combinations.

EXAMPLES
Hereinbelow, the present invention will be described in more detail with reference to

the following Examples. However, the present invention is not limited to these Examples.
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[Example 1] Rat-Canine Chimeric Anti-PD-L1 Antibody
1. Introduction

Programmed cell death 1 (PD-1), an immunoinhibitory receptor, and its ligand
programmed cell death ligand 1 (PD-L1) are molecules identified by Prof. Tasuku Honjo et
al., Kyoto University, as factors which inhibit excessive immune response and are deeply
involved in immunotolerance. Recently, it has been elucidated that these molecules are also
involved in immunosuppression in tumors. In the subject Example, for the purpose of
establishing a novel therapy for canine neoplastic diseases, a chimeric antibody gene was
prepared in which a variable region gene of a rat anti-bovine PD-L1 monoclonal antibody
(4G12) capable of inhibiting the binding of canine PD-1 to PD-L.1 was linked to a constant
region gene of a canine immunoglobulin (IgG4). The resultant chimeric antibody gene was
introduced into Chinese hamster ovary cells (CHO cells), which were cultured to produce a
rat-canine chimeric anti-PD-L1 antibody c4G12. The effect of this chimeric antibody was
confirmed in vitro and in vivo.
2. Materials and Methods
2.1 Bovine PD-L1 Monoclonal Antibody Producing Cells

The nucleotide sequence of bovine PD-L.1 was identified (Ikebuchi R, Konnai S,
Shirai T, Sunden Y, Murata S, Onuma M, Ohashi K. Vet Res. 2011 Sep 26;42:103). Based on
the sequence information, a recombinant bovine PD-L1 was prepared. Rat was immunized
with this recombinant protein to prepare a rat anti-bovine PD-L1 antibody (Ikebuchi R,
Konnai S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata S, Ohashi K.
Immunology. 2014 Aug;142(4):551-61; Clone 4G12 which would later serve as the variable
region of the canine chimeric antibody of interest is described in this article.)
2.2 Identification of Full-Length Canine PD-1 and PD-L1 Genes

To determine the full lengths of canine PD-1 and PD-L1 cDNAs, PCR primers were
first designed based on the putative nucleotide sequences of canine PD-1 and PD-L1 already
registered at The National Center for Biotechnology Information (NCBI) (GenBank
accession number; XM 543338 and XM 541302). Briefly, primers to amplify the inner
sequence of the open reading frame (ORF) of each gene were designed (cPD-1 inner F and R,
cPD-L1 inner F and R), and PCR was performed. For the amplified products, nucleotide
sequences were determined with a capillary sequencer according to conventional methods.
Further, to determine the nucleotide sequences of full-length PD-1 and PD-L1 cDNA,
primers (cPD-1 5° GSP and 3° GSP; ¢cPD-L1 5’ GSP and 3’GSP) were designed based on the
canine PD-1 and PD-L1 ¢cDNA sequences determined above. 5'-RACE and 3'-RACE were
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then performed using the 5-RACE system for rapid amplification of cDNA ends and 3'-
RACE system for rapid amplification of cDNA ends (Invitrogen), respectively. The resultant
gene fragments of interest were sequenced as described (Maekawa N, Konnai S, Ikebuchi R,
Okagawa T, Adachi M, Takagi S, Kagawa Y, Nakajima C, Suzuki Y, Murata S, Ohashi K.
PLoS One. 2014 Jun 10;9(6):e98415).
Primer (cPD-1 inner F): AGGATGGCTCCTAGACTCCC (SEQ ID NO: 21)
Primer (cPD-1 inner R): AGACGATGGTGGCATACTCG (SEQ ID NO: 22)
Primer (cPD-L1 inner F): ATGAGAATGTTTAGTGTCTT (SEQ ID NO: 23)
Primer (cPD-LI inner R): TTATGTCTCTTCAAATTGTATATC (SEQ ID NO: 24)
Primer (cPD-1 5°’GSP): GTTGATCTGTGTGTTG (SEQ ID NO: 25)
Primer (cPD-1 3’GSP): CGGGACTTCCACATGAGCAT (SEQ ID NO: 26)
Primer (cPD-L1 5°GSP): TTTTAGACAGAAAGTGA (SEQ ID NO: 27)
Primer (cPD-L1 3’GSP): GACCAGCTCTTCTTGGGGAA (SEQ ID NO: 28)
2.3 Construction of Canine PD-1 and PD-L1 Expressing COS-7 Cells
For preparing canine PD-1-EGFP and PD-L1-EGFP expression plasmids, PCR was
performed using a synthesized beagle PBMC-derived cDNA as a template and primers
designed by adding Xhol and BamHI recognition sites (PD-1) and Bg/Il and EcoRI
recognition sites (PD-L1) on the 5’ side (cPD-1-EGFP F and R; cPD-L1-EGFP F and R). The
resultant PCR products were digested with Xhol (Takara) and BamHI (Takara) (PD-1) and
with BglIl (New England Biolabs) and EcoRI (Takara) (PD-L1), and then purified with
FastGene Gel/PCR Extraction Kit (NIPPON Genetics), followed by cloning into pEGFP-N2
vector (Clontech) treated with restriction enzymes in the same manner. The resultant
expression plasmids of interest were extracted with QIAGEN Plasmid Midi kit (Qiagen) and
stored at —30°C until use in experiments. Hereinafter, the thus prepared expression plasmids
are designated as pEGFP-N2-cPD-1 and pEGFP-N2-cPD-L1.
Primer (cPD-1-EGFP F): CCGCTCGAGATGGGGAGCCGGCGGGGGCC (SEQ ID NO:
29)
Primer (cPD-1-EGFP R): CGCGGATCCTGAGGGGCCACAGGCCGGGTC (SEQ ID NO:
30)
Primer (cPD-L1-EGFP F): GAAGATCTATGAGAATGTTTAGTGTC (SEQ ID NO: 31)
Primer (cPD-L1-EGFP R): GGAATTCTGTCTCTTCAAATTGTATATC (SEQ ID NO: 32)
COS-7 cells were subcultured at a density of 5x10* cells/cm® in 6-well plates, and
then cultured overnight in RPMI 1640 medium containing 10% inactivated fetal bovine

serum and 0.01% L-glutamine at 37°C in the presence of 5% CO,. The pEGFP-N2-cPD-1,
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pEGFP-N2-cPD-L1 or pEGFP-N2 (negative control) was introduced into COS-7 cells at 0.4
ug/cm2 using Lipofectamine 2000 (Invitrogen). The cells were cultured for 48 hours (cPD-1-
EGFP expressing cell and cPD-L1-EGFP expressing cell). In order to confirm the expression
of canine PD-1 and PD-L1 in the thus prepared expressing cells, intracellular localization of
enhanced green fluorescent protein (EGFP) was visualized with an inverted confocal laser
microscope LSM700 (ZEISS) (Maekawa N, Konnai S, Ikebuchi R, Okagawa T, Adachi M,
Takagi S, Kagawa Y, Nakajima C, Suzuki Y, Murata S, Ohashi K. PLoS One. 2014 Jun
10;9(6):€98415).
2.4 Construction of Recombinant Canine PD-1, PD-L1 and CD80

In order to amplify the extracellular regions of canine PD-1, PD-L1 and CDS80
estimated from their putative amino acid sequences, primers were designed. Briefly, primers
having an Nhel or EcoRV recognition sequence (PD-1 and PD-L1) added on the 5’ side (cPD-
1-Ig F and R; cPD-L1-Ig F and R) or having an EcoRV or Kpnl (CD80) recognition sequence
added on the 5 side (cCD80-Ig F and R) were designed. PCR was performed using a
synthesized beagle PBMC-derived cDNA as a template. The PCR products were digested
with Nhel (Takara) and EcoRV (Takara) or with EcoRV (Takara) and Kpnl (New England
Biolabs) and purified with FastGene Gel/PCR Extraction Kit (NIPPON Genetics). The thus
purified DNAs were individually cloned into pCXN2.1-Rabbit IgG Fc vector (Niwa et al.,
1991; Zettlmeissl et al.,1990; kindly provided by Dr. T. Yokomizo, Juntendo University
Graduate School of Medicine, and modified in the inventors’ laboratory) treated with
restriction enzymes in the same manner. The expression plasmids were purified with
QIAGEN Plasmid Midi kit (Qiagen) and stored at —30°C until use in experiments.
Hereinafter, the thus prepared expression plasmids are designated as pCXN2.1-cPD-1-Ig,
pCXN2.1-cPD-L1-Ig and pCXN2.1-cCD80-Ig, respectively.
Primer (cPD-1-Ig F): CGCGGCTAGCATGGGGAGCCGGCGGGGGCC (SEQ ID NO: 33)
Primer (cPD-1-Ig R): CGCGGATATCCAGCCCCTGCAACTGGCCGC (SEQ ID NO: 34)
Primer (cPD-L1-Ig F): CGCGGCTAGCATGAGAATGTTTAGTGTCTT (SEQ ID NO: 35)
Primer (cPD-L1-Ig R): CGCGGATATCAGTCCTCTCACTTGCTGGAA (SEQ ID NO: 36)
Primer (cCD80-Ig F): CGCGGATATCATGGATTACACAGCGAAGTG (SEQ ID NO: 129)
Primer (cCD80-Ig R): CGGGGTACCCCAGAGCTGTTGCTGGTTAT (SEQ ID NO: 130)

These expression vectors were individually transfected into Expi293F cells (Life
Technologies) to obtain a culture supernatant containing a recombinant Ig fusion protein.
The recombinant protein produced was purified from the supernatant with Ab Capcher Extra

(Protein A mutant; ProteNova). After buffer exchange with phosphate-buffered physiological
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saline (PBS; pH 7.4) using PD-MidiTrap G-25 (GE Healthcare), each recombinant protein
was stored at —30°C until use in experiments (cPD-1-Ig, cPD-L1-Ig and cCD80-Ig). The
concentration of each protein was measured with Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific) before use in subsequent experiments.
2.5 Identification of Rat Anti-bovine PD-L1 Monoclonal Antibody Showing Cross-reactivity
with Canine PD-L1

In order to identify rat anti-bovine PD-L1 monoclonal antibody showing cross-
reactivity with canine PD-L1, flow cytometry was performed using the anti-bovine PD-L1
antibody prepared in 2.1 above. The anti-bovine PD-L1 antibody (10 pg/ml) was reacted
with 2x10°-1x10° cells at room temperature for 30 min. After washing, the anti-bovine PD-
L1 antibody was detected with allophycocyanine-labeled anti-rat Ig goat antibody (Beckman
Coulter). FACS Verse (Becton, Dickinson and Company) was used for analysis. As negative
controls, rat IgG2a (k) isotype control (BD Biosciences), rat IgG1 (k) isotype control (BD
Biosciences) and rat IgM (k) isotype control (BD Biosciences) were used. For every washing
operation and dilution of antibodies,10% inactivated goat serum-supplemented PBS was used
(Maekawa N, Konnai S, Ikebuchi R, Okagawa T, Adachi M, Takagi S, Kagawa Y, Nakajima
C, Suzuki Y, Murata S, Ohashi K. PLoS One. 2014 Jun 10;9(6):¢98415 which is an article
describing the use of three bovine PD-L1 monoclonal antibodies: 4G12 (Rat IgG2a (k)), SA2
(Rat IgG1 (x)) and 6G7 (Rat IgM (x)).
2.6 Selection Test of Variable Region for Establishment of Rat-Canine Chimeric Anti-PD-L1
Antibody

Out of 10 clones of rat anti-bovine PD-L1 monoclonal antibody which showed cross-
reactivity with canine PD-L1, 4G12 (Rat [gG2a (x)), SA2 (Rat IgG1 (x)) and 6G7 (Rat IgM
(x)) were selected and check was made to see whether these antibodies would inhibit canine
PD-1/PD-L1 binding. Briefly, canine PD-1-Ig (prepared in 2.4 above) was immobilized on
flat bottomed 96-well plates and blocked with 1% BSA and 0.05% Tween 20-containing PBS.
Canine PD-L1-Ig (prepared in 2.4 above) was biotinylated using Lightning-Link Biotin
Conjugation Kit (Innova Bioscience) and reacted with various concentrations (0, 2.5, 5 and
10 pg/ml) of rat anti-bovine PD-L1 antibodies 4G12, 5A2 and 6G7 at 37°C for 30 min,
followed by addition to the 96-well plates. The binding of cPD-L1-Ig to cPD-1-Ig was
measured by color reaction using Neutravidin-HRP (Thermo Fisher Scientific) and TMB one
component substrate (Bethyl Laboratories). As a result, rat anti-bovine PD-L1 monoclonal
antibodies 4G12 and 6G7 showed a good inhibitory activity against canine PD-1/PD-LI
binding, whereas SA2 showed no binding inhibitory activity (Fig. 1).
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2.7 Preparation of Rat-Canine Chimeric Anti-PD-L1 Antibody Expressing Vector (Fig. 2)

Using rat anti-bovine PD-L1 monoclonal antibodies 4G12 and 6G7 which showed a
good inhibitory activity against canine PD-1/PD-L1 binding (Fig. 1) as the variable region,
two types of rat-canine chimeric anti-PD-L1 antibodies were established.

Briefly, heavy chain and light chain variable region genes were identified from
hybridomas producing rat anti-bovine PD-L.1 monoclonal antibodies 4G12 and 6G7. Further,
the heavy chain and light chain variable region genes of the above rat antibodies were linked
to the constant region of heavy chain IgG4 and the constant region of light chain Lambda of a
known canine antibody, respectively, to prepare nucleotide sequences, followed by codon
optimization (SEQ ID NOS: 9 and 10 (amino acid sequences), SEQ ID NOS: 19 and 20
(nucleotide sequences after codon optimization). Then, synthesis of genes was performed so
that Notl restriction enzyme recognition site, KOZAK sequence, chimeric antibody’s light
chain sequence, poly-A addition signal sequence (PABGH), promoter sequence (PCMV),
Sacl restriction enzyme recognition site, intron sequence (INRBG), KOZAK sequence,
chimeric antibody’s heavy chain sequence and Xbal restriction enzyme recognition site
would be located in this order. The synthesized gene strands were individually incorporated
into the cloning site (Notl and Xbal restriction enzyme recognition sequences downstream of
PCMYV and between INRBG and PABGH) of expression vector pDC6 (kindly provided by
Prof. S. Suzuki, Hokkaido University Research Center for Zoonosis Control) using restriction
enzyme recognition sequences so that the above-listed sequences would be located in the
above-mentioned order (Fig. 2). Thus, rat-canine chimeric anti-PD-L1 antibody expressing
vectors were constructed. Each of the expression vectors was transfected into Expi293F cells
(Life Technologies) to obtain a culture supernatant containing a chimeric antibody. The
chimeric antibody was purified from the supernatant with Ab Capcher Extra (Protein A
mutant; ProteNova) and further purified by gel filtration chromatography. SDS-PAGE was
performed under non-reducing conditions using 10% acrylamide gel. Bands were stained
with Quick-CBB kit (Wako Pure Chemical) and decolorized in distilled water. Although
contaminant proteins were observed after protein A purification alone, a highly purified
antibody could be obtained by performing gel filtration chromatography (Fig. 3). It was
confirmed by flow cytometry that the resultant purified antibodies specifically bound to
canine PD-L1 expressing cells (data not shown). When the inhibitory activity of the two
chimeric antibodies against canine PD-1/PD-L1 binding was examined by the method
described in 2.6 above, rat-canine chimeric anti-PD-L1 antibody c4G12 showed a binding

inhibitory activity similar to that of its original rat anti-bovine PD-L.1 monoclonal antibody
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4G12, whereas binding inhibition capacity was clearly attenuated in rat-canine chimeric anti-
PD-L1 antibody c6G7 (Fig. 4) Therefore, rat-canine chimeric anti-PD-L1 antibody c4G12
was selected as a therapeutic antibody, which incorporated the variable region sequences of
rat anti-bovine PD-L1 monoclonal antibody 4G12 (SEQ ID NOS: 2 and 1 (amino acid
sequences) and SEQ ID NOS: 16 and 15 (nucleotide sequences after codon optimization)).
The amino acid sequence and the nucleotide sequence (after codon optimization) of the light
chain of c4G12 are shown in SEQ ID NOS: 9 and 19, and the amino acid sequence and the
nucleotide sequence (after codon optimization) of the heavy chain of c4G12 are shown in
SEQ ID NOS: 10 and 20.

2.8 Expression of Rat-Canine Chimeric Anti-PD-L1 Antibody c4G12

Rat-canine chimeric anti-PD-L1 antibody c4G12 expressing vector pDC6 as used in
2.7 above was transfected into CHO-DG44 cells (CHO-DG44(dfhr/)) which were
dihydrofolate reductase deficient cells and high expression clones were selected by dot
blotting. Further, gene amplification treatment was performed by adding load on cells in a
medium containing 60 nM methotrexate (Mtx). Cells stably expressing rat-canine chimeric
anti-PD-L1 antibody c4G12 (clone name: 4.3F1) after gene amplification were transferred to
Mtx-free Opti-CHO medium and cultured under shaking for 14 days (125 rpm, 37°C, 5%
CO,). Cell survival rate was calculated by trypan blue staining (Fig. 5). Chimeric antibody
production in the culture supernatant was measured by ELISA (Fig. 5). The culture
supernatant at day 14 was centrifuged at 10,000 g for 10 min to remove cells, then passed
through a 0.22 pum filter before the process proceeded to purification steps for the antibody.

It should be noted that by exchanging the medium with Dynamis medium and doing
appropriate feeding, antibody production was improved about two-fold compared to the
conventional production (data not shown).

2.9 Purification of Rat-Canine Chimeric Anti-PD-L1 Antibody c4G12

The culture supernatant provided as described above was purified with Ab Capcher
Extra (ProteNova). An open column method was used for binding to resin; PBS pH 7.4 was
used as equilibration buffer and wash buffer. As elution buffer, IgG Elution Buffer (Thermo
Scientific) was used. As neutralization buffer, 1 M Tris was used. The purified antibody was
concentrated and buffer-exchanged with PBS by ultrafiltration using Amicon Ultra-15 (50
kDa, Millipore). The resultant antibody was passed through a 0.22 pum filter for use in
respective experiments.

2.10 Confirmation of Purification of Rat-Canine Chimeric Anti-PD-L1 Antibody c4G12
(Fig.6)
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In order to confirm the purity of the purified antibody, antibody proteins were
detected by SDS-PAGE and CBB staining. Using SuperSep Ace 5-20% (Wako) gradient gel,
rat anti-bovine PD-L1 monoclonal antibody 4G12 and rat-canine chimeric anti-PD-L1
antibody c4G12 were electrophoresed under reducing conditions and non-reducing
conditions. Bands were stained with Quick-CBB kit (Wako) and decolored in distilled water.
Bands were observed at positions of molecular weights corresponding to antibodies. No
bands of contaminant proteins were recognized visually.

2.11 Measurement of Binding Avidities to cPD-L1-His of Rat Anti-Bovine PD-LI
Monoclonal Antibody 4G12 and Rat-Canine Chimeric Anti-PD-L1 Antibody c4G12

In order to amplify the extracellular region of canine PD-L1 estimated from its
putative amino acid sequence, primers were designed. Briefly, a primer having an Nhel
recognition sequence added on the 5’ side (cPD-L1-His F) and a primer having an EcoRV
recognition sequence and 6xHis tag sequence added on the 5’ side (cPD-L1-His R) were
designed. PCR was performed using a synthesized beagle PBMC-derived cDNA as a
template. The PCR products were digested with Nhel (Takara) and EcoRV (Takara) and
purified with FastGene Gel/PCR Extraction Kit (NIPPON Genetics). The thus purified DNA
was cloned into pCXN2.1 vector (Niwa et al., 1991; kindly provided by Dr. T. Yokomizo,
Juntendo University Graduate School of Medicine) treated with restriction enzymes in the
same manner. The expression plasmids were purified with QIAGEN Plasmid Midi kit
(Qiagen) and stored at —30°C until use in experiments. Hereinafter, the thus prepared
expression plasmid is designated as pCXN2.1-cPD-L1-His.

Primer (cPD-LI1-His F): CGCGGCTAGCATGAGAATGTTTAGTGTCTT (SEQ ID NO:
131)

Primer (cPD-L1-His R):
CGCGGATATCTTAATGGTGATGGTGATGGTGAGTCCTCTCACTTGCTGG (SEQ 1D
NO: 132)

The expression vector was transfected into Expi293F cells (Life Technologies) to
obtain a culture supernatant containing a recombinant protein. The recombinant protein
produced was purified from the supernatant using TALON Metal Affinity Resin (Clontech),
and the buffer was exchanged with PBS using Amicon Ultra-4 Ultracel-3 (Merck Millipore).
The thus obtained recombinant protein was stored at 4°C until use in experiments (cPD-L1-
His). The protein concentration was measured with Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific) for use in subsequent experiments.

Using a biomolecular interaction analyzer (Biacore X100), the binding avidities to
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cPD-L1-His of rat anti-bovine PD-L1 monoclonal antibody 4G12 and rat-canine chimeric
anti-PD-L1 antibody c4G12 were assessed. Briefly, anti-histidine antibody was fixed on
CMS5 censor chip, followed by capturing of cPD-LI1-His. Subsequently, monoclonal
antibodies were added as analyte to observe specific binding. Both antibodies exhibited
specific binding and their avidities were almost comparable (Table 1). Further, the binding
avidities of canine PD-1-Ig and CD80-Ig to cPD-L1-His were measured in the same manner

and found to be clearly lower than that of rat-canine chimeric anti- PD-L1 antibody c4G12
(Table 1).

Table 1. Binding Avidity of Each Antibody and Recombinant Protein to Canine PD-L1-His

ka (> 10%/Ms) kd (*107/s) KD (nM)
4G12 2.42%0.10 4.54%0.19 1.88+0.06
c4G12 3.14£0.19 7.19£0.26 2.30£0.07
cPD-1 25.4+4.89
cCD80 24.3%0.89

2.12 Inhibitory Activity of Rat-Canine Chimeric Anti-PD-L1 Antibody c4G12 against
Canine PD-1/PD-L1 Binding and CD80/PD-L1 Binding (Fig. 7)

Using the canine PD-1-Ig, PD-L1-Ig and CD80-Ig (described above), anti-PD-L1
antibody was tested for its ability to inhibit canine PD-1/PD-L1 binding and CD80/PD-L]1
binding. Briefly, canine PD-1-Ig or CD80-Ig was immobilized on flat-bottom 96-well plates.
Canine PD-L1-Ig was reacted with various concentrations (0, 2.5, 5 and 10 pg/ml) of rat anti-
bovine PD-L1 antibody 4G12 or rat-canine chimeric anti-PD-L1 antibody c4G12 according
to the same procedures as described in 2.6 above, and the binding of canine PD-L1-Ig was
assessed. No change in binding inhibition activity was observed due to the chimerization of
antibody.

2.13. Canine Immune Cell Activating Effect of Rat-Canine Chimeric Anti-PD-L1 Antibody
c4G12 (Fig. 8)

Canine PBMCs were cultured under stimulation with a super-antigen Staphylococcal
Enterotoxin B (SEB) for three days, and changes in cytokine production by addition of rat-
canine chimeric anti-PD-L1 antibody c4G12 were measured by ELISA using Duoset ELISA
canine IL-2 or IFN-y (R&D systems). Rat-canine chimeric anti-PD-L1 antibody c4G12
increased the production of IL-2 and IFN-y from canine PBMCs. Further, nucleic acid

analogue EdU was added to the culture medium at day 2 of the culture under SEB stimulation.
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Two hours later, uptake of EAU was measured by flow cytometry using Click-iT Plus EQU
flow cytometry assay kit (Life Technologies). As a result, EQU uptake in canine CD4" and
CD8" lymphocytes was enhanced by addition of rat-canine chimeric anti-PD-L1 antibody
c4G12, indicating an elevated cell proliferation capacity.
2.14 Selection of Tumor-Affected Dogs to be used in Canine Inoculation Test

Since the subject treatment is expected to manifest a higher efficacy when PD-L1 is
being expressed in tumors, PD-L1 expression analysis at the tumor site of dogs was
performed by immunohistochemical staining. Briefly, tumor tissue samples fixed with
formaldehyde and embedded in paraffin were sliced into 4 pm thick sections with a
microtome, attached to and dried on silane-coated slide glass (Matsunami Glass) and
deparaffinized with xylene/alcohol. While the resultant sections were soaked in citrate buffer
[citric acid (Wako Pure Chemical) 0.37 g, trisodium citrate dihydrate (Kishida Chemical) 2.4
g, distilled water 1000 ml], antigen retrieval treatment was performed for 10 min with
microwave, followed by staining using a Nichirei automatic immuno-staining device. As
pretreatment, sample sections were soaked in 0.3% hydrogen peroxide-containing methanol
solution at room temperature for 15 min and washed with PBS. Then, anti-bovine PD-L1
monoclonal antibody was added and reaction was conducted at room temperature for 30 min.
After washing with PBS, histofine simple stain MAX-PO (Rat) (Nichirei Bioscience) was
added and reaction was carried at room temperature for 30 min, followed by coloring with
3,3’-diaminobenzidine tetrahydrocholride and observation with a light microscope. Dogs
with oral melanoma or undifferentiated sarcoma in which tumor cells were PD-L1 positive
were used in the following inoculation test (clinical trial). Anti-bovine PD-L.1 monoclonal
antibody was established from a rat anti-bovine PD-L1 monoclonal antibody producing
hybridoma (Ikebuchi R, Konnai S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata
S, Ohashi K. Immunology. 2014 Aug;142(4):551-61).
2.15 Inoculation Test on Dogs

With respect to the rat-canine chimeric anti-PD-L1 antibody c4G12 to be inoculated
into dogs in the clinical trial, the culture supernatant obtained by the procedures described in
2.8 above was purified by affinity chromatography using MabSelect SuRe LX (GE
Healthcare) and then by hydroxyapatite chromatography using BioScale CHT20-I prepacked
column (Bio-Rad) in order to remove contaminants and polymeric proteins. Aggregate-
containing fractions were further purified by anion exchange chromatography using HiScreen
Q-Sepharose HP prepacked column (GE Healthcare).
(1) Safety Test: The established rat-canine chimeric anti-PD-L1 antibody c4G12 was
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administered intravenously into a dog (beagle, spayed female, 13-year-old, about 10 kg in
body weight) at 2 mg/kg, every 2 weeks, 3 times in total. There was observed no anaphylaxis
or other adverse effects that would cause any trouble in clinical trials. (2) Clinical Trial 1:
The established rat-canine chimeric anti-PD-L1 antibody c4G12 was administered
intravenously into a PD-L1 positive dog with relapsed oral melanoma (Fig. 9A) (miniature
dachshund, male, 11-year-old, about 7.5 kg in body weight) at 2 mg/kg or 5 mg/kg, every 2
weeks, 22 times in total. At week 10 after the start of treatment, a remarkable reduction in
tumor size was recognized. At week 34 after the start of treatment, a still further reduction
was confirmed (Fig. 10). During the observation period of 44 weeks, no metastases to
lymph nodes or the lung were observed. When 30% or more reduction in the longest
diameter of tumor compared to that at the baseline is defined as PR (partial response), the
criterion of PR was satisfied at weeks 16-20 and at week 34 and thereafter (Fig. 11).
(3) Clinical Trial 2: Rat-canine chimeric anti-PD-L1 antibody c4G12 was administered
intravenously into a dog with undifferentiated sarcoma whose primary lesion was PD-L1
positive (Fig. 9B) and who had a plurality of metastatic lesions in muscles throughout the
body (west highland white terrier, castrated male, 12-year-old, about 8 kg in body weight) at
5 mg/kg, every 2 weeks, 2 times in total. At week 3 from the start of treatment, a clear
regression of tumor was recognized (Fig. 12).
(4) Clinical Trial 3: Rat-canine chimeric anti-PD-L1 antibody c¢4G12 was administered
intravenously into a dog with oral melanoma whose primary lesion had been removed by
surgery (beagle, spayed female, 11-year-old, about 10 kg in body weight) at 2 mg/kg or 5
mg/kg, every 2 weeks, 9 times in total. At week 18 after the start of treatment, a plurality of
pulmonary metastatic lesions disappeared (Fig. 13),
(5) Clinical Trial 4: Rat-canine chimeric anti-PD-L1 antibody c¢4G12 was administered
intravenously into 4 dogs with oral melanoma with pulmonary metastasis at 2 mg/kg or 5
mg/kg, every 2 weeks. Although no clear reduction in tumor size was observed during the
observation period, the duration of the treated dogs’ survival after confirmation of pulmonary
metastasis tended to be longer than that of a control group (antibody not administered,
historical control group: n=15) (Fig. 14). Therefore, the survival duration may have been
extended by antibody administration.
2.16 CDR Analysis of Anti-PD-L1 Antibody

The complementarity-determining regions (CDRs) of rat anti-bovine PD-L1 antibody
4G12 were determined using NCBI IGBLAST (http://www.ncbi.nlm.nih.gov/igblast/). The

results are shown in Fig. 15.
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[Example 2] Application of Anti-PD-L1 Antibody to Other Animal Species
1.1 Identification of Ovine, Porcine and Water Buffalo PD-L.1 Genes

In order to determine the full-lengths of the coding sequences (CDSs) of ovine,
porcine and water buffalo PD-L1 cDNAs, primers for amplifying the full lengths of CDSs
from the nucleotide sequences of ovine, porcine and water buffalo PD-L1 genes (GenBank
accession number; XM 004004362,NM 001025221 and XM 613366) were first designed
(ovPD-L1 CDS F and R; poPD-L1 CDS F and R; buPD-L1 CDS F1, R1, F2 and R2), and
then PCR was performed. For the resultant amplified products, nucleotide sequences were
determined with a capillary sequencer according to conventional methods (Mingala CN,
Konnai S, Ikebuchi R, Ohashi K. Comp. Immunol. Microbiol. Infect. Dis. 2011 Jan;
34(1):55-63; Water buffalo PD-L1 gene was identified in this article).
Primer (ovPD-L1 CDS F): ATGAGGATATATAGTGTCTTAACAT (SEQ ID NO: 109)
Primer (ovPD-L1 CDS R): TTACGTCTCCTCAAAATGTG (SEQ ID NO: 110)
Primer (poPD-L1 CDS F): ATGAGGATATGTAGTATCTTTACAT (SEQ ID NO: 111)
Primer (poPD-L1 CDS R): TTACGTCTCCTCAAATTGTGT (SEQ ID NO: 112)
Primer (buPD-L1 CDS F1): ATGAGGATATATAGTGTCTT (SEQ ID NO: 113)
Primer (buPD-L1 CDS R1): GCCACTCAGGACTTGGTGAT (SEQ ID NO: 114)
Primer (buPD-L1 CDS F2): GGGGGTTTACTGTTGCTTGA (SEQ ID NO: 115)
Primer (buPD-L1 CDS R2): TTACGTCTCCTCAAATTGT (SEQ ID NO: 116)

1.2 Construction of Ovine PD-1, Ovine PD-L1, Porcine PD-1 and Porcine PD-L1 Expressing
COS-7 Cells

In order to prepare ovine PD-1, ovine PD-L1, porcine PD-1 and porcine PD-L1
expressing plasmids, PCR was performed using a synthesized ovine or porcine PBMC-
derived cDNA as a template and primers designed by adding Bg/Il and Smal (ovine PD-1),
Hindlll and Smal (porcine PD-1), or Xhol and Smal (ovine and porcine PD-L1) recognition
sites on the 5’ side (ovPD-1-EGFP F and R; ovPD-L1-EGFP F and R; poPD-1-EGFP F and
R; or poPD-L1-EGFP F and R). The resultant PCR products were digested with BglII
(Takara) and Smal (Takara) (ovine PD-1), HindlIll (Takara) and Smal (Takara) (porcine PD-
1), and Xhol (Takara) and Smal (Takara) (ovine and porcine PD-L1), then purified with
FastGene Gel/PCR Extraction Kit (NIPPON Genetics) and cloned into pEGFP-N2 vector
(Clontech) treated with restriction enzymes in the same manner. Expression plasmids were

extracted using FastGene Xpress Plasmid PLUS Kit (NIPPON Genetics) and stored at —30°C
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until use in experiments. Hereinafter, the thus prepared plasmid is designated as pEGFP-N2-
ovPD-1, pEGFP-N2-ovPD-L1, pEGFP-N2-poPD-1 or pEGFP-N2-poPD-L]1.

Primer (ovPD-1-EGFP F): GAAGATCTATGGGGACCCCGCGGGCGCCG (SEQ ID NO:
117)

Primer (ovPD-1-EGFP R): GACCCGGGGAGGGGCCAGGAGCAGTGTCC (SEQ ID NO:
118)

Primer (ovPD-L1-EGFP F): CCGCTCGAGATGAGGATATATAGTGTCT (SEQ ID NO: 119)
Primer (ovPD-LI-EGFP R): ATCCCGGGCGTCTCCTCAAAATGTGTAG (SEQ ID NO:
120)

Primer (poPD-1-EGFP F): ACTAAGCTTATGGGGACCCCGCGGG (SEQ ID NO: 121)
Primer (poPD-1-EGFP R): ACTCCCGGGGAGGGGCCAAGAGCAGT (SEQ ID NO: 122)
Primer (poPD-L1-EGFP F): CCGCTCGAGATGAGGATATGTAGTATCTT (SEQ ID NO:
123)

Primer (poPD-L1-EGFP R): ATCCCGGGCGTCTCCTCAAATTGTGTATC (SEQ ID NO:
124)

COS-7 cells were subcultured at a density of 5x10* cells/cm” in 6-well plates, and
then cultured overnight in RPMI 1640 medium containing 10% inactivated fetal bovine
serum and 0.01% L-glutamine at 37°C in the presence of 5% CO,. The pEGFP-N2-ovPD-1,
pEGFP-N2-ovPD-L1, pEGFP-N2-poPD-1, pEGFP-N2-poPD-L1 or pEGFP-N2 (negative
control) was introduced into COS-7 cells at 0.4 ug/cm2 using Lipofectamine 2000
(Invitrogen). The cells were cultured for 48 hours (ovPD-1-EGFP expressing cell, ovPD-L1-
EGFP expressing cell, poPD-1-EGFP expressing cell, and poPD-L1-EGFP expressing cell).
In order to confirm the expression of ovine PD-1, ovine PD-L1, porcine PD-1 and porcine
PD-L1 in the thus prepared expressing cells, intracellular localization of EGFP was visualized
with an inverted confocal laser microscope LSM700 (ZEISS) or an all-in-one fluorescence
microscope BZ-9000 (KEYENCE).

1.3 Construction of Recombinant Ovine PD-L1 and Porcine PD-L1

In order to amplify the extracellular regions of ovine PD-L1 or porcine PD-L1
estimated from their putative amino acid sequences, primers were designed. Briefly, primers
having an Nhel or EcoRV recognition sequence added on the 5’ side (ovPD-L1-Ig F and R, or
poPD-L1-Ig F and R) were designed. PCR was performed using a synthesized ovine or
porcine PBMC-derived cDNA as a template. The PCR products were digested with Nhel
(Takara) and EcoRV (Takara) and purified with FastGene Gel/PCR Extraction Kit (NIPPON
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Genetics). The thus purified DNAs were individually cloned into pCXN2.1-Rabbit IgG Fc
vector (Niwa et al., 1991; Zettlmeissl et al., 1990; kindly provided by Dr. T. Yokomizo,
Juntendo University Graduate School of Medicine, and modified in the inventors’ laboratory)
treated with restriction enzymes in the same manner. The expression plasmids were purified
with FastGene Xpress Plasmid PLUS Kit (NIPPON Genetics) and stored at —30°C until use
in experiments. Hereinafter, the thus prepared expression plasmids are designated as
pCXN2.1-ovPD-L1-Ig and pCXN2.1-poPD-L1-Ig, respectively.

Primer (ovPD-L1-Ig F): GACGCTAGCATGAGGATATATAGTGTCT (SEQ ID NO: 125)
Primer (ovPD-L1-Ig R): GCTCTGATATCCCTCGTTTTTGCTGGAT (SEQ ID NO: 126)
Primer (poPD-L1-Ig F): GACGCTAGCATGAGGATATGTAGTATCTT (SEQ ID NO: 127)
Primer (poPD-L1-Ig R): AGCTTGATATCCCTCTTTCTTGCTGGATC (SEQ ID NO: 128)

Thirty micrograms of pCXN2.1-ovPD-L1-Ig or pCXN2.1-poPD-L1-Ig was
introduced into 7.5x10" Expi293F cells (Life Technologies) using Expifectamin (Life
Technologies). After 6-day shaking culture, a culture supernatant was collected. The culture
supernatant contained an Fc fusion recombinant protein. The produced Fc recombinant
protein was purified from the supernatant using Ab-Capcher Extra (ProteNova). After
purification, the buffer was exchanged with PBS (pH 7.4) using PD-10 Desalting Column
(GE Healthcare). The resultant recombinant protein was stored at —30°C until use in
Experiment (ovine PD-L1-Ig). Concentrations of purified ovine PD-L1-Ig and porcine PD-
L1-Ig were measured with Rabbit IgG ELISA Quantitation Set (BETHYL). For each
washing operation in ELISA, Auto Palte Washer BIO WASHER 50 (DS Pharma Biomedical)
was used. Absorbance was measured with Microplate Reader MTP-650FA (Corona Electric).
1.4 Reactivity of Rat Anti-Bovine PD-L1 Antibody 4G12 with Ovine and Porcine PD-L1

It was confirmed by flow cytometry that rat anti-bovine PD-L1 monoclonal antibody
cross-reacts with ovine and porcine PD-L1. Ovine or Porcine PD-L1-EGFP expressing COS
-7 cells were blocked with 10% inactivated goat serum supplemented PBS at room
temperature for 15 min and reacted with 10 pg/ml of rat anti-bovine PD-L1 antibody 4G12 at
room temperature for 30 min. After washing, the cells were reacted with allophycocyanine-
labeled anti-rat Ig goat antibody (Beckman Coulter) at room temperature for 30 min. For
analysis, FACS Verse (BD Bioscience) was used. As a negative control antibody, rat IgG2a
(x) isotype control (BD Bioscience) was used. For every washing operation and dilution of
antibodies, 1% bovine serum albumin supplemented PBS was used.

Experimental results are shown in Fig. 16. It was confirmed that rat anti-bovine PD-
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L1 antibody 4G12 binds to ovine and porcine PD-L1.
1.5 Reactivity of Rat Anti-Bovine PD-L1 Antibody 4G12 with Water Buffalo Leukocytes

Peripheral blood of water buffalo (Bubalus bubalis; Asian water buffalo) was
hemolyzed with ACK buffer to isolate leukocytes. After blocking with 10% inactivated goat
serum supplemented PBS at room temperature for 15 min, reaction with rat anti-bovine PD-
L1 antibody 4G12, peridinin-chlorophyll-protein complex/cyanin 5.5-labeled anti-bovine
CD14 antibody (mouse IgGl, CAM36A, VMRD) and anti-bovine CD11b antibody (mouse
IgG2b, CC126, AbD Serotec) was conducted at room temperature for 30 min. After washing,
reaction with allophycocyanine-labelled anti-rat Ig goat antibody (Beckman Coulter) and
fluorescein isothiocyanate-labeled anti-mouse IgG2 goat antibody (Beckman Coulter) was
conducted at room temperature for 30 min. For analysis, FACS Calibur (BD Biosciences)
was used. As a negative control antibody, rat IgG2a (k) isotype control (BD Biosciences)
was used. For every washing operation and dilution of antibodies, 10% inactivated goat
serum supplemented PBS was used.

Experimental results are shown in Fig. 17. Rat anti-bovine PD-L1 antibody 4G12
strongly bound to blood macrophages (CD14" CD11b" cells) of water buffalo. On the other
hand, rat anti-bovine PD-L1 antibody 4G12 weakly bound to lymphocytes (CD14" CD11b
cells) of water buffalo. This difference in binding property is believed to reflect the
expression levels of PD-L1 in macrophages and lymphocytes.

1.6 Inhibition Test on Ovine or Porcine PD-1/PD-L1 Binding with Rat Anti-Bovine PD-LI
Antibody 4G12

Using ovine PD-1-EGFP expressing COS-7 cells and ovine PD-L1-Ig recombinant
protein, or porcine PD-1-EGFP expressing COS-7 cells and porcine PD-L1-Ig recombinant
protein, inhibition of ovine or porcine PD-1/PD-L1 binding by rat anti-bovine PD-L1
antibody (4G12) was tested. Briefly, rat anti-bovine PD-L1 antibody 4G12 of various
concentrations (0, 1, 5, 10, 20, 50 pg/ml) was reacted in advance with ovine PD-L1-Ig (final
concentration 1 pg/ml) or porcine PD-L1-Ig (final concentration 5 pg/ml) at 37°C for 30 min.
Subsequently, the antibody 4G12 was reacted with 2x10° ovine PD-1-EGFP expressing COS-
7 cells or porcine PD-1-EGFP expressing COS-7 cells at 37 °C for 30 min. After washing,
ovine PD-L1-Ig or porcine PD-L1-Ig bound to cell surfaces was detected with Alexa Fluor
647-labeled anti-rabbit 1gG (H+L) goat F(ab')2 (Life Technologies). For analysis, FACS
Verse (BD Biosciences) was used. As a negative control antibody, rat IgG2a (k) isotype
control (BD Biosciences) was used. Taking the proportion of PD-L1-Ig bound cells without

antibody addition as 100%, the proportion of PD-L1-Ig bound cells at each antibody
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concentration was shown as relative value.

The results revealed that rat anti-bovine PD-L1 antibody 4G12 is capable of inhibiting
ovine PD-1/PD-L1 and porcine PD-1/PD-L1 binding in a concentration dependent manner
(Fig. 18).

[Example 3]
1. Introduction

Programmed cell death 1 (PD-1), an immunoinhibitory receptor, and its ligand
programmed cell death ligand 1 (PD-L1) are molecules identified by Prof. Tasuku Honjo et
al., Kyoto University, as factors which inhibit excessive immune response and are deeply
involved in immunotolerance. Recently, it has been elucidated that these molecules are also
involved in immunosuppression in tumors. In the subject Example, for the purpose of
establishing a novel therapy for bovine infections, the present inventors have prepared a
chimeric antibody gene by linking the variable region gene of rat anti-bovine PD-L1
monoclonal antibody (4G12) capable of inhibiting the binding of bovine PD-1 and PD-LI to
the constant region gene of a bovine immunoglobulin (IgG1 with mutations having been
introduced into the putative binding sites for Fcy receptors in CH2 domain to inhibit ADCC
activity; see Fig. 19 for amino acid numbers and mutations: 250 E—P, 251 L—V, 252 P—A,
253 G—deletion, 347 A—S, 348 P—S; Ikebuchi R, Konnai S, Okagawa T, Yokoyama K,
Nakajima C, Suzuki Y, Murata S, Ohashi K. Immunology 2014 Aug; 142(4):551-561). This
chimeric antibody gene was introduced into Chinese hamster ovary cells (CHO cells). By
culturing/proliferating the resultant cells, the present inventors have obtained a rat-bovine
chimeric anti-bovine PD-L1 antibody (ch4G12) and confirmed its effect in vitro and in vivo.
2. Materials and Methods
Construction of Bovine PD-1 and PD-L1 Expressing Cells

The nucleotide sequences of the full length cDNAs of bovine PD-1 gene (GenBank
accession number AB510901; Ikebuchi R, Konnai S, Sunden Y, Onuma M, Ohashi K.
Microbiol. Immunol. 2010 May; 54(5):291-298) and bovine PD-L1 gene (GenBank accession
number AB510902; Ikebuchi R, Konnai S, Shirai T, Sunden Y, Murata S, Onuma M, Ohashi
K. Vet. Res. 2011 Sep. 26; 42:103) were determined. Based on the resultant genetic
information, bovine PD-1 and bovine PD-L1 membrane expressing cells were prepared.
First, for preparing bovine PD-1 or PD-L1 expressing plasmid, PCR was performed using a
synthesized bovine PBMC-derived cDNA as a template and designed primers having Notl
and HindlIIl (bovine PD-1) recognition sites and Nhel and Xhol (bovine PD-L1) recognition
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sites on the 5’ side (boPD-1-myc F and R; boPD-L1-EGFP F and R). The PCR products were
digested with Nofl (Takara) and Hindlll (Takara; bovine PD-1), Nhel (Takara) and Xhol
(Takara; bovine PD-L1), purified with FastGene Gel/PCR Extraction Kit (NIPPON Genetics)
and cloned into pCMV-Tagl vector (Agilent Technologies; bovine PD-1) or pEGFP-N2
vector (Clontech; bovine PD-L1) treated with restriction enzymes in the same manner. The
resultant expression plasmid of interest was extracted with QIAGEN Plasmid Midi kit
(Qiagen) and stored at —30°C until use in experiments. Hereinafter, the thus prepared
expression plasmid is designated as pCMV-Tagl-boPD-1.

Primer (boPD-1-myc F): ATATGCGGCCGCATGGGGACCCCGCGGGCGCT (SEQ ID NO:
133)

Primer (boPD-1-myc R): GCGCAAGCTTTCAGAGGGGCCAGGAGCAGT (SEQ ID NO:
134)

Primer (boPD-L1-EGFP F): CTAGCTAGCACCATGAGGATATATAGTGTCTTAAC (SEQ
ID NO: 135)

Primer (boPD-L1-EGFP R): CAATCTCGAGTTACAGACAGAAGATGACTGC (SEQ ID
NO: 136)

Bovine PD-1 membrane expressing cells were prepared by the procedures described
below. First, 2.5 ng of pCMV-Tagl-boPD-1 was introduced into 4x10° CHO-DG44 cells
using Lipofectamine LTX (Invitrogen). Forty-eight hours later, the medium was exchanged
with CD DG44 medium (Life Technologies) containing 800 ug/ml G418 (Enzo Life Science),
20 ml/L GlutaMAX supplement (Life Technologies), and 18 ml/L 10% Pluronic F-68 (Life
Technologies), followed by selection. The resultant expression cells were reacted with rat
anti-bovine PD-1 antibody 5D2 at room temperature. After washing, the cells were further
reacted with anti-rat IgG microbeads-labeled antibody (Miltenyi Biotec) at room temperature.
Cells expressing bovine PD-1 at high levels were isolated with Auto MACS (Miltenyi
Biotec). Subsequently, re-isolation was performed in the same manner to obtain still higher
purity. The resultant expression cells were subjected to cloning by limiting dilution to
thereby obtain a CHO DG44 cell clone expressing bovine PD-1 at high level (bovine PD-1
expressing cells).

Bovine PD-L1 membrane expressing cells were prepared by the procedures described
below. First, 2.5 pg of pEGFP-N2-boPD-L1 or pEGFP-N2 (negative control) was introduced
into 4x10° CHO-DG44 cells using Lipofectamine LTX (Invitrogen). Forty-eight hours later,
the medium was exchanged with CD DG44 medium (Life Technologies) containing G418
(Enzo Life Science) 800 pg/ml, GlutaMAX supplement (Life Technologies) 20 ml/L, and
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10% Pluronic F-68 (Life Technologies) 18 ml/L, followed by selection and cloning by
limiting dilution (bovine PD-L1 expressing cell clone). In order to confirm the expression of
bovine PD-L1 in the thus prepared expressing cell clone, intracellular localization of EGFP
was visualized with an inverted confocal laser microscope LSM700 (ZEISS).

Construction of Soluble Bovine PD-1 and PD-L1

Bovine PD-1-Ig expressing plasmid was constructed by the procedures described
below. Briefly, the signal peptide and the extracellular region of bovine PD-1 (GenBank
accession number AB510901) were linked to the Fc domain of the constant region of a
known bovine IgG1 (GenBank accession number X62916) to prepare a gene sequence. After
codons were optimized for CHO cells, gene synthesis was performed in such a manner that
Notl recognition sequence, KOZAK sequence, bovine PD-1 signal peptide sequence, bovine
PD-1 gene extracellular region sequence, bovine IgGl Fc region sequence, and Xbal
recognition sequence would be located in the gene in this order. It should be noted here that
bovine IgG1l was mutated to inhibit ADCC activity; more specifically, mutations were
introduced into the putative binding sites for Fcy receptors of CH2 domain (sites of mutation:
185 E—P, 186 L—V, 187 P—A, 189 G—deletion, 281 A—S, 282 P—S; Ikebuchi R, Konnai
S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata S, Ohashi K. Immunology 2014
Aug; 142(4):551-561; the amino acid sequence of PD-1-Ig and the sites of mutation are
disclosed in Figure 2 of this article). The synthesized gene strand was digested with Notl
(Takara) and Xbal (Takara), purified with FastGene Gel/PCR Extraction Kit (NIPPON
Genetics), and incorporated into the cloning site (Notl and Xbal restriction enzyme
recognition sequences downstream of PCMV and between INRBG and PABGH) of
expression vector pDN11 (kindly provided by Prof. S. Suzuki, Hokkaido University Research
Center for Zoonosis Control) treated with restriction enzymes in the same manner, whereby
bovine PD-1-Ig expressing vector was constructed. The expression plasmid was purified
with QIAGEN Plasmid Midi kit (Qiagen) and stored at —30°C until use in experiments.
Hereinafter, the thus prepared expression plasmid is designated as pDN11-boPD-1-Ig.

Bovine PD-L1-Ig expressing plasmid was constructed by the procedures described
below. In order to amplify the signal peptide and the extracellular region of bovine PD-L1
(GenBank accession number AB510902), primers were designed that had Nhel and EcoRV
recognition sites added on the 5’ side (boPD-L1-Ig F and R). PCR was performed using a
synthesized bovine PBMC-derived cDNA as a template. The PCR products were digested
with Nhel (Takara) and EcoRV (Takara), purified with FastGene Gel/PCR Extraction Kit
(NIPPON Genetics) and cloned into pCXN2.1-Rabbit IgG1 Fc vector (Niwa et al., 1991;
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Zettlmeissl et al., 1990; kindly provided by Dr. T. Yokomizo, Juntendo University Graduate
School of Medicine, and modified in the inventors’ laboratory) treated with restriction
enzymes in the same manner. The expression plasmid was purified with QIAGEN Plasmid
Midi kit (Qiagen) or FastGene Xpress Plasmid PLUS Kit (NIPPON Genetics) and stored at
—30°C until use in experiments. Hereinafter, the thus prepared expression plasmid is
designated as pCXN2.1-boPD-L1-Ig.

Primer (boPD-L1-Ig F): GCTAGCATGAGGATATATAGTGTCTTAAC (SEQ ID NO: 137)
Primer (boPD-L1-Ig R): GATATCATTCCTCTTTTTTGCTGGAT (SEQ ID NO: 138)

Soluble bovine PD-1-Ig expressing cells were prepared by the procedures described
below. Briefly, 2.5 ug of pDN11-boPD-1-Ig was introduced into 4x10° CHO-DG44 cells
using Lipofectamine LTX (Invitrogen). Forty-eight hours later, the medium was exchanged
with OptiCHO AGT medium (Life Technologies) containing 800 pg/ml G418 (Enzo Life
Science) and 20 ml/L. GlutaMAX supplement (Life Technologies). After cultured for 3
weeks, the cells were subjected to selection. Briefly, the concentrations of the Fc fusion
recombinant protein in the culture supernatants of the resultant cell clones were measured by
ELISA using anti-bovine IgG F(c) rabbit polyclonal antibody (Rockland) to thereby select
those cell clones that express the Fc fusion recombinant protein at high levels. The resultant
highly expressing cell clone was transferred to a G418-free medium and cultured under
shaking for 14 days, followed by collection of a culture supernatant. The culture supernatant
containing the Fc fusion recombinants protein was ultrafiltered with Centricon Plus-70
(Millipore). Then, the Fc fusion recombinant protein was purified with Ab-Capcher Extra
(ProteNova).  After purification, the buffer was exchanged with phosphate-buffered
physiological saline (PBS; pH 7.4) using PD-10 Desalting Column (GE Healthcare). The
resultant protein was stored at —30°C until use in experiments (bovine PD-1-Ig). The
concentration of the purified bovine PD-1-Ig was measured by ELISA using IgG F(c) rabbit
polyclonal antibody (Rockland). For each washing operation in ELISA, Auto Plate Washer
BIO WASHER 50 (DS Pharma Biomedical) was used. Absorbance was measured with
Microplate Reader MTP-650FA (Corona Electric).

Soluble bovine PD-L1-Ig expressing cells were prepared by the procedures described
below. Briefly, 30 pug of pCXN2.1-boPD-L1-Ig was introduced into 7.5x10” Expi293F cells
(Life Technologies) using Expifectamine (Life Technologies). After 7-day culture under
shaking, the culture supernatant was collected. The recombinant protein was purified from

the supernatant using Ab-Capcher Extra (ProteNova; bovine PD-L1-Ig). After purification,
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the buffer was exchanged with PBS (pH 7.4) using PD MiniTrap G-25 (GE Healthcare). The
resultant protein was stored at —30°C until use in experiments (bovine PD-L1-Ig). The
concentration of the purified bovine PD-L1-Ig was measured using Rabbit IgG ELISA
Quantitation Set (Bethyl). For each washing operation in ELISA, Auto Plate Washer BIO
WASHER 50 (DS Pharma Biomedical) was used. Absorbance was measured with
Microplate Reader MTP-650FA (Corona Electric).

Preparation of Rat Anti-Bovine PD-L1 Monoclonal Antibody Producing Cells

Rat was immunized in the footpad with bovine PD-L1-Ig (Ikebuchi R, Konnai S,
Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata S, Ohashi K. Immunology 2014
Aug.; 142(4):551-561; bovine PD-L1-Ig was prepared by the method disclosed in this article
and used for immunization). Hybridomas were established by the iliac lymph node method
to thereby obtain rat anti-bovine PD-L1 monoclonal antibody producing hybridoma 4G12.
With respect to the method of establishment of rat anti-bovine PD-L1 monoclonal antibody,
details are disclosed in the following non-patent document (Ikebuchi R, Konnai S, Okagawa
T, Yokoyama K, Nakajima C, Suzuki Y, Murata S, Ohashi K. Vet. Res. 2013 Jul. 22; 44:59;
Ikebuchi R, Konnai S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata S, Ohashi K.
Immunology 2014 Aug.; 142(4):551-561).

Preparation of Rat-Bovine Chimeric Anti-Bovine PD-L1 Antibody Expressing Vector

Rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12 was established by fusing
the antibody constant regions of bovine IgG1 and Igh with rat anti-bovine PD-L1 antibody
4G12 being used as an antibody variable region.

First, the genes of heavy chain and light chain variable regions were identified from a
hybridoma that would produce rat anti-bovine PD-L1 antibody 4G12. Subsequently, a gene
sequence was prepared in which the heavy chain and the light chain variable regions of the
antibody 4G 12 were linked to known constant regions of bovine IgG1 (heavy chain; modified
from GenBank Accession number X62916) and bovine IgA (light chain; GenBank Accession
number X62917), respectively, and codon optimization was carried out [rat-bovine chimeric
anti-bovine PD-L1 antibody ch4G12: SEQ ID NOS: 105 and 106 (amino acid sequences),
SEQ ID NOS: 107 and 108 (nucleotide sequences after codon optimization)]. It should be
noted that in order to suppress the ADCC activity of bovine IgG1, mutations were added to
the putative binding sites of Fcy receptors in CH2 domain (See Fig. 19 for amino acid
numbers and mutations: 250 E—P, 251 L—V, 252 P—A, 253 G—deletion, 347 A—S, 348
P—S; Ikebuchi R, Konnai S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata S,
Ohashi K. Immunology 2014 Aug; 142(4):551-561). Then, the gene was artificially
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synthesized in such a manner that Notl recognition sequence, KOZAK sequence, chimeric
antibody light chain sequence, poly-A addition signal sequence (PABGH), promoter sequence
(PCMV), Sacl recognition sequence, intron sequence (INRBG), KOZAK sequence, chimeric
antibody heavy chain sequence and Xbal recognition sequence would be located in this order.
The synthesized gene strand was digested with Notl (Takara) and Xbal (Takara), purified with
FastGene Gel/PCR Extraction Kit (NIPPON Genetics) and cloned into the cloning site (Notl
and Xbal restriction enzyme recognition sequences downstream of PCMV and between
INRBG and PABGH) of expression plasmid pDC6 (kindly provided by Prof. S. Suzuki,
Hokkaido University Research Center for Zoonosis Control) treated with restriction enzymes
in the same manner (Fig. 20). The resultant plasmid was extracted with QIAGEN Plasmid
Midi kit (Qiagen) and stored at —30°C until use in experiments. Hereinafter, the thus
prepared expression plasmid is designated as pDC6-boPD-L1ch4G12.
Expression of Rat-Bovine Chimeric Anti-Bovine PD-L1 Antibody

The pDC6-boPD-L1ch4G12 was transfected into CHO-DG44 cells (CHO-DG44
(dfhr’/)) which were a dihydrofolate reductase deficient cell. Forty-eight hours later, the
medium was exchanged with OptiCHO AGT medium (Life Technologies) containing 20 ml/L
GlutaMAX supplement (Life Technologies). After cultured for 3 weeks, the cells were
subjected to selection and cloning by limiting dilution. Subsequently, the concentrations of
the chimeric antibody in the culture supernatants were measured by dot blotting and ELISA
using anti-bovine IgG F(c) rabbit polyclonal antibody (Rockland) to thereby select high
expression clones. Further, the selected clones expressing rat-bovine chimeric anti-bovine
PD-L1 antibody at high levels were subjected to gene amplification treatment by adding a
load with 60 nM methotrexate (Mtx)-containing medium. The thus established cell clone
stably expressing rat-bovine chimeric anti-bovine PD-L1 antibody was transferred into Mtx-
free Opti-CHO AGT medium and cultured under shaking for 14 days (125 rpm, 37 °C, 5%
CO,). Chimeric antibody production in the culture supernatant was measured by ELISA
using anti-bovine IgG F(c) rabbit polyclonal antibody (Rockland). For each washing
operation in ELISA, Auto Plate Washer BIO WASHER 50 (DS Pharma Biomedical) was
used. Absorbance was measured with Microplate Reader MTP-650FA (Corona Electric).
The culture supernatant at day 14 was centrifuged at 10,000 g for 10 min to remove cells, and
the centrifugal supernatant was passed through a Steritop-GP 0.22 pum filter (Millipore) for
sterilization and then stored at 4°C until it was subjected to purification.
Purification of Rat-Bovine Chimeric Anti-Bovine PD-L1Antibody

From the culture supernatant prepared as described above, each chimeric antibody
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was purified using Ab Capcher Extra (ProteNova). An open column method was used for
binding to resin; PBS pH 7.4 was used as an equilibration buffer and a wash buffer. As an
elution buffer, IgG Elution Buffer (Thermo Fisher Scientific) was used. As a neutralization
buffer, IM Tris (pH 9.0) was used. The purified antibody was subjected to buffer exchange
with PBS (pH 7.4) using PD-10 Desalting Column (GE Healthcare) and concentrated using
Amicon Ultra-15 (50 kDa, Millipore). The thus purified chimeric antibody was passed
through a 0.22 um syringe filter (Millipore) for sterilization and stored at 4°C until use in
experiments.

Confirmation of the Purity of Purified Rat-Bovine Chimeric Anti-Bovine PD-L1 Antibody
(Fig. 21)

In order to confirm the purity of purified rat-bovine chimeric anti-bovine PD-L1
antibody, antibody proteins were detected by SDS-PAGE and CBB staining. Using 10%
acrylamide gel, the purified rat-bovine chimeric antibody was electrophoresed under reducing
conditions (reduction with 2-mercaptoethanol from Sigma-Aldrich) and non-reducing
conditions. Bands were stained with Quick-CBB kit (Wako) and decolored in distilled water.
The results are shown in Fig. 21. Bands were observed at predicted positions, that is, at 25
kDa and 50 kDa under reducing conditions and at 150 kDa under non-reducing conditions.
Binding Specificity of Rat-Bovine Chimeric Anti-Bovine PD-L1 Antibody (Fig. 22)

It was confirmed by flow cytometry that the rat-bovine chimeric anti-bovine PD-L1
antibody specifically binds to the bovine PD-L1 expressing cells (described above). First, rat
anti-bovine PD-L1 antibody 4GI12 or rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12 was reacted with bovine PD-L1 expressing cells at room temperature for 30 min.
After washing, APC-labeled anti-rat Ig goat antibody (Southern Biotech) or Alexa Fluor 647-
labeled anti-bovine IgG (H+L) goat F(ab')2 (Jackson ImmunoResearch) was reacted at room
temperature for 30 min. As negative control antibody, rat IgG2a (k) isotype control (BD
Biosciences) or bovine IgG1 antibody (Bethyl) was used. After washing, each rat antibody or
rat-bovine chimeric antibody bound to cell surfaces was detected by FACS Verse (BD
Biosciences). For every washing operation and dilution of antibody, PBS supplemented with
1% bovine serum albumin (Sigma-Aldrich) was used.

The experimental results are shown in Fig. 22. It was revealed that rat-bovine
chimeric anti-bovine PD-L1 antibody ch4G12 binds to bovine PD-L1 expressing cells in the
same manner as rat anti-bovine PD-L1 antibody 4G12.

Inhibitory Activity of Rat-Bovine Chimeric Anti-PD-L1 Antibody against Bovine PD-1/PD-
L1 Binding
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(1) Binding Inhibition Test on Bovine PD-L1 Expressing Cells and Soluble Bovine PD-1
(Fig. 23)

Using bovine PD-L1 expressing cells (described above) and bovine PD-1-Ig
(described above), bovine PD-1/PD-L1 binding inhibition by anti-bovine PD-L1 antibody
was tested. First, 2x10° bovine PD-L1 expressing cells were reacted with various
concentrations (0, 0.32, 0.63, 1.25, 2.5, 5 or 10 pg/ml) of rat anti-bovine PD-L1 antibody
4G12 or rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12 at room temperature for 30
min. As negative control antibody, rat IgG2a (k) isotype control (BD Biosciences) or bovine
IgG1 antibody (Bethyl) was used. After washing, bovine PD-1-Ig labeled with biotin using
Lightning-Link Type A Biotin Labeling Kit (Innova Bioscience) was added to a final
concentration of 2 pg/ml, followed by reaction for another 30 min at room temperature.
Subsequently, after washing, bovine PD-1-Ig bound to cell surfaces was detected with APC-
labeled streptavidin (BioLegend). For analysis, FACS Verse (BD Biosciences) was used. For
every washing operation and dilution of antibody, PBS supplemented with 1% bovine serum
albumin (Sigma-Aldrich) was used. Taking the proportion of PD-1-Ig bound cells without
antibody addition as 100%, the proportion of PD-1-Ig bound cells at each antibody
concentration was shown as relative value.

The experimental results are shown in Fig. 23. It was revealed that like rat anti-
bovine PD-L1 antibody 4G12, rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12 is
capable of inhibiting bovine PD-1/PD-L1 binding in a concentration dependent manner.

(2) Binding Inhibition Test on Bovine PD-1 Expressing Cells and Soluble Bovine PD-L1
(Fig. 24)

Using bovine PD-1 expressing cells (described above) and bovine PD-LI-Ig
(described above), bovine pD-1/PD-L1 binding inhibition by anti-bovine PD-L1 antibody
was tested. First, rat anti-bovine PD-L1 antibody 4G12 or rat-bovine chimeric anti-bovine
PD-L1 antibody ch4G12 at a final concentration of 0, 0.32, 0.63, 1.25, 2.5, 5 or 10 pg/ml and
bovine PD-L1-Ig at a final concentration of 1 pg/ml were placed in 96-well plates, where
they were reacted at room temperature for 30 min. The resultant mixture was reacted with
2x10° bovine PD-1 expressing cells at room temperature for 30 min. As negative control
antibody, rat IgG2a (k) isotype control (BD Biosciences) or bovine IgG1 antibody (Bethyl)
was used. After washing, Alexa Fluor 647-labeled anti-rabbit IgG (H+L) goat F(ab')2 (Life
Technologies) was reacted at room temperature for 30 min to thereby detect bovine PD-L1-Ig
bound to cell surfaces. For analysis, FACS Verse (BD Biosciences) was used. For every

washing operation and dilution of antibody, PBS supplemented with 1% bovine serum
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albumin (Sigma-Aldrich) was used. Taking the proportion of PD-L1-Ig bound cells without
antibody addition as 100%, the proportion of PD-L1-Ig bound cells at each antibody
concentration was shown as relative value.

The experimental results are shown in Fig. 24. It was revealed that like rat anti-
bovine PD-L1 antibody 4G12, rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12 is

capable of inhibiting bovine PD-1/PD-L1 binding in a concentration dependent manner.

Biological Activity Test Using Rat-Bovine Chimeric Anti-Bovine PD-L1 Antibody
(1) Effect on Cell Proliferation (Fig. 25)

In order to confirm that bovine PD-1/PD-L1 binding inhibition by rat-bovine chimeric
anti-PD-L1 antibody activates lymphocytes, a biological activity test was performed using
cell proliferation as an indicator. Briefly, bovine PBMCs isolated from peripheral blood of
healthy cattle were suspended in PBS to give a concentration of 10x10° cells/ml, and reacted
with carboxyfluorescein succinimidyl ester (CFSE) at room temperature for 20 min. After
washing twice with RPMI 1640 medium (Sigma-Aldrich) containing 10% inactivated fetal
bovine serum (Cell Culture Technologies), antibiotics (streptomycin 200 pg/ml, penicillin
200 U/ml) (Life Technologies) and 0.01% L-glutamine (Life Technologies), the PBMCs were
reacted with anti-bovine CD3 mouse antibody (WSU Monoclonal Antibody Center) at 4°C
for 30 min. After washing, the PBMCs were reacted with anti-mouse IgG1 microbeads
(Miltenyi Biotec) at 4°C for 15 min, followed by isolation of CD3-positive T cells using
autoMACS™ Pro(Miltenyi Biotec). To the isolated CD3-positive T cells, anti-bovine CD3
mouse antibody (WSU Monoclonal Antibody Center) and anti-bovine CD28 mouse antibody
(Bio-Rad) were added. Then, the cells were co-cultured with bovine PD-L1 expressing cells
(CD3-positive T cells: bovine PD-L1 expressing cells = 10:1) in the presence or absence of
10 pg/ml of rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12. As a control for
antibodies, serum-derived bovine IgG (Sigma-Aldrich) was used; as a control for PD-L1
expressing cells, EGFP expressing cells transfected with pPEGFP-N2 were used. After a 6-day
coculture, cells were harvested and reacted with anti-bovine CD4 mouse antibody and anti-
bovine CD8 mouse antibody (Bio-Rad) at room temperature for 30 min. For the labeling of
antibodies, Zenon Mouse IgG1l Labeling Kits (Life Technologies) or Lightning-Link Kit
(Innova Biosciences) was used. For analysis, FACS Verse (BD Biosciences) was used. For
washing operation after culturing and dilution of antibody, PBS supplemented with 1%
bovine serum albumin (Sigma-Aldrich) was used.

The experimental results are shown in Fig. 25. Proliferation of CD4-positive and
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CD8-positive T cells was significantly suppressed by co-culture with bovine PD-L1
expressing cells. It was revealed that rat-bovine chimeric anti-bovine PD-L1 antibody
ch4G12 inhibits this suppression in CD4-positive T cells.

(2) Effect on IFN-y Production (Fig. 26)

In order to confirm that bovine PD-1/PD-L1 binding inhibition by rat-bovine chimeric
anti-PD-L1 antibody activates lymphocytes, a biological activity test was performed using
IFN-y production as an indicator. Briefly, PBMCs isolated from peripheral blood of BLV-
infected cattle were suspended in RPMI medium (Sigma-Aldrich) containing 10% inactivated
fetal bovine serum (Cell Culture Technologies), antibiotics (streptomycin 200 pg/ml,
penicillin 200 U/ml) (Life Technologies) and 0.01% L-glutamine (Life Technologies) to give
a concentration of 4x10° cells/ml. To the PBMCs, 10 pg/ml of rat anti-bovine PD-L1
antibody 4G12 or rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12, and 2% BLV-
infected fetal lamp kidney cell (FLK-BLV) culture supernatant were added; culturing was
then performed at 37 °C under 5% CO, for 6 days. As control antibodies, serum-derived rat
IgG (Sigma-Aldrich) and serum-derived bovine IgG (Sigma-Aldrich) were used. After a 6-
day culture, a culture supernatant was collected, and IFN-y production was measured with
Bovine IFN-y ELISA Kit (BETYL).  For each washing operation in ELISA, Auto Plate
Washer BIO WASHER 50 (DS Pharma Biomedical) was used. Absorbance was measured
with Microplate Reader MTP-650FA (Corona Electric).

The experimental results are shown in Fig. 26. It was revealed that rat-bovine
chimeric anti-bovine PD-L1 antibody ch4G12 increases bovine PBMCs’ IFN-y response to
BLYV antigen in the same manner as rat anti-bovine PD-L1 antibody 4G12 (n=10).

CDR Analysis of Rat Anti-Bovine PD-L1 Antibody

The complementarity-determining regions (CDRs) of rat anti-bovine PD-L1 antibody

4G12 were determined using NCBI IGBLAST (http://www.ncbi.nlm.nih.gov/igblast/). The

results are shown in Fig. 19.
Inoculation Test on Catttle

Established rat-bovine chimeric anti-bovine PD-L1 antibody ch4G12 (about 260 mg;
1 mg/kg) was intravenously administered into experimentally BLV-infected calf (Holstein,
male, 7 months old, 267 kg). Blood samples were collected chronologically from the
infected calf, followed by isolation of PBMCs by density gradient centrifugation.
(1) Cell Proliferation Response of T Cells to BLV Antigen (Fig. 27)

Bovine PBMCs were suspended in PBS and reacted with CFSE at room temperature

for 20 min. After washing twice with RPMI 1640 medium (Sigma-Aldrich) containing 10%
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inactivated fetal bovine serum (Cell Culture Technologies), antibiotics (streptomycin 200
pg/ml, penicillin 200 U/ml) (Life Technologies) and 0.01% L-glutamine (Life Technologies),
the cell concentration was adjusted to 4x10° cells/ml using the same medium. Culture
supernatant of 2% BLV-infected fetal lamp kidney cells (FLK-BLV) was added to the
PBMCs, which were then cultured at 37°C under 5% CO, for 6 days. As a control, culture
supernatant of 2% BLV-not-infected fetal lamp kidney cells (FLK) was used. After a 6-day
culture, PBMCs were collected and reacted with anti-bovine CD4 mouse antibody, anti-
bovine CD8 mouse antibody and anti-bovine IgM mouse antibody (Bio-Rad) at 4°C for 20
min. For the labeling of antibodies, Zenon Mouse 1gG1 Labeling Kits (Life Technologies) or
Lightning-Link Kit (Innova Biosciences) was used. For analysis, FACS Verse (BD
Biosciences) was used. For every washing operation and dilution of antibody, PBS
supplemented with 1% bovine serum albumin (Sigma-Aldrich) was used.

The experimental results are shown in Fig. 27. As a result of antibody administration,
BLV-specific cell proliferation response of CD4-positive T cells increased compared to the
response before administration.

(2) Changes in the BLV Provirus Load (Fig. 28)

DNA was extracted from isolated bovine PBMCs using Wizard DNA Purification kit
(Promega). The concentration of the extracted DNA was quantitatively determined, taking
the absorbance (260 nm) measured with Nanodrop 8000 Spectrophotometer (Thermo Fisher
Scientific) as a reference. In order to measure the BLV provirus load in PBMCs, real time
PCR was performed using Cycleave PCR Reaction Mix SP (TaKaRa) and
Probe/Primer/Positive control for bovine leukemia virus detection (TaKaRa). Light Cycler
480 System II (Roche Diagnosis) was used for measurement.

The experimental results are shown in Fig. 28. The BLV provirus load significantly

decreased until the end of test period compared to the load before administration.

All publications, patents and patent applications cited herein are incorporated herein

by reference in their entirety.

INDUSTRIAL APPLICABILITY
The anti-PD-L1 antibody of the present invention is applicable to prevention and/or

treatment of cancers and infections in animals.

SEQUENCE LISTING FREE TEXT
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<SEQ ID NO: 1>

SEQ ID NO: 1 shows the amino acid sequence of the light chain variable region (VL) of rat
anti-bovine PD-L1antibody.
MESQTHVLISLLLSVSGTYGDIAITQSPSSVAVSVGETVTLSCKSSQSLLYSENQKDYL
GWYQQKPGQTPKPLIYWATNRHTGVPDRFTGSGSGTDFTLIISSVQAEDLADYYCGQ
YLVYPFTFGPGTKLELK

<SEQ ID NO: 2>

SEQ ID NO: 2 shows the amino acid sequence of the heavy chain variable region (VH) of rat
anti-bovine PD-L1antibody.
MGWSQIILFLVAAATCVHSQVQLQQSGAELVKPGSSVKISCKASGYTFTSNFMHW VK
QQPGNGLEWIGWIYPEYGNTKYNQKFDGKATLTADKSSSTAYMQLSSLTSEDSAVYF
CASEEAVISLVYWGQGTLVTVSS

<SEQ ID NO: 3>

SEQ ID NO: 3 shows the amino acid sequence of the light chain constant region (CL) of a
canine antibody.
QPKASPSVTLFPPSSEELGANKATLVCLISDFYPSGVTVAWKASGSPVTQGVETTKPSK
QSNNKYAASSYLSLTPDKWKSHSSFSCLVTHEGSTVEKKVAPAECS

<SEQ ID NO: 4>

SEQ ID NO: 4 shows the amino acid sequence of the heavy chain constant region (CH) of a
canine antibody.
ASTTAPSVFPLAPSCGSTSGSTVALACLVSGYFPEPVTVSWNSGSLTSGVHTFPSVLQS
SGLYSLSSTVTVPSSRWPSETFTCNVVHPASNTKVDKPVPKESTCKCISPCPVPESLGG
PSVFIFPPKPKDILRITRTPEITCVVLDLGREDPEVQISWFVDGKEVHTAKTQPREQQFN
STYRVVSVLPIEHQDWLTGKEFKCRVNHIGLPSPIERTISKARGQAHQPSVYVLPPSPK
ELSSSDTVTLTCLIKDFFPPEIDVEWQSNGQPEPESKYHTTAPQLDEDGSYFLYSKLSV
DKSRWQQGDTFTCAVMHEALQNHYTDLSLSHSPGK

<SEQ ID NO: 5>

SEQ ID NO: 5 shows the nucleotide sequence of the VL of rat anti-bovine PD-L1 antibody.
ATGGAATCACAGACGCATGTCCTCATTTCCCTTCTGCTCTCGGTATCTGGTACCTAT
GGGGACATTGCGATAACCCAGTCTCCATCCTCTGTGGCTGTGTCAGTAGGAGAGA
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CGGTCACTCTGAGCTGCAAGTCCAGTCAGAGTCTTTTATACAGTGAAAACCAAAA
GGACTATTTGGGCTGGTACCAGCAGAAACCAGGGCAGACTCCTAAACCCCTTATCT
ACTGGGCAACCAACCGGCACACTGGGGTCCCTGATCGCTTCACAGGTAGTGGATC
CGGGACAGACTTCACTCTGATCATCAGCAGTGTGCAGGCTGAAGACCTGGCTGAT
TATTACTGTGGGCAGTACCTTGTCTATCCGTTCACGTTTGGACCTGGGACCAAGCT
GGAACTGAAA

The nucleotide sequence of SEQ ID NO: 5 after codon optimization is shown in <SEQ ID
NO: 15>.
ATGGAATCTCAAACTCATGTTTTGATTTCATTACTTCTGAGTGTTTCCGGAACCTAC
GGTGATATCGCTATCACTCAATCTCCCTCCTCTGTTGCTGTGTCTGTGGGCGAAAC
CGTTACCCTGTCCTGCAAGTCCAGTCAGTCTCTTCTCTACTCCGAGAATCAAAAGG
ACTACCTGGGCTGGTACCAACAGAAGCCCGGCCAGACCCCAAAGCCACTGATATA
CTGGGCAACCAACAGGCACACCGGAGTGCCCGACAGGTTCACAGGCAGTGGATC
TGGCACCGACTTTACCTTGATCATTTCAAGCGTGCAGGCTGAAGATCTGGCCGACT
ACTACTGTGGTCAGTATCTGGTGTATCCTTTCACTTTCGGGCCAGGGACAAAATTG
GAATTGAAG

<SEQ ID NO: 6>

SEQ ID NO: 6 shows the nucleotide sequence of the VH of rat anti-bovine PD-L1 antibody.
ATGGGATGGAGCCAGATCATCCTCTTTCTGGTGGCAGCAGCTACATGTGTTCACTC
CCAGGTACAGCTGCAGCAATCTGGGGCTGAATTAGTGAAGCCTGGGTCCTCAGTG
AAAATTTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTAACTTTATGCACTGGGT
AAAGCAGCAGCCTGGAAATGGCCTTGAGTGGATTGGGTGGATTTATCCTGAATATG
GTAATACTAAGTACAATCAAAAGTTCGATGGGAAGGCAACACTCACTGCAGACAA
ATCCTCCAGCACAGCCTATATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCAG
TCTATTTCTGTGCAAGTGAGGAGGCAGTTATATCCCTTGTTTACTGGGGCCAAGGC
ACTCTGGTCACTGTCTCTTCA

The nucleotide sequence of SEQ ID NO: 6 after codon optimization is shown in <SEQ ID
NO: 16>.

ATGGGTTGGTCTCAAATTATCTTGTTTTTGGTTGCTGCAGCCACTTGTGTTCATTCT
CAGGTGCAGCTGCAACAAAGCGGCGCAGAACTGGTGAAACCTGGCAGCAGCGTG
AAAATATCTTGTAAGGCCAGCGGATATACTTTCACCTCCAATTTCATGCATTGGGTC
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AAACAGCAGCCCGGCAACGGACTCGAGTGGATCGGCTGGATCTACCCCGAGTATG
GCAACACAAAATATAACCAAAAATTTGATGGAAAGGCTACCCTGACTGCCGATAA
GTCCTCCAGCACCGCATACATGCAACTCTCCTCCCTGACCTCCGAGGATAGCGCTG
TCTACTTCTGTGCTTCCGAAGAGGCTGTCATATCCTTGGTCTATTGGGGCCAAGGA
ACTCTGGTGACCGTCTCATCT

<SEQ ID NO: 7>

SEQ ID NO: 7 shows the nucleotide sequence of the CL of a canine antibody.
CAGCCCAAGGCCTCCCCCTCGGTCACACTCTTCCCGCCCTCCTCTGAGGAGCTCG
GCGCCAACAAGGCCACCCTGGTGTGCCTCATCAGCGACTTCTACCCCAGCGGCGT
GACGGTGGCCTGGAAGGCAAGCGGCAGCCCCGTCACCCAGGGCGTGGAGACCAC
CAAGCCCTCCAAGCAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCT
GACGCCTGACAAGTGGAAATCTCACAGCAGCTTCAGCTGCCTGGTCACGCACGA
GGGGAGCACCGTGGAGAAGAAGGTGGCCCCCGCAGAGTGCTCTTAG

The nucleotide sequence of SEQ ID NO: 7 after codon optimization is shown in <SEQ ID
NO: 17>.
CAGCCCAAAGCCTCTCCCAGCGTCACCCTCTTCCCACCTTCCAGTGAGGAGCTGG
GGGCAAACAAAGCCACTTTGGTGTGTCTCATCTCCGATTTTTACCCCTCCGGGGTC
ACAGTCGCATGGAAGGCCTCCGGATCCCCTGTGACACAGGGAGTGGAGACAACA
AAACCTAGCAAGCAGAGTAACAATAAGTATGCCGCCTCAAGCTATCTCAGCCTTAC
TCCTGATAAGTGGAAGTCACATAGCAGTTTTAGTTGCCTCGTAACACATGAGGGTT
CAACTGTGGAGAAAAAAGTAGCTCCAGCTGAGTGCTCATGA

<SEQ ID NO: 8>

SEQ ID NO: 8 is the nucleotide sequence of the CH of a canine antibody.
GCCTCCACCACGGCCCCCTCGGTTTTCCeCACTGGCCCCCAGCTGCGGGTCCACTT
CCGGCTCCACGGTGGCCCTGGCCTGCCTGGTGTCAGGCTACTTCCCCGAGCCTGT
AACTGTGTCCTGGAATTCCGGCTCCTTGACCAGCGGTGTGCACACCTTCCCGTCC
GTCCTGCAGTCCTCAGGGCTCTACTCCCTCAGCAGCACGGTGACAGTGCCCTCCA
GCAGGTGGCCCAGCGAGACCTTCACCTGCAACGTGGTCCACCCGGCCAGCAACA
CTAAAGTAGACAAGCCAGTGCCCAAAGAGTCCACCTGCAAGTGTATATCCCCATG
CCCAGTCCCTGAATCACTGGGAGGGCCTTCGGTCTTCATCTTTCCCCCGAAACCCA
AGGACATCCTCAGGATTACCCGAACACCCGAGATCACCTGTGTGGTGTTAGATCTG
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GGCCGTGAGGACCCTGAGGTGCAGATCAGCTGGTTCGTGGATGGTAAGGAGGTG
CACACAGCCAAGACGCAGCCTCGTGAGCAGCAGTTCAACAGCACCTACCGTGTG
GTCAGCGTCCTCCCCATTGAGCACCAGGACTGGCTCACCGGAAAGGAGTTCAAGT
GCAGAGTCAACCACATAGGCCTCCCGTCCCCCATCGAGAGGACTATCTCCAAAGC
CAGAGGGCAAGCCCATCAGCCCAGTGTGTATGTCCTGCCACCATCCCCAAAGGAG
TTGTCATCCAGTGACACGGTCACCCTGACCTGCCTGATCAAAGACTTCTTCCCACC
TGAGATTGATGTGGAGTGGCAGAGCAATGGACAGCCGGAGCCCGAGAGCAAGTA
CCACACGACTGCGCCCCAGCTGGACGAGGACGGGTCCTACTTCCTGTACAGCAAG
CTCTCTGTGGACAAGAGCCGCTGGCAGCAGGGAGACACCTTCACATGTGCGGTGA
TGCATGAAGCTCTACAGAACCACTACACAGATCTATCCCTCTCCCATTCTCCGGGT
AAATGA

The nucleotide sequence of SEQ ID NO: 8 after codon optimization is shown in <SEQ ID
NO: 18>.
GCTAGCACAACCGCTCCCTCCGTTTTTCCCCTCGCCCCATCCTGCGGGTCAACCAG
CGGATCCACCGTCGCTCTGGCTTGTCTGGTGTCAGGATACTTCCCCGAGCCTGTCA
CCGTTTCTTGGAATAGCGGCAGCCTTACTTCCGGCGTGCATACCTTCCCTAGCGTG
CTTCAGTCCTCCGGTCTGTATTCCCTCAGCTCCACCGTAACTGTCCCAAGCTCAAG
GTGGCCCTCTGAGACATTTACCTGCAATGTGGTCCATCCTGCTTCAAATACCAAAG
TGGACAAGCCCGTCCCAAAAGAGTCTACCTGCAAATGTATCAGTCCTTGTCCCGT
GCCCGAGTCTCTGGGCGGACCCTCAGTCTTTATCTTCCCACCCAAGCCAAAGGAC
ATATTGCGCATTACACGGACACCCGAAATCACCTGTGTTGTGTTGGATCTCGGCCG
GGAAGATCCTGAGGTGCAGATTAGTTGGTTTGTTGATGGCAAGGAGGTGCACACA
GCAAAAACACAGCCCAGAGAACAGCAGTTCAACAGTACTTATAGAGTAGTGAGT
GTGTTGCCTATAGAGCATCAGGACTGGCTGACAGGCAAAGAATTCAAATGTAGGG
TTAACCACATTGGCCTCCCTAGTCCAATCGAGAGGACAATCTCTAAAGCCCGAGG
CCAGGCTCATCAGCCTTCTGTGTACGTTCTGCCTCCTAGTCCTAAGGAACTGTCTT
CTTCAGACACAGTAACACTCACTTGCCTGATTAAGGACTTTTTTCCTCCAGAGATT
GATGTGGAATGGCAGTCTAACGGGCAGCCAGAGCCAGAATCTAAGTACCACACTA
CTGCACCACAGCTGGATGAGGATGGGTCTTACTTCCTGTACAGTAAGCTGAGTGT
GGACAAGTCTCGATGGCAGCAGGGGGATACTTTTACTTGCGCAGTAATGCACGAA
GCATTGCAGAACCACTACACTGACCTGTCACTTAGTCACTCACCAGGGAAGTAA

<SEQ ID NO: 9>
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SEQ ID NO: 9 shows the amino acid sequence of a chimeric light chain consisting of the VL
of rat anti-bovine PD-L1 antibody and the CL of a canine antibody.
MESQTHVLISLLLSVSGTYGDIAITQSPSSVAVSVGETVTLSCKSSQSLLYSENQKDYL
GWYQQKPGQTPKPLIYWATNRHTGVPDRFTGSGSGTDFTLIISSVQAEDLADY YCGQ
YLVYPFTFGPGTKLELKQPKASPSVTLFPPSSEELGANKATLVCLISDFYPSGVTVAWK
ASGSPVTQGVETTKPSKQSNNKYAASSYLSLTPDKWKSHSSFSCLVTHEGSTVEKKV
APAECS

<SEQ ID NO: 10>

SEQ ID NO: 10 shows the amino acid sequence of a chimeric heavy chain consisting of the
VH of rat anti-bovine PD-L1 antibody and the CH of a canine antibody.
MGWSQIILFLVAAATCVHSQVQLQQSGAELVKPGSSVKISCKASGYTFTSNFMHW VK
QQPGNGLEWIGWIYPEYGNTKYNQKFDGKATLTADKSSSTAYMQLSSLTSEDSAVYF
CASEEAVISLVYWGQGTLVTVSSASTTAPSVFPLAPSCGSTSGSTVALACLVSGYFPEP
VTVSWNSGSLTSGVHTFPSVLQSSGLYSLSSTVTVPSSRWPSETFTCNVVHPASNTKV
DKPVPKESTCKCISPCPVPESLGGPS VFIFPPKPKDILRITRTPEITCVVLDLGREDPEVQ
ISWFVDGKEVHTAKTQPREQQFNSTYRVVSVLPIEHQDWLTGKEFKCRVNHIGLPSPI
ERTISKARGQAHQPSVYVLPPSPKELSSSDTVTLTCLIKDFFPPEIDVEWQSNGQPEPES
KYHTTAPQLDEDGSYFLYSKLSVDKSRWQQGDTFTCAVMHEALQNHYTDLSLSHSP
GK

<SEQ ID NO: 19>

This sequence shows the nucleotide sequence (after codon optimization) of a chimeric light
chain consisting of the VL of rat anti-bovine PD-L1 antibody and the CL of a canine
antibody.
ATGGAATCTCAAACTCATGTTTTGATTTCATTACTTCTGAGTGTTTCCGGAACCTAC
GGTGATATCGCTATCACTCAATCTCCCTCCTCTGTTGCTGTGTCTGTGGGCGAAAC
CGTTACCCTGTCCTGCAAGTCCAGTCAGTCTCTTCTCTACTCCGAGAATCAAAAGG
ACTACCTGGGCTGGTACCAACAGAAGCCCGGCCAGACCCCAAAGCCACTGATATA
CTGGGCAACCAACAGGCACACCGGAGTGCCCGACAGGTTCACAGGCAGTGGATC
TGGCACCGACTTTACCTTGATCATTTCAAGCGTGCAGGCTGAAGATCTGGCCGACT
ACTACTGTGGTCAGTATCTGGTGTATCCTTTCACTTTCGGGCCAGGGACAAAATTG
GAATTGAAGCAGCCCAAAGCCTCTCCCAGCGTCACCCTCTTCCCACCTTCCAGTG
AGGAGCTGGGGGCAAACAAAGCCACTTTGGTGTGTCTCATCTCCGATTTTTACCC
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CTCCGGGGTCACAGTCGCATGGAAGGCCTCCGGATCCCCTGTGACACAGGGAGTG
GAGACAACAAAACCTAGCAAGCAGAGTAACAATAAGTATGCCGCCTCAAGCTATC
TCAGCCTTACTCCTGATAAGTGGAAGTCACATAGCAGTTTTAGTTGCCTCGTAACA
CATGAGGGTTCAACTGTGGAGAAAAAAGTAGCTCCAGCTGAGTGCTCATGA

<SEQ ID NO: 20>

SEQ ID NO: 20 shows the nucleotide sequence (after codon optimization) of a chimeric
heavy chain consisting of the VH of rat anti-bovine PD-L1 antibody and the CH of a canine
antibody.
ATGGGTTGGTCTCAAATTATCTTGTTTTTGGTTGCTGCAGCCACTTGTGTTCATTCT
CAGGTGCAGCTGCAACAAAGCGGCGCAGAACTGGTGAAACCTGGCAGCAGCGTG
AAAATATCTTGTAAGGCCAGCGGATATACTTTCACCTCCAATTTCATGCATTGGGTC
AAACAGCAGCCCGGCAACGGACTCGAGTGGATCGGCTGGATCTACCCCGAGTATG
GCAACACAAAATATAACCAAAAATTTGATGGAAAGGCTACCCTGACTGCCGATAA
GTCCTCCAGCACCGCATACATGCAACTCTCCTCCCTGACCTCCGAGGATAGCGCTG
TCTACTTCTGTGCTTCCGAAGAGGCTGTCATATCCTTGGTCTATTGGGGCCAAGGA
ACTCTGGTGACCGTCTCATCTGCTAGCACAACCGCTCCCTCCGTTTTTCCCCTCGC
CCCATCCTGCGGGTCAACCAGCGGATCCACCGTCGCTCTGGCTTGTCTGGTGTCA
GGATACTTCCCCGAGCCTGTCACCGTTTCTTGGAATAGCGGCAGCCTTACTTCCGG
CGTGCATACCTTCCCTAGCGTGCTTCAGTCCTCCGGTCTGTATTCCCTCAGCTCCAC
CGTAACTGTCCCAAGCTCAAGGTGGCCCTCTGAGACATTTACCTGCAATGTGGTCC
ATCCTGCTTCAAATACCAAAGTGGACAAGCCCGTCCCAAAAGAGTCTACCTGCAA
ATGTATCAGTCCTTGTCCCGTGCCCGAGTCTCTGGGCGGACCCTCAGTCTTTATCTT
CCCACCCAAGCCAAAGGACATATTGCGCATTACACGGACACCCGAAATCACCTGT
GTTGTGTTGGATCTCGGCCGGGAAGATCCTGAGGTGCAGATTAGTTGGTTTGTTGA
TGGCAAGGAGGTGCACACAGCAAAAACACAGCCCAGAGAACAGCAGTTCAACA
GTACTTATAGAGTAGTGAGTGTGTTGCCTATAGAGCATCAGGACTGGCTGACAGGC
AAAGAATTCAAATGTAGGGTTAACCACATTGGCCTCCCTAGTCCAATCGAGAGGA
CAATCTCTAAAGCCCGAGGCCAGGCTCATCAGCCTTCTGTGTACGTTCTGCCTCCT
AGTCCTAAGGAACTGTCTTCTTCAGACACAGTAACACTCACTTGCCTGATTAAGG
ACTTTTTTCCTCCAGAGATTGATGTGGAATGGCAGTCTAACGGGCAGCCAGAGCC
AGAATCTAAGTACCACACTACTGCACCACAGCTGGATGAGGATGGGTCTTACTTCC
TGTACAGTAAGCTGAGTGTGGACAAGTCTCGATGGCAGCAGGGGGATACTTTTAC
TTGCGCAGTAATGCACGAAGCATTGCAGAACCACTACACTGACCTGTCACTTAGT
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CACTCACCAGGGAAGTAA

<SEQ ID NO: 11>

SEQ ID NO: 11 shows the amino acid sequence of the CL of a human antibody.
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

<SEQ ID NO: 12>

SEQ ID NO: 12 shows the amino acid sequence of the CH (CH1-CH3) of a human antibody
(IgG4 variant 1).
STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY GPPCPSCPAPEFLGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREE
QFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL
PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SR
LTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

<SEQ ID NO: 13>

SEQ ID NO: 13 shows the nucleotide sequence of the CL of a human antibody.
ACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATC
TGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAA
GTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCA
CAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGA
GCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGG
GCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

<SEQ ID NO: 14>

SEQ ID NO: 14 shows the nucleotide sequence of the CH (CHI1-CH3) of a human antibody
(IgG4 variant 1).
TCCACCAAGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCG
AGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGA
CGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGT
CCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGC
AGCTTGGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACC
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AAGGTGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCATCATGCCCAG
CACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGA
CACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC
CAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATA
ATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCA
GCGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCA
AGGTCTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAA
AGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGAT
GACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGA
CATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCAC
GCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTG
GACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGG
CTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAATGA

<SEQ ID NOS: 21-36>

SEQ ID NOS: 21-36 show the nucleotide sequences of primers cPD-1 inner F, cPD-1 inner
R, cPD-L1 inner F, cPD-L1 inner R, cPD-1 5’ GSP, cPD-1 3’ GSP, cPD-L1 5° GSP, cPD-L1
3’ GSP, cPD-1-EGFP F, cPD-1-EGFP R, cPD-L1-EGFP F, cPD-L1-EGFP R, cPD-1-Ig, cPD-
1-Ig R, cPD-L1-Ig F and cPD-L1-Ig R in this order.

<SEQ ID NO: 37>

SEQ ID NO: 37 shows the amino acid sequence (QSLLYSENQKDY) of CDRI1 of the VL of
rat anti-bovine PD-L1 antibody 4G12.

<SEQ ID NO: 38>

SEQ ID NO: 38 shows the amino acid sequence (GQYLVYPFT) of CDR3 of the VL of rat
anti-bovine PD-L1 antibody 4G12.

<SEQ ID NO: 39>

SEQ ID NO: 39 shows the amino acid sequence (GYTFTSNF) of CDRI1 of the VH of rat
anti-bovine PD-L1 antibody 4G12.

<SEQ ID NO: 40>

SEQ ID NO: 40 shows the amino acid sequence (IYPEYGNT) of CDR2 of the VH of rat
anti-bovine PD-L1 antibody 4G12.

<SEQ ID NO: 41>

SEQ ID NO: 41 shows the amino acid sequence (ASEEAVISLVY) of CDR3 of the VH of rat
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anti-bovine PD-L1 antibody 4G12.

<SEQ ID NO: 42>

SEQ ID NO: 42 shows the amino acid sequence of the CH (CHI-CH3) of ovine antibody

(IgG1).

<SEQ ID NO: 43>

SEQ ID NO: 43 shows the nucleotide sequence of the CH (CHI-CH3) of ovine antibody

(IgG1).

<SEQ ID NO: 44>

SEQ ID NO: 44 he amino acid sequence of the CH (CHI1-CH3) of ovine antibody (IgG2).

<SEQ ID NO: 45>

SEQ ID NO: 45 shows the nucleotide sequence of the CH (CHI1-CH3) of ovine antibody

(IgG2).

<SEQ ID NO: 46>

SEQ ID NO: 46 shows the amino acid sequence of the light chain (Ig kappa(CK)) constant

region of an ovine antibody.

<SEQ ID NO: 47>

SEQ ID NO: 47 shows the nucleotide sequence of the light chain (Ig kappa(CK)) constant

region of an ovine antibody.

<SEQ ID NO: 48>

SEQ ID NO: 48 shows the amino acid sequence of the light chain (Ig lambda(CL)) constant
region of an ovine antibody.

<SEQ ID NO: 49>

SEQ ID NO: 49 shows the nucleotide sequence of the light chain (Ig lambda(CL)) constant
region of an ovine antibody.

<SEQ ID NO: 50>

SEQ ID NO: 50 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody

(IgG19).

<SEQ ID NO: 51>

SEQ ID NO: 51 shows the nucleotide acid sequence of the CH (CH1-CH3) of porcine

antibody (IgG1%).

<SEQ ID NO: 52>

SEQ ID NO: 52 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody

(IgG1P).

<SEQ ID NO: 53>
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SEQ ID NO: 53 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG1%).

<SEQ ID NO: 54>

SEQ ID NO: 54 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(I1gG2Y.

<SEQ ID NO: 55>

SEQ ID NO: 55 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(1gG2%).

<SEQ ID NO: 56>

SEQ ID NO: 56 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG2D).

<SEQ ID NO: 57>

SEQ ID NO: 57 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG2%).

<SEQ ID NO: 58>

SEQ ID NO: 58 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG3).

<SEQ ID NO: 59>

SEQ ID NO: 59 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG3).

<SEQ ID NO: 60>

SEQ ID NO: 60 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG4Y).

<SEQ ID NO: 61>

SEQ ID NO: 61 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG4Y).

<SEQ ID NO: 62>

SEQ ID NO: 62 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG4D).

<SEQ ID NO: 63>

SEQ ID NO: 63 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(1gG4").

<SEQ ID NO: 64>

SEQ ID NO: 64 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
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(IgG5Y).

<SEQ ID NO: 65>

SEQ ID NO: 65 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG5%).

<SEQ ID NO: 66>

SEQ ID NO: 66 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG5D).

<SEQ ID NO: 67>

SEQ ID NO: 67 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG5").

<SEQ ID NO: 68>

SEQ ID NO: 68 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG6Y).

<SEQ ID NO: 69>

SEQ ID NO: 69 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG6Y).

<SEQ ID NO: 70>

SEQ ID NO: 70 shows the amino acid sequence of the CH (CHI1-CH3) of porcine antibody
(IgG6D).

<SEQ ID NO: 71>

SEQ ID NO: 71 shows the nucleotide sequence of the CH (CH1-CH3) of porcine antibody
(IgG6).

<SEQ ID NO: 72>

SEQ ID NO: 72 shows the amino acid sequence of the CH (CH1-CH3) of a water buffalo
antibody (estimated to be IgG1).

<SEQ ID NO: 73>

SEQ ID NO: 73 shows the nucleotide sequence of the CH (CH1-CH3) of a water buffalo
antibody (estimated to be IgG1).

<SEQ ID NO: 74>

SEQ ID NO: 74 shows the amino acid sequence of the CH (CH1-CH3) of a water buffalo
antibody (estimated to be 1gG2).

<SEQ ID NO: 75>

SEQ ID NO: 75 shows the nucleotide sequence of the CH (CH1-CH3) of a water buffalo
antibody (estimated to be 1gG2).
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<SEQ ID NO: 76>

SEQ ID NO: 76 shows the amino acid sequence of the CH (CH1-CH3) of a water buffalo
antibody (estimated to be 1gG3).

<SEQ ID NO: 77>

SEQ ID NO: 77 shows the nucleotide sequence of the CH (CH1-CH3) of a water buffalo
antibody (estimated to be 1gG3).

<SEQ ID NO: 78>

SEQ ID NO: 78 shows the amino acid sequence of the light chain (estimated to be Ig lambda)
constant region (CL) of a water buffalo antibody.

<SEQ ID NO: 79>

SEQ ID NO: 79 shows the nucleotide sequence of the light chain (estimated to be Ig lambda)
constant region (CL) of a water buffalo antibody.

<SEQ ID NO: 80>

SEQ ID NO: 80 shows the amino acid sequence of the CH (CH1-CH3) of human antibody
(IgG4 variant 2).

<SEQ ID NO: 81>

SEQ ID NO: 81 shows the nucleotide sequence of the CH (CHI1-CH3) of human antibody
(IgG4 variant 2).

<SEQ ID NO: 82>

SEQ ID NO: 82 shows the amino acid sequence of the CH (CH1-CH3) of human antibody
(IgG4 variant 3).

<SEQ ID NO: 83>

SEQ ID NO: 83 shows the nucleotide sequence of the CH (CHI1-CH3) of human antibody
(IgG4 variant 3).

<SEQ ID NO: 84>

SEQ ID NO: 84 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG1 variant 1).

<SEQ ID NO: 85>

SEQ ID NO: 85 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG1 variant 2).

<SEQ ID NO: 86>

SEQ ID NO: 86 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG1 variant 3).

<SEQ ID NO: 87>
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SEQ ID NO: 87 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG2 variant 1).

<SEQ ID NO: 88>

SEQ ID NO: 88 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG2 variant 2).

<SEQ ID NO: 89>

SEQ ID NO: 89 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG2 variant 3).

<SEQ ID NO: 90>

SEQ ID NO: 90 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG3 variant 1).

<SEQ ID NO: 91>

SEQ ID NO: 91 shows the amino acid sequence of the CH (CH1-CH3) of bovine antibody
(IgG3 variant 2).

<SEQ ID NO: 92>

SEQ ID NO: 92 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG1 variant 1).

<SEQ ID NO: 93>

SEQ ID NO: 93 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG1 variant 2).

<SEQ ID NO: 94>

SEQ ID NO: 94 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG1 variant 3).

<SEQ ID NO: 95>

SEQ ID NO: 95 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG2 variant 1).

<SEQ ID NO: 96>

SEQ ID NO: 96 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG2 variant 2).

<SEQ ID NO: 97>

SEQ ID NO: 97 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG2 variant 3).

<SEQ ID NO: 98>

SEQ ID NO: 98 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
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(IgG3 variant 1).

<SEQ ID NO: 99>

SEQ ID NO: 99 shows the nucleotide sequence of the CH (CHI1-CH3) of bovine antibody
(IgG3 variant 2).

<SEQ ID NO: 100>

SEQ ID NO: 100 shows the amino acid sequence of the CL of a bovine antibody (bovine Ig
lambda, GenBank: X62917).
QPKSPPSVTLFPPSTEELNGNKATLVCLISDFYPGSVTVVWKADGSTITRNVETTRASK
QSNSKYAASSYLSLTSSDWKSKGSYSCEVTHEGSTVTKTVKPSECS

<SEQ ID NO: 101>

SEQ ID NO: 101 shows the nucleotide sequence of the CL of a bovine antibody (bovine Ig
lambda, GenBank: X62917).
CAGCCCAAGTCCCCACCCTCGGTCACCCTGTTCCCGCCCTCCACGGAGGAGCTCA
ACGGCAACAAGGCCACCCTGGTGTGTCTCATCAGCGACTTCTACCCGGGTAGCGT
GACCGTGGTCTGGAAGGCAGACGGCAGCACCATCACCCGCAACGTGGAGACCAC
CCGGGCCTCCAAACAGAGCAACAGCAAGTACGCGGCCAGCAGCTACCTGAGCCT
GACGAGCAGCGACTGGAAATCGAAAGGCAGTTACAGCTGCGAGGTCACGCACGA
GGGGAGCACCGTGACGAAGACAGTGAAGCCCTCAGAGTGTTCTTAG

The nucleotide sequence of SEQ ID NO: 101 after codon optimization is shown in <SEQ ID
NO: 104>.
CAGCCTAAGAGTCCTCCTTCTGTAACACTCTTTCCCCCCTCTACCGAGGAACTCAA
CGGCAATAAAGCTACCTTGGTTTGCCTTATTTCTGATTTCTACCCCGGGTCTGTGAC
CGTGGTGTGGAAAGCTGATGGGTCCACCATTACTCGGAATGTGGAAACCACCCGG
GCTTCTAAGCAGTCCAACTCTAAATACGCAGCATCCTCCTATTTGAGTCTTACTAGT
AGTGACTGGAAGTCAAAGGGTAGTTACAGTTGCGAAGTCACACATGAAGGTTCA
ACAGTGACAAAGACAGTCAAGCCCTCAGAGTGCTCATAG

<SEQ ID NO: 102>

SEQ ID NO: 102 shows the amino acid sequence of the CH of a bovine antibody (bovine
IgG1, modified from GenBank: X62916). The sites of mutation are underlined. Amino acid
numbers and mutations: 113E—P, 114L—V, 115P—A, 116G—deletion, 209A—S, 210P—S
ASTTAPKVYPLSSCCGDKSSSTVTLGCLVSSYMPEPVTVTWNSGALKSGVHTFPAVL
QSSGLYSLSSMVTVPGSTSGQTFTCNVAHPASSTKVDKAVDPTCKPSPCDCCPPPPVA
GPSVFIFPPKPKDTLTISGTPEVTCVVVDVGHDDPEVKFSWFVDDVEVNTATTKPREE
QFNSTYRVVSALRIQHQDWTGGKEFKCKVHNEGLPSSIVRTISRTKGPAREPQVYVLA
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PPQEELSKSTVSLTCMVTSFYPDYIAVEWQRNGQPESEDKYGTTPPQLDADSSYFLYS
KLRVDRNSWQEGDTYTCVVMHEALHNHYTQKSTSKSAGK

<SEQ ID NO: 103>

SEQ ID NO: 103 shows the nucleotide sequence (after codon optimization) of the CH of a
bovine antibody (bovine IgG1, modified from GenBank: X62916).
GCTAGCACAACTGCTCCTAAGGTGTACCCCCTGAGCTCTTGCTGCGGCGACAAGT
CTAGCAGCACCGTGACCCTCGGATGCCTCGTCAGCAGCTATATGCCTGAGCCAGTT
ACAGTGACATGGAATTCTGGTGCCCTTAAGTCCGGCGTCCATACCTTCCCTGCTGT
GCTGCAGTCCTCTGGCCTGTACAGTTTGTCCTCTATGGTGACAGTACCCGGTTCCA
CCTCCGGACAGACCTTTACCTGTAATGTGGCTCATCCCGCCTCCTCCACAAAGGTG
GATAAGGCTGTTGACCCTACCTGTAAACCCAGTCCATGCGACTGCTGTCCCCCCCC
TCCAGTTGCCGGACCCTCAGTCTTTATTTTCCCACCCAAACCCAAAGACACCCTGA
CAATCTCTGGAACACCAGAAGTCACCTGCGTCGTCGTGGATGTGGGCCACGACGA
TCCTGAGGTAAAATTCTCATGGTTCGTCGACGATGTGGAAGTGAATACAGCTACTA
CAAAACCTCGCGAAGAGCAGTTTAACTCTACCTATCGAGTGGTTTCTGCTTTGCGG
ATTCAGCATCAGGATTGGACAGGCGGCAAAGAGTTTAAATGTAAAGTCCATAACG
AGGGACTTCCTTCTAGTATCGTGCGCACTATCAGTAGAACTAAAGGGCCTGCTCGG
GAACCTCAGGTGTACGTCCTGGCACCTCCACAGGAAGAGCTGAGTAAGTCTACAG
TTTCTCTGACTTGTATGGTAACATCTTTTTATCCAGATTACATCGCAGTTGAATGGC
AGAGGAACGGGCAGCCAGAGAGTGAGGATAAGTACGGGACTACTCCACCACAGC
TGGACGCAGACTCAAGTTACTTCCTGTACTCAAAGCTGAGGGTTGACAGAAACTC
ATGGCAGGAGGGGGACACTTACACTTGCGTAGTTATGCACGAGGCACTTCACAAC
CACTACACTCAGAAGAGTACTTCAAAGAGTGCAGGGAAGTAA

<SEQ ID NO: 105>

SEQ ID NO: 105 shows the amino acid sequence of a chimeric light chain consisting of the
VL of rat anti-bovine PD-L1 antibody and the CL of a bovine antibody.
MESQTHVLISLLLSVSGTYGDIAITQSPSSVAVSVGETVTLSCKSSQSLLYSENQKDYL
GWYQQKPGQTPKPLIYWATNRHTGVPDRFTGSGSGTDFTLIISSVQAEDLADYYCGQ
YLVYPFTFGPGTKLELKQPKSPPSVTLFPPSTEELNGNKATLVCLISDFYPGSVTVVWK
ADGSTITRNVETTRASKQSNSKYAASSYLSLTSSDWKSKGSYSCEVTHEGSTVTKTV
KPSECS

<SEQ ID NO: 106>

SEQ ID NO: 106 shows the amino acid sequence of a chimeric heavy chain consisting of the

VH of rat anti-bovine PD-L1 antibody and the CH of a bovine antibody (bovine IgGl,
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modified from GenBank: X62916).
MGWSQILFLVAAATCVHSQVQLQQSGAELVKPGSSVKISCKASGYTFTSNFMHW VK
QQPGNGLEWIGWIYPEYGNTKYNQKFDGKATLTADKSSSTAYMQLSSLTSEDSAVYF
CASEEAVISLVYWGQGTLVTVSSASTTAPKVYPLSSCCGDKSSSTVTLGCLVSSYMPE
PVTVTWNSGALKSGVHTFPAVLQSSGLYSLSSMVTVPGSTSGQTFTCNVAHPASSTKV
DKAVDPTCKPSPCDCCPPPPVAGPSVFIFPPKPKDTLTISGTPEVTCVVVDVGHDDPEV
KFSWFVDDVEVNTATTKPREEQFNSTYRVVSALRIQHQDWTGGKEFKCKVHNEGLP
SSIVRTISRTKGPAREPQVY VLAPPQEELSKSTVSLTCMVTSFYPDYIAVEWQRNGQPE
SEDKYGTTPPQLDADSSYFLYSKLRVDRNSWQEGDTYTCVVMHEALHNHYTQKSTS
KSAGK

<SEQ ID NO: 107>

This sequence shows the nucleotide sequence (after codon optimization) of a chimeric light
chain consisting of the VL of rat anti-bovine PD-L1 antibody and the CL of a bovine
antibody.
ATGGAATCTCAAACTCATGTTTTGATTTCATTACTTCTGAGTGTTTCCGGAACCTAC
GGTGATATCGCTATCACTCAATCTCCCTCCTCTGTTGCTGTGTCTGTGGGCGAAAC
CGTTACCCTGTCCTGCAAGTCCAGTCAGTCTCTTCTCTACTCCGAGAATCAAAAGG
ACTACCTGGGCTGGTACCAACAGAAGCCCGGCCAGACCCCAAAGCCACTGATATA
CTGGGCAACCAACAGGCACACCGGAGTGCCCGACAGGTTCACAGGCAGTGGATC
TGGCACCGACTTTACCTTGATCATTTCAAGCGTGCAGGCTGAAGATCTGGCCGACT
ACTACTGTGGTCAGTATCTGGTGTATCCTTTCACTTTCGGGCCAGGGACAAAACTC
GAGCTCAAACAGCCTAAGAGTCCTCCTTCTGTAACACTCTTTCCCCCCTCTACCGA
GGAACTCAACGGCAATAAAGCTACCTTGGTTTGCCTTATTTCTGATTTCTACCCCG
GGTCTGTGACCGTGGTGTGGAAAGCTGATGGGTCCACCATTACTCGGAATGTGGA
AACCACCCGGGCTTCTAAGCAGTCCAACTCTAAATACGCAGCATCCTCCTATTTGA
GTCTTACTAGTAGTGACTGGAAGTCAAAGGGTAGTTACAGTTGCGAAGTCACACA
TGAAGGTTCAACAGTGACAAAGACAGTCAAGCCCTCAGAGTGCTCATAG

<SEQ ID NO: 108>

This sequence shows the nucleotide sequence (after codon optimization) of a chimeric heavy
chain consisting of the VH of rat anti-bovine PD-L1 antibody and the CH of a bovine
antibody (bovine IgG1, modified from GenBank: X62916).
ATGGGGTGGTCCCAGATTATATTGTTCCTCGTCGCCGCCGCCACTTGCGTACACAG
CCAAGTGCAACTTCAACAAAGCGGTGCAGAACTGGTAAAGCCCGGTAGCTCTGT
GAAAATATCCTGTAAAGCCAGTGGCTACACATTTACCAGCAACTTTATGCACTGGG
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TGAAGCAACAGCCCGGAAATGGCTTGGAGTGGATTGGCTGGATCTATCCCGAATAT
GGTAACACCAAGTATAATCAGAAGTTCGACGGTAAGGCCACCCTCACCGCCGATA
AGTCATCCTCCACCGCCTATATGCAGCTCAGCAGCCTGACCAGCGAGGATTCCGCT
GTGTACTTCTGTGCCAGCGAAGAGGCTGTGATCTCATTGGTGTATTGGGGACAGG
GCACCCTCGTCACCGTGTCCAGCGCTAGCACAACTGCTCCTAAGGTGTACCCCCT
GAGCTCTTGCTGCGGCGACAAGTCTAGCAGCACCGTGACCCTCGGATGCCTCGTC
AGCAGCTATATGCCTGAGCCAGTTACAGTGACATGGAATTCTGGTGCCCTTAAGTC
CGGCGTCCATACCTTCCCTGCTGTGCTGCAGTCCTCTGGCCTGTACAGTTTGTCCT
CTATGGTGACAGTACCCGGTTCCACCTCCGGACAGACCTTTACCTGTAATGTGGCT
CATCCCGCCTCCTCCACAAAGGTGGATAAGGCTGTTGACCCTACCTGTAAACCCA
GTCCATGCGACTGCTGTCCCCCCCCTCCAGTTGCCGGACCCTCAGTCTTTATTTTC
CCACCCAAACCCAAAGACACCCTGACAATCTCTGGAACACCAGAAGTCACCTGC
GTCGTCGTGGATGTGGGCCACGACGATCCTGAGGTAAAATTCTCATGGTTCGTCGA
CGATGTGGAAGTGAATACAGCTACTACAAAACCTCGCGAAGAGCAGTTTAACTCT
ACCTATCGAGTGGTTTCTGCTTTGCGGATTCAGCATCAGGATTGGACAGGCGGCAA
AGAGTTTAAATGTAAAGTCCATAACGAGGGACTTCCTTCTAGTATCGTGCGCACTA
TCAGTAGAACTAAAGGGCCTGCTCGGGAACCTCAGGTGTACGTCCTGGCACCTCC
ACAGGAAGAGCTGAGTAAGTCTACAGTTTCTCTGACTTGTATGGTAACATCTTTTT
ATCCAGATTACATCGCAGTTGAATGGCAGAGGAACGGGCAGCCAGAGAGTGAGG
ATAAGTACGGGACTACTCCACCACAGCTGGACGCAGACTCAAGTTACTTCCTGTA
CTCAAAGCTGAGGGTTGACAGAAACTCATGGCAGGAGGGGGACACTTACACTTG
CGTAGTTATGCACGAGGCACTTCACAACCACTACACTCAGAAGAGTACTTCAAAG
AGTGCAGGGAAGTAA

<SEQ ID NOS: 109-132>

SEQ ID NOS: 109-132 show the nucleotide sequences of primers ovPD-L1 CDS F, ovPD-L1
CDS R, poPD-L1 CDS F, poPD-L1 CDS R, buPD-L1 CDS F1, buPD-L1 CDS R1, buPD-L1
CDS F2, buPD-L1 CDS R2, ovPD-1-EGFP F, ovPD-1-EGFP R, ovPD-L1-EGFP F, ovPD-
L1-EGFP R, poPD-1-EGFP F, poPD-1-EGFP R, poPD-L1-EGFP F, poPD-L1-EGFP R,
ovPD-L1-Ig F, ovPD-L1-Ig R, poPD-L1-Ig F, poPD-L1-Ig R, cCD80-Ig F, cCD80-Ig R, cPD-
L1-His F and cPD-L1-His R in this order.

<SEQ ID NOS: 133-138>

SEQ ID NOS: 133-138 show nucleotide sequences of primers boPD-1-myc F, boPD-1-myc
R, boPD-L1-EGFP F, boPD-L1-EGFP R, boPD-L1-Ig F and boPD-L1-Ig R in this order.
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SEQUENCE LISTING
<110> NATIONAL UNIVERSITY CORPORATION HOKKAIDO UNIVERSITY

<120> Anti-PD-L1 antibodies
<130> FP-221PCT

<150> JP P2016-159088
<151> 2016-08-15

<150> JP P2016-159089
<151> 2016-08-15

<150> JP P2017-110723
<151> 2017-06-05

<150> JP P2017-61454
<151> 2017-03-27

<160> 138

<170> Patentln version 3.5

<210> 1

<211> 133

<212> PRT

<213> Rattus norvegicus

<400> 1

Met Glu Ser Gln Thr His Val Leu Ile Ser Leu Leu Leu Ser Val Ser
1 5 10 15

Gly Thr Tyr Gly Asp Ile Ala Ile Thr Gln Ser Pro Ser Ser Val Ala
20 25 30

Val Ser Val Gly Glu Thr Val Thr Leu Ser Cys Lys Ser Ser Gln Ser
35 40 45

Leu Leu Tyr Ser Glu Asn Gln Lys Asp Tyr Leu Gly Trp Tyr Gln Gln
50 55 60

Lys Pro Gly Gln Thr Pro Lys Pro Leu Ile Tyr Trp Ala Thr Asn Arg
65 70 75 80

His Thr Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp
85 90 95
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Phe Thr Leu Ile Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Asp Tyr
100 105 110

Tyr Cys Gly Gln Tyr Leu Val Tyr Pro Phe Thr Phe Gly Pro Gly Thr
115 120 125

Lys Leu Glu Leu Lys
130

<210> 2

<211> 137

<212> PRT

<213> Rattus norvegicus

<400> 2
Met Gly Trp Ser Gln Ile Ile Leu Phe Leu Val Ala Ala Ala Thr Cys
1 5 10 15

Val His Ser Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Lys
20 25 30

Pro Gly Ser Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Ser Asn Phe Met His Trp Val Lys Gln Gln Pro Gly Asn Gly Leu
50 55 60

Glu Trp Ile Gly Trp Ile Tyr Pro Glu Tyr Gly Asn Thr Lys Tyr Asn
65 70 75 80

Gln Lys Phe Asp Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser
85 90 95

Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val
100 105 110

Tyr Phe Cys Ala Ser Glu Glu Ala Val Ile Ser Leu Val Tyr Trp Gly
115 120 125

Gln Gly Thr Leu Val Thr Val Ser Ser
130 135
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<210> 3

<211> 105

<212> PRT
<213> Canis lupus

<400> 3
Gln Pro Lys Ala Ser Pro Ser Val Thr Leu Phe Pro Pro Ser Ser Glu
1 5 10 15

Glu Leu Gly Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe
20 25 30

Tyr Pro Ser Gly Val Thr Val Ala Trp Lys Ala Ser Gly Ser Pro Val
35 40 45

Thr Gln Gly Val Glu Thr Thr Lys Pro Ser Lys Gln Ser Asn Asn Lys
50 55 60

Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Asp Lys Trp Lys Ser
65 70 75 80

His Ser Ser Phe Ser Cys Leu Val Thr His Glu Gly Ser Thr Val Glu
85 90 95

Lys Lys Val Ala Pro Ala Glu Cys Ser
100 105

<210> 4

<211> 331

<212> PRT
<213> Canis lupus

<400> 4
Ala Ser Thr Thr Ala Pro Ser Val Phe Pro Leu Ala Pro Ser Cys Gly
1 5 10 15

Ser Thr Ser Gly Ser Thr Val Ala Leu Ala Cys Leu Val Ser Gly Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ser Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Ser Ser Gly Leu Tyr Ser
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50 55 60

Leu Ser Ser Thr Val Thr Val Pro Ser Ser Arg Trp Pro Ser Glu Thr
65 70 75 80

Phe Thr Cys Asn Val Val His Pro Ala Ser Asn Thr Lys Val Asp Lys
85 90 95

Pro Val Pro Lys Glu Ser Thr Cys Lys Cys Ile Ser Pro Cys Pro Val
100 105 110

Pro Glu Ser Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro
115 120 125

Lys Asp Ile Leu Arg Ile Thr Arg Thr Pro Glu Ile Thr Cys Val Val
130 135 140

Leu Asp Leu Gly Arg Glu Asp Pro Glu Val Gln Ile Ser Trp Phe Val
145 150 155 160

Asp Gly Lys Glu Val His Thr Ala Lys Thr Gln Pro Arg Glu Gln Gln
165 170 175

Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile Glu His Gln
180 185 190

Asp Trp Leu Thr Gly Lys Glu Phe Lys Cys Arg Val Asn His Ile Gly
195 200 205

Leu Pro Ser Pro Ile Glu Arg Thr Ile Ser Lys Ala Arg Gly Gln Ala
210 215 220

His GIn Pro Ser Val Tyr Val Leu Pro Pro Ser Pro Lys Glu Leu Ser
225 230 235 240

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

Pro Glu Ile Asp Val Glu Trp Gln Ser Asn Gly Gln Pro Glu Pro Glu
260 265 270
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Ser Lys Tyr His Thr Thr Ala Pro Gln Leu Asp Glu Asp Gly Ser Tyr
275 280 285

Phe Leu Tyr Ser Lys Leu Ser Val Asp Lys Ser Arg Trp Gln Gln Gly
290 295 300

Asp Thr Phe Thr Cys Ala Val Met His Glu Ala Leu Gln Asn His Tyr
305 310 315 320

Thr Asp Leu Ser Leu Ser His Ser Pro Gly Lys
325 330

<210> 5

<211> 399

<212> DNA

<213> Rattus norvegicus

<400> 5
atggaatcac agacgcatgt cctecatttee cttetgetet cggtatetgg tacctatggg 60

gacattgcga taacccagte tccatectet gtggetgtgt cagtaggaga gacggtcact 120
ctgagctgea agtccagtca gagtctttta tacagtgaaa accaaaagga ctatttggge 180
tggtaccagc agaaaccagg gcagactcect aaaccectta tetactggge aaccaaccgg 240
cacactgggg tcectgateg cttcacaggt agtggatecg ggacagactt cactetgate 300
atcagcagtg tgcaggctga agacctgget gattattact gtgggecagta cettgtetat 360
ccgttcacgt ttggacctgg gaccaagetg gaactgaaa 399

<210> 6

<211> 411

<212> DNA

<213> Rattus norvegicus

<400> 6
atgggatgga gccagatcat cctetttetg gtggeageag ctacatgtgt tecacteccag 60

gtacagctgce agcaatetgg ggetgaatta gtgaagectg ggtectcagt gaaaatttee 120
tgcaaggcett ctggetacac cttcaccagt aactttatge actgggtaaa gecagecagect 180
ggaaatggcece ttgagtggat tgggtggatt tatcctgaat atggtaatac taagtacaat 240
caaaagttcg atgggaaggce aacactcact gcagacaaat cctccagecac agectatatg 300

cagctcagca gectgacate tgaggactet gecagtetatt tetgtgecaag tgaggaggea 360



74

gttatatccce ttgtttactg gggecaagge actetggtea ctgtetette a 411

<210> 7

<211> 318

<212> DNA
<213> Canis lupus

<400> 7
cagcccaagg ccteececte ggtecacacte ttecegeect cetetgagga geteggegece 60

aacaaggcca ccctggtgtg cctecatcage gacttetace ccageggegt gacggtggee 120
tggaaggcaa geggeagece cgtecacccag ggegtggaga ccaccaagee ctccaagecag 180
agcaacaaca agtacgcggce cagcagctac ctgagectga cgectgacaa gtggaaatct 240
cacagcagct tcagctgect ggtcacgecac gaggggagea ccgtggagaa gaaggtggee 300
cccgecagagt getettag 318

<210> 8

<211> 996

<212> DNA

<213> Canis lupus

<400> 8
gcctecacca cggececccte ggttttecca ctggececcca getgegggte cactteegge 60

tccacggtgg cectggectg cetggtgtea ggetacttee cecgagectgt aactgtgtee 120
tggaattceg getecttgac cageggtgtg cacaccttee cgteegtecet gecagtectea 180
gggctctact cectcageag cacggtgaca gtgeccteca gecaggtggece cagegagace 240
ttcacctgea acgtggteeca ceccggecage aacactaaag tagacaagec agtgeccaaa 300
gagtccacct gcaagtgtat atccccatge ccagteectg aatcactggg agggectteg 360
gtctteatet ttecececgaa acccaaggac atectcagga ttaccegaac accegagate 420
acctgtgtgg tgttagatet gggecgtgag gaccctgagg tgcagatecag ctggttegtg 480
gatggtaagg aggtgcacac agccaagacg cagectegtg agecagecagtt caacagcacce 540
taccgtgtgg tcagegtect ccccattgag caccaggact ggetcacecgg aaaggagttc 600
aagtgcagag tcaaccacat aggccteceg tececcateg agaggactat cteccaaagece 660
agagggcaag cccatcagee cagtgtgtat gtectgecac catceccaaa ggagttgtea 720
tccagtgaca cggtcaccct gacctgectg atcaaagact tetteccace tgagattgat 780

gtggagtggce agagcaatgg acagecggag cccgagagea agtaccacac gactgegece 840
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cagctggacg aggacgggtce ctacttectg tacagcaage tetetgtgga caagagecege
tggcagcagg gagacacctt cacatgtgeg gtgatgecatg aagetctaca gaaccactac
acagatctat ccctetecca ttetcecgggt aaatga 996
<210> 9

<211> 238

<212> PRT

<213> Artificial Sequence

<220>
<223> chimeric L chain

<400> 9
Met Glu Ser Gln Thr His Val Leu Ile Ser Leu Leu Leu Ser Val Ser
1 5 10 15

Gly Thr Tyr Gly Asp Ile Ala Ile Thr Gln Ser Pro Ser Ser Val Ala
20 25 30

Val Ser Val Gly Glu Thr Val Thr Leu Ser Cys Lys Ser Ser Gln Ser
35 40 45

Leu Leu Tyr Ser Glu Asn Gln Lys Asp Tyr Leu Gly Trp Tyr Gln Gln
50 55 60

Lys Pro Gly Gln Thr Pro Lys Pro Leu Ile Tyr Trp Ala Thr Asn Arg
65 70 75 80

His Thr Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp
85 90 95

Phe Thr Leu Ile Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Asp Tyr
100 105 110

Tyr Cys Gly Gln Tyr Leu Val Tyr Pro Phe Thr Phe Gly Pro Gly Thr
115 120 125

Lys Leu Glu Leu Lys Gln Pro Lys Ala Ser Pro Ser Val Thr Leu Phe
130 135 140

Pro Pro Ser Ser Glu Glu Leu Gly Ala Asn Lys Ala Thr Leu Val Cys

900

960
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145 150 155 160

Leu Ile Ser Asp Phe Tyr Pro Ser Gly Val Thr Val Ala Trp Lys Ala
165 170 175

Ser Gly Ser Pro Val Thr Gln Gly Val Glu Thr Thr Lys Pro Ser Lys
180 185 190

Gln Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro
195 200 205

Asp Lys Trp Lys Ser His Ser Ser Phe Ser Cys Leu Val Thr His Glu
210 215 220

Gly Ser Thr Val Glu Lys Lys Val Ala Pro Ala Glu Cys Ser
225 230 235

<210> 10

<211> 468

<212> PRT

<213> Artificial Sequence

<220>
<223> chimeric H chain

<400> 10
Met Gly Trp Ser Gln Ile Ile Leu Phe Leu Val Ala Ala Ala Thr Cys
1 5 10 15

Val His Ser Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Lys
20 25 30

Pro Gly Ser Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Ser Asn Phe Met His Trp Val Lys Gln Gln Pro Gly Asn Gly Leu
50 55 60

Glu Trp Ile Gly Trp Ile Tyr Pro Glu Tyr Gly Asn Thr Lys Tyr Asn
65 70 75 80

Gln Lys Phe Asp Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser
85 90 95
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Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val
100 105 110

Tyr Phe Cys Ala Ser Glu Glu Ala Val Ile Ser Leu Val Tyr Trp Gly
115 120 125

Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Thr Ala Pro Ser
130 135 140

Val Phe Pro Leu Ala Pro Ser Cys Gly Ser Thr Ser Gly Ser Thr Val
145 150 155 160

Ala Leu Ala Cys Leu Val Ser Gly Tyr Phe Pro Glu Pro Val Thr Val
165 170 175

Ser Trp Asn Ser Gly Ser Leu Thr Ser Gly Val His Thr Phe Pro Ser
180 185 190

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Thr Val Thr Val
195 200 205

Pro Ser Ser Arg Trp Pro Ser Glu Thr Phe Thr Cys Asn Val Val His
210 215 220

Pro Ala Ser Asn Thr Lys Val Asp Lys Pro Val Pro Lys Glu Ser Thr
225 230 235 240

Cys Lys Cys Ile Ser Pro Cys Pro Val Pro Glu Ser Leu Gly Gly Pro
245 250 255

Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Ile Leu Arg Ile Thr
260 265 270

Arg Thr Pro Glu Ile Thr Cys Val Val Leu Asp Leu Gly Arg Glu Asp
275 280 285

Pro Glu Val Gln Ile Ser Trp Phe Val Asp Gly Lys Glu Val His Thr
290 295 300

Ala Lys Thr Gln Pro Arg Glu Gln Gln Phe Asn Ser Thr Tyr Arg Val
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305 310 315 320

Val Ser Val Leu Pro Ile Glu His Gln Asp Trp Leu Thr Gly Lys Glu
325 330 335

Phe Lys Cys Arg Val Asn His Ile Gly Leu Pro Ser Pro Ile Glu Arg
340 345 350

Thr Ile Ser Lys Ala Arg Gly Gln Ala His GIln Pro Ser Val Tyr Val
355 360 365

Leu Pro Pro Ser Pro Lys Glu Leu Ser Ser Ser Asp Thr Val Thr Leu
370 375 380

Thr Cys Leu Ile Lys Asp Phe Phe Pro Pro Glu Ile Asp Val Glu Trp
385 390 395 400

Gln Ser Asn Gly Gln Pro Glu Pro Glu Ser Lys Tyr His Thr Thr Ala
405 410 415

Pro Gln Leu Asp Glu Asp Gly Ser Tyr Phe Leu Tyr Ser Lys Leu Ser
420 425 430

Val Asp Lys Ser Arg Trp Gln GIn Gly Asp Thr Phe Thr Cys Ala Val
435 440 445

Met His Glu Ala Leu GIln Asn His Tyr Thr Asp Leu Ser Leu Ser His
450 455 460

Ser Pro Gly Lys
465

<210> 11

<211> 106

<212> PRT

<213> Homo sapiens

<400> 11
Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
1 5 10 15

Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr



79

20 25 30

Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
35 40 45

Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr
50 55 60

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys
65 70 75 80

His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro
85 90 95

Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100 105

<210> 12

<211> 326

<212> PRT

<213> Homo sapiens

<400> 12
Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser
1 5 10 15

Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe
20 25 30

Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly
35 40 45

Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu
50 55 60

Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr Tyr
65 70 75 80

Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg
85 90 95

Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro Glu
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100 105 110

Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn
225 230 235 240

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320
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Ser Leu Ser Leu Gly Lys
325

<210> 13

<211> 321

<212> DNA

<213> Homo sapiens

<400> 13
actgtggcetg caccatetgt cttecatette cecgecatetg atgagecagtt gaaatcectgga 60

actgcctetg ttgtgtgect getgaataac ttetatcecca gagaggecaa agtacagtgg 120
aaggtggata acgccctecca atcgggtaac tecccaggaga gtgtcacaga gecaggacage 180
aaggacagca cctacagcect cagcagceacc ctgacgetga gcaaagcecaga ctacgagaaa 240
cacaaagtct acgcctgega agtcaccecat cagggectga getegecegt cacaaagage 300
ttcaacaggg gagagtgtta g 321

<210> 14

<211> 981

<212> DNA

<213> Homo sapiens

<400> 14
tccaccaagg geccateegt ctteceeetg gegeectget ccaggageac ctecgagage 60

acagccgcecc tgggetgect ggtcaaggac tacttceceeg aaccggtgac ggtgtegtgg 120
aactcaggceg ccctgaccag cggegtgeac acctteecegg ctgtectaca gtectcagga 180
ctetactece tcagecagegt ggtgacegtg cectecagea gettgggeace gaagacctac 240
acctgcaacg tagatcacaa gcccagcaac accaaggtgg acaagagagt tgagtccaaa 300
tatggtceee catgeccate atgeccagea cetgagttee tggggggace atcagtette 360
ctgttceeee caaaacccaa ggacactete atgatctece ggaceectga ggtecacgtge 420
gtggtggtgg acgtgageca ggaagacceee gaggtecagt tcaactggta cgtggatgge 480
gtggaggtgce ataatgecaa gacaaageeg cgggaggage agttcaacag cacgtacegt 540
gtggtcageg tectcacegt cetgeaccag gactggetga acggecaagga gtacaagtge 600
aaggtctcca acaaaggcect ceegtectee atcgagaaaa ccatecteccaa ageccaaaggg 660
cagccccgag agecacaggt gtacacccetg cecccatece aggaggagat gaccaagaac 720

caggtcagcece tgacctgect ggtcaaaggce ttetacceca gegacatege cgtggagtgg 780
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gagagcaatg ggcagccgga gaacaactac aagaccacgce cteeegtget ggactecgac 840
ggctecttet tectectacag caggetaace gtggacaaga geaggtggea ggaggggaat 900
gtcttetecat geteegtgat gecatgagget ctgeacaace actacacaca gaagagcecte 960
tceetgtete tgggtaaatg a 981

<210> 15

<211> 399

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 15
atggaatctc aaactcatgt tttgatttca ttacttctga gtgtttcegg aacctacggt 60

gatatcgcta tcactcaatce teectectet gttgetgtgt ctgtgggega aaccgttace 120
ctgteetgea agteccagtea gtetettete tactccgaga atcaaaagga ctacctggge 180
tggtaccaac agaagccegg ccagacccca aageccactga tatactggge aaccaacagg 240
cacaccggag tgecegacag gttcacagge agtggatetg gecaccgactt taccttgate 300
atttcaagcg tgcaggcetga agatctggece gactactact gtggtcagta tetggtgtat 360
cctttecactt tcgggecagg gacaaaattg gaattgaag 399

<210> 16

<211> 411

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 16
atgggttggt ctcaaattat cttgtttttg gttgetgecag ccacttgtgt tcattctcag 60

gtgcagctge aacaaagegg cgecagaactg gtgaaacctg gecagecagegt gaaaatatet 120
tgtaaggcca geggatatac tttcacctee aatttcatge attgggtcaa acagcecagece 180
ggcaacggac tcgagtggat cggetggate taccccgagt atggecaacac aaaatataac 240
caaaaatttg atggaaaggc taccctgact gccgataagt cctecageac cgeatacatg 300
caactcteet ccctgaccte cgaggatage getgtetact tetgtgette cgaagagget 360

gtcatatccet tggtetattg gggecaagga actetggtga cegteteate t 411
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<210> 17

<211> 318

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 17
cagcccaaag cctecteccag cgteaccecete tteccaccett ccagtgagga getgggggcea 60

aacaaagcca ctttggtgtg tetecatetee gatttttace ccteeggggt cacagtegea 120
tggaaggcect ccggatecce tgtgacacag ggagtggaga caacaaaacc tagcaageag 180
agtaacaata agtatgccge ctcaagcetat ctcagectta ctectgataa gtggaagtca 240
catagcagtt ttagttgcct cgtaacacat gagggttcaa ctgtggagaa aaaagtaget 300
ccagctgagt gctcatga 318

<210> 18

<211> 996

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 18
gctagcacaa ccgcteccte cgttttteee ctegeeccat cetgegggte aaccagegga 60

tccacegteg ctetggettg tetggtgtea ggatacttee cecgagectgt cacegtttet 120
tggaatagcg gecagecttac ttecggegtg cataccttee ctagegtget tcagtectee 180
ggtetgtatt cectecagete caccgtaact gtecccaaget caaggtggece ctetgagaca 240
tttacctgca atgtggtcca tectgettca aataccaaag tggacaagece cgteccaaaa 300
gagtctacct gcaaatgtat cagtecttgt ccegtgeceg agtetetggg cggaccectea 360
gtctttatet teccacccaa geccaaaggac atattgegea ttacacggac acccgaaate 420
acctgtgttg tgttggatet cggecgggaa gatcctgagg tgcagattag ttggtttgtt 480
gatggcaagg aggtgcacac agcaaaaaca cagcccagag aacageagtt caacagtact 540
tatagagtag tgagtgtgtt gectatagag catcaggact ggctgacagg caaagaattc 600

aaatgtaggg ttaaccacat tggectecect agtccaatecg agaggacaat ctetaaagece 660
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cgaggccagg ctcatcagec ttetgtgtac gttetgecte ctagtectaa ggaactgtet 720
tcttcagaca cagtaacact cacttgectg attaaggact tttttectcc agagattgat 780
gtggaatggce agtctaacgg gcagecagag ccagaatecta agtaccacac tactgeacca 840
cagctggatg aggatgggtc ttacttcctg tacagtaage tgagtgtgga caagtctega 900
tggcagcagg gggatacttt tacttgegea gtaatgecacg aagceattgea gaaccactac 960
actgacctgt cacttagtca ctcaccaggg aagtaa 996

<210> 19

<211> 717

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 19
atggaatctc aaactcatgt tttgatttca ttacttctga gtgtttcegg aacctacggt 60

gatatcgcta tcactcaatce teectectet gttgetgtgt ctgtgggega aaccgttace 120
ctgteetgea agteccagtea gtetettete tactccgaga atcaaaagga ctacctggge 180
tggtaccaac agaagccegg ccagacccca aagecactga tatactggge aaccaacagg 240
cacaccggag tgecegacag gttcacagge agtggatetg geaccgactt taccttgate 300
atttcaagcg tgcaggcetga agatctggee gactactact gtggtcagta tetggtgtat 360
cctttcactt tcgggecagg gacaaaattg gaattgaage ageccaaagce cteteccage 420
gtcacccetet teccaccette cagtgaggag ctgggggeaa acaaagecac tttggtgtgt 480
ctcatcteeg atttttacce ctecggggte acagtegeat ggaaggecte cggateccct 540
gtgacacagg gagtggagac aacaaaacct agcaagcaga gtaacaataa gtatgecgee 600
tcaagctatc tcagecttac tecctgataag tggaagtecac atageagttt tagttgecte 660
gtaacacatg agggttcaac tgtggagaaa aaagtagctc cagetgagtg ctcatga 717
<210> 20

<211> 1407

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence
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<400> 20
atgggttggt ctcaaattat cttgtttttg gttgetgeag ccacttgtgt tcatteteag 60

gtgcagetge aacaaagegg cgecagaactg gtgaaacctg gecagecagegt gaaaatatet 120
tgtaaggcca geggatatac tttcacctee aatttcatge attgggtcaa acagcecagecce 180
ggcaacggac tcgagtggat cggetggate tacccecgagt atggecaacac aaaatataac 240
caaaaatttg atggaaaggc taccctgact gccgataagt cctecageac cgeatacatg 300
caactctect ccctgaccte cgaggatage getgtetact tetgtgette cgaagagget 360
gtcatatcecet tggtetattg gggecaagga actetggtga cegtetcate tgetageaca 420
accgcteect cegtttttee cetegeecca tectgegggt caaccagegg atccaccgte 480
gctetggett gtetggtgte aggatactte ccecgagectg teacegttte ttggaatage 540
ggcagcectta cttccggegt geatacctte cctagegtge ttcagtecte cggtetgtat 600
teecteaget ccaccgtaac tgteccaage tcaaggtgge cetetgagac atttacetge 660
aatgtggtce atcctgettc aaataccaaa gtggacaage ccgteccaaa agagtctace 720
tgcaaatgta tcagtecttg tececgtgeee gagtcetetgg geggaccecte agtetttate 780
ttcccaccca agecaaagga catattgege attacacgga cacccgaaat cacctgtgtt 840
gtgttggatce tcggeecggga agatectgag gtgecagatta gttggtttgt tgatggecaag 900
gaggtgcaca cagcaaaaac acagceccaga gaacageagt tcaacagtac ttatagagta 960
gtgagtgtgt tgcctataga gecatcaggac tggetgacag gcaaagaatt caaatgtagg 1020
gttaaccaca ttggectece tagtccaate gagaggacaa tctctaaage ccgaggecag 1080
gctecatcage cttetgtgta cgttetgect cetagtecta aggaactgte ttcttcagac 1140
acagtaacac tcacttgcct gattaaggac ttttttectc cagagattga tgtggaatgg 1200
cagtctaacg ggcagccaga gecagaatet aagtaccaca ctactgecace acagetggat 1260
gaggatgggt cttacttcct gtacagtaag ctgagtgtgg acaagtcteg atggecagcag 1320
ggggatactt ttacttgege agtaatgecac gaageattge agaaccacta cactgacctg 1380
tcacttagtc actcaccagg gaagtaa 1407

<210> 21

<211> 20

<212> DNA
<213> Artificial Sequence



<220>
<223> primer

<400> 21
aggatggctc ctagactcce

<210> 22

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 22
agacgatggt ggcatacteg

<210> 23

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 23
atgagaatgt ttagtgtett

<210> 24

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 24
ttatgtctet tcaaattgta tate

<210> 25

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 25
gttgatctgt gtgttg

86

20

20

20

24

16



<210> 26

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 26
cgggacttcec acatgageat

<210> 27

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 27
ttttagacag aaagtga

<210> 28

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 28
gaccagctct tcttggggaa

<210> 29

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 29
ccgetegaga tggggageeg gegggggec

<210> 30

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

87

20

17

20

29



<400> 30
cgeggatect gaggggecac aggecgggte

<210> 31

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 31
gaagatctat gagaatgttt agtgtc

<210> 32

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 32
ggaattctgt ctcttcaaat tgtatate

<210> 33

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 33
cgeggetage atggggagee ggegggggec

<210> 34

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 34

cgeggatatce cageccctge aactggeege

<210> 35
<211> 30

88

30

26

28

30

30
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<212> DNA
<213> Artificial Sequence

<220>
<223> primer

<400> 35
cgeggetage atgagaatgt ttagtgtett 30

<210> 36

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 36
cgeggatate agtectetea cttgetggaa 30

<210> 37

<211> 12

<212> PRT

<213> Rattus norvegicus

<400> 37

Gln Ser Leu Leu Tyr Ser Glu Asn Gln Lys Asp Tyr
1 5 10

<210> 38

<211> 9

<212> PRT

<213> Rattus norvegicus

<400> 38

Gly Gln Tyr Leu Val Tyr Pro Phe Thr
1 5

<210> 39

<211> 8

<212> PRT

<213> Rattus norvegicus

<400> 39

Gly Tyr Thr Phe Thr Ser Asn Phe
1 5
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<210> 40

<211> 8

<212> PRT

<213> Rattus norvegicus

<400> 40

Ile Tyr Pro Glu Tyr Gly Asn Thr
1 5

<210> 41

<211> 11

<212> PRT

<213> Rattus norvegicus

<400> 41

Ala Ser Glu Glu Ala Val Ile Ser Leu Val Tyr
1 5 10

<210> 42

<211> 331
<212> PRT
<213> Ovis aries

<400> 42
Ala Ser Thr Thr Pro Pro Lys Val Tyr Pro Leu Thr Ser Cys Cys Gly
1 5 10 15

Asp Thr Ser Ser Ser Ile Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Ile Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ala Ser Thr Ser Gly Ala GIln Thr
65 70 75 80

Phe Ile Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys
85 90 95

Arg Val Glu Pro Gly Cys Pro Asp Pro Cys Lys His Cys Arg Cys Pro
100 105 110
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Pro Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
115 120 125

Pro Lys Asp Thr Leu Thr Ile Ser Gly Thr Pro Glu Val Thr Cys Val
130 135 140

Val Val Asp Val Gly Gln Asp Asp Pro Glu Val Gln Phe Ser Trp Phe
145 150 155 160

Val Asp Asn Val Glu Val Arg Thr Ala Arg Thr Lys Pro Arg Glu Glu
165 170 175

Gln Phe Asn Ser Thr Phe Arg Val Val Ser Ala Leu Pro Ile Gln His
180 185 190

Gln Asp Trp Thr Gly Gly Lys Glu Phe Lys Cys Lys Val His Asn Glu
195 200 205

Ala Leu Pro Ala Pro Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Gln
210 215 220

Ala Arg Glu Pro GIn Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu
225 230 235 240

Ser Lys Ser Thr Leu Ser Val Thr Cys Leu Val Thr Gly Phe Tyr Pro
245 250 255

Asp Tyr Ile Ala Val Glu Trp Gln Lys Asn Gly Gln Pro Glu Ser Glu
260 265 270

Asp Lys Tyr Gly Thr Thr Thr Ser Gln Leu Asp Ala Asp Gly Ser Tyr
275 280 285

Phe Leu Tyr Ser Arg Leu Arg Val Asp Lys Asn Ser Trp Gln Glu Gly
290 295 300

Asp Thr Tyr Ala Cys Val Val Met His Glu Ala Leu His Asn His Tyr
305 310 315 320

Thr Gln Lys Ser Ile Ser Lys Pro Pro Gly Lys
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325 330

<210> 43

<211> 996
<212> DNA
<213> Ovis aries

<400> 43
gcctcaacaa cacceecgaa agtetacceet ctgacttett getgegggga cacgtecage 60

tccategtga cectgggetg cetggtetee agetatatge cecgageeggt gacegtgace 120
tggaactctg gtgecctgac cageggegtg cacaccttee cggecatect gecagtectee 180
gggctctact ctetcageag cgtggtgace gtgeecggeca geacctcagg ageccagace 240
ttcatctgca acgtagecca ccecggecage agecaccaagg tggacaageg tgttgageee 300
ggatgccegg acccatgeaa acattgecga tgeccaccee ctgageteee cggaggaccg 360
tctgtettea tetteccace gaaacccaag gacaccctta caatetectgg aacgecegag 420
gtcacgtgtg tggtggtgga cgtgggecag gatgacceeg aggtgeagtt ctectggtte 480
gtggacaacg tggaggtgcg cacggecagg acaaagecga gagaggagea gttcaacage 540
accttccgeg tggtcagege cctgeccate cagecaccaag actggactgg aggaaaggag 600
ttcaagtgca aggtccacaa cgaagcccte ccggecccca tegtgaggac catctccagg 660
accaaagggc aggeeceggga geegeaggtg tacgteetgg ceccacecca ggaagagete 720
agcaaaagca cgctcagegt cacctgectg gtcaccgget tectacccaga ctacategee 780
gtggagtggce agaaaaatgg gecagectgag teggaggaca agtacggeac gaccacatcee 840
cagctggacg ccgacggcete ctactteetg tacagcagge tcagggtgga caagaacage 900
tggcaagaag gagacaccta cgcgtgtgtg gtgatgcacg aggetetgea caaccactac 960
acacagaagt cgatctctaa gectccgggt aaatga 996

<210> 44

<211> 329

<212> PRT

<213> Ovis aries

<400> 44

Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Thr Ser Cys Cys Gly
1 5 10 15
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Asp Thr Ser Ser Ser Ser Ser Ile Val Thr Leu Gly Cys Leu Val Ser
20 25 30

Ser Tyr Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu
35 40 45

Thr Ser Gly Val His Thr Phe Pro Ala Ile Leu Gln Ser Ser Gly Leu
50 55 60

Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ala Ser Thr Ser Gly Ala
65 70 75 80

GIn Thr Phe Ile Cys Asn Val Ala His Pro Ala Ser Ser Ala Lys Val
85 90 95

Asp Lys Arg Val Gly Ile Ser Ser Asp Tyr Ser Lys Cys Ser Lys Pro
100 105 110

Pro Cys Val Ser Arg Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
115 120 125

Asp Ser Leu Met Ile Thr Gly Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Gly Gln Gly Asp Pro Glu Val Gln Phe Ser Trp Phe Val Asp
145 150 155 160

Asn Val Glu Val Arg Thr Ala Arg Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Phe Arg Val Val Ser Ala Leu Pro Ile Gln His Asp His
180 185 190

Trp Thr Gly Gly Lys Glu Phe Lys Cys Lys Val His Ser Lys Gly Leu
195 200 205

Pro Ala Pro Ile Val Arg Thr Ile Ser Arg Ala Lys Gly Gln Ala Arg
210 215 220

Glu Pro Gln Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu Ser Lys
225 230 235 240
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Ser Thr Leu Ser Val Thr Cys Leu Val Thr Gly Phe Tyr Pro Asp Tyr
245 250 255

Ile Ala Val Glu Trp Gln Arg Ala Arg Gln Pro Glu Ser Glu Asp Lys
260 265 270

Tyr Gly Thr Thr Thr Ser Gln Leu Asp Ala Asp Gly Ser Tyr Phe Leu
275 280 285

Tyr Ser Arg Leu Arg Val Asp Lys Ser Ser Trp Gln Arg Gly Asp Thr
290 295 300

Tyr Ala Cys Val Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
305 310 315 320

Lys Ser Ile Ser Lys Pro Pro Gly Lys
325

<210> 45

<211> 990
<212> DNA
<213> Ovis aries

<400> 45
gcctecacca cagecccgaa agtctacect ctgacttett getgegggga cacgtecage 60

tccageteca tegtgacceet gggetgecetg gtetecaget atatgeeega geeggtgace 120
gtgacctgga actetggtge cectgaccage ggegtgeaca cetteeegge catectgeag 180
tceteeggge tetactetet cagecagegtg gtgacegtge cggecageac ctecaggagece 240
cagaccttca tctgcaacgt ageccacceg gecagecageg ccaaggtgga caagegtgtt 300
gggatctcca gtgactacte caagtgttet aaaccgectt gegtgageeg accgtetgte 360
ttcatcttee ccccgaaace caaggacage ctcatgatca caggaacgee cgaggtcacg 420
tgtgtggtgg tggacgtggg ccagggtgac ccecgaggtge agttetectg gttegtggac 480
aacgtggagg tgcgecacgge caggacaaag ccgagagagg ageagttcaa cagceacctte 540
cgegtggteca gegeectgee catccageac gaccactgga ctggaggaaa ggagttcaag 600
tgcaaggtce acagcaaagg ccteceggece ceccategtga ggaccatete cagggecaaa 660

gggcaggecce gggageegea ggtgtacgte ctggececcac cccaggaaga getcagecaaa 720



95

agcacgctca gegtecacctg cctggteace ggettetace cagactacat cgeegtggag 780
tggcagagag cgeggeagee tgagtecggag gacaagtacg gecacgaccac atcccagetg 840
gacgccgacg getectactt cetgtacage aggetcaggg tggacaagag cagetggeaa 900
agaggagaca cctacgegtg tgtggtgatg cacgaggcete tgecacaacca ctacacacag 960
aagtcgatct ctaagectee gggtaaatga 990

<210> 46

<211> 102

<212> PRT

<213> Ovis aries

<400> 46

Pro Ser Val Phe Leu Phe Lys Pro Ser Glu Glu Gln Leu Arg Thr Gly

1 5 10 15

Thr Val Ser Val Val Cys Leu Val Asn Asp Phe Tyr Pro Lys Asp Ile
20 25 30

Asn Val Lys Val Lys Val Asp Gly Val Thr Gln Asn Ser Asn Phe Gln
35 40 45

Asn Ser Phe Thr Asp Gln Asp Ser Lys Lys Ser Thr Tyr Ser Leu Ser
50 55 60

Ser Thr Leu Thr Leu Ser Ser Ser Glu Tyr Gln Ser His Asn Ala Tyr
65 70 75 80

Ala Cys Glu Val Ser His Lys Ser Leu Pro Thr Ala Leu Val Lys Ser

85 90 95
Phe Asn Lys Asn Glu Cys
100
<210> 47
<211> 309
<212> DNA

<213> Ovis aries

<400> 47
ccatccgtet tectettcaa accatctgag gaacagetga ggaccggaac tgtetetgte 60

gtgtgcttgg tgaatgattt ctaccccaaa gatatcaatg tcaaggtgaa agtggatggg 120



96

gttacccaga acagcaactt ccagaacage ttcacagacc aggacagcaa gaaaagcace 180
tacagcctca gecagcacccet gacactgtee agetcagagt accagagceca taacgectat 240
gegtgtgagg tecagecacaa gagectgece accgeccteg tcaagagett caataagaat 300
gaatgttag 309

<210> 48

<211> 106

<212> PRT

<213> Ovis aries

<400> 48

Gly Gln Pro Lys Ser Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Thr

1 5 10 15

Glu Glu Leu Ser Thr Asn Lys Ala Thr Val Val Cys Leu Ile Asn Asp
20 25 30

Phe Tyr Pro Gly Ser Val Asn Val Val Trp Lys Ala Asp Gly Ser Thr
35 40 45

Ile Asn GIn Asn Val Lys Thr Thr Gln Ala Ser Lys Gln Ser Asn Ser
50 55 60

Lys Tyr Ala Ala Ser Ser Tyr Leu Thr Leu Thr Gly Ser Glu Trp Lys
65 70 75 80

Ser Lys Ser Ser Tyr Thr Cys Glu Val Thr His Glu Gly Ser Thr Val
85 90 95

Thr Lys Thr Val Lys Pro Ser Glu Cys Ser
100 105

<210> 49

<211> 321
<212> DNA
<213> Ovis aries

<400> 49
ggtcagccca agtccgeacc cteggteace ctgttecege ctteccacgga ggagetcagt 60

accaacaagg ccaccgtggt gtgtctcate aacgacttet acccgggtag cgtgaacgtg 120
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gtctggaagg cagatggecag caccatcaat cagaacgtga agaccaccca ggectccaaa
cagagcaaca gcaagtacgce ggccagceagce tacctgacce tgacgggeag cgagtggaag
tctaagagca gttacacctg cgaggtcacg cacgagggga geaccgtgac gaagacagtg
aagccctcag agtgttetta g 321

<210> 50

<211> 328

<212> PRT

<213> Sus scrofa

<400> 50

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Thr Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Met Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser
65 70 75 80

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Lys
85 90 95

Arg Val Gly Thr Lys Thr Lys Pro Pro Cys Pro Ile Cys Pro Gly Cys
100 105 110

Glu Val Ala Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Gln Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Lys Glu His Ala Glu Val Gln Phe Ser Trp Tyr Val Asp Gly
145 150 155 160

180

240

300
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Val Glu Val His Thr Ala Glu Thr Arg Pro Lys Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile Gln His Gln Asp Trp
180 185 190

Leu Lys Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Val Asp Leu Pro
195 200 205

Ala Pro Ile Thr Arg Thr Ile Ser Lys Ala Ile Gly GIn Ser Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Pro Ala Glu Glu Leu Ser Arg Ser
225 230 235 240

Lys Val Thr Val Thr Cys Leu Val Ile Gly Phe Tyr Pro Pro Asp Ile
245 250 255

His Val Glu Trp Lys Ser Asn Gly Gln Pro Glu Pro Glu Gly Asn Tyr
260 265 270

Arg Thr Thr Pro Pro Gln Gln Asp Val Asp Gly Thr Phe Phe Leu Tyr
275 280 285

Ser Lys Leu Ala Val Asp Lys Ala Arg Trp Asp His Gly Glu Thr Phe
290 295 300

Glu Cys Ala Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
305 310 315 320

Ser Ile Ser Lys Thr GIn Gly Lys
325

<210> 51

<211> 987
<212> DNA
<213> Sus scrofa

<400> 51
gcecccaaga cggecccate ggtetacect ctggececect geggecaggga cacgtetgge 60

cctaacgtgg ccttgggetg cetggectea agetacttee ccgagecagt gaccatgace 120
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tggaactcgg gegeectgac cagtggegtg cataccttec cateegtect gecageegtea 180
gggctctact cectcageag catggtgace gtgecggeca geagectgte cagecaagage 240
tacacctgca atgtcaacca cccggecacc accaccaagg tggacaageg tgttggaaca 300
aagaccaaac caccatgtcc catatgecca ggetgtgaag tggeegggee cteggtette 360
atcttcecte caaaacccaa ggacacccete atgatctece agaccecega ggteacgtge 420
gtggtggtgg acgtcagcaa ggagcacgee gaggtecagt tetectggta cgtggacgge 480
gtagaggtgc acacggeecga gacgagacca aaggaggage agttcaacag cacctacegt 540
gtggtcageg teectgeccat ccagecaccag gactggetga aggggaagga gttcaagtge 600
aaggtcaaca acgtagacct cccagcccce atcacgagga ccatctccaa ggetataggg 660
cagagecggg agecgeaggt gtacacectg cecccaceeg cecgaggaget gtecaggage 720
aaagtcaccg taacctgect ggtcattgge ttctacccac ctgacateca tgttgagtgg 780
aagagcaacg gacagccgga gecagaggge aattacegea ccaccecgee ccagecaggac 840
gtggacggga ccttettect gtacagecaag ctegeggtgg acaaggecaag atgggaccat 900
ggagaaacat ttgagtgtge ggtgatgcac gaggcetetge acaaccacta cacccagaag 960
tccatctcca agactcaggg taaatga 987

<210> 52

<211> 328

<212> PRT

<213> Sus scrofa

<400> 52

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Val Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser



100

65 70 75 80

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Lys
85 90 95

Arg Val Gly Ile His Gln Pro Gln Thr Cys Pro Ile Cys Pro Gly Cys
100 105 110

Glu Val Ala Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Gln Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Lys Glu His Ala Glu Val Gln Phe Ser Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Thr Ala Glu Thr Arg Pro Lys Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile Gln His Gln Asp Trp
180 185 190

Leu Lys Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Val Asp Leu Pro
195 200 205

Ala Pro Ile Thr Arg Thr Ile Ser Lys Ala Ile Gly GIn Ser Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Pro Ala Glu Glu Leu Ser Arg Ser
225 230 235 240

Lys Val Thr Leu Thr Cys Leu Val Ile Gly Phe Tyr Pro Pro Asp Ile
245 250 255

His Val Glu Trp Lys Ser Asn Gly Gln Pro Glu Pro Glu Asn Thr Tyr
260 265 270

Arg Thr Thr Pro Pro Gln Gln Asp Val Asp Gly Thr Phe Phe Leu Tyr
275 280 285
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Ser Lys Leu Ala Val Asp Lys Ala Arg Trp Asp His Gly Asp Lys Phe
290 295 300

Glu Cys Ala Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
305 310 315 320

Ser Ile Ser Lys Thr Gln Gly Lys
325

<210> 53

<211> 987
<212> DNA
<213> Sus scrofa

<400> 53
gcececaaga cggeccecate ggtetaceet ctggecceet geggeaggga cgtgtetgge 60

cctaacgtgg ccttgggetg cetggecteca agetacttee ccgagecagt gacegtgace 120
tggaactcgg gegeectgac cagtggegtg cacaccttee cateegtect gecagecgtea 180
gggctctact cectcageag catggtgace gtgecggeca geagectgte cagecaagage 240
tacacctgca atgtcaacca cccggecacce accaccaagg tggacaageg tgttggaata 300
caccagccge aaacatgtee catatgeeca ggetgtgaag tggeecgggece cteggtette 360
atcttcecte caaaacccaa ggacacccete atgatctece agacceeega ggteacgtge 420
gtggtggtgg acgtcagcaa ggagcacgee gaggtecagt tetectggta cgtggacgge 480
gtagaggtgc acacggecga gacgagacca aaggaggage agttcaacag cacctaccgt 540
gtggtcageg tectgeccat ccageaccag gactggetga aggggaagga gttcaagtge 600
aaggtcaaca acgtagacct cccagcccce atcacgagga ccatctccaa ggetataggg 660
cagagecggg agecgeaggt gtacacectg cecccaceeg ccgaggaget gtecaggage 720
aaagtcacgce taacctgect ggtcattgge ttctacccac ctgacateca tgttgagtgg 780
aagagcaacg gacagccgga geccagagaac acataccgea ccaccecgee ccagecaggac 840
gtggacggga ccttcttect gtacagecaaa ctegeggtgg acaaggecaag atgggaccat 900
ggagacaaat ttgagtgtge ggtgatgcac gaggcetetge acaaccacta cacccagaag 960
tccatctcca agactcaggg taaatga 987

<210> 54
<211> 328
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<212> PRT

<213> Sus scrofa

<400> 54

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

Asp Thr Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Ser Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser
65 70 75 80

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Lys
85 90 95

Arg Val Gly Thr Lys Thr Lys Pro Pro Cys Pro Ile Cys Pro Ala Cys
100 105 110

Glu Ser Pro Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Gln Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gln Glu Asn Pro Glu Val Gln Phe Ser Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Thr Ala GIn Thr Arg Pro Lys Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile Gln His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro
195 200 205
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Ala Pro Ile Thr Arg Ile Ile Ser Lys Ala Lys Gly Gln Thr Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro His Ala Glu Glu Leu Ser Arg Ser
225 230 235 240

Lys Val Ser Ile Thr Cys Leu Val Ile Gly Phe Tyr Pro Pro Asp Ile
245 250 255

Asp Val Glu Trp Gln Arg Asn Gly Gln Pro Glu Pro Glu Gly Asn Tyr
260 265 270

Arg Thr Thr Pro Pro Gln Gln Asp Val Asp Gly Thr Tyr Phe Leu Tyr
275 280 285

Ser Lys Phe Ser Val Asp Lys Ala Ser Trp Gln Gly Gly Gly Ile Phe
290 295 300

Gln Cys Ala Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
305 310 315 320

Ser Ile Ser Lys Thr Pro Gly Lys
325

<210> 55

<211> 987
<212> DNA
<213> Sus scrofa

<400> 55
gcececaaga cggeccecate ggtetaceet ctggececeet gcagecaggga cacgtetgge 60

cctaacgtgg ccttgggetg cetggectea agetacttee ccgagecagt gacegtgace 120
tggaactcgg gegeectgte cagtggegtg cataccttee cateegteet gecageegtea 180
gggctctact cectcageag catggtgace gtgecggeca geagectgte cagecaagage 240
tacacctgca atgtcaacca cccggecacc accaccaagg tggacaageg tgttggaaca 300
aagaccaaac caccatgtcc catatgecca geectgtgaat caccagggcec cteggtette 360
atcttcecte caaaacccaa ggacacccte atgatcetece ggacacccca ggtcacgtge 420

gtggtggttg atgtgageca ggagaacceg gaggtecagt tetectggta cgtggacgge 480
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gtagaggtgce acacggeeca gacgaggeca aaggaggage agttcaacag cacctaccge 540
gtggtcageg tectacceat ccageaccag gactggetga acgggaagga gttcaagtge 600
aaggtcaaca acaaagacct cccagcccce atcacaagga tcatcteccaa ggeccaaaggg 660
cagacccggg agecgecaggt gtacaccctg cceccacacg ccgaggaget gtccaggage 720
aaagtcagca taacctgect ggtcattgge ttetacccac ctgacatega tgtegagtgg 780
caaagaaacg gacagccgga gecagaggge aattaccgea ccaccecgee ccageaggac 840
gtggacggga cctacttect gtacagcaag tteteggtgg acaaggecag ctggeagggt 900
ggaggcatat tccagtgtge ggtgatgecac gaggetetge acaaccacta cacccagaag 960
tctatctcca agactccggg taaatga 987

<210> 56

<211> 328

<212> PRT

<213> Sus scrofa

<400> 56

Ala Pro Lys Thr Ala Pro Leu Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Thr Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser
65 70 75 80

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Lys
85 90 95

Arg Val Gly Thr Lys Thr Lys Pro Pro Cys Pro Ile Cys Pro Ala Cys
100 105 110
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Glu Ser Pro Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Gln Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gln Glu Asn Pro Glu Val Gln Phe Ser Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Thr Ala Gln Thr Arg Pro Lys Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile Gln His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro
195 200 205

Ala Pro Ile Thr Arg Ile Ile Ser Lys Ala Lys Gly Gln Thr Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro His Ala Glu Glu Leu Ser Arg Ser
225 230 235 240

Lys Val Ser Ile Thr Cys Leu Val Ile Gly Phe Tyr Pro Pro Asp Ile
245 250 255

Asp Val Glu Trp Gln Arg Asn Gly GIn Pro Glu Pro Glu Gly Asn Tyr
260 265 270

Arg Thr Thr Pro Pro Gln Gln Asp Val Asp Gly Thr Tyr Phe Leu Tyr
275 280 285

Ser Lys Phe Ser Val Asp Lys Ala Ser Trp Gln Gly Gly Gly Ile Phe
290 295 300

Gln Cys Ala Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
305 310 315 320

Ser Ile Ser Lys Thr Pro Gly Lys
325
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<210> 57

<211> 987
<212> DNA
<213> Sus scrofa

<400> 57
gcecccaaga cggecccatt ggtetaceet ctggecceet geggeaggga cacgtetgge 60

cctaacgtgg ccttgggetg cectggectea agetacttee ccgagecagt gaccgtgace 120
tggaactcgg gegeectgac cagtggegtg cataccttee cateegtect gecageegtea 180
gggctctact cectcageag catggtgace gtgeeggeca geageetgte cagecaagage 240
tacacctgca atgtcaacca cccggecacc accaccaagg tggacaageg tgttggaaca 300
aagaccaaac caccatgtcc catatgccca gectgtgaat cgecagggece cteggtette 360
atcttcecte caaaacccaa ggacacccte atgatcetece ggacacccca ggtcacgtge 420
gtggtagttg atgtgageca ggagaacceg gaggtecagt tetectggta cgtggacgge 480
gtagaggtgce acacggeeca gacgaggeca aaggaggage agttcaacag cacctaccge 540
gtggtcageg tectgeccat ccagecaccag gactggetga acgggaagga gttcaagtge 600
aaggtcaaca acaaagacct cccagcccce atcacaagga tcatctccaa ggeccaaaggg 660
cagacccggg agecgecaggt gtacaccctg cceccacacg ccgaggaget gtccaggage 720
aaagtcagca taacctgect ggtcattgge ttetaccecac ctgacatega tgtegagtgg 780
caaagaaacg gacagcecgga gecagaggge aattaccgea ccaccecgee ccageaggac 840
gtggacggga cctacttect gtacagcaag ttcteggtgg acaaggecag ctggeagggt 900
ggaggcatat tccagtgtge ggtgatgecac gaggetetge acaaccacta cacccagaag 960
tctatctcca agactccggg taaatga 987

<210> 58

<211> 333

<212> PRT

<213> Sus scrofa

<400> 58

Ala Tyr Asn Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Val Ser Asp His Asn Val Ala Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30
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Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Ser Arg
35 40 45

Val Val His Thr Phe Pro Ser Val Leu GIn Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Ile Val Ala Ala Ser Ser Leu Ser Thr Leu Ser
65 70 75 80

Tyr Thr Cys Asn Val Tyr His Pro Ala Thr Asn Thr Lys Val Asp Lys
85 90 95

Arg Val Asp Ile Glu Pro Pro Thr Pro Ile Cys Pro Glu Ile Cys Ser
100 105 110

Cys Pro Ala Ala Glu Val Leu Gly Ala Pro Ser Val Phe Leu Phe Pro
115 120 125

Pro Lys Pro Lys Asp Ile Leu Met Ile Ser Arg Thr Pro Lys Val Thr
130 135 140

Cys Val Val Val Asp Val Ser Gln Glu Glu Ala Glu Val Gln Phe Ser
145 150 155 160

Trp Tyr Val Asp Gly Val Gln Leu Tyr Thr Ala Gln Thr Arg Pro Met
165 170 175

Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile
180 185 190

Gln His Gln Asp Trp Leu Lys Gly Lys Glu Phe Lys Cys Lys Val Asn
195 200 205

Asn Lys Asp Leu Leu Ser Pro Ile Thr Arg Thr Ile Ser Lys Ala Thr
210 215 220

Gly Pro Ser Arg Val Pro Gln Val Tyr Thr Leu Pro Pro Ala Trp Glu
225 230 235 240

Glu Leu Ser Lys Ser Lys Val Ser Ile Thr Cys Leu Val Thr Gly Phe
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245 250 255

Tyr Pro Pro Asp Ile Asp Val Glu Trp Gln Ser Asn Gly Gln Gln Glu
260 265 270

Pro Glu Gly Asn Tyr Arg Thr Thr Pro Pro Gln Gln Asp Val Asp Gly
275 280 285

Thr Tyr Phe Leu Tyr Ser Lys Leu Ala Val Asp Lys Val Arg Trp Gln
290 295 300

Arg Gly Asp Leu Phe Gln Cys Ala Val Met His Glu Ala Leu His Asn
305 310 315 320

His Tyr Thr Gln Lys Ser Ile Ser Lys Thr Gln Gly Lys
325 330

<210> 59

<211> 1002
<212> DNA
<213> Sus scrofa

<400> 59
gcctacaaca cagctecate ggtetaceet ctggeceect gtggecaggga cgtgtetgat 60

cataacgtgg ccttgggcetg cettgtetca agetacttee ccgagecagt gaccgtgace 120
tggaactcgg gtgecctgte cagagtegtg cataccttee catecgtect gecageegtea 180
gggctctact cectcageag catggtgate gtggeggeca geagectgte cacectgage 240
tacacgtgca acgtctacca cccggecacce aacaccaagg tggacaageg tgttgacate 300
gaacccccca cacccatetg teccgaaatt tgetcatgee cagetgecaga ggtectggga 360
gcaccgtegg tettectett ceccteccaaaa cccaaggaca tectecatgat cteceggaca 420
cccaaggtca cgtgegtggt ggtggacgtg ageccaggagg aggetgaagt ccagttetee 480
tggtacgtgg acggegtaca gttgtacacg geccagacga ggecaatgga ggageagtte 540
aacagcacct accgegtggt cagegtectg cccatccage accaggactg getgaagggg 600
aaggagttca agtgcaaggt caacaacaaa gacctcecttt ccecccatcac gaggaccatce 660
tccaaggcta cagggecgag ccgggtgeeg caggtgtaca cectgeceee agectgggaa 720

gagctgtcca agagcaaagt cagcataacc tgectggtea ctggetteta cccacctgac 780
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atcgatgtcg agtggcagag caacggacaa caagageccag agggceaatta ccgeaccacce 840
ccgecccage aggacgtgga tgggacctac ttectgtaca gecaagetege ggtggacaag 900
gtcaggtgge agegtggaga cctatteccag tgtgeggtga tgeacgagge tetgeacaac 960
cactacaccc agaagtccat ctccaagact cagggtaaat ga 1002

<210> 60

<211> 277

<212> PRT

<213> Sus scrofa

<400> 60

Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser Leu Ser Ser

1 5 10 15

Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser Tyr Thr Cys
20 25 30

Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Lys Arg Val Gly
35 40 45

Thr Lys Thr Lys Pro Pro Cys Pro Ile Cys Pro Ala Cys Glu Gly Pro
50 55 60

Gly Pro Ser Ala Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
65 70 75 80

Ile Ser Arg Thr Pro Lys Val Thr Cys Val Val Val Asp Val Ser Gln
85 90 95

Glu Asn Pro Glu Val Gln Phe Ser Trp Tyr Val Asp Gly Val Glu Val
100 105 110

His Thr Ala Gln Thr Arg Pro Lys Glu Glu Gln Phe Asn Ser Thr Tyr
115 120 125

Arg Val Val Ser Val Leu Pro Ile Gln His Gln Asp Trp Leu Asn Gly
130 135 140

Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro Ile
145 150 155 160
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Thr Arg Ile Tle Ser Lys Ala Lys Gly Gln Thr Arg Glu Pro Gln Val
165 170 175

Tyr Thr Leu Pro Pro Pro Thr Glu Glu Leu Ser Arg Ser Lys Val Thr
180 185 190

Leu Thr Cys Leu Val Thr Gly Phe Tyr Pro Pro Asp Ile Asp Val Glu
195 200 205

Trp Gln Arg Asn Gly GIn Pro Glu Pro Glu Gly Asn Tyr Arg Thr Thr
210 215 220

Pro Pro Gln Gln Asp Val Asp Gly Thr Tyr Phe Leu Tyr Ser Lys Leu
225 230 235 240

Ala Val Asp Lys Ala Ser Trp Gln Arg Gly Asp Thr Phe Gln Cys Ala
245 250 255

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Ile Phe
260 265 270

Lys Thr Pro Gly Lys
275

<210> 61

<211> 834
<212> DNA
<213> Sus scrofa

<400> 61
acctteccat cegtectgea geegtcaggg ctetactece tcagecageat ggtgacegtg 60

ccggecagea geetgtecag caagagcetac acctgecaatg tcaaccacce ggecaccacce 120
accaaggtgg acaagegtgt tggaacaaag accaaaccac catgteccat atgeccagee 180
tgtgaaggge ccgggececte ggectteate ttececteccaa aacccaagga caccectcatg 240
atctcccgga cccccaaggt cacgtgegtg gtggtagatg tgagecagga gaaccecggag 300
gtecagttet cctggtacgt ggacggegta gaggtgeaca cggeccagac gaggecaaag 360
gaggagcagt tcaacagcac ctaccgegtg gtcagegtee tgeccateca gecaccaggac 420

tggctgaacg ggaaggagtt caagtgcaag gtcaacaaca aagacctcee ageccccate 480
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acaaggatca tctccaagge caaagggeag acccgggage cgeaggtgta cacccetgece 540
ccacccaccg aggagcetgtc caggagcaaa gtecacgetaa cctgectggt cactggette 600
tacccacctg acatcgatgt cgagtggecaa agaaacggac agecggagee agagggceaat 660
taccgcacca ceccecgeecca gecaggacgtg gacgggacct acttectgta cagecaagete 720
gcggtggaca aggecagetg gecagegtgga gacacattee agtgtgeggt gatgecacgag 780
gctetgeaca accactacac ccagaagtcece atcttcaaga cteecgggtaa atga 834
<210> 62

<211> 318

<212> PRT

<213> Sus scrofa

<400> 62

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Val Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser
65 70 75 80

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Lys
85 90 95

Arg Val Gly Ile His Gln Pro Gln Thr Cys Pro Ile Cys Pro Ala Cys
100 105 110

Glu Gly Pro Gly Pro Ser Ala Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Lys Val Thr Cys Val Val Val Asp
130 135 140
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Val Ser Gln Glu Asn Pro Glu Val Gln Phe Ser Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Thr Ala Gln Thr Arg Pro Lys Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Leu Ile Gln His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro
195 200 205

Ala Pro Ile Thr Arg Ile Ile Ser Lys Ala Lys Gly Gln Thr Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Pro Thr Glu Glu Leu Ser Arg Ser
225 230 235 240

Lys Val Thr Leu Thr Cys Leu Val Thr Gly Phe Tyr Pro Pro Asp Ile
245 250 255

Asp Val Glu Trp Gln Arg Asn Gly Gln Pro Glu Pro Glu Gly Asn Tyr
260 265 270

Arg Thr Thr Pro Pro Gln Gln Asp Val Asp Gly Thr Tyr Phe Leu Tyr
275 280 285

Ser Lys Leu Ala Val Asp Lys Ala Ser Trp Gln Arg Gly Asp Thr Phe
290 295 300

Gln Cys Ala Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315

<210> 63

<211> 955
<212> DNA
<213> Sus scrofa

<400> 63
gcecccaaga cggecccate ggtetaceet ctggeceeet geggecaggga cgtgtetgge 60

cctaacgtgg ccttgggetg cectggectea agetacttee ccgagecagt gaccgtgace 120
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tggaactcgg gegeectgac cagtggegtg cacaccttee cateegtect gecagecgtea 180
gggctctact cectcageag catggtgace gtgecggeca geagectgte cagecaagage 240
tacacctgca atgtcaacca cccggecacce accaccaagg tggacaageg tgttggaata 300
caccagccge aaacatgtee catatgeeca gectgtgaag ggeecegggec cteggecette 360
atcttcecte caaaacccaa ggacacccete atgatctece ggaccecccaa ggtecacgtge 420
gtggtggttg atgtgageca ggagaaccecg gaggtecagt tetectggta cgtggacgge 480
gtagaggtgc acacggeecca gacgaggeca aaggaggage agttcaacag cacctaccge 540
gtggtcageg tectgetcat ccagecaccag gactggetga acgggaagga gttcaagtge 600
aaggtcaaca acaaagacct cccagccccc atcacaagga tcatctccaa ggeccaaaggg 660
cagacceggg agecgeaggt gtacacectg ceeecacecea cecgaggaget gtecaggage 720
aaagtcacgc taacctgecet ggtcactgge ttetacccac ctgacatcga tgtecgagtgg 780
caaagaaacg gacagccgga gecagaggge aattaccgea ccacceegee ccagecaggac 840
gtggacggga cctacttect gtacagcaag ctegeggtgg acaaggecag ctggecagegt 900
ggagacacat tccagtgtge ggtgatgceac gaggcetetge acaaccacta cacce 955
<210> 64

<211> 323

<212> PRT

<213> Sus scrofa

<400> 64

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Asp Thr Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala His Ser Leu Ser Ser Lys Arg
65 70 75 80
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Tyr Thr Cys Asn Val Asn His Pro Ala Thr Lys Thr Lys Val Asp Leu
85 90 95

Cys Val Gly Arg Pro Cys Pro Ile Cys Pro Gly Cys Glu Val Ala Gly
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Ile Leu Met Ile
115 120 125

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Lys Glu
130 135 140

His Ala Glu Val Gln Phe Ser Trp Tyr Val Asp Gly Glu Glu Val His
145 150 155 160

Thr Ala Glu Thr Arg Pro Lys Glu Glu Gln Phe Asn Ser Thr Tyr Arg
165 170 175

Val Val Ser Val Leu Pro Ile Gln His Glu Asp Trp Leu Lys Gly Lys
180 185 190

Glu Phe Glu Cys Lys Val Asn Asn Glu Asp Leu Pro Gly Pro Ile Thr
195 200 205

Arg Thr Ile Ser Lys Ala Lys Gly Val Val Arg Ser Pro Glu Val Tyr
210 215 220

Thr Leu Pro Pro Pro Ala Glu Glu Leu Ser Lys Ser Ile Val Thr Leu
225 230 235 240

Thr Cys Leu Val Lys Ser Ile Phe Pro Phe Ile His Val Glu Trp Lys
245 250 255

Ile Asn Gly Lys Pro Glu Pro Glu Asn Ala Tyr Arg Thr Thr Pro Pro
260 265 270

Gln Glu Asp Glu Asp Arg Thr Tyr Phe Leu Tyr Ser Lys Leu Ala Val
275 280 285

Asp Lys Ala Arg Trp Asp His Gly Glu Thr Phe Glu Cys Ala Val Met
290 295 300
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His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Ile Ser Lys Thr
305 310 315 320

Gln Gly Lys

<210> 65

<211> 975
<212> DNA
<213> Sus scrofa

<220>

<221> misc_feature
<222> (748)..(748)
<223> nisa,c, g ort

<400> 65
gcecccaaga cggecccate ggtetaceet ctggecceet gcagecaggga cacgtetgge 60

cctaacgtgg ccttgggetg cetggtetea agetacttee cecgagecagt gacegtgace 120
tggaactcgg gegeectgac cagtggegtg cacaccttee catecgtect gecageegtea 180
gggctctact cectcageag catggtgace gtgeeggeee acagettgte cagecaagege 240
tatacgtgca atgtcaacca cccagecacc aaaaccaagg tggacctgtg tgttggacga 300
ccatgtccca tatgeccagg ctgtgaagtg gecgggecect cggtetteat ctteectcca 360
aaacccaagg acatcctcat gatctceegg acceceecgagg tcacgtgegt ggtggtggac 420
gtcagcaagg agcacgccga ggtecagtte tectggtacg tggacggega agaggtgeac 480
acggccgaga cgaggecaaa ggaggageag ttcaacagea cctacegegt ggtcagegte 540
ctgcccatee agcacgagga ctggetgaag gggaaggagt tecgagtgeaa ggtcaacaac 600
gaagacctcc caggecccat cacgaggace atctccaagg ccaaaggggt ggtacggage 660
ccggaggtgt acaccetgee cccaccegee gaggagetgt ccaagageat agtcacgeta 720
acctgectgg tcaaaagceat cttecegnet ttcatccatg ttgagtggaa aatcaacgga 780
aaaccagagc cagagaacgc atatcgcacc accecgecte aggaggacga ggacaggace 840
tacttcctgt acagcaagcet cgeggtggac aaggcaagat gggaccatgg agaaacattt 900
gagtgtgcgg tgatgcacga ggetctgecac aaccactaca cccagaagte catctccaag 960

actcagggta aatga 975
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<210> 66

<211> 317
<212> PRT
<213> Sus scrofa

<400> 66
Ala Tyr Asn Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg
1 5 10 15

Asp Val Ser Asp His Asn Val Ala Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Trp Gly Ala Gln Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Thr Val Thr Val Pro Ala His Ser Leu Ser Ser Lys Cys
65 70 75 80

Phe Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Leu
85 90 95

Cys Val Gly Lys Lys Thr Lys Pro Arg Cys Pro Ile Cys Pro Gly Cys
100 105 110

Glu Val Ala Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Ile Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Lys Glu His Ala Glu Val Gln Phe Ser Trp Tyr Val Asp Gly
145 150 155 160

Glu Glu Val His Thr Ala Glu Thr Arg Pro Lys Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Pro Ile Gln His Glu Asp Trp
180 185 190
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Leu Lys Gly Lys Glu Phe Glu Cys Lys Val Asn Asn Glu Asp Leu Pro
195 200 205

Gly Pro Ile Thr Arg Thr Ile Ser Lys Ala Lys Gly Val Val Arg Ser
210 215 220

Pro Glu Val Tyr Thr Leu Pro Pro Pro Ala Glu Glu Leu Ser Lys Ser
225 230 235 240

Ile Val Thr Leu Thr Cys Leu Val Lys Ser Phe Phe Pro Pro Phe Ile
245 250 255

His Val Glu Trp Lys Ile Asn Gly Lys Pro Glu Pro Glu Asn Ala Tyr
260 265 270

Arg Thr Thr Pro Pro Gln Glu Asp Glu Asp Gly Thr Tyr Phe Leu Tyr
275 280 285

Ser Lys Phe Ser Val Glu Lys Phe Arg Trp His Ser Gly Gly Ile His
290 295 300

Cys Ala Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315

<210> 67

<211> 952
<212> DNA
<213> Sus scrofa

<400> 67
gcctacaaca cagcetecate ggtetaceet ctggeceeet gtggecaggga cgtgtetgat 60

cataacgtgg ccttgggcetg cetggteteca agetacttee ccgagecagt gacegtgace 120
tggaactggg gegeccagac cagtggegtg cacaccttee cateegtect gecageegtea 180
gggctctact cectcageag cacggtgace gtgeeggeee acagettgte cagecaagtge 240
ttcacgtgca atgtcaacca cccggecacce accaccaagg tggacctgtg tgttggaaaa 300
aagaccaagc ctcgatgtee catatgecca ggetgtgaag tggeecgggee cteggtette 360
atcttcecte caaaacccaa ggacatecte atgatctece ggacceccga ggtecacgtge 420

gtggtggtgg acgtcagcaa ggagcacgec gaggtecagt tetectggta cgtggacgge 480
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gaagaggtgce acacggeega gacgagacca aaggaggage agttcaacag cacttacege 540
gtggtcageg tectgeccat ccagecacgag gactggetga aggggaagga gttegagtge 600
aaggtcaaca acgaagacct cccaggccce atcacgagga ccatctccaa ggecaaaggg 660
gtggtacgga gececggaggt gtacaccetg ccceccaceeg ccgaggaget gtccaagage 720
atagtcacgc taacctgeet ggtcaaaagce ttettecege ctttcateca tgttgagtgg 780
aaaatcaacg gaaaaccaga gccagagaac geataccgea ccacceegee ccaggaggac 840
gaggacggga cctacttect gtacagcaag ttcteggtgg aaaagttcag gtggeacagt 900
ggaggcatcc actgtgeggt gatgcacgag getetgeaca accactacac cc 952
<210> 68

<211> 314

<212> PRT

<213> Sus scrofa

<400> 68

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Thr Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Leu Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser
65 70 75 80

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Leu
85 90 95

Cys Val Gly Arg Pro Cys Pro Ile Cys Pro Ala Cys Glu Gly Pro Gly
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
115 120 125
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Ser Arg Thr Pro Gln Val Thr Cys Val Val Val Asp Val Ser Gln Glu
130 135 140

Asn Pro Glu Val Gln Phe Ser Trp Tyr Val Asp Gly Val Glu Val His
145 150 155 160

Thr Ala Gln Thr Arg Pro Lys Glu Ala Gln Phe Asn Ser Thr Tyr Arg
165 170 175

Val Val Ser Val Leu Pro Ile Gln His Glu Asp Trp Leu Lys Gly Lys
180 185 190

Glu Phe Glu Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro Ile Thr
195 200 205

Arg Ile Ile Ser Lys Ala Lys Gly Pro Ser Arg Glu Pro Gln Val Tyr
210 215 220

Thr Leu Ser Pro Ser Ala Glu Glu Leu Ser Arg Ser Lys Val Ser Ile
225 230 235 240

Thr Cys Leu Val Thr Gly Phe Tyr Pro Pro Asp Ile Asp Val Glu Trp
245 250 255

Lys Ser Asn Gly Gln Pro Glu Pro Glu Gly Asn Tyr Arg Thr Thr Pro
260 265 270

Pro Gln Gln Asp Val Asp Gly Thr Tyr Phe Leu Tyr Ser Lys Leu Ala
275 280 285

Val Asp Lys Ala Ser Trp Gln Arg Gly Asp Pro Phe Gln Cys Ala Val
290 295 300

Met His Glu Ala Leu His Asn His Tyr Thr
305 310

<210> 69

<211> 943
<212> DNA
<213> Sus scrofa
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<400> 69
gcececaaga cggeececate ggtetacceet ctggeceeeet geggeaggga cacgtetgge 60

cctaacgtgg ccttgggetg cectggectea agetacttee ccgagecagt gaccetgace 120
tggaactcgg gegeectgac cagtggegtg cataccttec cateegtect gecageegtea 180
gggctctact cectcageag catggtgace gtgecggeca geagectgte cagecaagage 240
tacacctgca atgtcaacca cccggecacc accaccaagg tggacctgtg tgttggacga 300
ccatgtccca tatgeccage ctgtgaaggg cececgggececet cggtetteat ctteccteca 360
aaacccaagg acaccctcat gatctcecegg acaccecagg tcacgtgegt ggtggtagat 420
gtgagccagg aaaacccgga ggteccagttc tectggtatg tggacggtgt agaggtgeac 480
acggcccaga cgaggecaaa ggaggegeag ttcaacagea cctaccgtgt ggtcagegte 540
ctgcccatee agecacgagga ctggetgaag gggaaggagt tcgagtgecaa ggtcaacaac 600
aaagacctcc cageecccat cacaaggatce atctccaagg ccaaagggece gageegggag 660
ccgeaggtgt acaccctgte cccateegee gaggagetgt ccaggageaa agtcageata 720
acctgectgg tecactggett ctacccacct gacategatg tecgagtggaa gagecaacgga 780
cagccggage cagagggeaa ttaccgeace acccegecee agecaggacgt ggacgggace 840
tacttcctgt acagcaaget cgeggtggac aaggecaget ggecagegtgg agacccatte 900
cagtgtgegg tgatgecacga ggetctgeac aaccactaca cce 943

<210> 70

<211> 320

<212> PRT

<213> Sus scrofa

<400> 70

Ala Pro Lys Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Cys Gly Arg

1 5 10 15

Asp Thr Ser Gly Pro Asn Val Ala Leu Gly Cys Leu Ala Ser Ser Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ser Val Leu Gln Pro Ser Gly Leu Tyr Ser
50 55 60
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Leu Ser Ser Thr Val Thr Val Pro Ala Arg Ser Ser Ser Arg Lys Cys
65 70 75 80

Phe Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Leu
85 90 95

Cys Val Gly Arg Pro Cys Pro Ile Cys Pro Ala Cys Glu Gly Asn Gly
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
115 120 125

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser GIln Glu
130 135 140

Asn Pro Glu Val Gln Phe Ser Trp Tyr Val Asp Gly Glu Glu Val His
145 150 155 160

Thr Ala Glu Thr Arg Pro Lys Glu Glu Gln Phe Asn Ser Thr Tyr Arg
165 170 175

Val Val Ser Val Leu Pro Ile Gln His GIn Asp Trp Leu Lys Gly Lys
180 185 190

Glu Phe Glu Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro Ile Thr
195 200 205

Arg Ile Ile Ser Lys Ala Lys Gly Pro Ser Arg Glu Pro Gln Val Tyr
210 215 220

Thr Leu Ser Pro Ser Ala Glu Glu Leu Ser Arg Ser Lys Val Ser Ile
225 230 235 240

Thr Cys Leu Val Thr Gly Phe Tyr Pro Pro Asp Ile Asp Val Glu Trp
245 250 255

Lys Ser Asn Gly GIn Pro Glu Pro Glu Gly Asn Tyr Arg Ser Thr Pro
260 265 270

Pro Gln Glu Asp Glu Asp Gly Thr Tyr Phe Leu Tyr Ser Lys Leu Ala
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275 280 285

Val Asp Lys Ala Arg Leu Gln Ser Gly Gly Ile His Cys Ala Val Met
290 295 300

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Ile Ser Lys Thr
305 310 315 320

<210> 71

<211> 960
<212> DNA
<213> Sus scrofa

<400> 71
gcecccaaga cggecccate ggtetacect ctggececect geggecaggga cacgtetgge 60

cctaacgtgg ccttgggetg cetggecteca agetacttee ccgagecagt gacegtgace 120
tggaactcgg gegeectgac cagtggegtg cacaccttee catecgtect gecageegtea 180
gggctctact cectcageag cacggtgace gtgecggeca ggagetegte cagaaagtge 240
ttcacgtgca atgtcaacca cceggecace accaccaagg tggacctgtg tgttggacga 300
ccatgteeca tatgeccage ctgtgaaggg aacgggecect cggtetteat cttecectecca 360
aaacccaagg acaccctcat gatctcecgg acccecgagg tecacgtgegt ggtggtagat 420
gtgagccagg aaaaccegga ggteccagtte tectggtacg tggacggega agaggtgeac 480
acggccgaga cgaggecaaa ggaggageag ttcaacagea cctacegtgt ggtecagegte 540
ctgcccatee agecaccagga ctggetgaag ggaaaggagt tcgagtgeaa ggtcaacaac 600
aaagacctcc cagceccccat cacaaggatce atctccaagg ccaaagggec gageecgggag 660
ccgecaggtgt acaccctgte ceccatcegee gaggagetgt ccaggageaa agtcageata 720
acctgeetgg tecactggett ctacccacet gacatecgatg tcgagtggaa gagecaacgga 780
cagccggage cagagggeaa ttaccgetee acceegecce aggaggacga ggacgggace 840
tacttcctgt acagcaaact cgeggtggac aaggegaggt tgcagagtgg aggeatecac 900
tgtgcggtga tgcacgagge tectgecacaac cactacacce agaagtecat cteccaagact 960
<210> 72

<211> 266

<212> PRT
<213> Bubalus bubalis
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<400> 72

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
1 5 10 15

Ser Leu Ser Ser Thr Val Thr Ala Pro Ala Ser Ala Thr Lys Ser GIn
20 25 30

Thr Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp
35 40 45

Lys Ala Val Val Pro Pro Cys Arg Pro Lys Pro Cys Asp Cys Cys Pro
50 55 60

Pro Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
65 70 75 80

Pro Lys Asp Thr Leu Thr Ile Ser Gly Thr Pro Glu Val Thr Cys Val
85 90 95

Val Val Asp Val Gly His Asp Asp Pro Glu Val Lys Phe Ser Trp Phe
100 105 110

Val Asp Asp Val Glu Val Asn Thr Ala Arg Thr Lys Pro Arg Glu Glu
115 120 125

Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Ala Leu Pro Ile Gln His
130 135 140

Asn Asp Trp Thr Gly Gly Lys Glu Phe Lys Cys Lys Val Tyr Asn Glu
145 150 155 160

Gly Leu Pro Ala Pro Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Gln
165 170 175

Ala Arg Glu Pro Gln Val Tyr Val Leu Ala Pro Pro Gln Asp Glu Leu
180 185 190

Ser Lys Ser Thr Val Ser Ile Thr Cys Met Val Thr Gly Phe Tyr Pro
195 200 205

Asp Tyr Ile Ala Val Glu Trp Gln Lys Asp Gly Gln Pro Glu Ser Glu
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210 215 220

Asp Lys Tyr Gly Thr Thr Pro Pro Gln Leu Asp Ser Asp Gly Ser Tyr
225 230 235 240

Phe Leu Tyr Ser Arg Leu Arg Val Asn Lys Asn Ser Trp Gln Glu Gly
245 250 255

Gly Ala Tyr Thr Cys Val Val Met His Glu
260 265

<210> 73

<211> 801

<212> DNA

<213> Bubalus bubalis

<400> 73
gagcggegtg cacaccttee cggeegteet tecagtectee gggetetact ctetcageag 60

cacggtgacc gegececgeea gegecacaaa aagecagace ttcacetgea acgtagecca 120
cceggecage ageaccaagg tggacaagge tgttgtteee ccatgecagac cgaaaccetg 180
tgattgetge ccacceecctg ageteceegg aggacccetet gtettecatet teccaccaaa 240
acccaaggac accctcacaa tetctggaac tecctgaggte acgtgtgtgg tggtggacgt 300
gggccacgat gacccegagg tgaagttcte ctggttegtg gacgatgtgg aggtaaacac 360
agccaggacg aagccaagag aggageagtt caacagceacc taccgegtgg tcagegeect 420
gcccatecag cacaacgact ggactggagg aaaggagttec aagtgecaagg tectacaatga 480
aggcctecca gececcateg tgaggaccat cteccaggace aaagggeagg cecegggagece 540
gcaggtgtac gtectggece caccccagga cgagetcage aaaagecacgg tcagecatcac 600
ttgcatggte actggettet acccagacta catcgeegta gagtggecaga aagatgggea 660
gcctgagtca gaggacaaat atggecacgac ccegecccag ctggacageg atggetecta 720
ctteetgtac agecaggeteca gggtgaacaa gaacagetgg caagaaggag gegectacac 780
gtgtgtagtg atgcatgagg ¢ 801

<210> 74

<211> 309

<212> PRT
<213> Bulalus bubalis
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<400> 74

Ala Ser Ile Thr Ala Pro Lys Val Tyr Pro Leu Thr Ser Cys Arg Gly
1 5 10 15

Glu Thr Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Thr Val Thr Ala Pro Ala Ser Ala Thr Lys Ser Gln Thr
65 70 75 80

Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Thr
85 90 95

Ala Val Gly Phe Ser Ser Asp Cys Cys Lys Phe Pro Lys Pro Cys Val
100 105 110

Arg Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu
115 120 125

Met Ile Thr Gly Asn Pro Glu Val Thr Cys Val Val Val Asp Val Gly
130 135 140

Arg Asp Asn Pro Glu Val Gln Phe Ser Trp Phe Val Gly Asp Val Glu
145 150 155 160

Val His Thr Gly Arg Ser Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr
165 170 175

Tyr Arg Val Val Ser Thr Leu Pro Ile Gln His Asn Asp Trp Thr Gly
180 185 190

Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Gly Leu Pro Ala Pro
195 200 205

Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Gln Ala Arg Glu Pro Gln
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210 215 220

Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu Ser Lys Ser Thr Val
225 230 235 240

Ser Val Thr Cys Met Val Thr Gly Phe Tyr Pro Asp Tyr Ile Ala Val
245 250 255

Glu Trp His Arg Asp Arg Gln Ala Glu Ser Glu Asp Lys Tyr Arg Thr
260 265 270

Thr Pro Pro Gln Leu Asp Ser Asp Gly Ser Tyr Phe Leu Tyr Ser Arg
275 280 285

Leu Lys Val Asn Lys Asn Ser Trp Gln Glu Gly Gly Ala Tyr Thr Cys
290 295 300

Val Val Met His Glu
305

<210> 75

<211> 929

<212> DNA

<213> Bubalus bubalis

<400> 75
gcctecatea cagececgaa agtetaccecet ctgacttett gecgegggga aacgtecage 60

tccacegtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgcecctgaa gageggegtg cacaccttee cggecegtect tcagtectet 180
gggctctact ctetcageag cacggtgace gegeecgeca gegecacaaa aagecagacce 240
ttcacctgca acgtagcecca ceeggecage agecaccaagg tggacacgge tgttgggtte 300
tccagtgact gectgecaagtt tectaagect tgtgtgaggg gaccatetgt ctteatette 360
ccgecgaaac ccaaagacac cctgatgate acaggaaatce ccgaggtcac atgtgtggtg 420
gtggacgtgg geegggataa cececcgaggtg cagtteteet ggttegtggg tgatgtggag 480
gtgcacacgg gcaggtcgaa gecgagagag gagecagttca acagecaccta cegegtggte 540
agcaccctgce ccatccagea caatgactgg actggaggaa aggagttcaa gtgecaaggte 600

aacaacaaag gccteecage ceccategtg aggaccatet ccaggaccaa agggeaggcec 660
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cgggagecege aggtgtacgt cctggeccca ccccaggaag agetcagecaa aageacggte
agcgtcactt gcatggtcac tggettectac ccagactaca tecgeegtaga gtggecataga
gaccggcagg ctgagtecgga ggacaagtac cgecacgacce cgecccaget ggacagegat
ggctectact tectgtacag caggetcaag gtgaacaaga acagetggea agaaggagge
gcctacacgt gtgtagtgat gcatgagge 929

<210> 76

<211> 352

<212> PRT

<213> Bubalus bubalis

<400> 76

Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ala Ser Ser Cys Gly

1 5 10 15

Asp Thr Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Asn
35 40 45

Gly Val His Thr Phe Pro Ala Val Arg Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Met Pro Thr Ser Thr Ala Gly Thr Gln Thr
65 70 75 80

Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Thr
85 90 95

Ala Val Thr Ala Arg His Pro Val Pro Lys Thr Pro Glu Thr Pro Ile
100 105 110

His Pro Val Lys Pro Pro Thr Gln Glu Pro Arg Asp Glu Lys Thr Pro
115 120 125

Cys Gln Cys Pro Lys Cys Pro Glu Pro Leu Gly Gly Leu Ser Val Phe
130 135 140

Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Thr Ile Ser Gly Thr Pro

720

780

840

900
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145 150 155 160

Glu Val Thr Cys Val Val Val Asp Val Gly Gln Asp Asp Pro Glu Val
165 170 175

Gln Phe Ser Trp Phe Val Asp Asp Val Glu Val His Thr Ala Arg Met
180 185 190

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Ala
195 200 205

Leu Pro Ile Gln His Gln Asp Trp Leu Arg Glu Lys Glu Phe Lys Cys
210 215 220

Lys Val Asn Asn Lys Gly Leu Pro Ala Pro Ile Val Arg Thr Ile Ser
225 230 235 240

Arg Thr Lys Gly Gln Ala Arg Glu Pro GIn Val Tyr Val Leu Ala Pro
245 250 255

Pro Arg Glu Glu Leu Ser Lys Ser Thr Leu Ser Leu Thr Cys Leu Ile
260 265 270

Thr Gly Phe Tyr Pro Glu Glu Val Asp Val Glu Trp Gln Arg Asn Gly
275 280 285

Gln Pro Glu Ser Glu Asp Lys Tyr His Thr Thr Pro Pro Gln Leu Asp
290 295 300

Ala Asp Gly Ser Tyr Phe Leu Tyr Ser Arg Leu Arg Val Asn Arg Ser
305 310 315 320

Ser Trp GIn Glu Gly Asp His Tyr Thr Cys Ala Val Met His Glu Ala
325 330 335

Leu Arg Asn His Tyr Lys Glu Lys Pro Ile Ser Arg Ser Pro Gly Lys
340 345 350

<210> 77

<211> 1059

<212> DNA

<213> Bubalus bubalis
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<400> 77
gccetecacca cagecccgaa agtetacect ctggeateca getgegggga cacgtecage 60

tccaccgtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgecctgaa gaacggegtg cacaccttee cggeegteeg geagtectee 180
gggctctact ctectcageag catggtgacce atgeccacca gecaccgeagg aacccagace 240
ttcacctgea acgtagcecca cccggecage agecaccaagg tggacacgge tgtcactgeca 300
aggcatcegg tececgaagac accagagaca cctatccate ctgtaaaacce cccaacccag 360
gagcccagag atgaaaagac accctgecag tgtecccaaat geccagaacc tetgggagga 420
ctgtetgtet tecatettece accgaaaccee aaggacacce tcacaatete tggaacgecece 480
gaggtcacgt gtgtggtggt ggacgtggge caggatgace ccgaagtgea gttetectgg 540
ttcgtggatg acgtggaggt gecacacagee aggatgaage caagagagga geagttcaac 600
agcacctacc gegtggtcag cgecctgeee atccagecace aggactgget gcgggaaaag 660
gagttcaagt gcaaggtcaa caacaaaggce ctceeggeee ccatcgtgag gaccatetece 720
aggaccaaag ggcaggceeeg ggagecacag gtgtatgtee tggecccace cecgggaagag 780
ctcagcaaaa gcacgcetcag cetcacctge ctaatcaceg gettetacce agaagaggta 840
gacgtggagt ggcagagaaa tgggceagect gagtcagagg acaagtacca cacgacccca 900
ccccagetgg acgetgacgg ctectactte ctgtacagea ggetcagggt gaacaggage 960
agctggcagg aaggagacca ctacacgtgt gcagtgatge atgaagettt acggaatcac 1020
tacaaagaga agcccatctc gaggtctccg ggtaaatga 1059

<210> 78

<211> 105

<212> PRT

<213> Bubalus bubalis

<400> 78

Gln Pro Lys Ser Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Thr Glu

1 5 10 15

Glu Leu Ser Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe
20 25 30

Tyr Pro Gly Ser Met Thr Val Ala Arg Lys Ala Asp Gly Ser Thr Ile
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35 40 45

Thr Arg Asn Val Glu Thr Thr Arg Ala Ser Lys GIln Ser Asn Ser Lys
50 55 60

Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Gly Ser Glu Trp Lys Ser
65 70 75 80

Lys Gly Ser Tyr Ser Cys Glu Val Thr His Glu Gly Ser Thr Val Thr
85 90 95

Lys Thr Val Lys Pro Ser Glu Cys Ser
100 105

<210> 79

<211> 318

<212> DNA

<213> Bubalus buballis

<400> 79
cagcccaagt ccgecacccte agtcaccetg tteccaceet ccacggagga getcagegee 60

aacaaggcca ccctggtgtg tetcatcage gacttetace cgggtageat gacegtggee 120
aggaaggcag acggcagceac catcacccgg aacgtggaga ccacccggge cteccaaacag 180
agcaacagca agtacgcggce cagcagctac ctgagectga cgggeagega gtggaaatcg 240
aaaggcagtt acagctgega ggtcacgeac gaggggagea cegtgacaaa gacagtgaag 300
ccctcagagt gttettag 318

<210> 80

<211> 229

<212> PRT

<213> Homo sapiens

<400> 80

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro Glu Phe

1 5 10 15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
20 25 30

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
35 40 45
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Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val
50 55 60

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIln Phe Asn Ser
65 70 75 80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp Leu
85 90 95

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser
100 105 110

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
115 120 125

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
130 135 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
145 150 155 160

Val Glu Trp Glu Ser Asn Gly GIln Pro Glu Asn Asn Tyr Lys Thr Thr
165 170 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
180 185 190

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser
195 200 205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
210 215 220

Leu Ser Leu Gly Lys
225

<210> 81

<211> 690

<212> DNA

<213> Homo sapiens
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<400> 81
gagtccaaat atggtcccee gtgeccatea tgeecageac ctgagttect ggggggacca 60

tcagtcttee tgtteceeee aaaacccaag gacactctea tgateteeeg gacceetgag 120
gtcacgtgeg tggtggtgga cgtgagecag gaagaccceg aggtecagtt caactggtac 180
gtggatggeg tggaggtgca taatgeccaag acaaagecge gggaggagcea gttcaacage 240
acgtaccgtg tggtcagegt cctcaccgte gtgecaccagg actggetgaa cggecaaggag 300
tacaagtgca aggtctccaa caaaggcecte cegtecteca tcgagaaaac catcteccaaa 360
gccaaaggge agecccgaga gecacaggtg tacaccetge ceccatecca ggaggagatg 420
accaagaacc aggtcagect gacctgectg gtcaaaggcet tetaccccag cgacategece 480
gtggagtggg agagcaatgg gecagecggag aacaactaca agaccacgec teceegtgetg 540
gactccgacg getecttett cetctacage aggetaaceg tggacaagag caggtggeag 600
gaggggaatg tcttctcatg cteecgtgatg catgaggete tgecacaacca ctacacgeag 660
aagagcctct ccctgtetet gggtaaatga 690

<210> 82

<211> 217

<212> PRT

<213> Homo sapiens

<400> 82

Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys

1 5 10 15

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
20 25 30

Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr
35 40 45

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
50 55 60

Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
65 70 75 80

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
85 90 95
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Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln
100 105 110

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met
115 120 125

Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro
130 135 140

Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn
145 150 155 160

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
165 170 175

Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val
180 185 190

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn
195 200 205

Lys Ser Leu Ser Leu Ser Leu Gly Lys
210 215

<210> 83

<211> 654

<212> DNA

<213> Homo sapiens

<400> 83
gcacctgagt tectgggggg accatcagte tteetgttee cecccaaaace caaggacact

ctcatgatct ccecggaccee tgaggtcacg tgegtggtgg tggacgtgag ccaggaagac
cccgaggtee agttcaactg gtacgtggat ggegtggagg tgcataatge caagacaaag
ccgegggagg ageagttcaa cageacgtac cgtgtggtea gegtectecac cgtectgeac
caggactggc tgaacggcaa ggagtacaag tgcaaggtct ccaacaaagg cctecegtee
tccatcgaga aaaccatctc caaagcecaaa gggeagecce gagagcecaca ggtgtacace
ctgcccccat cccaggagga gatgaccaag aaccaggtca gectgacctg cectggtcaaa

ggcttctace ccagegacat cgecgtggag tgggagagea atgggeagee ggagaacaac

60

120

180

240

300

360

420

480
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tacaagacca cgcecteeegt getggactee gacggcetect tettecteta cagecaagete 540
accgtggaca agagcaggtg gcaggagggg aacgtettet catgeteegt gatgeatgag 600
gctetgeaca accactacac gcagaagagce ctetecctgt ctetgggtaa atga 654
<210> 84

<211> 329

<212> PRT

<213> Bos taurus

<400> 84

Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ser Ser Cys Cys Gly

1 5 10 15

Asp Lys Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Gly Ser Thr Ser Gly Gln Thr Phe
65 70 75 80

Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Ala
85 90 95

Val Asp Pro Thr Cys Lys Pro Ser Pro Cys Asp Cys Cys Pro Pro Pro
100 105 110

Glu Leu Pro Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Thr Ile Ser Gly Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Gly His Asp Asp Pro Glu Val Lys Phe Ser Trp Phe Val Asp
145 150 155 160
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Asp Val Glu Val Asn Thr Ala Thr Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Ala Leu Arg Ile GIn His GIn Asp
180 185 190

Trp Thr Gly Gly Lys Glu Phe Lys Cys Lys Val His Asn Glu Gly Leu
195 200 205

Pro Ala Pro Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Pro Ala Arg
210 215 220

Glu Pro Gln Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu Ser Lys
225 230 235 240

Ser Thr Val Ser Leu Thr Cys Met Val Thr Ser Phe Tyr Pro Asp Tyr
245 250 255

Ile Ala Val Glu Trp Gln Arg Asn Gly Gln Pro Glu Ser Glu Asp Lys
260 265 270

Tyr Gly Thr Thr Pro Pro Gln Leu Asp Ala Asp Ser Ser Tyr Phe Leu
275 280 285

Tyr Ser Lys Leu Arg Val Asp Arg Asn Ser Trp Gln Glu Gly Asp Thr
290 295 300

Tyr Thr Cys Val Val Met His Glu Ala Leu His Asn His Tyr Thr GIn
305 310 315 320

Lys Ser Thr Ser Lys Ser Ala Gly Lys
325

<210> 85

<211> 329
<212> PRT
<213> Bos taurus

<400> 85

Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ser Ser Cys Cys Gly
1 5 10 15
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Asp Lys Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Gly Ser Thr Ser Gly Gln Thr Phe
65 70 75 80

Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Ala
85 90 95

Val Asp Pro Thr Cys Lys Pro Ser Pro Cys Asp Cys Cys Pro Pro Pro
100 105 110

Glu Leu Pro Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Thr Ile Ser Gly Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Gly His Asp Asp Pro Glu Val Lys Phe Ser Trp Phe Val Asp
145 150 155 160

Asp Val Glu Val Asn Thr Ala Thr Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Ala Leu Arg Ile GIn His GIn Asp
180 185 190

Trp Thr Gly Gly Lys Glu Phe Lys Cys Lys Val His Asn Glu Gly Leu
195 200 205

Pro Ala Pro Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Pro Ala Arg
210 215 220

Glu Pro Gln Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu Ser Lys
225 230 235 240
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Ser Thr Val Ser Leu Thr Cys Met Val Thr Ser Phe Tyr Pro Asp Tyr
245 250 255

Ile Ala Val Glu Trp Gln Arg Asn Gly Gln Pro Glu Ser Glu Asp Lys
260 265 270

Tyr Gly Thr Thr Pro Pro Gln Leu Asp Ala Asp Ser Ser Tyr Phe Leu
275 280 285

Tyr Ser Lys Leu Arg Val Asp Arg Asn Ser Trp Gln Glu Gly Asp Thr
290 295 300

Tyr Thr Cys Val Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
305 310 315 320

Lys Ser Thr Ser Lys Ser Ala Gly Lys
325

<210> 86

<211> 329
<212> PRT
<213> Bos taurus

<400> 86
Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ser Ser Cys Cys Gly
1 5 10 15

Asp Lys Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Gly Ser Thr Ser Gly Thr Gln Thr
65 70 75 80

Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys
85 90 95
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Ala Val Asp Pro Arg Cys Lys Thr Thr Cys Asp Cys Cys Pro Pro Pro
100 105 110

Glu Leu Pro Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Thr Ile Ser Gly Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Gly His Asp Asp Pro Glu Val Lys Phe Ser Trp Phe Val Asp
145 150 155 160

Asp Val Glu Val Asn Thr Ala Thr Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Ala Leu Arg Ile GIn His GIn Asp
180 185 190

Trp Thr Gly Gly Lys Glu Phe Lys Cys Lys Val His Asn Glu Gly Leu
195 200 205

Pro Ala Pro Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Pro Ala Arg
210 215 220

Glu Pro Gln Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu Ser Lys
225 230 235 240

Ser Thr Val Ser Leu Thr Cys Met Val Thr Ser Phe Tyr Pro Asp Tyr
245 250 255

Ile Ala Val Glu Trp GIn Arg Asn Gly Gln Pro Glu Ser Glu Asp Lys
260 265 270

Tyr Gly Thr Thr Pro Pro Gln Leu Asp Ala Asp Gly Ser Tyr Phe Leu
275 280 285

Tyr Ser Arg Leu Arg Val Asp Arg Asn Ser Trp Gln Glu Gly Asp Thr
290 295 300

Tyr Thr Cys Val Val Met His Glu Ala Leu His Asn His Tyr Thr GIn
305 310 315 320
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Lys Ser Thr Ser Lys Ser Ala Gly Lys
325

<210> 87

<211> 326
<212> PRT
<213> Bos taurus

<400> 87
Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ala Ser Ser Cys Gly
1 5 10 15

Asp Thr Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Ser Gly Gln Thr Phe
65 70 75 80

Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Ala
85 90 95

Val Gly Val Ser Ile Asp Cys Ser Lys Cys His Asn Gln Pro Cys Val
100 105 110

Arg Glu Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu
115 120 125

Met Ile Thr Gly Thr Pro Glu Val Thr Cys Val Val Val Asn Val Gly
130 135 140

His Asp Asn Pro Glu Val Gln Phe Ser Trp Phe Val Asp Asp Val Glu
145 150 155 160

Val His Thr Ala Arg Ser Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr
165 170 175
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Tyr Arg Val Val Ser Ala Leu Pro Ile Gln His Gln Asp Trp Thr Gly
180 185 190

Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Gly Leu Ser Ala Pro
195 200 205

Ile Val Arg Ile Ile Ser Arg Ser Lys Gly Pro Ala Arg Glu Pro Gln
210 215 220

Val Tyr Val Leu Asp Pro Pro Lys Glu Glu Leu Ser Lys Ser Thr Leu
225 230 235 240

Ser Val Thr Cys Met Val Thr Gly Phe Tyr Pro Glu Asp Val Ala Val
245 250 255

Glu Trp Gln Arg Asn Arg Gln Thr Glu Ser Glu Asp Lys Tyr Arg Thr
260 265 270

Thr Pro Pro Gln Leu Asp Thr Asp Arg Ser Tyr Phe Leu Tyr Ser Lys
275 280 285

Leu Arg Val Asp Arg Asn Ser Trp Gln Glu Gly Asp Ala Tyr Thr Cys
290 295 300

Val Val Met His Glu Ala Leu His Asn His Tyr Met Gln Lys Ser Thr
305 310 315 320

Ser Lys Ser Ala Gly Lys
325

<210> 88

<211> 326
<212> PRT
<213> Bos taurus

<400> 88
Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ser Ser Cys Cys Gly
1 5 10 15

Asp Lys Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30
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Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Gly Ser Thr Ser Gly Gln Thr Phe
65 70 75 80

Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Ala
85 90 95

Val Gly Val Ser Ser Asp Cys Ser Lys Pro Asn Asn Gln His Cys Val
100 105 110

Arg Glu Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu
115 120 125

Met Ile Thr Gly Thr Pro Glu Val Thr Cys Val Val Val Asn Val Gly
130 135 140

His Asp Asn Pro Glu Val Gln Phe Ser Trp Phe Val Asp Asp Val Glu
145 150 155 160

Val His Thr Ala Arg Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr
165 170 175

Tyr Arg Val Val Ser Ala Leu Pro Ile Gln His Gln Asp Trp Thr Gly
180 185 190

Gly Lys Glu Phe Lys Cys Lys Val Asn Ile Lys Gly Leu Ser Ala Ser
195 200 205

Ile Val Arg Ile Ile Ser Arg Ser Lys Gly Pro Ala Arg Glu Pro Gln
210 215 220

Val Tyr Val Leu Asp Pro Pro Lys Glu Glu Leu Ser Lys Ser Thr Val
225 230 235 240

Ser Val Thr Cys Met Val Ile Gly Phe Tyr Pro Glu Asp Val Asp Val
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245 250 255

Glu Trp Gln Arg Asp Arg GIn Thr Glu Ser Glu Asp Lys Tyr Arg Thr
260 265 270

Thr Pro Pro Gln Leu Asp Ala Asp Arg Ser Tyr Phe Leu Tyr Ser Lys
275 280 285

Leu Arg Val Asp Arg Asn Ser Trp Gln Arg Gly Asp Thr Tyr Thr Cys
290 295 300

Val Val Met His Glu Ala Leu His Asn His Tyr Met Gln Lys Ser Thr
305 310 315 320

Ser Lys Ser Ala Gly Lys
325

<210> 89

<211> 327
<212> PRT
<213> Bos taurus

<400> 89
Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ser Ser Cys Cys Gly
1 5 10 15

Asp Lys Ser Ser Ser Gly Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Ser Gly Thr Gln Thr
65 70 75 80

Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys
85 90 95

Ala Val Gly Val Ser Ser Asp Cys Ser Lys Pro Asn Asn Gln His Cys
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100 105 110

Val Arg Glu Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr
115 120 125

Leu Met Ile Thr Gly Thr Pro Glu Val Thr Cys Val Val Val Asn Val
130 135 140

Gly His Asp Asn Pro Glu Val Gln Phe Ser Trp Phe Val Asp Asp Val
145 150 155 160

Glu Val His Thr Ala Arg Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser
165 170 175

Thr Tyr Arg Val Val Ser Ala Leu Pro Ile Gln His Gln Asp Trp Thr
180 185 190

Gly Gly Lys Glu Phe Lys Cys Lys Val Asn Ile Lys Gly Leu Ser Ala
195 200 205

Ser Ile Val Arg Ile Ile Ser Arg Ser Lys Gly Pro Ala Arg Glu Pro
210 215 220

Gln Val Tyr Val Leu Asp Pro Pro Lys Glu Glu Leu Ser Lys Ser Thr
225 230 235 240

Val Ser Leu Thr Cys Met Val Ile Gly Phe Tyr Pro Glu Asp Val Asp
245 250 255

Val Glu Trp Gln Arg Asp Arg Gln Thr Glu Ser Glu Asp Lys Tyr Arg
260 265 270

Thr Thr Pro Pro Gln Leu Asp Ala Asp Arg Ser Tyr Phe Leu Tyr Ser
275 280 285

Lys Leu Arg Val Asp Arg Asn Ser Trp Gln Arg Gly Asp Thr Tyr Thr
290 295 300

Cys Val Val Met His Glu Ala Leu His Asn His Tyr Met Gln Lys Ser
305 310 315 320
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Thr Ser Lys Ser Ala Gly Lys
325

<210> 90

<211> 352
<212> PRT
<213> Bos taurus

<400> 90
Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ala Ser Ser Cys Gly
1 5 10 15

Asp Thr Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Arg Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Ser Ser Glu Thr Gln Thr
65 70 75 80

Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys
85 90 95

Ala Val Thr Ala Arg Arg Pro Val Pro Thr Thr Pro Lys Thr Thr Ile
100 105 110

Pro Pro Gly Lys Pro Thr Thr Pro Lys Ser Glu Val Glu Lys Thr Pro
115 120 125

Cys Gln Cys Ser Lys Cys Pro Glu Pro Leu Gly Gly Leu Ser Val Phe
130 135 140

Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Thr Ile Ser Gly Thr Pro
145 150 155 160

Glu Val Thr Cys Val Val Val Asp Val Gly Gln Asp Asp Pro Glu Val
165 170 175
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Gln Phe Ser Trp Phe Val Asp Asp Val Glu Val His Thr Ala Arg Thr
180 185 190

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Ala
195 200 205

Leu Arg Ile Gln His Gln Asp Trp Leu Gln Gly Lys Glu Phe Lys Cys
210 215 220

Lys Val Asn Asn Lys Gly Leu Pro Ala Pro Ile Val Arg Thr Ile Ser
225 230 235 240

Arg Thr Lys Gly Gln Ala Arg Glu Pro GIn Val Tyr Val Leu Ala Pro
245 250 255

Pro Arg Glu Glu Leu Ser Lys Ser Thr Leu Ser Leu Thr Cys Leu Ile
260 265 270

Thr Gly Phe Tyr Pro Glu Glu Ile Asp Val Glu Trp Gln Arg Asn Gly
275 280 285

Gln Pro Glu Ser Glu Asp Lys Tyr His Thr Thr Ala Pro Gln Leu Asp
290 295 300

Ala Asp Gly Ser Tyr Phe Leu Tyr Ser Lys Leu Arg Val Asn Lys Ser
305 310 315 320

Ser Trp GIn Glu Gly Asp His Tyr Thr Cys Ala Val Met His Glu Ala
325 330 335

Leu Arg Asn His Tyr Lys Glu Lys Ser Ile Ser Arg Ser Pro Gly Lys
340 345 350

<210> 91

<211> 352
<212> PRT
<213> Bos taurus

<400> 91

Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ala Ser Arg Cys Gly
1 5 10 15
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Asp Thr Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Ala Ser Thr Ser Glu Thr Gln Thr
65 70 75 80

Phe Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys
85 90 95

Ala Val Thr Ala Arg Arg Pro Val Pro Thr Thr Pro Lys Thr Thr Ile
100 105 110

Pro Pro Gly Lys Pro Thr Thr Gln Glu Ser Glu Val Glu Lys Thr Pro
115 120 125

Cys Gln Cys Ser Lys Cys Pro Glu Pro Leu Gly Gly Leu Ser Val Phe
130 135 140

Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Thr Ile Ser Gly Thr Pro
145 150 155 160

Glu Val Thr Cys Val Val Val Asp Val Gly Gln Asp Asp Pro Glu Val
165 170 175

Gln Phe Ser Trp Phe Val Asp Asp Val Glu Val His Thr Ala Arg Thr
180 185 190

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Ala
195 200 205

Leu Arg Ile Gln His Gln Asp Trp Leu Gln Gly Lys Glu Phe Lys Cys
210 215 220

Lys Val Asn Asn Lys Gly Leu Pro Ala Pro Ile Val Arg Thr Ile Ser
225 230 235 240
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Arg Thr Lys Gly Gln Ala Arg Glu Pro GIn Val Tyr Val Leu Ala Pro
245 250 255

Pro Arg Glu Glu Leu Ser Lys Ser Thr Leu Ser Leu Thr Cys Leu Ile
260 265 270

Thr Gly Phe Tyr Pro Glu Glu Ile Asp Val Glu Trp Gln Arg Asn Gly
275 280 285

Gln Pro Glu Ser Glu Asp Lys Tyr His Thr Thr Ala Pro Gln Leu Asp
290 295 300

Ala Asp Gly Ser Tyr Phe Leu Tyr Ser Arg Leu Arg Val Asn Lys Ser
305 310 315 320

Ser Trp GIn Glu Gly Asp His Tyr Thr Cys Ala Val Met His Glu Ala
325 330 335

Leu Arg Asn His Tyr Lys Glu Lys Ser Ile Ser Arg Ser Pro Gly Lys
340 345 350

<210> 92

<211> 990
<212> DNA
<213> Bos taurus

<400> 92
gcctecacca cagecccgaa agtctacect ctgagttett getgegggga caagtecage 60

tccaccgtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgecctgaa gageggegtg cacaccttee cggetgtect tecagtectee 180
gggctgtact ctctcagecag catggtgacce gtgeceggea geacctcagg acagacctte 240
acctgcaacg tageccaccce ggecageage accaaggtgg acaaggetgt tgateccaca 300
tgcaaaccat caccctgtga ctgttgecca ceeectgage teceeggagg accectetgte 360
ttcatcttee caccgaaacce caaggacacce ctcacaatet cgggaacgee cgaggtecacg 420
tgtgtggtgg tggacgtggg ccacgatgac cccgaggtga agttetectg gttegtggac 480
gacgtggagg taaacacagc cacgacgaag ccgagagagg agecagttcaa cagecacctac 540

cgegtggteca gegeectgeg cateccageac caggactgga ctggaggaaa ggagttcaag 600
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tgcaaggtce acaacgaagg ccteceggece cecategtga ggaccatete caggaccaaa 660
gggeecggeee gggagecgea ggtgtatgte ctggecccac cccaggaaga getcagcaaa 720
agcacggtca gectcacctg catggtecace agettctace cagactacat cgecgtggag 780
tggcagagaa acgggecagee tgagtecggag gacaagtacg gecacgacccece geeccagetg 840
gacgccgaca gcetectactt cctgtacage aagetcaggg tggacaggaa cagetggeag 900
gaaggagaca cctacacgtg tgtggtgatg cacgaggecee tgcacaatca ctacacgcag 960
aagtccacct ctaagtctge gggtaaatga 990

<210> 93

<211> 990

<212> DNA

<213> Bos taurus

<400> 93
gcctecacca cagecccgaa agtctacect ctgagttett getgegggga caagtecage 60

tccacegtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgecctgaa gageggegtg cacaccttee cggecegtect tcagtectee 180
gggctgtact ctctcagecag catggtgacce gtgeceggea geacctcagg acagacctte 240
acctgcaacg tagcccaccce ggecageage accaaggtgg acaaggetgt tgateccaca 300
tgcaaaccat caccctgtga ctgttgecca cecectgage teceeggagg accectetgte 360
ttcatcttee caccgaaacce caaggacacce ctcacaatct cgggaacgee cgaggtcacg 420
tgtgtggtgg tggacgtggg ccacgatgac cccgaggtga agttetectg gttegtggac 480
gacgtggagg taaacacagce cacgacgaag ccgagagagg agecagttcaa cagecacctac 540
cgegtggteca gegeectgeg cateccageac caggactgga ctggaggaaa ggagttcaag 600
tgcaaggtce acaacgaagg ccteeeggee ceccategtga ggaccatete caggaccaaa 660
gggeeggeee gggageegea ggtgtatgte ctggecccac cccaggaaga getcagecaaa 720
agcacggtca gectcacctg catggtecace agcettctace cagactacat cgecgtggag 780
tggcagagaa acgggcagcece tgagtcggag gacaagtacg gecacgacccee geeccagetg 840
gacgecgaca gcetectactt cctgtacage aagetcaggg tggacaggaa cagetggecag 900
gaaggagaca cctacacgtg tgtggtgatg cacgaggecee tgcacaatca ctacacgcag 960

aagtccacct ctaagtctge gggtaaatga 990
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<210> 94

<211> 990
<212> DNA
<213> Bos taurus

<400> 94
gcctecacca cagecccgaa agtctacect ctgagttett getgegggga caagtecage 60

tccaccegtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgeectgaa gageggegtg cacaccttee cggeegtect tcagtectee 180
gggctctact ctctcagecag catggtgace gtgeeecggea geacctcagg aacccagace 240
ttcacctgca acgtagcecca ccecggecage agecaccaagg tggacaagge tgttgatcece 300
agatgcaaaa caacctgtga ctgttgecca cecgectgage teectggagg acectetgte 360
ttcatcttee caccgaaacce caaggacacc ctcacaatet cgggaacgee cgaggtecacg 420
tgtgtggtgg tggacgtggg ccacgatgac cccgaggtga agttetectg gttegtggac 480
gacgtggagg taaacacage cacgacgaag ccgagagagg agcagttcaa cagecacctac 540
cgegtggteca gegeectgeg cateccageac caggactgga ctggaggaaa ggagttcaag 600
tgcaaggtce acaacgaagg ccteccagec ceccategtga ggaccatete caggaccaaa 660
gggeecggeee gggagecgea ggtgtatgte ctggecccac cccaggaaga getcagcaaa 720
agcacggtca gectcacctg catggtecace agcettctace cagactacat cgecgtggag 780
tggcagagaa atgggcagcee tgagtcagag gacaagtacg gecacgacccee tecccagetg 840
gacgccgacg getectactt cetgtacage aggetcaggg tggacaggaa cagetggeag 900
gaaggagaca cctacacgtg tgtggtgatg cacgaggece tgcacaatca ctacacgcag 960
aagtccacct ctaagtctge gggtaaatga 990

<210> 95

<211> 981

<212> DNA

<213> Bos taurus

<400> 95
gcctecacca cagecccgaa agtctacect ctggeateca getgeggaga cacatecage 60

tccacegtga cectgggetg cetggtgtee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgcecctgaa gageggegtg cacaccttee cggetgtect tecagtectee 180

gggctctact ctetcagecag catggtgace gtgeecgeca geagetcagg acagacctte 240



150

acctgcaacg tagcccaccce ggecageage accaaggtgg acaaggetgt tggggtetee 300
attgactgct ccaagtgtca taaccagect tgegtgaggg aaccatetgt ctteatette 360
ccaccgaaac ccaaagacac cctgatgatc acaggaacgce ccgaggtcac gtgtgtggtg 420
gtgaacgtgg gecacgataa ccecegaggtg cagttctect ggttegtgga tgacgtggag 480
gtgcacacgg ccaggtcgaa geccaagagag gagecagttca acageacgta cegegtggte 540
agcgcecctge ccatccagea ccaggactgg actggaggaa aggagttcaa gtgecaaggte 600
aacaacaaag gcctectegge ceccategtg aggatcatet ccaggageaa agggeeggece 660
cgggagecge aggtgtatgt cctggaccca cccaaggaag agetcagecaa aagecacgete 720
agcgtcacct gcatggtcac cggettctac ccagaagatg tagecgtgga gtggcagaga 780
aaccggcaga ctgagtcgga ggacaagtac cgecacgaccce cgecccaget ggacaccgac 840
cgctectact tectgtacag caagetcagg gtggacagga acagetggea ggaaggagac 900
gcctacacgt gtgtggtgat gcacgaggcee ctgecacaate actacatgea gaagtecace 960
tctaagtctg cgggtaaatg a 981

<210> 96

<211> 981

<212> DNA

<213> Bos taurus

<400> 96
gcctecacca cagecccgaa agtctacect ctgagttett getgegggga caagtecage 60

tccacegtga cectgggetg cetggtgtee agetacatge ccgageeggt gacegtgace 120
tggaactcgg gtgeectgaa gageggegtg cacaccttee cggeegtect tcagtectee 180
gggctctact ctectcageag catggtgace gtgeecggea geacctcagg acagacctte 240
acctgcaacg tagcccacce ggeccageage accaaggtgg acaaggetgt tggggtctee 300
agtgactget ccaagectaa taaccagcat tgegtgaggg aaccatetgt cttecatette 360
ccaccgaaac ccaaagacac cctgatgatc acaggaacgce ccgaggtcac gtgtgtggtg 420
gtgaacgtgg geccacgataa cecccgaggtg cagtteteet ggttegtgga cgacgtggag 480
gtgcacacgg ccaggacgaa geccgagagag gagecagttca acagecacgta cegegtggte 540
agcgecctge ccatccagea ccaggactgg actggaggaa aggagttcaa gtgecaaggte 600

aacatcaaag gcctetegge cteccategtg aggateatct ccaggagecaa agggeeggee 660
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cgggagecege aggtgtatgt cctggaccea cccaaggaag agetcagecaa aagceacggte 720
agcgtcacct gecatggteat cggettctac ccagaagatg tagacgtgga gtggecagaga 780
gaccggcaga ctgagtcgga ggacaagtac cgecacgacce cgecccaget ggacgeegac 840
cgctectact tectgtacag caagetcagg gtggacagga acagetggea gagaggagac 900
acctacacgt gtgtggtgat gcacgaggcc ctgecacaatce actacatgea gaagteccace 960
tctaagtctg cgggtaaatg a 981

<210> 97

<211> 984

<212> DNA

<213> Bos taurus

<400> 97
gcctecacca cagecccgaa agtctacect ctgagttett getgegggga caagtecage 60

tcgggggtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgecctgaa gageggegtg cacaccttee cggecegtect tcagtectee 180
gggctctact ctctcageag catggtgace gtgeeecgeeca geagetcagg aacccagace 240
ttcacctgea acgtagcecca ceeggecage agecaccaagg tggacaagge tgttggggte 300
tccagtgact gectccaagee taataaccag cattgegtga gggaaccate tgtetteate 360
ttcccaccga aacccaaaga caccctgatg atcacaggaa cgeccgaggt cacgtgtgtg 420
gtggtgaacg tgggccacga taaccccgag gtgecagttet cctggttegt ggacgacgtg 480
gaggtgcaca cggccaggac gaagecgaga gaggageagt tcaacageac gtaccgegtg 540
gtcagcegcece tgeccateca gecaccaggac tggactggag gaaaggagtt caagtgecaag 600
gtcaacatca aaggcctcte ggectecate gtgaggatcea tetccaggag caaagggecg 660
geecgggage cgeaggtgta tgtectggac ccacccaagg aagagetcag caaaagecacg 720
gtcagcectca cctgeatggt catcggette tacccagaag atgtagacgt ggagtggecag 780
agagaccggc agactgagtc ggaggacaag taccgcacga cccecgecceca getggacgee 840
gaccgctect acttectgta cagecaagete agggtggaca ggaacagetg gcagagagga 900
gacacctaca cgtgtgtggt gatgcacgag geeetgeaca atcactacat gcagaagtcee 960

acctctaagt ctgegggtaa atga 984
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<210> 98

<211> 1059
<212> DNA
<213> Bos taurus

<400> 98
gcctecacca cagecccgaa agtctacect ctggeateca getgeggaga cacatecage 60

tccaccegtga cectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120
tggaactcgg gtgecctgaa gageggegtg cacaccttee cggeegteeg geagtectet 180
gggctgtact ctctcagecag catggtgact gtgecegeca gecagetcaga aacccagace 240
ttcacctgea acgtagcecca cccggecage agecaccaagg tggacaagge tgtecactgca 300
aggcgtccag tecegacgac gecaaagaca actateecte ctggaaaacce cacaacccca 360
aagtctgaag ttgaaaagac accctgecag tgttccaaat geeccagaacce tetgggagga 420
ctgtctgtet tecatetteee accgaaacce aaggacacce tcacaatcte gggaacgece 480
gaggtcacgt gtgtggtggt ggacgtggge caggatgacc ccgaggtgea gttetectgg 540
ttcgtggacg acgtggaggt gecacacggee aggacgaage cgagagagga geagttcaac 600
agcacctacc gegtggtcag cgeeectgege atccageace aggactgget gcagggaaag 660
gagttcaagt gcaaggtcaa caacaaaggc ctceeggecec ccattgtgag gaccatcetee 720
aggaccaaag ggcaggceeeg ggagecgeag gtgtatgtee tggeeccace ccgggaagag 780
ctcagcaaaa gcacgctcag cctcacctge ctgatcaceg gtttctacce agaagagata 840
gacgtggagt ggcagagaaa tgggcagect gagtcggagg acaagtacca cacgaccgca 900
ccccagetgg atgetgacgg ctectactte ctgtacagea agetcagggt gaacaagage 960
agctggcagg aaggagacca ctacacgtgt gcagtgatge acgaagettt acggaatcac 1020
tacaaagaga agtccatctc gaggtctcecg ggtaaatga 1059

<210> 99

<211> 1059

<212> DNA

<213> Bos taurus

<400> 99
gcetecacca cagecccgaa agtctacect ctggeatece getgeggaga cacatcecage 60

tccaccgtga ceectgggetg cetggtetee agetacatge cecgageeggt gacegtgace 120

tggaactcgg gtgecctgaa gagtggegtg cacaccttee cggeegtect tecagtectee 180
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gggctgtact ctctcagecag catggtgacce gtgecegeca geacctcaga aacccagace 240
ttcacctgea acgtagcecca cccggecage agecaccaagg tggacaagge tgtecactgca 300
aggcgtccag tecegacgac gecaaagaca accateecte ctggaaaace cacaacccag 360
gagtctgaag ttgaaaagac accctgecag tgttccaaat geccagaacce tetgggagga 420
ctgtetgtet tecatettece accgaaacee aaggacacce tcacaatete gggaacgecee 480
gaggtcacgt gtgtggtggt ggacgtggge caggatgacc ccgaggtgea gttetectgg 540
ttcgtggacg acgtggaggt gcacacggee aggacgaage cgagagagga geagttcaac 600
agcacctacc gegtggtcag cgeecctgege atccageace aggactgget gcagggaaag 660
gagttcaagt gcaaggtcaa caacaaaggc ctceeggecec ccattgtgag gaccatcetee 720
aggaccaaag ggcaggceeeg ggagecegeag gtgtatgtee tggeeccace ccgggaagag 780
ctcagcaaaa gcacgctcag cctcacctge ctgatcaceg gtttctacce agaagagata 840
gacgtggagt ggcagagaaa tgggcagect gagtcggagg acaagtacca cacgaccgca 900
ccccagetgg atgetgacgg ctectactte ctgtacagea ggetcagggt gaacaagage 960
agctggcagg aaggagacca ctacacgtgt gcagtgatge atgaagettt acggaatcac 1020
tacaaagaga agtccatctc gaggtctcecg ggtaaatga 1059

<210> 100

<211> 105

<212> PRT

<213> Bos taurus

<400> 100

GlIn Pro Lys Ser Pro Pro Ser Val Thr Leu Phe Pro Pro Ser Thr Glu

1 5 10 15

Glu Leu Asn Gly Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe
20 25 30

Tyr Pro Gly Ser Val Thr Val Val Trp Lys Ala Asp Gly Ser Thr Ile
35 40 45

Thr Arg Asn Val Glu Thr Thr Arg Ala Ser Lys GIln Ser Asn Ser Lys
50 55 60

Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Ser Ser Asp Trp Lys Ser
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65 70 75 80

Lys Gly Ser Tyr Ser Cys Glu Val Thr His Glu Gly Ser Thr Val Thr
85 90 95

Lys Thr Val Lys Pro Ser Glu Cys Ser
100 105

<210> 101
<211> 318
<212> DNA
<213> Bos taurus

<400> 101
cagcccaagt ccccaccete ggtecacceetg ttecegeeet ccacggagga getcaacgge 60

aacaaggcca ccctggtgtg tetcatcage gacttetace cgggtagegt gaccgtggte 120
tggaaggcag acggcagceac catcaccecge aacgtggaga ccacceggge ctccaaacag 180
agcaacagca agtacgcgge cagcagetac ctgagectga cgagecagega ctggaaatcg 240
aaaggcagtt acagctgega ggtcacgecac gaggggagcea ccgtgacgaa gacagtgaag 300
ccctcagagt gttettag 318

<210> 102

<211> 328

<212> PRT

<213> Bos taurus

<400> 102

Ala Ser Thr Thr Ala Pro Lys Val Tyr Pro Leu Ser Ser Cys Cys Gly

1 5 10 15

Asp Lys Ser Ser Ser Thr Val Thr Leu Gly Cys Leu Val Ser Ser Tyr
20 25 30

Met Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ala Leu Lys Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Met Val Thr Val Pro Gly Ser Thr Ser Gly Gln Thr Phe
65 70 75 80
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Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Ala
85 90 95

Val Asp Pro Thr Cys Lys Pro Ser Pro Cys Asp Cys Cys Pro Pro Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Thr Ile Ser Gly Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Gly His Asp Asp Pro Glu Val Lys Phe Ser Trp Phe Val Asp Asp
145 150 155 160

Val Glu Val Asn Thr Ala Thr Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Ala Leu Arg Ile Gln His Gln Asp Trp
180 185 190

Thr Gly Gly Lys Glu Phe Lys Cys Lys Val His Asn Glu Gly Leu Pro
195 200 205

Ser Ser Ile Val Arg Thr Ile Ser Arg Thr Lys Gly Pro Ala Arg Glu
210 215 220

Pro GIn Val Tyr Val Leu Ala Pro Pro Gln Glu Glu Leu Ser Lys Ser
225 230 235 240

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

Ala Val Glu Trp Gln Arg Asn Gly Gln Pro Glu Ser Glu Asp Lys Tyr
260 265 270

Gly Thr Thr Pro Pro Gln Leu Asp Ala Asp Ser Ser Tyr Phe Leu Tyr
275 280 285

Ser Lys Leu Arg Val Asp Arg Asn Ser Trp Gln Glu Gly Asp Thr Tyr
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290 295 300

Thr Cys Val Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
305 310 315 320

Ser Thr Ser Lys Ser Ala Gly Lys
325

<210> 103
<211> 987
<212> DNA
<213> Bos taurus

<400> 103
gctagcacaa ctgetectaa ggtgtaccee ctgagetett getgeggega caagtetage 60

agcaccgtga ccctecggatg cctegtcage agetatatge ctgagecagt tacagtgaca 120
tggaattctg gtgeecttaa gtecggegte cataccttee ctgetgtget geagtectet 180
ggcctgtaca gtttgtecte tatggtgaca gtacceggtt ccaccteegg acagaccettt 240
acctgtaatg tggctcatee cgectectee acaaaggtgg ataaggetgt tgacecctace 300
tgtaaaccca gtccatgega ctgetgtece cecectecag ttgecggace cteagtettt 360
attttcccac ccaaacccaa agacaccetg acaatetetg gaacaccaga agtcacctge 420
gtegtegtgg atgtgggeca cgacgateet gaggtaaaat tetcatggtt cgtegacgat 480
gtggaagtga atacagctac tacaaaacct cgcgaagage agtttaacte tacctatcga 540
gtggtttctg ctttgeggat tcagecatcag gattggacag geggecaaaga gtttaaatgt 600
aaagtccata acgagggact tecttctagt ategtgegea ctatcagtag aactaaaggg 660
cctgeteggg aacctcaggt gtacgtectg geaccteccac aggaagaget gagtaagtet 720
acagtttcte tgacttgtat ggtaacatct ttttatccag attacatcge agttgaatgg 780
cagaggaacg ggcagccaga gagtgaggat aagtacggga ctactccacc acagetggac 840
gcagactcaa gttacttect gtactcaaag ctgagggttg acagaaactc atggcaggag 900
ggggacactt acacttgegt agttatgecac gaggcacttec acaaccacta cactcagaag 960
agtacttcaa agagtgcagg gaagtaa 987

<210> 104

<211> 318
<212> DNA
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<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 104
cagcctaaga gtectectte tgtaacacte ttteceeeet ctaccgagga actcaacgge 60

aataaagcta ccttggtttg ccttatttet gatttctace ccgggtetgt gaccgtggtg 120
tggaaagctg atgggtccac cattactcgg aatgtggaaa ccacceggge ttctaageag 180
tccaactcta aatacgcage atectectat ttgagtetta ctagtagtga ctggaagtca 240
aagggtagtt acagttgcga agtcacacat gaaggttcaa cagtgacaaa gacagtcaag 300
ccctcagagt getcatag 318

<210> 105

<211> 238

<212> PRT

<213> Artificial Sequence

<220>
<223> chimeric L chain

<400> 105
Met Glu Ser Gln Thr His Val Leu Ile Ser Leu Leu Leu Ser Val Ser
1 5 10 15

Gly Thr Tyr Gly Asp Ile Ala Ile Thr Gln Ser Pro Ser Ser Val Ala
20 25 30

Val Ser Val Gly Glu Thr Val Thr Leu Ser Cys Lys Ser Ser Gln Ser
35 40 45

Leu Leu Tyr Ser Glu Asn Gln Lys Asp Tyr Leu Gly Trp Tyr Gln Gln
50 55 60

Lys Pro Gly Gln Thr Pro Lys Pro Leu Ile Tyr Trp Ala Thr Asn Arg
65 70 75 80

His Thr Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp
85 90 95

Phe Thr Leu Ile Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Asp Tyr
100 105 110
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Tyr Cys Gly Gln Tyr Leu Val Tyr Pro Phe Thr Phe Gly Pro Gly Thr
115 120 125

Lys Leu Glu Leu Lys Gln Pro Lys Ser Pro Pro Ser Val Thr Leu Phe
130 135 140

Pro Pro Ser Thr Glu Glu Leu Asn Gly Asn Lys Ala Thr Leu Val Cys
145 150 155 160

Leu Ile Ser Asp Phe Tyr Pro Gly Ser Val Thr Val Val Trp Lys Ala
165 170 175

Asp Gly Ser Thr Ile Thr Arg Asn Val Glu Thr Thr Arg Ala Ser Lys
180 185 190

Gln Ser Asn Ser Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Ser
195 200 205

Ser Asp Trp Lys Ser Lys Gly Ser Tyr Ser Cys Glu Val Thr His Glu
210 215 220

Gly Ser Thr Val Thr Lys Thr Val Lys Pro Ser Glu Cys Ser
225 230 235

<210> 106
<211> 465
<212> PRT
<213> Artificial Sequence

<220>
<223> chimeric H chain

<400> 106
Met Gly Trp Ser Gln Ile Ile Leu Phe Leu Val Ala Ala Ala Thr Cys
1 5 10 15

Val His Ser Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Lys
20 25 30

Pro Gly Ser Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45
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Thr Ser Asn Phe Met His Trp Val Lys Gln Gln Pro Gly Asn Gly Leu
50 55 60

Glu Trp Ile Gly Trp Ile Tyr Pro Glu Tyr Gly Asn Thr Lys Tyr Asn
65 70 75 80

Gln Lys Phe Asp Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser
85 90 95

Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val
100 105 110

Tyr Phe Cys Ala Ser Glu Glu Ala Val Ile Ser Leu Val Tyr Trp Gly
115 120 125

Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Thr Ala Pro Lys
130 135 140

Val Tyr Pro Leu Ser Ser Cys Cys Gly Asp Lys Ser Ser Ser Thr Val
145 150 155 160

Thr Leu Gly Cys Leu Val Ser Ser Tyr Met Pro Glu Pro Val Thr Val
165 170 175

Thr Trp Asn Ser Gly Ala Leu Lys Ser Gly Val His Thr Phe Pro Ala
180 185 190

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Met Val Thr Val
195 200 205

Pro Gly Ser Thr Ser Gly GIn Thr Phe Thr Cys Asn Val Ala His Pro
210 215 220

Ala Ser Ser Thr Lys Val Asp Lys Ala Val Asp Pro Thr Cys Lys Pro
225 230 235 240

Ser Pro Cys Asp Cys Cys Pro Pro Pro Pro Val Ala Gly Pro Ser Val
245 250 255

Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Thr Ile Ser Gly Thr
260 265 270
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Pro Glu Val Thr Cys Val Val Val Asp Val Gly His Asp Asp Pro Glu
275 280 285

Val Lys Phe Ser Trp Phe Val Asp Asp Val Glu Val Asn Thr Ala Thr
290 295 300

Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser
305 310 315 320

Ala Leu Arg Ile Gln His Gln Asp Trp Thr Gly Gly Lys Glu Phe Lys
325 330 335

Cys Lys Val His Asn Glu Gly Leu Pro Ser Ser Ile Val Arg Thr Ile
340 345 350

Ser Arg Thr Lys Gly Pro Ala Arg Glu Pro Gln Val Tyr Val Leu Ala
355 360 365

Pro Pro Gln Glu Glu Leu Ser Lys Ser Thr Val Ser Leu Thr Cys Met
370 375 380

Val Thr Ser Phe Tyr Pro Asp Tyr Ile Ala Val Glu Trp Gln Arg Asn
385 390 395 400

Gly Gln Pro Glu Ser Glu Asp Lys Tyr Gly Thr Thr Pro Pro Gln Leu
405 410 415

Asp Ala Asp Ser Ser Tyr Phe Leu Tyr Ser Lys Leu Arg Val Asp Arg
420 425 430

Asn Ser Trp Gln Glu Gly Asp Thr Tyr Thr Cys Val Val Met His Glu
435 440 445

Ala Leu His Asn His Tyr Thr Gln Lys Ser Thr Ser Lys Ser Ala Gly
450 455 460

Lys
465

<210> 107
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<211> 717
<212> DNA
<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 107
atggaatctc aaactcatgt tttgatttca ttacttctga gtgtttcegg aacctacggt 60

gatatcgcta tcactcaatce teectectet gttgetgtgt ctgtgggega aaccgttace 120
ctgtecetgea agtecagtea gtetettete tactccgaga atcaaaagga ctacctggge 180
tggtaccaac agaagccegg ccagacccca aageccactga tatactggge aaccaacagg 240
cacaccggag tgecegacag gttcacagge agtggatetg geaccgactt taccttgate 300
atttcaagcg tgcaggcetga agatctggece gactactact gtggtcagta tetggtgtat 360
cctttcactt tcgggecagg gacaaaactc gagetcaaac agectaagag tecteettet 420
gtaacactct ttceeccecte taccgaggaa ctcaacggea ataaagcetac cttggtttge 480
cttatttctg atttctacce cgggtetgtg accgtggtgt ggaaagetga tgggteccace 540
attactcgga atgtggaaac cacccgggct tctaagceagt ccaactctaa atacgecagea 600
tcctectatt tgagtettac tagtagtgac tggaagtcaa agggtagtta cagttgecgaa 660
gtcacacatg aaggttcaac agtgacaaag acagtcaagce cctcagagtg ctcatag 717
<210> 108

<211> 1398

<212> DNA

<213> Artificial Sequence

<220>
<223> codon-optimized sequence

<400> 108
atggggtggt cccagattat attgttecte gtegecgeeg ccacttgegt acacagecaa 60

gtgcaacttc aacaaagegg tgcagaactg gtaaagceccg gtagetctgt gaaaatatee 120
tgtaaagcca gtggctacac atttaccage aactttatge actgggtgaa gecaacagecce 180
ggaaatggcet tggagtggat tggetggate tatcecegaat atggtaacac caagtataat 240
cagaagttcg acggtaaggc caccctcace gecgataagt catectecac cgectatatg 300
cagctcagca gectgaccag cgaggattcee getgtgtact tetgtgecag cgaagagget 360

gtgatctcat tggtgtattg gggacaggge accectegtea cegtgtecag cgetageaca 420
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actgctccta aggtgtacce cctgagetet tgetgeggeg acaagtetag cageacegtg 480
accctcggat gectegtecag cagetatatg cctgagecag ttacagtgac atggaattet 540
ggtgeectta agtcecggegt cecatacctte cetgetgtge tgecagtecte tggectgtac 600
agtttgtect ctatggtgac agtacceggt teccaccteeg gacagacctt tacctgtaat 660
gtggctcate cegectecte cacaaaggtg gataaggetg ttgacectac ctgtaaacce 720
agtccatgeg actgetgtee ccececteca gttgeeggac ceteagtett tattttecca 780
cccaaaccca aagacaccct gacaatctct ggaacaccag aagtcacctg cgtegtegtg 840
gatgtgggcc acgacgatcc tgaggtaaaa ttctcatggt tegtegacga tgtggaagtg 900
aatacagcta ctacaaaacc tcgegaagag cagtttaact ctacctateg agtggtttct 960
gectttgegga ttcageatca ggattggaca ggeggeaaag agtttaaatg taaagtccat 1020
aacgagggac ttccttetag tatcgtgege actatcagta gaactaaagg gectgetcgg 1080
gaacctcagg tgtacgtect ggecaccteca caggaagage tgagtaagte tacagtttct 1140
ctgacttgta tggtaacatc tttttatcca gattacatcg cagttgaatg gcagaggaac 1200
gggcagecag agagtgagga taagtacggg actacteccac cacagetgga cgecagactca 1260
agttacttcc tgtactcaaa gctgagggtt gacagaaact catggcagga gggggacact 1320
tacacttgcg tagttatgca cgaggcactt cacaaccact acactcagaa gagtacttca 1380
aagagtgcag ggaagtaa 1398

<210> 109

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 109
atgaggatat atagtgtctt aacat 25

<210> 110

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer



<400> 110
ttacgtctcc tcaaaatgtg

<210> 111

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 111
atgaggatat gtagtatctt tacat

<210> 112

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 112
ttacgtctce tcaaattgtg t

<210> 113

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 113
atgaggatat atagtgtctt

<210> 114

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 114
gccactcagg acttggtgat

<210> 115
<211> 20
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20

25

21

20

20



<212> DNA
<213> Artificial Sequence

<220>
<223> primer

<400> 115
gggggtttac tgttgettga

<210> 116

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 116
ttacgtctee tcaaattgt

<210> 117

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 117
gaagatctat ggggaccceg cgggegeeg

<210> 118

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 118
gacccgggga ggggecagga geagtgtec

<210> 119

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 119
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20

19

29

29
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ccgetcgaga tgaggatata tagtgtcet 28

<210> 120

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 120
atcccgggeg tctectcaaa atgtgtag 28

<210> 121

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 121
actaagctta tggggaccee geggg 25

<210> 122

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 122
actcccgggg aggggecaag ageagt 26

<210> 123

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 123
ccgetegaga tgaggatatg tagtatett 29

<210> 124

<211> 29

<212> DNA

<213> Artificial Sequence



<220>
<223> primer

<400> 124
atccegggeg tetectcaaa ttgtgtate

<210> 125

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 125
gacgctagca tgaggatata tagtgtct

<210> 126

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 126
gctetgatat cectegtttt tgetggat

<210> 127

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 127
gacgctagca tgaggatatg tagtatctt

<210> 128

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 128
agcttgatat ccctetttet tgetggate

166

29

28

28

29

29
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<210> 129

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 129
cgcggatatc atggattaca cagcgaagtg

<210> 130

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 130
cggggtacce cagagetgtt getggttat

<210> 131

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 131
cgceggcetage atgagaatgt ttagtgtett

<210> 132

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 132
cgcggatatce ttaatggtga tggtgatggt gagtectete acttgetgg

<210> 133

<211> 32

<212> DNA

<213> Artificial Sequence

<220>

30

29

30

49



<223> primer

<400> 133
atatgcggcece gecatggggac ccegegggeg ct

<210> 134

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 134
gcgcaagcett tcagagggge caggageagt

<210> 135

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 135
ctagctagca ccatgaggat atatagtgtc ttaac

<210> 136

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 136
caatctcgag ttacagacag aagatgactg c

<210> 137

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 137
gctagcatga ggatatatag tgtcttaac

<210> 138

168

32

30

35

31

29



<211> 26
<212> DNA
<213> Artificial Sequence

<220>
<223> primer

<400> 138
gatatcattc ctcttttttg ctggat

169

26
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CLAIMS

1. An anti-PD-L1 antibody comprising (a) and (b) or an anti-PD-L1 antibody comprising (c)
and (d):

(a) a light chain comprising a light chain variable region containing CDR1 having the amino
acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid
sequence of WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID
NO: 38) and the light chain constant region of a canine antibody having the amino acid
sequence as shown in SEQ ID NO: 3;

(b) a heavy chain comprising a heavy chain variable region containing CDR1 having the
amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid
sequence of [YPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid sequence
of ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region of a canine
antibody having the amino acid sequence as shown in SEQ ID NO: 4;

(c) a light chain comprising a light chain variable region containing CDR1 having the amino
acid sequence of QSLLYSENQKDY (SEQ ID NO: 37), CDR2 having the amino acid
sequence of WAT and CDR3 having the amino acid sequence of GQYLVYPFT (SEQ ID
NO: 38) and the light chain constant region of a bovine antibody having the amino acid
sequence as shown in SEQ ID NO: 100; and

(d) a heavy chain comprising a heavy chain variable region containing CDR1 having the
amino acid sequence of GYTFTSNF (SEQ ID NO: 39), CDR2 having the amino acid
sequence of [IYPEYGNT (SEQ ID NO: 40) and CDR3 having the amino acid sequence
of ASEEAVISLVY (SEQ ID NO: 41) and the heavy chain constant region of a bovine
antibody having the amino acid sequence as shown in SEQ ID NO: 102.

2. The antibody of claim 1, wherein the light chain variable region and the heavy chain

variable region are derived from rat.

(O8]

. The antibody of claim 2, wherein the light chain variable region is the light chain variable
region of a rat anti-bovine PD-L1 antibody and the heavy chain variable region is the
heavy chain variable region of a rat anti-bovine PD-L1 antibody.

4. The antibody of claim 3, wherein the light chain variable region has the amino acid

sequence as shown in SEQ ID NO. 1 and the heavy chain variable region has the amino

acid sequence as shown in SEQ ID NO: 2.

e

The antibody of any one of claims 1 to 4, wherein the light chain constant region of a

canine or bovine antibody has the amino acid sequence of the constant region of lambda
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chain or kappa chain.

6. The antibody of any one of claims 1 to 5 which has a four-chain structure comprising two
light chains and two heavy chains.

7. A pharmaceutical composition comprising the antibody of any one of claims 1 to 6 as an
active ingredient.

8. The pharmaceutical composition of claim 7 for use as a medicament.

9. Use of the pharmaceutical composition of claim 7 in the manufacture of a medicament for
treatment of cancers and/or infections in non-human subjects.

10. The use of claim 9, wherein the cancers and/or infections are selected from the group
consisting of neoplastic diseases, leukemia, Johne's disease, anaplasmosis, bacterial
mastitis, mycotic mastitis, mycoplasma infections (such as mycoplasma mastitis,
mycoplasma pneumonia or the like), tuberculosis, Theileria orientalis infection,
cryptosporidiosis, coccidiosis, trypanosomiasis and leishmaniasis.

11. An artificial genetic DNA encoding the anti-PD-L1 antibody of claim 1.

12. A vector comprising the artificial genetic DNA of claim 11.

13. A host cell transformed with the vector of claim 12.

14. A method of preparing an antibody, comprising culturing the host cell of claim 13 and

collecting an anti-PD-L1 antibody from the resultant culture.



