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(57) Abstract: The present invention is based, in part, on the discovery of certain oligonucleotide sequences derived trom specific

regions of the rhesus monkey (Macaca mulatta) immunoglobulin

gene repertoire sequences useful for amplifying the light chain,

heavy chain, and full-length immunoglobulin genes encoding the entire Macaca mulatta immunoglobulin gene repertoire. Thus, the

present invention allows for the generation of diverse and complex

libraries of Macaca mulatta immunoglobulin gene sequences en-

coding full-length immunoglobulins, as well as fragments and variants thereof (e.g., scFvs).
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COMPOSITIONS, KITS, AND METHODS FOR THE GENERATION OF
IMMUNOGLOBULIN SEQUENCES

Cross-Reference to Related Applications
This application claims the benefit of U.S. Provisional Application No. 61/616,091,

filed on March 27, 2012; the entire content of which application is incorporated herein in its

entirety by this reference.

Background of the Invention

The tremendous diversity and specificity of antibodies generated by mammalian
immune systems has led to great biomedical investment toward identifying specific
antibodies useful for diagnostic, prognostic, and therapeutic applications. Accordingly,
there has been a dramatic increase in the general effort to identify full immunological
repertoires from which to select particularly useful antibodies (e.g., hybridoma technology,
phage display, and lymphocyte antibody recovery methods). Antibodies have long been
viewed as potential agents for therapeutic interventions and targeted drug delivery, largely
with a view to exploiting the combination of high specificity and affinity of the antibody-
antigen interaction. Hence, the number of antibody variable heavy and variable light chain
gene sequences, their organisation into sequence specific families and their relative
utilisation is of interest with respect to antibody engineering.

Unfortunately, current methods for generating immunologically diverse antibody
libraries have been hampered by limitations in techniques such as hybridoma generation,
which prevent the cloning of full immunological repertoires. The inability to use humans
for the production of antibodies hampers scientific interrogation of human immunological
diversity. In addition, a highly complex and large number of primers are usually required
to amplify a diverse set of mammalian immunoglobulin gene sequences given the
tremendous number of such sequences maintained within the host genome and
transcriptome.

In view of the above, it is clear that there remains a need in the art for compositions,
kits and methods for identifying and cloning the full repertoire of mammalian
immunoglobulins. In addition, there is a need in the art for compositions (e.g., primer sets)
that will efficiently recover a diverse and complex set of variable and constant light and

heavy chains, ensuring cloning of these regions from single or small numbers of B cells (or
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other antibody producing cells). Finally, there is a need in the art to generate diverse and

complex libraries of immunoglobulins and/or fragments and variants thereof.

Summary of the Invention

The present invention is based, in part, on the discovery of compositions, kits and
methods for identifying and cloning light chain, heavy chain, and full-length
immunoglobulin genes covering the entire thesus monkey (Macaca mulatta)
immunoglobulin gene repertoire.

In one aspect, a nucleic acid molecule is provided having a nucleotide sequence
selected from the group consisting of oligonucleotides shown in Tables 1-3 and 8-10.

In another aspect, provides a nucleic acid molecule is provided having a nucleotide
sequence comprising a sequence selected from the group consisting of oligonucleotides
shown in Tables 1-3 and 8-10, wherein the oligonucleotide is capable of annealing to a
Macaca mulatta immunoglobulin sequence, or a portion thereof.

In still another aspect, a nucleic acid molecule is provided comprising a nucleotide
sequence which is at least 80% identical to a nucleotide sequence selected from the group
consisting of oligonucleotides shown in Tables 1-3 and 8-10.

In yet another aspect, a nucleic acid molecule is provided comprising a fragment of
at least 8 nucleotides of a nucleic acid molecule having a nucleotide sequence selected from
the group consisting of oligonucleotides shown in Tables 1-3 and 8-10.

In another aspect, a set of primers is provided selected from the group consisting of
two or more oligonucleotides of oligonucleotides shown in Tables 1-3 and 8-10.

In still another aspect, an oligonucleotide is provided for amplifying a nucleic acid
sequence in a sample, wherein the sample contains a nucleotide sequence selected from the
group consisting of oligonucleotides shown in Tables 1-3 and 8-10, or complement thereof.
In one embodiment, the sample is from a rhesus monkey (e.g., splenocytes, lymph nodes,
lymphocytes, and the like).

In yet another aspect, an isolated VL kappa sequence encoded by a nucleic acid
sequence and amino acid sequence encoded thereby is provided, which is selected from the
group of sequences set forth in Tables 4-7.

In another aspect, an isolated VL lambda sequence encoded by a nucleic acid
sequence and amino acid sequence encoded thereby is provided, which is selected from the

group of sequences set forth in Tables 4-7.
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In still another aspect, an isolated VH sequence encoded by a nucleic acid sequence
and amino acid sequence encoded thereby is provided, which is selected from the group of
sequences set forth in Tables 4-7 and 12.

In yet another aspect, an isolated CL lambda sequence encoded by a nucleic acid
sequence and amino acid sequence encoded thereby is provided, which is selected from the
group of sequences set forth in Tables 4-7.

In another aspect, an isolated CH lambda sequence encoded by a nucleic acid
sequence and amino acid sequence encoded thereby is provided, which is selected from the
group of sequences set forth in Tables 4-7.

In still another aspect, a library of nucleic acid molecules encoding a plurality of
antigen binding polypeptides is provided, wherein the library is made by a method
comprising the steps of: a.) isolating nucleic acid molecules encoding an immunoglobulin
from a rhesus monkey; b.) amplifying the variable regions of the immunoglobulin's heavy
chain and the lambda and/or kappa light chains using PCR with a set of primers designed
for the variable regions, wherein primers for the VL kappa chains are represented by any
one of SEQ ID NOs: 1-18, primers for the VL lambda chains are represented by any one of
SEQ ID NOs: 19-38, primers for the VH chains are represented by any one of SEQ ID
NOs: 39-50, and/or their analogues or combination, wherein the amplified variable regions
incorporate a flexible linker into the 3' end of the Vi, amplicons and the 5' end of the Vi
amplicons or vice versa; and c.) using the flexible linker, randomly linking the Vg and Vi,
amplicons. In one embodiment, the library further comprises scFv DNA constructs
generated from randomly combined VH and VL chains with each scFv chain constituting a
library member. In another embodiment, the library is a library of display packages
displaying the scFv chains, wherein a library member comprises a nucleic acid encoding
scFv chain, and the scFv chain is displayed from the package. In still another embodiment,
the population of nucleic acids are cloned into a DNA construct (e.g., a plasmid, phagemid,
or expression cassette). In yet another embodiment, the DNA construct is a phage display
vector or bacteriophage or yeast that express individual scFv to form phage or yeast display
libraries expressing the generated scFv constructs. In another embodiment, a nucleic acid
sequence and amino acid sequence encoded thereby representing said VH chain is selected
from the group of sequences set forth in Tables 4-6 and 12 and a nucleic acid sequence and
amino acid sequence encoded thereby representing said VL chain is selected from the group

of sequences set forth in Tables 4-7. In still another embodiment, a library member further
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comprises a nucleic acid segment encoding a tag linked to the nucleic acid encoding the
ScFv chain, wherein the tag is the same in different library members. In yet another
embodiment, the method further comprises contacting library members with an agent
having specific affinity for the tag and isolating a subpopulation of library members that
bind to the agent.

In yet another aspect, a nucleic acid sequence encoding an scFv isolated from
libraries described herein are provided. In one embodiment, the nucleic acid sequence and
amino acid sequence encoded thereby representing said VH chain is selected from the
group of sequences set forth in Tables 4-7 and 12. In another embodiment, the nucleic acid
sequence and amino acid sequence encoded thereby representing said VL chain is selected
from the group of sequences set forth in Tables 4-7. In another aspect, an isolated scFv
polypeptide encoded by the nucleic acid is provided.

In another aspect, a kit for the detection of Macaca mulatta immunoglobulin
sequences is provided, wherein the kit comprises at least one nucleic acid molecule,
wherein the nucleic acid molecule comprises a nucleotide sequence which is at least 80%
identical to a nucleotide sequence selected from the group consisting of oligonucleotides
shown in Tables 1-3 and 8-10. Similarly, a kit for the detection of Macaca mulatta
immunoglobulin sequences, comprising a set of oligonucleotides is provided, wherein the
oligonucleotides comprise a nucleotide sequence which is at least 80% identical to a
nucleotide sequence selected from the group consisting of oligonucleotides shown in Tables
1-3 and 8-10. In one embodiment, the kit(s) further comprise at least one labeled
oligonucleotide for detecting amplified Macaca mulatta immunoglobulin nucleic acid. In
another embodiment, the kit(s) further comprise a component selected from the group
consisting of a plurality of nucleotides and a nucleic acid polymerase. In still another
embodiment, the kit(s) further comprise at least one other component for conducting a
polymerase amplification reaction (e.g., a thermostable DNA polymerase). In yet another
embodiment, the kit(s) comprise instructions for use.

In still another aspect, a method for amplifying a target nucleic acid is provided,
wherein the method comprisies: combining a target nucleic acid under conditions which
allow for an amplification reaction to occur with: a) one or more nucleic acid primer
sequences which are at least 80% identical to the sequences set forth as oligonucleotides
shown in Tables 1-3 and 8-10; b) a nucleic acid polymerase ; and ¢) a plurality of

nucleotides, thereby resulting in an amplified target nucleic acid. In one embodiment, the
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method further comprises step for generating an scFv, wherein the amplified target nucleic
acid is combined under conditions which allow for an amplification reaction to occur with:
a) one or more nucleic acid primer sequences which are at least 80% identical to the
sequences set forth as SEQ ID NOs: 51-52; b) a nucleic acid polymerase; and ¢) a plurality
of nucleotides, thereby generating an scFv. In another embodiment, the target nucleic acid
is from the Macaca mulatta genome or transcriptome (e.g., a Macaca mulatta
immunoglobulin sequence). In still another embodiment, the polymerase is selected from
the group consisting of reverse transcriptase and thermostable DNA polymerase. In yet
another embodiment, the amplified Macaca mulatta immunoglobulin nucleic acid is
sequenced and/or cloned into a vector. In another aspect, the vector is provided.

In yet another aspect, a method for preparing single-chain variable fragment (scFv)
nucleic acid molecules is provided, wherein the method comprises the steps of: a.) isolating
nucleic acid molecules encoding an immunoglobulin from a rhesus monkey; b.) amplifying
the variable regions of the immunoglobulin's heavy chain and the lambda and/or kappa light
chains using PCR with a set of primers designed for the variable regions, wherein primers
for the VL kappa chains are represented by any one of SEQ ID NOs: 1-18, primers for the
VL lambda chains are represented by any one of SEQ ID NOs: 19-38, primers for the VH
chains are represented by any one of SEQ ID NOs: 39-50, and/or their analogues or
combination, wherein the amplified variable regions incorporate a flexible linker into the 3'
end of the Vi, amplicons and the 5' end of the Vi amplicons or vice versa; and ¢.) using the
flexible linker, randomly linking the Vg and Vi amplicons. In one embodiment, the
isolated nucleic acid molecules are selected from the group consisting of genomic DNA,
RNA, and cDNA. In another embodiment, the nucleic acid molecules encoding an
immunoglobulin from a rhesus monkey are obtained from rhesus monkey splenocytes or
lymphocytes. In still another embodiment, the rhesus monkey is immunized with a specific
antigen. In yet another embodiment, the antigen is a bacterial, fungal, parasitic or viral
antigen. In another embodiment, the amplified variable regions incorporate enzyme
restriction sites into the 5' end of the Vi amplicons and the 3' end of the Vi amplicons. In
still another embodiment, the method further comprises the step of cloning the single chain
variable fragment into a DNA construct. In yet another embodiment, the DNA construct is
a plasmid, phagemid, or expression cassette.

In another aspect, a method for mutagenizing the plurality of scFv described herein

is provided, wherein the method comprises a.) mutagenizing genes encoding the individual
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scFv members of the library; and b.) expressing the genes to produce mutagenized chimeric
scFv. In one embodiment, the method further comprises the step of screening said
mutagenized chimeric scFv antibodies to select for a desired structure or function.

In still another aspect, a method of identifying an antigen-specific scFv is provided,
wherein the method comprises the step of panning the library against a target antigen,
identifying an antigen-specific scFv; and isolating the identified antigen-specific scFv. In
one embodiment, panning is performed using phage display.

In yet another aspect, a method for specifically detecting Macaca mulatta
immunoglobulin nucleic acids in a sample is provided, wherein the method comprises: a)
contacting said sample with one or more nucleic acid sequences which are at least 80%
identical to the sequences set forth in Tables 1-3 and 8-10, under conditions such that said
Macaca mulatta immunoglobulin nucleic acids can hybridize with said primers; b) reverse
transcribing and amplifying said nucleic acids to obtain amplified Macaca mulatta
immunoglobulin nucleic acids; and ¢) detecting the presence of said amplified Macaca
mulatta immunoglobulin nucleic acids. In one embodiment, detecting the presence of said
amplified Macaca mulatta immunoglobulin nucleic acids comprises: a) contacting said
amplified Macaca mulatta immunoglobulin nucleic acids with a labeled oligonucleotide to
obtain labeled Macaca mulatta immunoglobulin nucleic acids; and b) identifying said
labeled nucleic acids. In another embodiment, amplification of said nucleic acids is
accomplished by nucleic acid sequence based amplification (NASBA), a polymerase chain
reaction (PCR), transcription mediated amplification (TMA) or Ligase chain reaction. In
still another embodiment, the method further comprises the step of sequencing the
amplified Macaca mulatta immunoglobulin nucleic acids. In yet another embodiment, the
method further comprises evaluating the sequence for mutations.

In another aspect, the use of an scFv described herein for the manufacture of a
medicament for the treatment and/or prophylaxis of a disease involving aberrant expression
or aberrant activity of an antigen recognised by said antibody is provided.

In still another aspect, a method of screening for and/or diagnosis or prognosis of a
disease in a subject, and/or monitoring the effectiveness of therapy for said disease is
provided, wherein the method comprises the step of detecting and/or quantifying in a
biological sample obtained from said subject, the expression of an antigen recognised by an

scFv described herein.
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In any aspect of the present invention, certain modifications, additions, and the like
may be made. For example, sequences represented in the form a SEQ ID NO may be
written for convenience, but does not include substitution of functionally equivalent
sequences described herein (e.g., alternative compatible oligonucleotides described in the
Tables). In one embodiment, a vector is provided wherein the vector comprises a nucleic
acid molecule described herein. In another embodiment, a nucleic acid molecule described
herein (e.g., an oligonucleotide) further comprises a label. In one embodiment, the label is
selected from the group consisting of a fluorescent group, digoxigenin, biotin, radioactive
labels, chemiluminescent groups, enzymes, antibodies, luminescent agents, precipitating
agents, and dyes. In another embodiment, the label is selected from the group consisting of
a fluorescent group, digoxigenin biotin, radioactive labels, chemiluminescent groups,

enzymes) antibodies, luminescent agents, precipitating agents, and dyes.

Brief Description of the Drawings

Figures 1A-1B show schematic diagrams of sub-group specific primers useful for
amplifying the light chain (Figure 1A) and heavy chain (Figure 1B) variable domain
immunoglobulin gene sequences from Macaca mulatta. FR1 - FR4, framework regions 1 -
4; CDR1-34, complementarity-determining regions 1-3; C, constant regions of the light
chains (x or &); CHI, constant region 1 of the heavy chain.

Figures 2A-2B show schematic diagrams of constant region-specific primers useful
for amplifying the heavy chain (Figure 2A) and light chain (Figure 2B) constant domain
immunoglobulin gene sequences from Macaca mulatta. Figure 2A uses the following
abbreivations: CyGSP1, constant region y gene-specific primer 1 (only one primer for all 4
isotypes); CyCT, primer used for the amplification of the 3 end of the cosntant region;
CyGSP2, Cy gene-specific forward primer used for nested PCR; Cylh to Cy4h, forward
primers specific for the hinge regions in the four different Macaca mulatta v heavy chains.
Figure 2B uses the following abberviations: CA_CT and Ck_CT, primers used for the
amplification of the 3 end of the light chain cosntant region; CA_GSP1 and Cx_GSP1,
gene-specific primer 1 to constant region of k or A light chain; CA_GSP2 and Cx_GSP2,
gene-specific primer 2 to constant region of k or A light chain.

Figure 3 shows exemplary amplification results of Macaca mulatta VH
immunoglobulin genes with primers specific for leader sequences listed in Tables 8-10.

The upper panel represents results of VH gene RT-PCR using mRNA isolated from bone
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marrow B cells of 6 rhesus monkeys. Reverse transcription was performed with random
hexamer primers according to the manufacturer protocol for SuperScript III™ reverse
transcriptase (Invitrogen) and PCR was done as described in Example 2. Forward primers
were leader-specific primers of Set I, IT and III (Tables 8, 9, and 10, respectively) and
reverse primer was y-PCR1 listed in Table 3. The lower panel shows gel analysis of VH
gene amplification performed acording the same procedure but using total RNA isolated
from PBMC of an individual rhesus monkey. L, 100bp+ DNA ladder; VH, VH primers
specific for different VH gene subfamilies as labeled in the Group or Note columns of
Tables 8, 9, and 10; M, mixture of all primers of the set; O, positive control; and C,
negative control.

Figure 4 shows exemplary amplification results of Macaca mulatta VH
immunoglobulin genes with primers specific for leader sequences listed in Tables 8-10.
Total RNA was isolated from PBMC of two naive rhesus macaques, RGj-11 (upper gel)
and RCf-12 (lower gel) by Trizol. Reverse transcription was performed according
manufacturer instruction for SuperScript III™ reverse transcriptase (Invitrogen). PCR was
performed under conditions described in Example 2 using primers of set I, I and III (Tables
8,9, and 10, respectively) as forward primers and y-PCR1 listed in Table 3 as reverse
primer. L, 100bp+ DNA ladder; VH, VH primers specific for different VH gene
subfamilies as labeled in the Group or Note columns of Tables 8, 9, and 10; M, mixture of

all primers of the set; O, positive control; and C, negative control.

Detailed Description of the Invention

The present invention is based, in part, on the discovery of certain oligonucleotide
sequences derived from specific regions of the rhesus monkey (Macaca mulatta)
immunoglobulin gene repertoire useful for amplifying the light chain, heavy chain, and full-
length immunoglobulin genes encoding the entire Macaca mulatta immunoglobulin gene
repertoire. Thus, the present invention allows for the generation of diverse and complex
libraries of Macaca mulatta immunoglobulin gene sequences encoding full-length
immunoglobulins, as well as fragments and variants thereof (e.g., scFvs).

Accordingly, compositions and methods are provided for amplifying, cloning,
and/or isolating the full repertoire of Macaca mulatta immunoglobulin genes. In addition,

compositions and methods are provided for generating diverse and complex libraries of
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Macaca mulatta-based immunoglobulins, as well as fragments and variants thereof (e.g.,
scFvs).

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA,
and immunology, which are within the skill of the art. Such techniques are explained fully
in the literature. (See e.g., Maniatis, Fitsch & Sambrook, Molecular Cloning; A Laboratory
Manual (1982); DNA Cloning, Volumes I and II (D. N Glover ed. 1985); Oligonucleotide
Sunthesis (M. J. Gait ed, 1984); Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins
eds. 1984); the series, Methods in Enzymology (Academic Press, Inc.), particularly Vol.
154 and Vol. 155 (Wu and Grossman, and Wu, eds. , respectively)). All patents, patent
applications, and publications mentioned herein, both supra and infra, are hereby

incorporated herein by reference.

1. Definitions

The articles “a” and “an” are used herein to refer to one or to more than one (i.e. to
at least one) of the grammatical object of the article. By way of example, “an element”
means one element or more than one element.

The term “about” as used herein means in quantitative terms plus or minus 5%, or in
another embodiment plus or minus 10%, or in another embodiment plus or minus 15%, or
in another embodiment plus or minus 20%.

The terms “amplification” or “amplify” include the reactions necessary to increase
the number of copies of a nucleic acid sequence (e.g., a DNA sequence). For the purposes
of this invention, amplification refers to the in vifro exponential increase in copy number of
a target nucleic acid sequence, such as that mediated by a polymerase amplification reaction
such as e.g., PCR, however, other amplification reactions encompassed by the invention
include, e.g., RT-PCR (see, e.g., U. S. P. N. 4,683, 202; Mullis et al.), and the ligase chain
reaction (Barany, Proc. Natl. Acad. Sci. USA 88: 189- 193 (1991)).

Unless otherwise specified here within, the terms “antibody” and “antibodies™ and
“immunoglobulins” broadly encompass naturally-occurring forms of antibodies (e.g. 1gG,
IgA, 1gM, IgE) and recombinant antibodies such as single-chain antibodies, chimeric and
humanized antibodies and multi-specific antibodies, as well as fragments and derivatives of
all of the foregoing, which fragments and derivatives have at least an antigenic binding site.
Antibody derivatives can comprise a protein or chemical moiety conjugated to an antibody.

Moreover, “antibody” can refer to endogenously generate immunoglobulins produced by an
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organism, such as Macaca mulatta, or by engineered variants thereof, such as through
enhanced diversity introduced by scientific manipulation according to methods known in
the art and described further herein.

The term “body fluid” refers to fluids that are excreted or secreted from the body as
well as fluid that are normally not (e.g. amniotic fluid, aqueous humor, bile, blood and
blood plasma, cerebrospinal fluid, cerumen and earwax, cowper’s fluid or pre-¢jaculatory
fluid, chyle, chyme, stool, female ¢jaculate, interstitial fluid, intracellular fluid, lymph,
menses, breast milk, mucus, pleural fluid, pus, saliva, sebum, semen, serum, sweat,
synovial fluid, tears, urine, vaginal lubrication, vitreous humor, vomit).

As used herein, the term “coding region” refers to regions of a nucleotide sequence
comprising codons which are translated into amino acid residues, whereas the term
“noncoding region” refers to regions of a nucleotide sequence that are not translated into
amino acids (e.g., 5' and 3' untranslated regions).

“Complementary” refers to the broad concept of sequence complementarity between
regions of two nucleic acid strands or between two regions of the same nucleic acid strand.
It is known that an adenine residue of a first nucleic acid region is capable of forming
specific hydrogen bonds (“base pairing”) with a residue of a second nucleic acid region
which is antiparallel to the first region if the residue is thymine or uracil. Similarly, it is
known that a cytosine residue of a first nucleic acid strand is capable of base pairing with a
residue of a second nucleic acid strand which is antiparallel to the first strand if the residue
is guanine. A first region of a nucleic acid is complementary to a second region of the same
or a different nucleic acid if, when the two regions are arranged in an antiparallel fashion, at
least one nucleotide residue of the first region is capable of base pairing with a residue of
the second region. Preferably, the first region comprises a first portion and the second
region comprises a second portion, whereby, when the first and second portions are
arranged in an antiparallel fashion, at least about 50%, and preferably at least about 75%, at
least about 90%, or at least about 95% of the nucleotide residues of the first portion are
capable of base pairing with nucleotide residues in the second portion. More preferably, all
nucleotide residues of the first portion are capable of base pairing with nucleotide residues
in the second portion.

A molecule is “fixed” or “affixed” to a substrate if it is covalently or non-covalently

associated with the substrate such that the substrate can be rinsed with a fluid (e.g. standard
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saline citrate, pH 7.4) without a substantial fraction of the molecule dissociating from the
substrate.

“Homologous™ as used herein, refers to nucleotide sequence similarity between two
regions of the same nucleic acid strand or between regions of two different nucleic acid
strands. When a nucleotide residue position in both regions is occupied by the same
nucleotide residue, then the regions are homologous at that position. A first region is
homologous to a second region if at least one nucleotide residue position of each region is
occupied by the same residue. Homology between two regions is expressed in terms of the
proportion of nucleotide residue positions of the two regions that are occupied by the same
nucleotide residue. By way of example, a region having the nucleotide sequence 5'-
ATTGCC-3' and a region having the nucleotide sequence 5'-TATGGC-3' share 50%
homology. Preferably, the first region comprises a first portion and the second region
comprises a second portion, whereby, at least about 50%, and preferably at least about 75%,
at least about 90%, or at least about 95% of the nucleotide residue positions of each of the
portions are occupied by the same nucleotide residue. More preferably, all nucleotide
residue positions of each of the portions are occupied by the same nucleotide residue.

As used herein, the term “host cell” is intended to refer to a cell into which a nucleic
acid of the invention, such as a recombinant expression vector of the invention, has been
introduced. The terms “host cell” and “recombinant host cell” are used interchangeably
herein. It should be understood that such terms refer not only to the particular subject cell
but to the progeny or potential progeny of such a cell. Because certain modifications can
occur in succeeding generations due to either mutation or environmental influences, such
progeny can not, in fact, be identical to the parent cell, but are still included within the
scope of the term as used herein.

The term “humanized antibody”, as used herein, is intended to include antibodies
made by a non-human cell having variable and constant regions which have been altered to
more closely resemble antibodies that would be made by a human cell. For example, by
altering the non-human antibody amino acid sequence to incorporate amino acids found in
human germline immunoglobulin sequences. The humanized antibodies of the invention
can include amino acid residues not encoded by human germline immunoglobulin
sequences (e.g., mutations introduced by random or site-specific mutagenesis iz vitro or by
somatic mutation in vivo), for example in the CDRs. The term “humanized antibody”, as

used herein, also includes antibodies in which CDR sequences derived from the germline of
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another mammalian species, such as a mouse, have been grafted onto human framework
sequences.

The terms “hybridize”or “hybridization”are art-known and include the hydrogen
bonding of complementary DNA and/or RNA sequences to form a duplex molecule.

As used herein, the term “immune cell” refers to cells that play a role in the immune
response. Immune cells are of hematopoietic origin, and include lymphocytes, such as B
cells and T cells; natural killer cells; myeloid cells, such as monocytes, macrophages,
cosinophils, mast cells, basophils, and granulocytes.

The term “immunoglobulin polypeptide” as used herein also includes “antibody,”
“antibody fragment,” and “antigen-binding portion” of an antibody (or simply “antibody
portion”). The term “antigen-binding portion”, as used herein, refers to one or more
fragments of an antibody that retain the ability to specifically bind to an antigen. It is well
known that the antigen-binding function of an antibody can be performed by fragments of a
full-length antibody. Examples of binding fragments encompassed within the term
“antigen-binding portion” of an antibody include (i) a Fab fragment, a monovalent fragment

consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab')9 fragment, a bivalent

fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;
(iii) a Fd fragment consisting of the VH and CH1 domains; (iv) a Fv fragment consisting of
the VL and VH domains of a single arm of an antibody, (v) a dAb fragment (Ward et al.,
(1989) Nature 341:544-546), which consists of a VH domain; and (vi) an isolated
complementarity determining region (CDR). Furthermore, although the two domains of the
Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that enables them to be made as a single protein
chain in which the VL. and VH regions pair to form monovalent polypeptides (known as
single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al.
(1988) Proc. Natl. Acad. Sci. USA 85:5879-5883; and Osbourn et al. 1998, Nature
Biotechnology 16: 778). Such single chain antibodies are also intended to be encompassed
within the term “antigen-binding portion” of an antibody. Any VH and VL sequences of
specific scFv can be linked to human immunoglobulin constant region cDNA or genomic
sequences, in order to generate expression vectors encoding complete IgG polypeptides or
other isotypes. VH and VL can also be used in the generation of Fab, Fv or other fragments
of immunoglobulins using either protein chemistry or recombinant DNA technology. Other

forms of single chain antibodies, such as diabodies are also encompassed. Diabodies are
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bivalent, bispecific antibodies in which VH and VL domains are expressed on a single
polypeptide chain, but using a linker that is too short to allow for pairing between the two
domains on the same chain, thereby forcing the domains to pair with complementary
domains of another chain and creating two antigen binding sites (see e.g., Holliger, P., et al.
(1993) Proc. Natl. Acad. Sci. US4 90:6444-6448; Poljak, R. J., et al. (1994) Structure
2:1121-1123).

Still further, an immunoglobulin polypeptide of the present invention or antigen-
binding portion thereof can be part of larger immunoadhesion polypeptides, formed by
covalent or noncovalent association of the immunoglobulin polypeptide with one or more
other proteins or peptides. Examples of such immunoadhesion polypeptides include use of
the streptavidin core region to make a tetrameric scFv polypeptide (Kipriyanov, S.M., et al.
(1995) Human Antibodies and Hybridomas 6:93-101) and use of a cysteine residue, a
marker peptide and a C-terminal polyhistidine tag to make bivalent and biotinylated scFv
polypeptides (Kipriyanov, S.M., et al. (1994) Mol. Immunol. 31:1047-1058).
Immunoglobulin polypeptide portions, such as Fab and F(ab')y fragments, can be prepared

from whole immunoglobulin polypeptide using conventional techniques, such as papain or
pepsin digestion, respectively, of whole antibodies. Moreover, antibodies, antibody
portions and immunoadhesion polypeptides can be obtained using standard recombinant
DNA techniques, as described herein.

Immunoglobulin polypeptides can be polyclonal or monoclonal; xenogeneic,
allogeneic, or syngeneic; or modified forms thereof (e.g. humanized, chimeric, etc.). They
can also be fully human. Preferably, antibodies of the invention bind specifically or
substantially specifically to target antigen polypeptides or fragments thereof. The terms
“monoclonal”, as used herein, refers to a population of immunoglobulin polypeptides that
contain only one species of an antigen binding site capable of immunoreacting with a
particular epitope of an antigen, whereas the term “polyclonal” refers to a population of
antibody polypeptides that contain multiple species of antigen binding sites capable of
nteracting with a particular antigen.

As used herein, the term “inhibit” includes the decrease, limitation, or blockage, of,
for example a particular action, function, or interaction.

As used herein, the term “interaction,” when referring to an interaction between two

molecules, refers to the physical contact (e.g., binding) of the molecules with one another.
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Generally, such an interaction results in an activity (which produces a biological effect) of
one or both of said molecules.

An “isolated antibody,” as used herein, is intended to refer to an antibody that is
substantially free of other antibodies having different antigenic specificities. Moreover, an
isolated antibody can be substantially free of other cellular material and/or chemicals.

As used herein, an “isolated protein” refers to a protein that is substantially free of
other proteins, cellular material, separation medium, and culture medium when isolated
from cells or produced by recombinant DNA techniques, or chemical precursors or other
chemicals when chemically synthesized. An “isolated” or “purified” protein or biologically
active portion thereof is substantially free of cellular material or other contaminating
proteins from the cell or tissue source from which the antibody, polypeptide, peptide or
fusion protein is derived, or substantially free from chemical precursors or other chemicals
when chemically synthesized. The language “substantially free of cellular material”
includes preparations of Macaca mulatta immunoglobulin polypeptide sequences
polypeptide or fragment thereof, in which the protein is separated from cellular components
of the cells from which it is isolated or recombinantly produced. In one embodiment, the
language “substantially free of cellular material” includes preparations of Macaca mulatta
immunoglobulin protein or fragment thereof, having less than about 30% (by dry weight) of
non-Macaca mulatta immunoglobulin protein (also referred to herein as a “contaminating
protein”), more preferably less than about 20% of non-Macaca mulatta immunoglobulin
protein, still more preferably less than about 10% of non-Macaca mulatta immunoglobulin
protein, and most preferably less than about 5% non-Macaca mulatta immunoglobulin
protein. When antibody, polypeptide, peptide or fusion protein or fragment thereof, e.g., a
biologically active fragment thereof, is recombinantly produced, it is also preferably
substantially free of culture medium, i.e., culture medium represents less than about 20%,
more preferably less than about 10%, and most preferably less than about 5% of the volume
of the protein preparation.

The term “kit” is any manufacture (e.g., a package or container) comprising at least
one reagent, e.g., a primer, for specifically amplifying and/or sequencing a portion of the
Macaca mulatta immunoglobulin sequence repertoire, the manufacture being promoted,
distributed, or sold as a unit for performing the methods of the present invention. A kit can

also include instructions for use.
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The term “label” refers to a molecular moiety capable of detection including, by
way of example, without limitation, radioactive labels which can be incorporated by known
methods (e.g., nick translation or kinasing), radioactive isotopes, biotin, fluorescent groups,
chemiluminescent groups (e.g., dioxetanes, particularly triggered dioxetanes), digoxigenin,
enzymes, antibodies, luminescent agents, precipitating agents, dyes, and the like.

The term “nucleotides™refers to any nucleotide (including modified nucleotides,
e.g., methylated or biotinylated nucleotides) that can be incorporated into a nucleic acid by
a polymerase.

The term “nucleic acid” includes DNA molecules (e.g., cDNA or genomic DNA),
RNA molecules (e.g., mRNA), and analogs of the DNA or RNA generated using nucleotide
analogs or using nucleic acid chemistry. Typical modifications include methylation,
biotinylation, and other art-known modifications. In addition, the nucleic acid molecule
can be single-stranded or double-stranded.

The term “polymerase” includes any one of, or a mixture of, the nucleotide
polymerizing enzymes E. coli DNA polymerase I, Klenow fragment of E. coli DNA
polymerase I, T4 DNA polymerase, reverse transcriptase where the template is RNA and
the extension product is DNA, or a thermostable DNA polymerase. The term
“thermostable DNA polymerase” includes a thermostable DNA polymerase isolated from
Thermus aquaticus, Thermus thermophilus, Thermusfiliformis, Thermus flavus, Pyrococcus
Sfuriosus, Thermococcus literolis, a Thermotoga species, or a recombinant form thereof.

The term “probe” refers to a structure comprised of a polynucleotide that is capable
of selectively binding or forming a hybrid structure with an intended target sequence, due to
complementarity of at least one sequence in the probe with a sequence in the target region.
The polynucleotide regions of probes can be composed of DNA and/or RNA and/or
synthetic nucleotide analogs. Included within probes are “capture probes,” “blocking
probes, “and “label probes.” The term”primer”or’nucleic acid primer”or”nucleic acid
primer sequence” includes single-stranded oligonucleotides that, typically, are between
about 4 to about 100 bases, or alternatively between about 17 to 30 bases, or alternatively
20 or more bases, and are designed to hybridize with a corresponding template nucleic acid.
Primer molecules can be complementary to either the sense or the anti-sense strand of a
template nucleic acid and are typically used as complementary pairs that flank a nucleic
acid region of interest. Probes can be either synthesized by one skilled in the art, or derived

from appropriate biological preparations. For purposes of detection of the target molecule,
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probes can be specifically designed to be labeled, as described herein. Examples of
molecules that can be utilized as probes include, but are not limited to, RNA, DNA,
proteins, antibodies, and organic molecules.

The term “sample” or “biological sample” refers to a sample of tissue or fluid
isolated from an individual, including but not limited to, blood, plasma, serum, spinal fluid,
lymph fluid, the external sections of the skin, respiratory, intestinal, and genitourinary
tracts, tears, saliva, milk, urine, blood cells, tumors, amniotic fluid, organs, genomic DNA,
RNA, or ¢cDNA in solution or bound to a substrate, and also samples of in vitro cell culture
constituents including, but not limited to, conditioned medium resulting from the growth of
cells in cell culture medium, putatively virally infected cells, recombinant cells, and cell
components, e.g., chromosome(s), organclles, paraffin embedded tissues, or membranes
isolated from a cell.

The “sense strand” of a nucleic acid contains the sequence that has sequence
homology to that of mRNA. The”anti-sense strand”contains a sequence which is
complementary to that of the”’sense strand.” The term “target region”refers to a region of
the nucleic acid that is to be amplified and/or detected. The term “target sequence” refers to
a sequence with which a probe or primer will form a stable hybrid under desired conditions.

The term “subject” refers in one embodiment to an animal in need of therapy for, or
susceptible to, a condition or its sequelae. The subject can include dogs, cats, pigs, cows,
sheep, goats, horses, rats, mice, monkeys, and humans. The term “subject” does not
exclude an individual that is normal in all respects.

The term “target nucleic acid” or “template” includes any nucleic acid intended to
be copied in, e.g., a polymerase amplification reaction, such as PCR.

The term “targeting polynucleotide sequence” as used herein, refers to a
polynucleotide sequence which is comprised of nucleotides which are complementary to a
target nucleotide sequence such that the sequence is of sufficient length and
complementarity with the target sequence to form a duplex which has sufficient stability for
the purpose intended.

The language “substantially free of chemical precursors or other chemicals”
includes preparations of antibody, polypeptide, peptide or fusion protein in which the
protein is separated from chemical precursors or other chemicals which are involved in the
synthesis of the protein. In one embodiment, the language “substantially free of chemical

precursors or other chemicals” includes preparations of antibody, polypeptide, peptide or

- 16 -



WO 2013/148256 PCT/US2013/031442

10

15

20

25

30

fusion protein having less than about 30% (by dry weight) of chemical precursors or non-
antibody, polypeptide, peptide or fusion protein chemicals, more preferably less than about
20% chemical precursors or non-Macaca mulatta immunoglobulin polypeptide, peptide or
fusion protein chemicals, still more preferably less than about 10% chemical precursors or
non-antibody, polypeptide, peptide or fusion protein chemicals, and most preferably less
than about 5% chemical precursors or non- antibody, polypeptide, peptide or fusion protein
chemicals.

A “transcribed polynucleotide™ or “nucleotide transcript” is a polynucleotide (e.g.
an mRNA, hnRNA, a cDNA, or an analog of such RNA or cDNA) which is complementary
to or homologous with all or a portion of a mature mRNA made by transcription of a
marker of the invention and normal post-transcriptional processing (e.g. splicing), if any, of
the RNA transcript, and reverse transcription of the RNA transcript.

As used herein, the term “T cell” includes CD4+ T cells and CD8+ T cells. The
term T cell also includes both T helper 1 type T cells and T helper 2 type T cells. The term
“antigen presenting cell” includes professional antigen presenting cells (e.g., B
lymphocytes, monocytes, dendritic cells, Langerhans cells) as well as other antigen
presenting cells (e.g., keratinocytes, endothelial cells, astrocytes, fibroblasts,
oligodendrocytes).

As used herein, the term “vector” refers to a nucleic acid capable of transporting
another nucleic acid to which it has been linked. One type of vector is a “plasmid”, which
refers to a circular double stranded DNA loop into which additional DNA segments can be
ligated. Another type of vector is a viral vector, wherein additional DNA segments can be
ligated into the viral genome. Certain vectors are capable of autonomous replication in a
host cell into which they are introduced (e.g., bacterial vectors having a bacterial origin of
replication and episomal mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) are integrated into the genome of a host cell upon introduction into the
host cell, and thereby are replicated along with the host genome. Moreover, certain vectors
are capable of directing the expression of genes to which they are operatively linked. Such
vectors are referred to herein as “recombinant expression vectors” or simply “expression
vectors”. In general, expression vectors of utility in recombinant DNA techniques are often
in the form of plasmids. In the present specification, “plasmid” and “vector” can be used
interchangeably as the plasmid is the most commonly used form of vector. However, the

invention is intended to include such other forms of expression vectors, such as viral
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vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses),

which serve equivalent functions.

There is a known and definite correspondence between the amino acid sequence of a

particular protein and the nucleotide sequences that can code for the protein, as defined by

the genetic code (shown below). Likewise, there is a known and definite correspondence

between the nucleotide sequence of a particular nucleic acid and the amino acid sequence

encoded by that nucleic acid, as defined by the genetic code.

GENETIC CODE
Alanine (Ala, A)
Arginine (Arg, R)
Asparagine (Asn, N)
Aspartic acid (Asp, D)
Cysteine (Cys, C)
Glutamic acid (Glu, E)
Glutamine (Gln, Q)
Glycine (Gly, G)
Histidine (His, H)
Isoleucine (Ile, 1)
Leucine (Leu, L)
Lysine (Lys, K)
Methionine (Met, M)
Phenylalanine (Phe, F)
Proline (Pro, P)

Serine (Ser, S)
Threonine (Thr, T)
Tryptophan (Trp, W)
Tyrosine (Tyr, Y)
Valine (Val, V)

Termination signal (end)

GCA, GCC, GCG, GCT

AGA, ACG, CGA, CGC, CGG, CGT
AAC, AAT

GAC, GAT

TGC, TGT

GAA, GAG

CAA, CAG

GGA, GGC, GGG, GGT

CAC, CAT

ATA, ATC, ATT

CTA, CTC, CTG, CTT, TTA, TTG
AAA, AAG

ATG

TTC, TTT

CCA, CCC, CCG, CCT

AGC, AGT, TCA, TCC, TCG, TCT
ACA, ACC, ACG, ACT

TGG

TAC, TAT

GTA, GTC, GTG, GTT

TAA, TAG, TGA

An important and well known feature of the genetic code is its redundancy,

whereby, for most of the amino acids used to make proteins, more than one coding

nucleotide triplet can be employed (illustrated above). Therefore, a number of different
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nucleotide sequences can code for a given amino acid sequence. Such nucleotide sequences
are considered functionally equivalent since they result in the production of the same amino
acid sequence in all organisms (although certain organisms can translate some sequences
more efficiently than they do others). Moreover, occasionally, a methylated variant of a
purine or pyrimidine can be found in a given nucleotide sequence. Such methylations do
not affect the coding relationship between the trinucleotide codon and the corresponding
amino acid.

In view of the foregoing, the nucleotide sequence of a DNA or RNA coding for a
fusion protein or polypeptide of the invention (or any portion thereof) can be used to derive
the fusion protein or polypeptide amino acid sequence, using the genetic code to translate
the DNA or RNA into an amino acid sequence. Likewise, for fusion protein or polypeptide
amino acid sequence, corresponding nucleotide sequences that can encode the fusion
protein or polypeptide can be deduced from the genetic code (which, because of its
redundancy, will produce multiple nucleic acid sequences for any given amino acid
sequence). Thus, description and/or disclosure herein of a nucleotide sequence which
encodes a fusion protein or polypeptide should be considered to also include description
and/or disclosure of the amino acid sequence encoded by the nucleotide sequence.
Similarly, description and/or disclosure of a fusion protein or polypeptide amino acid
sequence herein should be considered to also include description and/or disclosure of all

possible nucleotide sequences that can encode the amino acid sequence.

I. Isolated Oligonucleotide Nucleic Acid Molecules

An animal's immunological repertoire must be extremely diverse in order to
recognize the billions of potential pathogens to which it can be exposed throughout its
lifetime. In order to generate such extreme diversity within the immunoglobulin molecules,
the VH and VL chains that together form the antigen-binding site must themselves be
highly diverse. The germline DNA that encodes the VH chain of immunoglobulins is
comprised of multiple different copies of variable (V), diverse (D) and junctional (J) genes.
During B cell development, one variable (V), one diverse (D) and one junctional (J) gene
are randomly selected from the germline DNA, recombined and then transcribed to
generate an RNA transcript that encodes for an almost unique VH chain. To increase
diversity further, random nucleotides are inserted between the V, D and J sequences.
Similar events occur in the generation of the VL immunoglobulin chains where V and J

genes are randomly selected and rearranged, with random nucleotides inserted between the
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V and J genes, to generate VL chains with almost unique amino acid sequences. Since the
antigen-binding site of an immunoglobulin is comprised of the combination of one VH and
one VL chain, further diversity in antigen specificity results from this pairing. These
processes result in a complex and diverse set of immunoglobulin encoding gene sequences.
Accordingly, in one aspect, the present invention features novel, isolated
oligonucleotide (primer) sequences corresponding directly to or derived from the Macaca
mulatta genome set forth herein as oligonucleotides shown in Tables 1-3 and 8-10. An
"isolated" nucleic acid molecule is one which is separated from other nucleic acid
molecules which are present in the natural source of the nucleic acid molecule. Preferably,
an "isolated" nucleic acid molecule is free of sequences (preferably protein-encoding
sequences) which naturally flank the nucleic acid (i.e., sequences located at the 5' and 3'
ends of the nucleic acid) in the genomic DNA of the organism from which the nucleic acid
is derived. A nucleic acid molecule of the present invention can be isolated using standard
molecular biology techniques and the sequence information in the database records
described herein. Using all or a portion of such nucleic acid sequences, nucleic acid
molecules of the invention can be isolated using standard hybridization and cloning
techniques (e.g., as described in Sambrook ef al., ed., Molecular Cloning: A Laboratory
Manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989).
In another embodiment, the present invention features an oligonucleotide selected
from the group consisting of oligonucleotides shown in Tables 1-3 and 8-10. In still
another embodiment, the oligonucleotides of the invention are at least 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%., 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to
the nucleotide sequences set forth in oligonucleotides shown in Tables 1-3 and 8-10. In yet
another embodiment, the oligonucleotides of oligonucleotides shown in Tables 1-3 and 8-
10 are at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80 or more nucleotides in length. It
will be appreciated that the 5' end can contain greater variability (e.g., nucleic acid
substitutions), yet remain functional (e.g., able to anneal to immunoglobulin gene
sequences of the Macaca mulatta genome). Moreover, a skilled artisan will appreciate that
certain elements contained within some oligonucleotides of oligonucleotides shown in

Tables 1-3 and 8-10 (e.g., restriction enzyme sites, cloning sites, overlapping linker sites,
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etc.) can readily be altered, as described further below, because they are not used to bind
and amplify Macaca mulatta immunoglobulin gene seqeunces per se. It will be appreciated
that the nucleic acid sequences of the present invention need not consist only of the
sequence which is complementary to the targeted Macaca mulatta immunoglobulin
sequences sequence. Thus, the nucleic acid sequences of the present invention can contain
in addition, nucleotide sequences or other moicties which are suitable for the purposes for
which the nucleic acid sequences are used. For example, use of the nucleic acid sequences
as primers can be used for the amplification of Macaca mulatta immunoglobulin sequences
sequences via PCR, they can contain sequences which, when in duplex, form restriction
enzyme sites which facilitate the cloning of the amplified sequences.

In one embodiment, the invention provides a combination of one or more
oligonucleotides of the present invention. In yet another embodiment, the invention
provides a set of oligonucleotides, also referred to herein as “primer pairs” and “nucleic
acid primer sequences,” selected from the group consisting of two or more of the
oligonucleotides of the present invention. In still another embodiment, the invention
provides oligonucleotides which are able to amplify an immunoglobulin gene sequence
from Macaca mulatta having a nucleotide sequence selected from the group consisting of
oligonucleotides shown in Tables 1-3 and 8-10, or complement thereof.

In still another embodiment, the present invention features an oligonucleotide
primer set comprising or consisting of:

(a) the oligonucleotide of SEQ ID NO: 9 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 1-8 or complement(s) thereof, including variant(s) thereof;

(b) the oligonucleotide of SEQ 1D NO: 9 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 10-17 or complement(s) thereof, including variant(s) thereof;

(c) the oligonucleotide of SEQ ID NO: 18 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 1-8 or complement(s) thereof, including variant(s) thereof; and/or

(d) the oligonucleotide of SEQ 1D NO: 18 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 10-17 or complement(s) thereof, including variant(s) thereof, wherein the SEQ ID
NOs are listed (e.g., in order from top to bottom) in Tables 1 to 2.
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The use of any one or more of the primer sets defined in (a)-(d) in an amplification
reaction (e.g., PCR-based reaction) enables the isolation of a nucleic acid molecule
encoding Macaca mulatta immunoglobulin light chain kappa variable (V) domain
encoding sequences. Moreover, the skilled artisan will readily recognize that primers
shown in Tables 1-3 and 8-10 can similarly and accordingly be used to generate an
oligonucleotide primer set comprising or consisting of particular primers and that such
primer sets can be used in an amplification reaction (e.g., PCR-based reaction) to isolate a
nucleic acid molecule encoding Macaca mulatta immunoglobulin light chain kappa
variable (Vi) domain encoding sequences.

In yet another embodiment, the present invention features an oligonucleotide primer
set comprising or consisting of:

(e) the oligonucleotide of SEQ ID NO: 28 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 19-27 or complement(s) thereof, including variant(s) thereof;

(f) the oligonucleotide of SEQ ID NO: 28 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 29-37 or complement(s) thereof, including variant(s) thereof;

(g) the oligonucleotide of SEQ 1D NO: 38 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 19-27 or complement(s) thereof, including variant(s) thereof; and/or

(h) the oligonucleotide of SEQ 1D NO: 38 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 29-37 or complement(s) thereof, including variant(s) thereof, , wherein the SEQ ID
NOs are listed (e.g., in order from top to bottom) in Tables 1 to 2.

The use of any one or more of the primer sets defined in (e)-(h) in an amplification
reaction (e.g., PCR-based reaction) enables the isolation of a nucleic acid comprising
Macaca mulatta immunoglobulin light chain lambda variable (V;) domain encoding
sequences. Moreover, the skilled artisan will readily recognize that primers shown in
Tables 1-3 and 8-10 can similarly and accordingly be used to generate an oligonucleotide
primer set comprising or consisting of particular primers and that such primer sets can be
used in an amplification reaction (e.g., PCR-based reaction) to isolate a nucleic acid
molecule encoding Macaca mulatta immunoglobulin light chain lambda variable (V)

domain encoding sequences.
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In another embodiment, the present invention features an oligonucleotide primer set
comprising or consisting of:

(1) the oligonucleotide of SEQ ID NO: 44 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 39-43 or complement(s) thereof, including variant(s) thereof;

(j) the oligonucleotide of SEQ ID NO: 44 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 45-49 or complement(s) thereof, including variant(s) thereof;

(k) the oligonucleotide of SEQ 1D NO: 50 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 39-43 or complement(s) thereof, including variant(s) thereof; and/or

(1) the oligonucleotide of SEQ ID NO: 50 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 45-49 or complement(s) thereof, including variant(s) thereof, wherein the SEQ ID
NOs are listed (e.g., in order from top to bottom) in Tables 1 to 2.

The use of any one or more of the primer sets defined in (i)-(1) in an amplification
reaction (e.g., PCR-based reaction) enables the isolation of a nucleic acid comprising
Macaca mulatta immunoglobulin heavy chain variable (Vi) domain encoding sequences.
Moreover, the skilled artisan will readily recognize that primers shown in Tables 1-3 and 8-
10 can similarly and accordingly be used to generate an oligonucleotide primer set
comprising or consisting of particular primers and that such primer sets can be used in an
amplification reaction (e.g., PCR-based reaction) to isolate a nucleic acid molecule
encoding Macaca mulatta immunoglobulin heavy chain variable (Vy) domain encoding
sequences.

In still another embodiment, the present invention features an oligonucleotide
primer set comprising or consisting of: the oligonucleotide of SEQ 1D NO: 51 or
complement thereof, including variant(s) thereof, and the oligonucleotide of SEQ ID NO:
52 or complement thereof, including variant(s) thereof, wherein the SEQ ID NOs are listed
(e.g., in order from top to bottom) in Tables 1 to 2.

The use of a primer set defined in (m) in an amplification reaction (e.g., PCR-based
reaction) enables the isolation of a nucleic acid comprising single chain fragment variable
(scFv) encoding sequences. In addition, the use of a primer set defined in (m) in an

amplification reaction enables the generation of a library of Macaca mulatta scFv
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immunoglobulins that is diverse and complex. Moreover, the skilled artisan will readily
recognize that primers shown in Tables 1-3 and 8-10 can similarly and accordingly be used
to generate an oligonucleotide primer set comprising or consisting of particular primers and
that such primer sets can be used in an amplification reaction (e.g., PCR-based reaction) to
isolate a nucleic acid molecule comprising single chain fragment variable (scFv) encoding
sequences.

In yet another embodiment, the present invention features an oligonucleotide primer
set comprising or consisting of:

(n) the oligonucleotide of SEQ 1D NO: 53 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 54-55 or complement(s) thereof, including variant(s) thereof, wherein the SEQ ID
NOs are listed (e.g., in order from top to bottom) in Tables 1 to 2.

The use of any one or more of the primer sets defined in (n) in an amplification
reaction (e.g., PCR-based reaction) enables the isolation of a nucleic acid comprising
Macaca mulatta immunoglobulin light chain kappa constant (C,) domain encoding
sequences.

In another embodiment, the present invention features an oligonucleotide primer set
comprising or consisting of:

(0) the oligonucleotide of SEQ 1D NO: 56 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 57-58 or complement(s) thereof, including variant(s) thereof, wherein the SEQ ID
NOs are listed (e.g., in order from top to bottom) in Tables 1 to 2.

The use of any one or more of the primer sets defined in (o) in an amplification
reaction (e.g., PCR-based reaction) enables the isolation of a nucleic acid comprising
Macaca mulatta immunoglobulin light chain lambda constant (C;) domain encoding
sequences.

In still another embodiment, the present invention features an oligonucleotide
primer set comprising or consisting of:

(p) the oligonucleotide of SEQ 1D NO: 59 or complement thereof, including variant(s)
thereof, and at least one oligonucleotide selected from the group consisting of SEQ ID
NOs: 60-65 or complement(s) thereof, including variant(s) thereof, wherein the SEQ ID

NOs are listed (e.g., in order from top to bottom) in Tables 1 to 2.
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The use of any one or more of the primer sets defined in (p) in an amplification
reaction (e.g., PCR-based reaction) enables the isolation of a nucleic acid comprising
Macaca mulatta immunoglobulin heavy chain constant (C,) domain encoding sequences.
Some subsets of the primer sets defined in (p) allow for the isolation of Macaca mulatta
immunoglobulin heavy chain constant (C,) domain encoding sequences spanning all four
different Macaca mulatta immunoglobulin y heavy chains. Other subsets of the primer sets
defined in (p) allow for the isolation of Macaca mulatta immunoglobulin heavy chain
constant (C,) domain encoding specific immunoglobulin y heavy chains (e.g., one of the
four y heavy chain types).

In the sequences described herein, the letter “Y™ represents the bases C or T; “R”
represents A or G; “W” represents A or T; “S” represents C or G; “K” represents T or G;
and “M” represents A or C.

It will be appreciated that “at least one primer” is not limiting and can be, for
example, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more primers.
Similarly, “two or more primers” is not Imiting and can be, for example, 2, 3, 4, 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more primers.

It will be understood by one skilled in the art that the additional primer set as
required can be a forward or a reverse primer set depending upon whether the primer set
provided herein is a forward or a reverse primer set. Such additional primer sets can be
designed to anneal to any desired region of a desired Macaca mulatta immunoglobulin
sequence. It will also be understood that suitable use of primer sets requires that forward
and reverse primers are used.

It will also be apparent to one skilled in the art that modifications to the
oligonucleotides described herein can be made as desired. For example, the sequence of
one or more oligonucleotides can be altered (e.g., shortened, lengthened, and/or modified in
sequence). In one embodiment, the restriction sites can be altered or removed altogether.
In another embodiment, the linker region between the light chain and heavy chain variable
regions in the scFv sequences and oligonucleotides of the present invention determining
such linker region(s) described herein can be altered (e.g., shortened, lengthened, and/or
modified in sequence). Suitable annealing temperatures for using such primers can be
selected as known in the art, for example but without limitation, lowering the annealing
temperature can allow less stringent priming and result in a PCR product where previously,

at higher temperatures, no product was isolated.
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In another embodiment, the oligonucleotides of the present invention comprise a
label for detection. Such labels can be, e.g., radioactive labels which can be incorporated
by known methods (e.g., nick translation or kinasing), radioactive isotopes, biotin,
fluorescent groups, chemiluminescent groups (e.g., dioxetanes, particularly triggered
dioxetanes), digoxigenin, enzymes, antibodies, luminescent agents, precipitating agents,
dyes, combinations thereof, and the like.

In still another embodiment, the oligonucleotides of the present invention can
comprise a promoter-primer, wherein a 5' portion of the sequence includes a promoter
sequence.

In another aspect, oligonucleotide combinations of the present invention, for
example, including at least one forward and one reverse primer, which together can be used
for amplification and/or sequencing of a Macaca mulatta immunoglobulin sequence of the
present invention, can be suitably packaged in a kit. In one embodiment, nested pairs of
amplification and sequencing primers are provided. In another embodiment, the invention
provides a kit for the detection of particular subtypes of theV, V;, Vg, Cy, C;, and Cy
classes of Macaca mulatta immunoglobulin sequences. In still another embodiment, the kit
comprises a set of primers selected from the group consisting of the oligonucleotides of the
present invention. The primers in such kits can be labeled or unlabeled. The kit can also
clude additional reagents such as reagents for performing an amplification (e.g., PCR)
reaction, a reverse transcriptase for conversion of RNA to cDNA for amplification, DNA

polymerases, ANTP and ddNTP feedstocks. The kit can also include instructions for use.

1I. Immunoglobulin-Encoding Nucleic Acids

Immunogloublin sequences provided using the oligonucleotides and methods of the
invention described herein include sequences of functionally active fragments, derivatives
or analogues and can be, but are not limited to, polyclonal, monoclonal, bi-, tri- or tetra-
valent antibodies, humanised or chimeric antibodies, single chain antibodies, Fab
fragments, Fab' and Fab', fragments, fragments produced by a Fab expression library, anti-
idiotypic (anti-Id) antibodies, and epitope-binding fragments of any of the above. Such
immunoglobulin variants can be readily engineered by a skilled artisan based upon the
Macaca mulatta immunoglobulin sequences described herein. Methods of making such
immunoglobulin-encoding nucleic acids are further described herein and well-known to the

skilled artisan given the oligonucleotide sequences provided herein.
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It will be appreciated that the invention provides methods for amplifying a target
nucleic acid, e.g., Macaca mulatta immunoglobulin sequences, by combining a target
nucleic acid under conditions which allow for an amplification reaction to occur with one or
more oligonucleotide sequences of the present invention and other necessary amplification
agents such as a nucleic acid polymerase and a plurality of nucleotides. In one
embodiment, the amplification of a target nucleic acid sequence results in an increased
amount of the amplified target nucleic acid. In another embodiment, the target nucleic acid
sequence is from the Macaca mulatta genome. In still another embodiment, a nucleic acid
polymerase is used and can be selected from the group consisting of reverse transcriptase
and thermostable DNA polymerase. In other embodiments of the invention, the amplified
Macaca mulatta immunoglobulin sequences of the present invention are sequenced,
evaluated for mutations, cloned into expression vectors, pooled into libraries, and/or
expressed as polypeptides. In yet another embodiment of the invention, the amplification
of the nucleic acids can be accomplished by nucleic acid sequence-based amplification
(NASBA), Transcription Mediated Amplification (TMA), polymerase chain reaction
(PCR), other target amplification methods, signal amplification methods or probe
amplification methods, such as ligase chain reaction.

A DNA template can be prepared using standard means known in the art, for
example by cloning rearranged genomic DNA, or mRNA via cDNA (reviewed by e.g.
Mountain and Adair, 1992, Biotech. Gen. Eng. Rev. 10:1-142; Ehlich and Kuppers 1995,
Curr. Opin. Immunol. 7:281-284). In one embodiment, RNA obtained from a single
antibody-producing cell by lysis is used to prepare a DNA template. In one embodiment,
the antibody-producing cells can be cultured to increase the cell number. In another
embodiment, a single antibody producing cell, e.g., a B cell or a hybridoma cell, can be
cultured to increase the cell number before preparation of cDNA from mRNA for use as a
template for cloning in order to determine the sequence of, in particular, the variable heavy
and light chain region sequences of an immunoglobulin of interest. In another embodiment,
multiple antibody producing cells (e.g., splenocytes, lymph nodes, peripheral blood
lymphocytes, etc.) are used as a source for deriving template cDNA, which cells can or can
not be cultured to increase cell number. In one embodiment, the multiple antibody
producing cells are clonal. Alternatively, in other embodiments the cells are not clonal. In
another embodiment, the cDNA is derived from splenocytes of a healthy organism (e.g.,

Macaca mulatta) and/or such an organism that has been exposed to a viral, bacterial,
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parasite-dervie or tumor antigen, a toxin, toxoid, a self-antigen (auto-antigen) administered
with an adjuvant that allows breaking of immunological tolerance, an oncogene (e.g., a
human oncogene) administered with an adjuvant that allow breaking of immunological
tolerance, or their combination. DNA templates prepared from multiple antibody
producing cells increases the complexity and diversity of the resulting immunoglobulin
libraries generated from the DNA templates. Such complexity and diversity can further be
realized by multiplexing PCR primer set(s) according to methods well-known in the art.

It will be appreciated that a sample used in the methods of the present invention can
be a biological sample, e.g., from a rhesus monkey. Such samples can include, without
limitation, blood, plasma, serum, spinal fluid, lymph fluid, the external sections of the skin,
respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, urine, blood cells,
tumors, organs, genomic DNA, RNA, or cDNA in solution or bound to a substrate, and also
samples of in vitro cell culture constituents including, but not limited to, conditioned
medium resulting from the growth of cells in cell culture medium, putatively virally
infected cells, recombinant cells, and cell components, e.g., chromosome (s), organelles,
paraffin embedded tissue, or membranes isolated from a cell.

Reverse transcription and amplification (e.g., PCR) reagents include reagents as
known in the art, such as without limitation, DNA polymerase, dNTPs, buffers such as but
not limited to Tris buffers, cations such as Mg2", detergents, for example but not limited, to
Nonidet NP-40, reducing agents such as dithiothreitol or mercaptoethanol and RN Aasin.

In particular, when cloning an antibody from a single or small numbers of antibody
producing cells, it can be desirable to perform the minimum numbers of PCRs necessary.
Therefore, in some embodiments, any one of primer set(s) (a) through (p) provided herein
and any combinations thereof are utilised in a single PCR. Alternatively, one or more
PCRs can be performed utilising a portion of the primers present within a primer set, for
example but without limitation, one or two or more primers from any one of primer set(s)
described herein (e.g., such as sets (a) through (p) provided herein as non-limiting
examples) and any combinations thereof plus additional primers where required, can be
utilised in a single PCR.

As stated above, it can be desirable to amplify a PCR product to increase specific
yield and to add restriction sites to facilitate cloning, e.g., into an expression vector. Thus,
the invention further provides oligonucleotide primer sets for performing nested PCR.

These primer sets can alternatively be used to perform a first round PCR. In some
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embodiments, the primer(s) consist of or comprise at least one or more of the sequences
provided herein as SEQ ID NOs: 10-18, 29-38, and/or 45-50, wherein the SEQ ID NOs are
listed (e.g., in order from top to bottom) in Tables 1 to 2. These primer sets have the
following restriction sites incorporated: Ncol (for SEQ ID NOs: 10-17). In other
embodiments, and as described further in the Examples, the primer(s) consiste of or
comprise at least one or more of the sequences provided herein in Tables 1-3 and 8-10. As
stated above, it will be understood by one skilled in the art that any restriction site desired
can be incorporated into the primers, for example by replacing the restriction site encoded
with coding for the desired restriction site. In another embodiment the upstream restriction
site and bases for annealing to the vector can be omitted.

The invention described herein also provides methods for the isolation of Macaca
mulatta immunoglobulin sequences described herein. Accordingly, provided is a method
for the isolation of nucleic acid(s) consisting of or comprising the V,, V;, Vg, Cy, C;, and
Cu (such as Cy1n, Cyon, Cysn, Cyan) and/or scFv immunoglobulin sequence(s) of Macaca
mulatta, wherein the primer set comprises or consists of primer set(s) described herein,
such as those selected from the group consisting of (a) through (p) defined herein as non-
limiting examples, or any combination thereof. In some embodiments, any of said primer
set(s), such as those defined in (a) through (p) above, can be used in a second PCR, using
template derived from a first PCR. Amplified VH and VL chains can further be randomly
recombined in one embodiment, using a flexible linker to generate a combinatorial library
of scFvs that can be cloned in one embodiment, into a phagemid and expressed on the
surface of bacteriophage. The size and diversity of the generated library is evaluated in one
embodiment, using cloning and sequencing techniques as will be understood by a skilled
artisan.

In another aspect, any one of said primer set(s) defined herein, such as those in (a)
through (p) above as non-limiting examples, can be used in the methods having a first and a
second PCR. For example, in one embodiment, the method comprises two PCRs; a first
PCR and a second PCR using as template, DNA from the first PCR. In some embodiments,
the PCRs are performed individually. Alternatively, said PCRs are performed jointly. The
complexity and diversity of the immunoglobulin sequences to be isoalted and/or sequenced
can further be realized by multiplexing PCR primer set(s) according to methods well-
known in the art. In further embodiments, more than two PCRs can be used, for example,

but not limited to three, four, five, six or more PCRs. Thus, one skilled in the art will
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appreciate that if, for example, fewer numbers of cycles are used then one or more
additional PCRs can be performed to produce the amplification required.

According to such methods and in one aspect, provided herein is an isolated VH
sequence selected from the group set forth in Tables 4-7 and 12. In another embodiment,
provided herein is an isolated V. sequence selected from the group set forth in Tables 4-7,
an isolated V, sequence selected from the group set forth in Table 4-7, an isolated Vg
sequence selected from the group set forth in Tables 4-7 and 12, an isolated Cy sequence
selected from the group set forth in Tables 4-7, an isolated C; sequence selected from the
group set forth in Tables 4-7, an isolated Cu sequence selected from the group set forth in
Tables 4-7, and/or an isolated scFv sequence selected from the group set forth in Tables 4-
7. These novel immunoglobulin sequences contain Macaca mulatta framework regions and
complementarity determining regions which can be used to engineer rhesus monkey-like
antibodies. In one embodiment, the VH and VL sequences provided herein or homologous
sequences are used to arrive at the scFv nucleic acid and polypeptide libraries provided
herein. In another embodiment, provided herein is a nucleic acid sequence encoding a
single chain fragment variable antibody (scFv) isolated from the scFv nucleic acid library,
comprising any combination of a VH and VL chain sequence, wherein in other
embodiments, said VH and VL sequences are linked via a flexible linker and/or in any
random order, i.e., VH- linker- VL, or VL- linker- VH and different VH and VL sequences
thereof.

A nucleic acid molecule of the invention can comprise only a portion of a nucleic
acid sequence, wherein the full length nucleic acid sequence comprises a marker of the
mvention or which encodes a polypeptide corresponding to a marker of the invention. Such
nucleic acid molecules can be used, for example, as a probe or primer. The probe/primer
typically is used as one or more substantially purified oligonucleotides. The
oligonucleotide typically comprises a region of nucleotide sequence that hybridizes under
stringent conditions to at least about 7, preferably about 15, more preferably about 25, 50,
75, 100, 125, 150, 175, 200, 250, 300, 350, or 400 or more consecutive nucleotides of a
nucleic acid of the invention.

Probes based on the sequence of a nucleic acid molecule of the invention can be
used to detect transcripts or genomic sequences corresponding to one or more markers of
the invention. The probe comprises a label group attached thereto, e.g., a radioisotope, a

fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can be used as
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part of a diagnostic test kit for identifying cells or tissues which mis-express the protein,
such as by measuring levels of a nucleic acid molecule encoding the protein in a sample of
cells from a subject, e.g., detecting mRNA levels or determining whether a gene encoding
the protein has been mutated or deleted.

The invention further encompasses nucleic acid molecules that differ, due to
degeneracy of the genetic code, from the nucleotide sequence of nucleic acid molecules
encoding a protein which corresponds to a marker of the invention, and thus encode the
same protein.

In another embodiment, an isolated immunoglobulin-encoding nucleic acid
molecule of the invention is at least 7, 15, 20, 25, 30, 40, 60, 80, 100, 150, 200, 250, 300,
350, 400, 450, 550, 650, 700, 800, 900, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400,
2600, 2800, 3000, 3500, 4000, 4500, or more nucleotides in length and hybridizes under
stringent conditions to a nucleic acid molecule corresponding to a marker of the invention
or to a nucleic acid molecule encoding a protein corresponding to a marker of the invention.
As used herein, the term "hybridizes under stringent conditions” is intended to describe
conditions for hybridization and washing under which nucleotide sequences at least 60%
(65%, 70%, 75%, 80%, preferably 85%) identical to each other typically remain hybridized
to each other. Such stringent conditions are known to those skilled in the art and can be
found in sections 6.3.1-6.3.6 of Current Protocols in Molecular Biology, John Wiley &
Sons, N.Y. (1989). A preferred, non-limiting example of stringent hybridization conditions
are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by
one or more washes in 0.2X SSC, 0.1% SDS at 50-65°C.

A skilled artisan will appreciate that sequence changes can be introduced by
mutation thereby leading to changes in the amino acid sequence of the encoded protein,
without altering the biological activity of the protein encoded thereby. For example, one
can make nucleotide substitutions leading to amino acid substitutions at "non-essential"
amino acid residues. A "non-essential” amino acid residue is a residue that can be altered
from the wild-type sequence without altering the biological activity, whereas an "essential"”
amino acid residue is required for biological activity. For example, amino acid residues
that are not conserved or only semi-conserved among homologs of various species may be
non-essential for activity and thus would be likely targets for alteration. Alternatively,
amino acid residues that are conserved among the homologs of various species (e.g., murine

and human) may be essential for activity and thus would not be likely targets for alteration.
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Accordingly, another aspect of the invention pertains to nucleic acid molecules
encoding a polypeptide of the invention that contain changes in amino acid residues that are
not essential for activity. Such polypeptides differ in amino acid sequence from the
naturally-occurring proteins which correspond to the markers of the invention, yet retain
biological activity. In one embodiment, such a protein has an amino acid sequence that is at
least about 40% identical, 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or more identical to the amino acid sequence of one of the proteins which
correspond to the markers of the invention.

An isolated nucleic acid molecule encoding a variant protein can be created by
mtroducing one or more nucleotide substitutions, additions or deletions into the nucleotide
sequence of nucleic acids of the invention, such that one or more amino acid residue
substitutions, additions, or deletions are introduced into the encoded protein. Mutations can
be introduced by standard techniques, such as site-directed mutagenesis and PCR-mediated
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more
predicted non-essential amino acid residues. A "conservative amino acid substitution” is
one in which the amino acid residue is replaced with an amino acid residue having a similar
side chain. Families of amino acid residues having similar side chains have been defined in
the art. These families include amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), non-polar side
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic
side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Alternatively, mutations
can be introduced randomly along all or part of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be screened for biological activity to identify
mutants that retain activity. Following mutagenesis, the encoded protein can be expressed
recombinantly and the activity of the protein can be determined.

Several techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations or truncation, and for screening cDNA
libraries for gene products having a selected property. Such techniques are adaptable for
rapid screening of the gene libraries generated by the combinatorial mutagenesis of
polypeptides. The most widely used techniques, which are amenable to high through-put

analysis, for screening large gene libraries typically include cloning the gene library into
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replicable expression vectors, transforming appropriate cells with the resulting library of
vectors, and expressing the combinatorial genes under conditions in which detection of a
desired activity facilitates isolation of the vector encoding the gene whose product was
detected. Recursive ensemble mutagenesis (REM), a technique which enhances the
frequency of functional mutants in the libraries, can be used in combination with the
screening assays to identify variants of Macaca mulatta immunoglobulin polypeptide
sequences (Arkin and Youvan (1992) Proc. Natl. Acad. Sci. USA 89:7811-7815; Delagrave
et al. (1993) Protein Eng. 6(3):327-331). In one embodiment, cell based assays can be
exploited to analyze a variegated polypeptide library. For example, a library of expression
vectors can be transfected into a cell line which ordinarily synthesize Macaca mulatta
immunoglobulin polypeptide sequences. The transfected cells are then cultured such that
the full length polypeptide and a particular mutant polypeptide are produced and the effect
of expression of the mutant on the full length polypeptide activity in cell supernatants can
be detected, e.g., by any of a number of functional assays. Plasmid DNA can then be
recovered from the cells which score for inhibition, or alternatively, potentiation of full
length polypeptide activity, and the individual clones further characterized.

In another embodiment, the methods provided herein enable a skilled artisan to
generate an scFv library and screen the library against viral, tumor, or bacterial antigens or
any other protein target of interest (such as but not limited to human immunodeficiency
virus (HIV) and related SIV antigens) to which the sequences of VH and VL chains
generated by the methods provided herein specifically bind to, thus allowing the skilled
artisan to subsequently isolate a specific scFv and use it diagnostically, therapeutically and
prophylcatically in vivo. In another embodiment, the isolated scFv, antibody or fragment
thereof comprises a VH and VL region provided herein or homologous regions thereof, in

any combination.

III. Immunogloublin Polypeptides

In another aspect, provided herein are isolated immunoglobulin polypeptides. An
"isolated" or "purified” protein or biologically active portion thereof is substantially free of
cellular material or other contaminating proteins from the cell or tissue source from which
the protein is derived, or substantially free of chemical precursors or other chemicals when
chemically synthesized. The language "substantially free of cellular material” includes
preparations of protein in which the protein is separated from cellular components of the

cells from which it is isolated or recombinantly produced. Thus, protein that is
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substantially free of cellular material includes preparations of protein having less than about
30%, 20%, 10%, or 5% (by dry weight) of heterologous protein (also referred to herein as a
"contaminating protein”). When the protein or biologically active portion thereof is
recombinantly produced, it is also preferably substantially free of culture medium, i.e.,
culture medium represents less than about 20%, 10%, or 5% of the volume of the protein
preparation. When the protein is produced by chemical synthesis, it is preferably
substantially free of chemical precursors or other chemicals, i.e., it is separated from
chemical precursors or other chemicals which are involved in the synthesis of the protein.
Accordingly such preparations of the protein have less than about 30%, 20%, 10%, 5% (by
dry weight) of chemical precursors or compounds other than the polypeptide of interest.

The amino acid sequences disclosed herein will enable those of skill in the art to
produce polypeptides corresponding peptide sequences and sequence variants thereof.
Such polypeptides can be produced in prokaryotic or eukaryotic host cells by expression of
polynucleotides encoding the peptide sequence, frequently as part of a larger polypeptide.
Alternatively, such peptides can be synthesized by chemical methods. Methods for
expression of heterologous proteins in recombinant hosts, chemical synthesis of
polypeptides, and in vitro translation are well known in the art and are described further in
Maniatis et al. Molecular Cloning: A Laboratory Manual (1989), 2nd Ed., Cold Spring
Harbor, N.Y.; Berger and Kimmel, Methods in Enzymology, Volume 152, Guide to
Molecular Cloning Techniques (1987), Academic Press, Inc., San Diego, Calif.; Merrifield,
J. (1969) J. Am. Chem. Soc. 91:501; Chaiken 1. M. (1981) CRC Crit. Rev. Biochem. 11:
255; Kaiser ef al. (1989) Science 243:187; Merrifield, B. (1986) Science 232:342; Kent, S.
B. H. (1988) Annu. Rev. Biochem. 57:957; and Offord, R. E. (1980) Semisynthetic Proteins,
Wiley Publishing, which are incorporated herein by reference).

Accordingly, in one aspect, the isolated immunoglobulin polyeptpide is an isolated
VH sequence selected from the group set forth in Tables 4-7 and 12. In another
embodiment, provided herein is an isolated VkL sequence selected from the group set forth
in Tables 4-7, an isolated VAL sequence selected from the group set forth in Tables 4-7, an
isolated VH sequence selected from the group set forth in Tables 4-7 and 12, an isolated
CkL sequence selected from the group set forth in Tables 4-7, an isolated CAL sequence
selected from the group set forth in Tables 4-7, an isolated CH sequence selected from the
group set forth in Tables 4-7, and/or an isolated scFv sequence selected from the group set

forth in Table 4-7 and 12.
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It will be understood that biologically active fragments and/or homologs of the
immunoglobulin polypeptide sequences of the present invention (e.g., presented in Tables
4-7 and 12) are also part of the present invention.

Biologically active fragments or portions of a polypeptide corresponding to an
immunoglobulin polypeptide of the invention include polypeptides comprising amino acid
sequences sufficiently identical to or derived from the amino acid sequence of the protein
corresponding to the marker (e.g., Tables 4-7 and 12), which include fewer amino acids
than the full length protein, and exhibit at least one activity of the corresponding full-length
protein. Typically, biologically active portions comprise a domain or motif with at least
one activity of the corresponding protein (e.g., binding to a target antigen). A biologically
active portion of a protein of the invention can be a polypeptide which is, for example, 10,
25, 50, 100 or more amino acids in length. Moreover, other biologically active portions, in
which other regions of the protein are deleted, can be prepared by recombinant techniques
and evaluated for one or more of the functional activities of the native form of a
polypeptide of the invention. In another embodiment, the fragment is an N-terminal
fragment. In another embodiment, the fragment is a C-terminal fragment. In one
embodiment, the fragment of this invention is an intrasequential section of the protein,
peptide, or nucleic acid. In another embodiment, the fragment is a functional
ntrasequential section of the protein, peptide or nucleic acid. In another embodiment, the
fragment is a functional intrasequential section within the protein, peptide or nucleic acid.
In another embodiment, the fragment is an N-terminal functional fragment. In one
embodiment, the fragment is a C-terminal functional fragment.

As used herein, the term “homology,” “homolog” or “homologous” refers to
sequence identity, or refers to structural identity, or functional identity. In another
embodiment, by using the term “homology” and the other like forms, it is to be understood
that any molecule, whether nucleic acid or peptide, that functions similarly, and/or contains
sequence identity, and/or is conserved structurally so that it approximates the reference
sequence, is to be considered as part of this invention. In another embodiment, the terms
“homology”, “homologue” or “homologous”, in any instance, indicate that the sequence
referred to, whether an amino acid sequence, or a nucleic acid sequence, exhibits at least
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or greater correspondence with the indicated sequence. Homologs also

encompass molecular species produced by conjugating chemical groups to the amino
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residue side chains of the native proteins or fragments thereof, wherein said chemical
groups do not form part of the naturally-occurring amino acid residues present in said
native proteins. For example, the term is meant to include native polypeptides (either
degradation products, synthetically synthesized peptides or recombinant peptides) and
peptidomimetics (typically, synthetically synthesized peptides), such as peptoids and
semipeptoids which are peptide analogs, which can have, for example, modifications
rendering the polypeptides more stable while in a body or more capable of penetrating into
cells. Such modifications include, but are not limited to N terminal, C terminal or peptide
bond modification, including, but not limited to, backbone modifications, and residue
modification, each of which represents an additional embodiment of the invention.
Methods for preparing peptidomimetic compounds are well known in the art and are
specified, for example, in Quantitative Drug Design, CA. Ramsden Gd., Chapter 17.2, F.
Choplin Pergamon Press (1992).

Similarly, in one embodiment, the reference to a correspondence to a particular
sequence includes both direct correspondence, as well as homology to that sequence as
herein defined. Accordingly and in one embodiment, the term “non-homologous” refers the
amino acid sequence or nucleic acid sequence exhibits no more than 70% correspondence
with the indicated sequence. In another embodiment, the amino acid sequence or nucleic
acid sequence exhibits no more than 65-74% correspondence with the indicated sequence.
In another embodiment, the amino acid sequence or nucleic acid sequence exhibits no more
than 55-64% correspondence with the indicated sequence. In another embodiment, the
amino acid sequence or nucleic acid sequence exhibits no more than 45-54%
correspondence with the indicated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits no more than 35-44% correspondence with the
indicated sequence. In another embodiment, the amino acid sequence or nucleic acid
sequence exhibits no more than 35-44% correspondence with the indicated sequence. In
another embodiment, the amino acid sequence or nucleic acid sequence exhibits no more
than 15-34% correspondence with the indicated sequence. In another embodiment, the
amino acid sequence or nucleic acid sequence exhibits no more than 5-14% correspondence
with the indicated sequence. In another embodiment, the amino acid sequence or nucleic
acid sequence exhibits no more than 0.1-4% correspondence with the indicated sequence. In
another embodiment, the term “non-homologous™ can be used interchangeably with the

term “low sequence similarity”.
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To determine the percent identity of two amino acid sequences or of two nucleic
acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal
alignment with a second amino or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then
compared. When a position in the first sequence is occupied by the same amino acid
residue or nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position. The percent identity between the two sequences is
a function of the number of identical positions shared by the sequences (i.e., % identity = #
of identical positions/total # of positions (e.g., overlapping positions) x100). In one
embodiment the two sequences are the same length.

The determination of percent identity between two sequences can be accomplished
using a mathematical algorithm. A preferred, non-limiting example of a mathematical
algorithm utilized for the comparison of two sequences is the algorithm of Karlin and
Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul, et al. (1990) J. Mol.
Biol. 215:403-410. BLAST nucleotide searches can be performed with the NBLAST
program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous to a
nucleic acid molecules of the invention. BLAST protein searches can be performed with
the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences
homologous to a protein molecules of the invention. To obtain gapped alignments for
comparison purposes, Gapped BLAST can be utilized as described in Altschul et al. (1997)
Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast can be used to perform an
iterated search which detects distant relationships between molecules. When utilizing
BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the respective
programs (e.g., XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.
Another preferred, non-limiting example of a mathematical algorithm utilized for the
comparison of sequences is the algorithm of Myers and Miller, (1988) Comput Appl Biosci,
4:11-7. Such an algorithm is incorporated into the ALIGN program (version 2.0) which is
part of the GCG sequence alignment software package. When utilizing the ALIGN
program for comparing amino acid sequences, a PAM120 weight residue table, a gap length

penalty of 12, and a gap penalty of 4 can be used. Yet another useful algorithm for
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identifying regions of local sequence similarity and alignment is the FASTA algorithm as
described in Pearson and Lipman (1988) Proc. Natl. Acad. Sci. USA 85:2444-2448. When
using the FASTA algorithm for comparing nucleotide or amino acid sequences, a PAM120
weight residue table can, for example, be used with a &-tuple value of 2.

The percent identity between two sequences can be determined using techniques
similar to those described above, with or without allowing gaps. In calculating percent
identity, only exact matches are counted.

In one aspect, isolated scFv are provided, comprising an isolated heavy (Vu) chain
sequence, an isolated light (V1) chain sequence and a flexible linker. In another
embodiment, the Vi and/or Vi, chain is selected from a group of nucleic acid sequences and
amino acid sequences encoded by those Macaca mulatta immunoglobulin sequences
amplified using an appropriate primer set(s) (e.g., selected from the group consisting of (a)
through (p) as non-limiting examples) described herein, or any combination thereof. In still
another embodiment, the term “light chain™ (V) refers to two distinct types, called kappa
(k) or lambda (%) based on the amino acid sequence of the constant domains. In another
embodiment, the term “heavy chain” (Vu) when used in reference to an antibody refers to
distinct “classes’), based on the amino acid sequence of the heavy chain constant domain
and several of these can be further divided into “subclasses” (isotypes), e.g., 1gGy1, 1gGya,
1gGys and 1gGys, etc. The subunit structures and three-dimensional configurations of
different classes of immunoglobulins are well known.

In one embodiment, the term “scFvs” refers to the smallest antibody fragments that
maintain the antigen specificity and binding affinity of the whole antibody and are
comprised in another embodiment of an immunoglobulin Vi, (variable light) and Vg
(variable heavy) chain joined by a flexible linker. scFvs are significantly smaller than
intact antibodies and can bind to antigens with comparable affinites to the intact antibody
molecule. In general, the small size of the scFv chains provided in the libraries described
herein that are generated by the methods described herein, endows them with excellent
tissue and tumor penetrating properties making them highly attractive as targeting agents
for infectious pathogens and tumor cells.

In one embodiment, the flexible linker can be used to randomly link the Vi and Vi,
amplicons in the methods described herein, as shown in Tables 4-7 and 12. In one
embodiment, the term “linker” or “flexible linker” refers to any heterologous polypeptide of

at least about 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino acids in
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length, which when inserted between the carboxy-terminal end of Vu and the amino-
terminal end of V| yields a functional protein capable of forming a functional scFV. In
another embodiment, the flexible linker is one known in the art including, but not limited,
to a serine-glycine linker. The term “flexible linker nucleic acid” refers in another
embodiment to a nucleic acid encoding the peptide linker. The term “linker”, “linker
sequence”, “spacer”, “tethering sequence” or grammatical equivalents thereof refer to a
molecule or group of molecules (such as a monomer or polymer) that connects two
molecules and often serves to place the two molecules in a preferred configuration. A
number of strategies can be used to covalently link molecules together. These include, but
are not limited to, polypeptide linkages between N- and C- terminus of proteins or protein
domains, linkage via disulfide bonds, and linkage via chemical cross-linking reagents. In
one aspect of this embodiment, the linker is a peptide bond, generated by recombinant
techniques or peptide synthesis. In another embodiment the linker is a cysteine linker. In
yet another embodiment it is a multi-cysteine linker. Choosing a suitable linker for a
specific case where two polypeptide chains are to be connected depends on various
parameters, including but not limited to the nature of the two polypeptide chains (e.g.,
whether they naturally oligomerize), the distance between the N- and the C-termini to be
connected if known, and/or the stability of the linker towards proteolysis and oxidation.
Furthermore, the linker can contain amino acid residues that provide flexibility. Thus, the
linker peptide can predominantly include the following amino acid residues: Gly, Ser, Ala,
or Thr. The linker peptide should have a length that is adequate to link two molecules in
such a way that they assume the correct conformation relative to one another so that they
retain the desired activity. Suitable lengths for this purpose include at least one and not
more than 30 amino acid residues. In one embodiment, the linker is from about 1 to 30
amino acids in length. In another embodiment, the linker is from about 1 to 15 amino acids
in length. In addition, the amino acid residues selected for inclusion in the linker peptide
should exhibit properties that do not interfere significantly with the activity of the scFv
polypeptide. Thus, the linker peptide on the whole should not exhibit a charge that would
be inconsistent with the activity of the polypeptide, or interfere with internal folding, or
form bonds or other interactions with amino acid residues in one or more of the monomers
that would seriously impede the binding of receptor monomer domains. Useful linkers
include glycine-serine polymers, glycine- alanine polymers, alanine- serine polymers, and

other flexible linkers such as the tether for the shaker potassium channel, and a large variety
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of other flexible linkers, as will be appreciated by those in the art. Suitable linkers can also
be identified by screening databases of known three-dimensional structures for naturally
occurring motifs that can bridge the gap between two polypeptide chains. In one
embodiment, the linker is not immunogenic when administered in a human subject. Thus
linkers can be chosen such that they have low immunogenicity or are thought to have low
immunogenicity. For example, a linker can be chosen that exists naturally in a human. In
another embodiment the linker has the sequence of the hinge region of an antibody, that is
the sequence that links the antibody Fab and Fc regions; alternatively the linker has a
sequence that comprises part of the hinge region, or a sequence that is substantially similar
to the hinge region of an antibody. In another embodiment, the linker is an IgG hinge
region such as an IgGl, an IgG3 or a fragment thereof. Another way of obtaining a suitable
linker is by optimizing a simple linker, e.g., (Gly4Ser)n, through random mutagenesis.

The variability in sequence is concentrated in those regions called complementarity
determining regions (CDRs) while the more highly conserved regions within the variable
domain are called framework regions (FR). The CDRs of the light and heavy chains
contain within them the amino acids which are largely responsible for the interaction of the
antibody with antigen and the sequences of which determine the specificity of the antibody
or antibody fragment.

The rearranged nucleotide sequences of the VH and VL chains are almost unique
and contained within each chain are three complementarity determining regions (CDRs).
Folding of the protein chains brings these 3 CDRs together to form the antigen-binding site
of each chain. In other embodiments, the term “CDR” will comprise regions as described
by Kabat et al., J. Biol. Chem. 252, 6609-6616 (1977) and Kabat ¢t al., Sequences of
protein of immunological interest. (1991), and Chothia and Lesk, /. Mol. Biol. 196:901-917
(1987) and MacCallum et al., /. Mol. Biol. 262:732-745 (1996); each of which is
incorporated herein in its entirety by this reference. The amino acids of the CDRs of the
variable domains were initially defined by Kabat, based on sequence variability, to consist
of amino acid residues 31-35B (HI), 50-65 (H2), and 95-102 (H3) in the human heavy chain
variable domain (VH) and amino acid residues 24-34 (L1), 50-56 (L2), and 89-97 (L3) in
the human light chain variable domain (VL), using Kabat's numbering system for amino
acid residues of an antibody. See Kabat et al., sequences of proteins of immunological
interest, US Dept. Health and Human Services, NIH, USA (5th ed. 1991). Surrounding the
CDRs are the less diverse framework regions (FR1-FR4) of each chain and these are highly
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conserved between mammalian species. In one embodiment, the term “framework region”
or “FR” are those variable domain residues other than the hypervariable region residues.
The framework regions for humans and mice have been precisely defined. See, e.g., Kabat,
E. A. et al., Sequences of Proteins of Immunological Interest, US Dept. Health and Human
Services, National Institutes of Health, USA (5.sup.th ed. 1991).

Each variable domain typically has four FRs identified as FR1, FR2, FR3 and FR4.
In some embodiments, “FR” also refers to an antibody variable region comprising amino
acid residues abutting or proximal to, but outside of the CDR regions, i.e., regions which
directly interact with the antigen, acting as the recognition element of the antibody
molecule within the variable region of an antibody. In one embodiment, the term
“framework region” is intended to mean each domain of the framework that is separated by
the CDRs. In some embodiments, the sequences of the framework regions of different light
or heavy chains are relatively conserved within a species. The combined heavy and light
chain framework regions of an antibody serve to position and align the CDRs for proper
binding to the antigen.

In one embodiment, the term “binds” or “binding” or grammatical equivalents, refer
to the compositions having affinity for each other. “Specific binding” is where the binding
is selective between two molecules. A particular example of specific binding is that which
occurs between an antibody and an antigen. Typically, specific binding can be
distinguished from non-specific when the dissociation constant (Kp) is less than about
1x107° M or less than about 1x10°M or 1x107 M. Specific binding can be detected, for
example, by ELISA, immunoprecipitation, coprecipitation, with or without chemical
crosslinking, two-hybrid assays and the like. Appropriate controls can be used to
distinguish between “specific” and “non-specific” binding.

In some embodiments, VH and VL chains are randomly combined to generate
single chain molecules that recapitulate the naturally occurring antigen-binding site of the
original antibody, where in other embodiments,the synthesized single chain molecules are
isolated based on the antigens they recognize and are used therapeutically in a number of
targeted therapeutic approaches.

In another embodiment, an isolated antibody, antibody fragment or scFv provided
herein finds use in various in vivo and in vitro applications such as, but not limited to
diagnostics, antibody imaging, ameliorating symptoms associated with a disease,

preventing and treating diseases treatable by antibody-based therapy.
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It will also be understood that the Macaca mulatta immunoglobulin polypeptides
(e.g., scFv) of the present invention provided herein can be conjugated to a therapeutic
moiety to a therapeutic agent, such as a cytotoxic agent, a radionuclide or drug moiety to
modify a given biological response. The therapeutic agent is not to be construed as limited
to classical chemical therapeutic agents. For example, the therapeutic agent can be a drug
moiety which can be a protein or polypeptide possessing a desired biological activity. Such
moieties can include, for example and without limitation, antiviral peptides, a toxin such as
abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin, cantansinoid (DMI), a protein
such as tumour necrosis factor, a-interferon, - interferon, nerve growth factor, platelet
derived growth factor or tissue plasminogen activator, a thrombotic agent or an anti-
angiogenic agent, e.g. angiostatin or endostatin; angiogenin, gelonin, dolstatins, minor
groove-binders, bis-iodo-phenol mustard, or, a biological response modifier such as a
lymphokine, interleukin-1 (IL-I), interleukin-2 (IL-2), interleukin-6 (IL-6), granulocyte
macrophage colony stimulating factor (GM- CSF), granulocyte colony stimulating factor
(G-CSF), nerve growth factor (NGF) or other growth factor.

Therapeutic agents also include cytotoxins or cytotoxic agents including any agent
that is detrimental to (e.g. kills) cells. Examples include taxol, cytochalasin B, gramicidin
D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vinca alkaloids, e.g.
vincristine, vinblastine, 4-desacetylvinblastine-3-carbohydrazide, vindesine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine,
propranolol, and puromycin and analogs or homologs thereof. Therapeutic agents also
include, but are not limited to, anti-folates (e.g. aminopterin and methotrexate),
antimetabolites (e.g. methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-
fluorouracil decarbazine, 5-fluoro-2'-deoxyuridine), alkylating agents (e.g.
mechlorethamine, thioepa chlorambucil, melphalan, caraiustine (BSNU) and lomustine
(CCNU), cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and
cis-dichlorodiamine platinum (II) (DDP) cisplatin), anthracyclines (e.g. daunorubicin
(formerly daunomycin) and doxorubicin, adriamycin, idarubicin, morpholinodoxorubicin,
epirubicin, doxorubicin hydrazides), antibiotics (e.g. dactinomycin (formerly actinomycin),
bleomycin, mithramycin, anthramycin (AMC), calicheamicins or duocarmycins, CC- 1065,
enediyenes, neocarzinostatin), and anti-mitotic agents (e.g. vincristine and vinblastine). See

Garnett, 2001, Advanced drug Delivery Reviews 53:171 -216 for further details.
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Other therapeutic moieties can include radionuclides such as Bl "Mn and ™,
Lu'”, Bismuth?"?, Bismuth®*'?, Californium®>, Iridium'®* and Tunsten' */Rhenium'®®, *!!
astatine; or drugs such as but not limited to, alkylphosphocholines, topoisomerase I
inhibitors, taxoids and suramin. Techniques for conjugating such therapeutic agents to
antibodies are well known in the art (see, e.g. Arnon et ah, “Monoclonal Antibodies For
Immunotargeting Of Drugs In Cancer Therapy”, in Monoclonal Antibodies And Cancer
Therapy, Reisfeld et al., eds., 1985 pp. 243-56, ed. Alan R. Liss, Inc; Hellstrom et ah,
“Antibodies For Drug Delivery”, in Controlled Drug Delivery, 2nd Ed., Robinson et ah,
eds., 1987, pp. 623- 53, Marcel Dekker, Inc.; Thorpe, “Antibody Carriers Of Cytotoxic
Agents In Cancer Therapy: A Review”, in Monoclonal Antibodies '84: Biological And
Clinical Applications; Pinchera et ah, 1985, eds., pp. 475-506; “Analysis, Results, And
Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy”,
in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et a (eds.), 1985,
pp. 303-16, Academic Press; Thorpe et ah, 1982 “The Preparation And Cytotoxic
Properties Of Antibody-Toxin Conjugates”, Immunol. Rev., 62:119-58 and Dubowchik et
ah, 1999, Pharmacology and Therapeutics, 83, 67-123).

In some embodiments, the Macaca mulatta immunoglobulin polypeptides (e.g.,
scFv) of the present invention provided herein can comprise a fusion protein wherein the
immunoglobulin polypeptides are operatively linked to an effector or reporter molecule, as
can be prepared by standard chemical or recombinant DNA procedures. For example, an
effector group is a polymer molecule, which is useful for increasing immunoglobulin

polypeptide half-life in vivo.

IV. Libraries

In another aspect, the present invention provides libraries of antibodies or antibody
variable domains and/or antibody constant domains. In another embodiment, provided
herein are scFv libraries comprising the VH and VL sequences linked by a flexible linker
for the identification and targeting of antigens. In another embodiment, expression of scFv
libraries on the surface of bacteriophage or yeast (a scFv phage display or yeast library as
the ones described herein) allows for the rapid screening of millions of scFvs and the
selection of those scFvs that bind a particular antigen.

Antigens bound by scFvs are identified in one embodiment, and isolated in another

embodiment, using standard biochemical techniques with the novel primer sets described
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herein. In one embodiment, the resulting phage or yeast display is used successfully to
discover novel therapeutic targets and isolate antibody fragments that bind them.

In some embodiments, the library is a nucleic acid library, a phage display library, a
yeast display library, or an oligopeptide library. In some embodiments, the process yields
an ScFv fragment library, a FR library, a VH library, a VL library, a VH and VL library, a
CDR library or an Fab fragment library. In another embodiment, the libraries/methods of
the present invention arrive at a Macaca mulatta scFv library, used to identify and target
certain antigens.

In another embodiment, the libraries described herein, further comprise scFv DNA
constructs generated from randomly combined VH and VL chains with each scFv chain
constituting a library member. In another embodiment, the population of nucleic acids
sequences of the scFv DNA constructs generated from randomly combined VH and VL.
chains are cloned into multiple copies of a phage display vector or bacteriophage that
express individual scFv to form phage display libraries expressing the generated scFv
constructs.

It will be understood that the Macaca mulatta immunoglobulin polypeptides (e.g.,
scFv) of the present invention provided herein can be humanized. Humanized
immunoglobulin polypeptides originate from non-human species having one or more
complementarity determining regions (CDRs) from the non-human species and a
framework region from a human immunoglobulin molecule (see, e.g. US 5,585,089).
These include immunoglobulin molecules and immunologically active portions of
immunoglobulin molecules, i.e. molecules that contain an antigen binding site that
specifically binds an antigen. The immunoglobulin molecules of the invention can be of any
class (e.g., 1gG, IgE, IgM, IgD and IgA) or subclass of immunoglobulin molecule.

In some embodiments, rhesus monkeys (Macaca mulatta) can be used as vaccine
recipients against any antigen to generate desired antibody (Ab) responses and then
monoclonal antibodies (mAbs) can be isolated therefrom using standard molecular cloning
approaches. Rhesus monkeys are much more closely related to humans than other species
used routinely to generate mAbs (e.g., mice, rabbits, goats, donkeys, and the like). The
rhesus monkey Ab repertoire is also closely related to that of humans, and thus rhesus
monkey mAbs better reflect human Ab responses. In the experimental primate model,
immunizations can be performed using either antigens and/or adjuvants that cannot be used

in humans due to ethical considerations. Such vaccinations in RMs can also include
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breaking tolerance by immunizing RMs with an oncogene in an appropriate adjuvant. The
resulting mAbs — stemming from a closely related species — may have favorable profiles

when used either prophylactically or therapeutically in humans.

IV. Recombinant Expression Vectors and Host Cells

Methods known in the art for isolating cells producing antibody of interest include
hybridoma technology (Kohler, G. & Milstein C, 1975, Nature 256:495-497), the selected
lymphocyte antibody method (Babcook et ah, 1996, Proc. Natl. Acad. Sci, 93, 7843-7848;
WO 92/02551; de Wildt et ah, 1997, J. Immunol. Methods, 207:61-65 and in Lagerkvist, et
ah, 1995, BioTechniques 18(5):862-869) and isolation of antibodies from bacterially
expressed libraries, e.g. phage display libraries. These methods rely on the identification of
a pool of cells producing an antibody of interest followed by the isolation of individual
antibody producing cells which are then clonally expanded and, if desired, the subsequent
identification of the sequence of their VH and Vi, chain genes. Alternatively, where more
than one cell is present in a sample positive for the antibody of interest, these cells can be
cultured together and used as a source of, e.g, template cDNA produced from rnRNA by
reverse transcription, for the isolation of the nucleic acid encoding an antibody.

In another aspect, the present invention also provides phage expression vectors. The
term “filamentous phage” or “filamentous bacteriophage” refers to a viral particle capable
of displaying a heterogenous polypeptide on its surface. Although one skilled in the art will
appreciate that a variety of bacteriophage can be employed in the present invention, in
preferred embodiments the vector is, or is derived from, a filamentous bacteriophage, such
as, for example, fl, fd, PfI, M13, etc. The filamentous phage can contain a selectable marker
such as, but not limited to, tetracycline (e.g., “fd-tet”). Various filamentous phage display
systems are well known to those of skill in the art (see, e.g., Zacher et al. (1980) Gene 9:
127-140, Smith et al.(1985) Science 228: 1315-1317 (1985); and Parmley and Smith (1988)
Gene 73: 305-318).

In another aspect, the present invention also provides transformed cells and progeny
thereof into which a nucleic acid molecule encoding an antibody, antibody librarlies, scFv
libraries, antibody fragment, VH or VL libraries has been introduced by means of
recombinant DNA techniques in vitro, ex vivo or in vivo. The present invention further
provides expression vectors useful for transforming such cells. The transformed cells can
be propagated and the introduced nucleic acid transcribed, or encoded protein expressed. It

is understood that a progeny cell can not be identical to the parental cell, since there can be
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mutations that occur during replication. Transformed cells include but are not limited to
prokaryotic and eukaryotic cells such as bacteria, fungi, plant, insect, and animal (e.g.,
mammalian, including monkey) cells. The cells can be present in culture, in a cell, tissue or
organ €x vivo or present in a subject.

In one embodiment, the term “transformed” refers to a genetic change in a cell
following incorporation of nucleic acid (e.g., a transgene) exogenous to the cell. Thus, a
“transformed cell” is a cell into which, or a progeny of which a nucleic acid molecule has
been introduced by means of recombinant DNA techniques. Cell transformation to produce
host cells can be carried out as described herein or using techniques known in the art.
Accordingly, methods of producing cells containing the nucleic acids and cells expressing
the immunoglobulins of the invention are also provided.

Typically, cell transformation employs a vector. The term “vector,” refers to, e.g., a
plasmid, virus, such as a viral vector, or other vehicle known in the art that can be
manipulated by insertion or incorporation of a nucleic acid, for genetic manipulation (i.e.,
“cloning vectors™), or can be used to transcribe or translate the inserted polynucleotide (i.e.,
“expression vectors”). Such vectors are useful for introducing nucleic acids, including a
nucleic acid that encodes a polypeptide provided herein operably linked with an expression
control element, and expressing the encoded protein in vitro (e.g., in solution or in solid
phase), in cells or in vivo.

A great variety of vector and/or expression systems can be used for cloning the
single chain variable fragment into a DNA construct. Such systems include, among others,
chromosomal, episomal and virus-derived systems, e.g., vectors derived from bacterial
plasmids, from bacteriophage, from transposons, from yeast episomes, from insertion
clements, from yeast chromosomal elements, from viruses such as baculoviruses, papova
viruses, such as SV40, vaccinia, viruses, adenoviruses, fowl pox viruses, pseudorabies
viruses and retroviruses, and vectors derived from combinations thercof, such as those
derived from plasmid and bacteriophage genetic elements, such as cosmids and phagemids.

In another embodiment, the expression systems can contain control regions that
regulate as well as engender expression. Generally, any system or vector suitable to
maintain, propagate or express polynucleotides to produce a polypeptide in a host can be
used. The appropriate nucleotide sequence can be inserted into an expression system by
any of a variety of well-known and routine techniques, such as, for example, those set forth

in Sambrook et al., Molecular Cloning, A Laboratory Manual.
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In one embodiment, provided herein is an expression system as described herein,
comprising the scFv obtained by the methods described herein. In another embodiment, the
step of randomly linking the flexible linker-comprising Vg and Vi amplicons used to
generate the libraries described herein is done using splicing by overlap extension (SOE).

Introduction of nucleic acid encoding polypeptides provided herein can also be
carried out by conventional methods known in the art such as osmotic shock (e.g., calcium
phosphate), electroporation, microinjection, cell fusion, etc. Introduction of nucleic acid
and polypeptide in vitro, ex vivo and in vivo can also be accomplished using other
techniques. For example, a polymeric substance, such as polyesters, polyamine acids,
hydrogel, polyvinyl pyrrolidone, ethylene-vinylacetate, methylcellulose,
carboxymethylcellulose, protamine sulfate, or lactide/glycolide copolymers,
polylactide/glycolide copolymers, or ethylenevinylacetate copolymers. A nucleic acid can
be entrapped in microcapsules prepared by coacervation techniques or by interfacial
polymerization, for example, by the use of hydroxymethylcellulose or gelatin-
microcapsules, or poly (methylmethacrolate) microcapsules, respectively, or in a colloid
drug delivery system. Colloidal dispersion systems include macromolecule complexes,
nano-capsules, microspheres, beads, and lipid- based systems, including oil-in-water
emulsions, micelles, mixed micelles, and liposomes.

The use of liposomes for introducing various compositions into cells, including
nucleic acids, is known to those skilled in the art (see, e.g., U.S. Pat. Nos. 4,844,904,
5,000,959, 4,863,740, and 4,975,282). A carrier comprising a natural polymer, or a
derivative or a hydrolysate of a natural polymer, described in WO 94/20078 and U.S. Pat.
No. 6,096,291, is suitable for mucosal delivery of molecules, such as polypeptides and
polynucleotides. Piperazine based amphilic cationic lipids useful for gene therapy also are
known (see, e.g., U.S. Pat. No. 5,861,397). Cationic lipid systems also are known (see, e.g.,
U.S. Pat. No. 5,459,127). Accordingly and in one embodiment, viral and non-viral vector
means of delivery into cells or tissue, in vitro, in vivo and ex vivo are included. These
methods can be employed in the event that a scFv is identified that can inibit a specific
intracellular pathway and as such would be required to be delivered into the cell(s) of
interest. In another embodiment, the present invention comprises methods of use of a
polynucleotide, vector, polypeptide and/or fragment thereof as herein described and/or
compositions comprising the same in treating, inhibiting or preventing a pathologic

condition or disease.
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In another embodiment, DNA constructs comprise regulatory elements necessary
for expression of nucleotides. Such elements include, for example, a promoter, an initiation
codon, a stop codon, and a polyadenylation signal. In addition, enhancers are often
required for expression of a sequence that encodes an immunogenic target protein. As is
known in the art, these elements are preferably operably linked to the sequence that encodes
the desired protein. In another embodiment, regulatory elements are selected that are
operable in the species to which they are to be administered. Initiation codons and stop
codons are included in one embodiment, as part of a nucleotide sequence that encodes the
scFv protein . In one embodiment, the initiation and termination codons must be in frame
with the coding sequence.

In one embodiment, viral, eukaryotic and prokaryotic promoters are known in the
art and are included for use in the methods and compositions provided herein. In another
embodiment these promoter sequences regulate expression of the encoded polynucleotide
sequences, and in some embodiments of the present invention, are operably linked to
polynucleotides encoding the polypeptides of this invention. In additional embodiments of
the present invention, these promoters are either constitutive or inducible, and provide a
means of high and low levels of expression of the polypeptides of this invention, and in
some embodiments, for regulated expression of multiple polypeptides of the invention,
which in some embodiments are expressed as a fusion protein.

The promoters will typically control expression, optionally with an operator
sequence and can include ribosome binding site sequences for example, for initiating and
completing transcription and translation. According to additional embodiments, the vector
can also contain expression control sequences, enhancers that can regulate the
transcriptional activity of the promoter, appropriate restriction sites to facilitate cloning of
inserts adjacent to the promoter and other necessary information processing sites, such as
RNA splice sites, polyadenylation sites and transcription termination sequences as well as

any other sequence which can facilitate the expression of the inserted nucleic acid.

IV. Uses and Methods of the Invention

The Macaca mulatta immunoglobulin molecules (i.e., oligonucleotide molecules
having the oligonucleotide sequence or immunoglobulin nucleic acid, polypeptide,
polypeptide homolog, and/or fragment thereof molecules having the corresponding

sequence of said molecule), described herein can be used in one or more of the following
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methods: a) screening assays; and b) predictive medicine (e.g., diagnostic assays,
prognostic assays, and monitoring clinical trials).
The isolated nucleic acid molecules of the invention can be used, for example, to

detect and isolate cognate antigens.

A. Screening Assays

In one aspect, the invention relates to a method for preventing in a subject, a disease
or condition associated with an unwanted or less than desirable immune response. Subjects
at risk for a disease that would benefit from treatment with the claimed agents or methods
can be identified, for example, by any or a combination of diagnostic or prognostic assays
known in the art and described herein.

In one embodiment, the libraries described herein, are used in the methods provided.
Accordingly, in one embodiment, provided herein is a method of identifying antigen-
specific Macaca mulatta immunoglobulin polypeptides of the present invention (e.g., scFv),
comprising the step of panning the libraries described herein against the antigen, identifying
Macaca mulatta immunoglobulin polypeptides of the present invention (e.g., scFv) that
specifically bind the antigen; and isolating the identified antigen-specific Macaca mulatta
immunoglobulin polypeptides (e.g., scFv). In one embodiment, the method further
comprises the step of increasing affinity between the isolated antigen-specific Macaca
mulatta immunoglobulin polypeptides and the antigen (e.g., as performed by site-specific
mutagenesis and the like so as to generate diversity).

In one embodiment, molecular techniques are used to recapitulate the immune
repertoire of rthesus monkey subjects with diseases such as, but not limited to, viral
infections and cancers and screen the resulting combinatorial antibody libraries generated
using the methods described herein, for Macaca mulatta immunoglobulin polypeptides of
the present invention (e.g., scFv) that specifically target antigens or cells expressing
antigens that characterize these diseases, for example, cell-surface HIV antigens. In another
embodiment, these Macaca mulatta immunoglobulin polypeptides are isolated, amplified
and screened in vitro for their ability to specifically recognize, neutralize, and/or kill cells
expressing such antigens. In another embodiment, Macaca mulatta immunoglobulin
polypeptides are screened for their ability to inhibit the replication of cell-free virus or the
transcytosis of cell-free across epithelial cells.

In one embodiment, such antibody libraries are screened using one or more cell-

based or in vitro assays. For such assays, Macaca mulatta immunoglobulin polypeptides of
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the present invention (e.g., scFv), purified or unpurified, are typically added exogenously
such that cells are exposed to individual variants or groups of variants belonging to a
library. These assays are typically, but not always, based on the biology of the ability of the
immunoglobulin polypeptide to bind to antigen and mediate some biochemical event, for
example effector functions like cellular lysis, phagocytosis, ligand/receptor binding
inhibition, inhibition of growth and/or proliferation, apoptosis, etc. Such assays often
mvolve monitoring the response of cells to antibody, for example cell survival, cell death,
cellular phagocytosis, cell lysis, change in cellular morphology, or transcriptional activation
such as cellular expression of a natural gene or reporter gene.

For some assays additional cells or components, that is in addition to the target cells,
can need to be added, for example serum complement, or effector cells such as peripheral
blood monocytes (PBMCs), NK cells, macrophages, and the like. Such additional cells can
be from any organism, e.g., humans, mice, rats, rabbits, monkeys, etc. Crosslinked or
monomeric antibodies can cause apoptosis of certain cell lines expressing the antibody's
target antigen, or they can mediate attack on target cells by immune cells which have been
added to the assay. Methods for monitoring cell death or viability are known in the art, and
include the use of dyes, fluorophores, immunochemical, cytochemical, and radioactive
reagents. For example, caspase assays or annexin-flourconjugates can enable apoptosis to
be measured, and uptake or release of radioactive substrates (e.g. Chromium-51 release
assays) or the metabolic reduction of fluorescent dyes such as alamar blue can enable cell
growth, proliferation, or activation to be monitored. In one embodiment, the DELFIA®
EuTDA-based cytotoxicity assay (Perkin Elmer, MA) is used. Alternatively, dead or
damaged target cells can be monitored by measuring the release of one or more natural
mtracellular proteins, for example lactate dehydrogenase. Transcriptional activation can
also serve as a method for assaying function in cell-based assays. In this case, response can
be monitored by assaying for natural genes or proteins which can be upregulated or down-
regulated, for example the release of certain interleukins can be measured, or alternatively
readout can be via a luciferase or GFP- reporter construct. Cell-based assays can also
involve the measure of morphological changes of cells as a response to the presence of an
antibody. Cell types for such assays can be prokaryotic or eukaryotic, and a variety of cell
lines that are known in the art can be employed. Alternatively, cell-based screens are
performed using cells that have been transformed or transfected with nucleic acids encoding

the antibodies.

-50 -



WO 2013/148256 PCT/US2013/031442

10

15

20

25

30

In some embodiments, the screening of populations of Macaca mulatta
immunoglobulin polypeptides of the present invention (e.g., scFv), such as the altered
variable region populations produced by the methods of the invention, involve
immobilization of the populations of altered variable regions to filters or other solid
substrate. This is particularly advantageous because large numbers of different species can
be efficiently screened for antigen binding. Such filter lifts will allow for the identification
of altered variable regions that exhibit substantially the same or greater binding affinity.
Alternatively, if the populations of altered variable regions are expressed on the surface of a
cell or bacteriophage, for example, panning on immobilized antigen can be used to
efficiently screen for the relative binding affinity of species within the population.

Another affinity method for screening populations of altered variable regions
polypeptides is a capture lift assay that is useful for identifying a binding molecule having
selective affinity for a ligand (Watkins et. al., (1997)). This method employs the selective
immobilization of altered variable regions to a solid support and then screening of the
selectively immobilized altered variable regions for selective binding interactions against
the cognate antigen or binding partner. Selective immobilization functions to increase the
sensitivity of the binding interaction being measured since initial immobilization of a
population of altered variable regions onto a solid support reduces non-specific binding
interactions with irrelevant molecules or contaminants which can be present in the reaction.

Another method for screening populations or for measuring the affinity of
individual Macaca mulatta immunoglobulin polypeptides of the present invention (e.g.,
scFv) is through surface plasmon resonance (SPR). This method is based on the
phenomenon which occurs when surface plasmon waves are excited at a metal/liquid
interface. Light is directed at, and reflected from, the side of the surface not in contact with
sample, and SPR causes a reduction in the reflected light intensity at a specific combination
of angle and wavelength. Biomolecular binding events cause changes in the refractive
index at the surface layer, which are detected as changes in the SPR signal. The binding
event can be either binding association or disassociation between a receptor-ligand pair.
The changes in refractive index can be measured essentially instantancously and therefore
allows for determination of the individual components of an affinity constant. More
specifically, the method enables accurate measurements of association rates (kon) and
disassociation rates (ko). Methods for measuring the affinity, including association and

disassociation rates using surface plasmon resonance are well known in the arts and can be
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found described in, for example, Jonsson and Malmquist, Advances in Biosensors, 2:291-
336 (1992) and Wu et al. Proc. Natl. Acad. Sci. USA, 95:6037-6042 (1998). Moreover, one
apparatus well known in the art for measuring binding interactions is a BIAcore 2000
mstrument which is commercially available through Pharmacia Biosensor, (Uppsala,
Sweden).

In one embodiment, the methods described herein are used to remove Macaca
mulatta immunoglobulin polypeptides of the present invention (e.g., scFv) which do not
exhibit the desired affinity from the library, to arrive at “optimized” libraries of the present
invention, or assemble the immunoglobulin polypeptides based only on the desired
characteristics using molecular biology techniques available in the art and as described
herein.

In one embodiment, a final immunoglobulin polypeptide, or fragment such as an
scFv is generated by the process described herein and is then affinity-purified or isolated
after expression. Proteins can be isolated or affinity-purified in a variety of ways known to
those skilled in the art. Standard purification methods include chromatographic techniques,
electrophoretic, immunological, precipitation, dialysis, filtration, concentration, and
chromatofocusing techniques. As is well known in the art, a variety of natural proteins bind
antibodies, for example bacterial proteins A, G, and L, and these proteins can find use in the
present invention for purification. Purification can often be enabled by a particular fusion
partner. For example, proteins can be purified using glutathione resin if a GST fusion is
employed, Ni™ affinity chromatography if a His-tag is employed or immobilized anti-flag
antibody if a flag-tag is used. For general guidance in suitable purification techniques, see
Protein Purification: Principles and Practice, 3 Ed., Scopes, Springer- Verlag, N. Y., 1994,

The biophysical properties of immunoglobulin polypeptides, for example stability
and solubility, can be screened using a variety of methods known in the art. Protein
stability can be determined by measuring the thermodynamic equilibrium between folded
and unfolded states. For example, antibodies of the present invention can be unfolded using
chemical denaturant, heat, or pH, and this transition can be monitored using methods
including but not limited to circular dichroism spectroscopy, fluorescence spectroscopy,
absorbance spectroscopy, NMR spectroscopy, calorimetry, and proteolysis. As will be
appreciated by those skilled in the art, the kinetic parameters of the folding and unfolding
transitions can also be monitored using these and other techniques. The solubility and

overall structural integrity of an antibody can be quantitatively or qualitatively determined
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using a wide range of methods that are known in the art. Methods which can find use in the
present invention for characterizing the biophysical properties of antibodies and antibody
fragments include gel electrophoresis, isoelectric focusing, capillary electrophoresis,
chromatography such as size exclusion chromatography, ion-exchange chromatography,
and reversed-phase high performance liquid chromatography, peptide mapping,
oligosaccharide mapping, mass spectrometry, ultraviolet absorbance spectroscopy,
fluorescence spectroscopy, circular dichroism spectroscopy, isothermal titration
calorimetry, differential scanning calorimetry, analytical ultra- centrifugation, dynamic
light scattering, proteolysis, and cross-linking, turbidity measurement, filter retardation
assays, immunological assays, fluorescent dye binding assays, protein-staining assays,
microscopy, and detection of aggregates via ELISA or other binding assay. Structural
analysis employing X-ray crystallographic techniques and NMR spectroscopy can also find
use. In one embodiment, stability and/or solubility can be measured by determining the
amount of protein solution after some defined period of time. In this assay, the protein can
or can not be exposed to some extreme condition, for example elevated temperature, low
pH, or the presence of denaturant. Because function typically requires a stable, soluble,
and/or well-folded/structured protein, the aforementioned functional and binding assays
also provide ways to perform such a measurement. For example, a solution comprising an
antibody could be assayed for its ability to bind target antigen, then exposed to elevated
temperature for one or more defined periods of time, then assayed for antigen binding
again. Because unfolded and aggregated protein is not expected to be capable of binding
antigen, the amount of activity remaining provides a measure of the antibody's stability and

solubility.

B. Detection Assays

Portions or fragments of the nucleic acid molecules identified herein can be used in
numerous ways as polynucleotide reagents. For example, these sequences can be used to:
(1) map their respective genes on a chromosome; and, thus, locate gene regions associated
with immunological function and/or (ii) allow identification of an individual or sample
from a minute

For example, once the sequence (or a portion of the sequence) of a gene has been
isolated, this sequence can be used to map the location of a rearranged immunoglobulin
gene on a chromosome. This process is called chromosome mapping. Accordingly,

portions or fragments of the Macaca mulatta immunoglobulin polypeptide sequences
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nucleotide sequences, described herein, can be used to map the location of, for example,
rearranged Macaca mulatta immunoglobulingenes on a chromosome. The mapping of the
Macaca mulatta immunoglobulin polypeptide sequences sequences to chromosomes is an
important first step in correlating these sequences with genes associated with disease.

Briefly, Macaca mulatta immunoglobulin genes can be mapped to chromosomes by
various methods such as PCR using the oligonucleotides of the invention, somatic cell
hybrid techniques, and the like (ssee, for example, D'Eustachio, P. et al. (1983) Science
220:919-924). Other mapping strategies which can similarly be used to map a Macaca
mulatta immunoglobulin polypeptide sequences sequence to its chromosome include in situ
hybridization (described in Fan, Y. et al. (1990) Proc. Natl. Acad. Sci. USA 87:6223-27),
pre-screening with labeled flow-sorted chromosomes, and pre-selection by hybridization to
chromosome specific cDNA libraries.

Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase
chromosomal spread can further be used to provide a precise chromosomal location in one
step (see Verma et al., Human Chromosomes: A Manual of Basic Techniques (Pergamon
Press, New York 1988). Reagents for chromosome mapping can be used individually to
mark a single chromosome or a single site on that chromosome, or panels of reagents can
be used for marking multiple sites and/or multiple chromosomes. Reagents corresponding
to noncoding regions of the genes actually are preferred for mapping purposes. Coding
sequences are more likely to be conserved within gene families, thus increasing the chance
of cross hybridization during chromosomal mapping.

Once a sequence has been mapped to a precise chromosomal location, the physical
position of the sequence on the chromosome can be correlated with genetic map data (such
data are found, for example, in McKusick, V., Mendelian Inheritance in Man, available on-
line through Johns Hopkins University Welch Medical Library). The relationship between
a gene and a disease, mapped to the same chromosomal region, can then be identified
through linkage analysis (co-inheritance of physically adjacent genes), described in, for
example, Egeland, J. et al. (1987) Nature 325:783-787.

The Macaca mulatta immunoglobulin molecules of the present invention can also
be used to identify individuals and/or samples from minute biological samples so as to, for
example, track the immunoglobulin production of rhesus monkeys or other hosts vaccinated

with particular antigens.
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The Macaca mulatta immunoglobulin molecules described herein can further be
used to provide polynucleotide reagents, e.g., labeled or labelable probes which can be used
in, for example, an in situ hybridization technique, to identify a specific tissue, e.g.,
lymphocytes. This can be very useful in cases where a forensic pathologist is presented
with a tissue of unknown origin. Panels of such Macaca mulatta immunoglobulin
polypeptide sequences probes can be used to identify tissue by species and/or by organ
type.

In a similar fashion, these reagents, e.g., Macaca mulatta immunoglobulin primers
or probes can be used to screen tissue culture for contamination (i.e., screen for the
presence of a mixture of different types of cells in a culture).

In another embodiment, the nucleic acid sequences of the invention can be used as
probes to detect the presence of Macaca mulatta immunoglobulin sequences (for example
in screening for particular such sequences in a biological sample), the biological sample to
be analyzed, such as serum or splenic preparations, can be treated, if desired, to extract the
nucleic acids contained therein. The resulting nucleic acid from the sample can be
subjected to gel electrophoresis or other size separation techniques; alternatively, the
nucleic acid sample can be dot blotted without size separation. In order to form hybrid
duplexes with the targeting sequence of the probe, the targeted region of the nucleic acid
must be in single stranded form. Where the sequence is naturally present in single stranded
form, denaturation will not be required. However, where the sequence is present in double
stranded form, the sequence will be denatured. Denaturation can be carried out by various
techniques known in the art. Subsequent to denaturation, the analyte nucleic acid and probe
are incubated under conditions that promote stable hybrid formation of the target sequence
in the probe with the putative targeted sequence in the analyte, and the resulting duplexes
containing the probe(s) are detected.

Detection of the resulting duplex, if any, is usually accomplished by the use of
labeled probes; alternatively, the probe can be labeled, but can be detectable by specific
binding with a ligand which is labeled, either directly or indirectly. Suitable labels, and
methods for labeling probes and ligands are known in the art, and include, for example,
radioactive labels which can be incorporated by known methods (e.g., nick translation or
kinasing), radioactive isotopes, biotin, fluorescent groups, chemiluminescent groups (e.g.,
dioxetanes, particularly triggered dioxetanes), digoxigenin, enzymes, antibodies,

luminescent agents, precipitating agents, dyes, and the like. Such combinations can be
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useful for RACE, where the source cDNA can be homopolynucleotide tailed at the 3 -end
using terminal transferase enzyme, providing a location for strand synthesis using a

complementary primer.

C. Predictive Medicine

The present invention also pertains to the field of predictive medicine in which
diagnostic assays, prognostic assays, and monitoring of clinical trials are used for
prognostic (predictive) purposes to thereby treat an individual prophylactically.
Accordingly, one aspect of the present invention relates to diagnostic assays for detecting
the presence of specific antigens using Macaca mulatta immunoglobulin molecules in the
context of a biological sample (e.g., blood, serum, cells, or tissue) to thereby determine
whether an individual is afflicted with a disease or disorder, or is at risk of developing a
disorder, associated with aberrant or unwanted antigen expression and/or activity. The
vention also provides for prognostic (or predictive) assays for determining whether an
individual is at risk of developing a disorder associated with an antigen detectable using
Macaca mulatta immunoglobulin sequences.

Another aspect of the invention pertains to monitoring the influence of agents (e.g.,
drugs, compounds) on the expression or activity of antigens using Macaca mulatta
sequences in clinical trials.

These and other agents are described in further detail in the following sections.

1. Diagnostic Assays

In one embodiment, provided herein is a method of diagnosing the presence of an
antigen, wherein the method comprises in another embodiment, the step of contacting a
biological sample with a Macaca mulatta immunoglobulin polypeptide of the present
mvention (e.g., scFv) that binds to the antigen such that the presence of the antigen is
detected in the biological sample.

In one embodiment, the method is an in vitro diagnosis method. For example, the
polypeptide may recognize a target surface antigen of an infected cell or a tumor or
abnormal tissue growth.

In another embodiment, the method is an in vivo diagnosis method. In vivo
techniques for detection of a target antigen include introducing into a subject a labeled anti-
Macaca mulatta immunoglobulin polypeptide. For example, the antibody can be labeled
with a radioactive marker whose presence and location in a subject can be detected by

standard imaging techniques. In one embodiment, the biological sample contains
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polypeptide molecules from the test subject. Any antigen of interest can be used for
immunisation of an animal, including mammals, primates, monkeys, and humans. Such
antigens include any substance that can be recognised by an antibody, including proteins,
glycoproteins and carbohydrates. Antigens also include biologically active proteins, such
as hormones, cytokines, and their cell surface receptors, bacterial or parasitic cell
membranes or purified components thereof, and viral antigens. Antigens can also include
cells. Such cells can express endogenous proteins as antigens, for example, presented on
the cell surface. Such cells can also transiently or stably express antigens. Antigens of
particular interest are those involved in diseases and which show aberrant expression or
aberrant activity associated with a disease. Such diseases include cancers, inflammatory
disorders and immune disorders.

In another embodiment, the method of diagnosing the presence of an antigen
comprises locating said bound Macaca mulatta immunoglobulin polypeptide of the present
mvention (e.g., scFv) in said tissue sample. In another embodiment, the diagnosing the
presence of an antigen comprises determining whether said location of said bound antibody
indicates the presence of an antigen in said biological sample.

In another embodiment, provided herein is a method of diagnosing a viral infection
in a subject, comprising the step of obtaining a biological sample from the subject. In
another embodiment, the method of diagnosing a viral infection in a subject comprises the
step of contacting the biological sample with a Macaca mulatta immunoglobulin
polypeptide of the present invention (e.g., scFv). In another embodiment, the method of
diagnosing a viral infection in a subject comprises the step of analyzing the level of a viral
antigen in the biological sample. In another embodiment, the method of diagnosing a viral
infection in a subject comprises the step of and comparing the expression of the biological
sample to a standard, whereby and in another embodiment, if the standard is taken from a
healthy subject or pool of subjects and the level of the viral antigen is different than the
standard by a predetermined threshold, the subject has, or is at risk of developing a disease
associated with the viral infection. Otherwise and in another embodiment, if the standard is
taken from a subject or pool of subjects correctly diagnosed with a viral infection and the
level of the viral antigen is different than the standard by more than a predetermined
threshold, the subject does not have or is at low risk of developing a disease associated with

the viral infection. Alternatively, the methods just described can be adapted for diagnosing
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any condition in which an antigen is diagnostic of the condition, such as a bacterial
infection, tumor, etc.

Proteins from cells can be isolated using techniques that are well known to those of
skill in the art. The protein isolation methods employed can, for example, be such as those
described in Harlow and Lane (Harlow and Lane, 1988, Antibodies: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York).

In one embodiment, Macaca mulatta immunoglobulin polypeptide of the present
vention (e.g., scFv) can be used in methods such as Western blots or immunofluorescence
techniques to detect target antigen. In such uses, it is generally preferable to immobilize
either the immunoglobulin polypeptides or antigen on a solid support. Suitable solid phase
supports or carriers include any support capable of binding an antigen or an antibody.
Well-known supports or carriers include glass, polystyrene, polypropylene, polyethylene,
dextran, nylon, amylases, natural and modified celluloses, polyacrylamides, gabbros, and
magnetite.

One skilled in the art will know many other suitable carriers for binding the
immunoglobulin polypeptide or antigen, and will be able to adapt such support for use with
the present invention. For example, protein isolated from cells can be run on a
polyacrylamide gel electrophoresis and immobilized onto a solid phase support such as
nitrocellulose. The support can then be washed with suitable buffers followed by treatment
with the detectably labeled antibody. The solid phase support can then be washed with the
buffer a second time to remove unbound antibody. The amount of bound label on the solid
support can then be detected by conventional means. Means of detecting proteins using
electrophoretic techniques are well known to those of skill in the art (see generally, R.
Scopes (1982) Protein Purification, Springer-Verlag, N.Y.; Deutscher, (1990) Methods in
Enzymology Vol. 182: Guide to Protein Purification, Academic Press, Inc., N.Y.).

In another embodiment, Western blot (immunoblot) analysis is used to detect and
quantify the presence of a polypeptide in the sample. This technique generally comprises
separating sample proteins by gel electrophoresis on the basis of molecular weight,
transferring the separated proteins to a suitable solid support, (such as a nitrocellulose filter,
a nylon filter, or derivatized nylon filter), and incubating the sample with the Macaca
mulatta immunoglobulin polypeptide of the present invention (e.g., scFv) that specifically
bind a target antigen. The anti-antigen immunoglobulin polypeptides specifically bind to

the antigen on the solid support. These anti-antigen immunoglobulin polypeptides may be
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directly labeled or alternatively may be subsequently detected using labeled
immunoglobulin polypeptides (e.g., labeled sheep anti-human antibodies) that specifically
bind to the antigen.

In a more preferred embodiment, the antigen is detected using an immunoassay. As
used herein, an immunoassay is an assay that utilizes an immunoglobulin polypeptide to
specifically bind to the analyte. The immunoassay is thus characterized by detection of
specific binding of an antigen to an immunoglobulin polypeptide as opposed to the use of
other physical or chemical properties to isolate, target, and quantify the analyte.

The antigen is detected and/or quantified using any of a number of well recognized
immunological binding assays (see, e.g., U.S. Pat. Nos. 4,366,241; 4,376,110; 4,517,288;
and 4,837,168). For areview of the general immunoassays, see also Asai (1993) Methods
in Cell Biology Volume 37: Antibodies in Cell Biology, Academic Press, Inc. New York;
Stites & Terr (1991) Basic and Clinical Immunology 7th Edition.

Immunological binding assays (or immunoassays) typically utilize a "capture agent"
to specifically bind to and often immobilize the analyte (polypeptide or subsequence). The
capture agent is a moiety that specifically binds to the analyte. In a preferred embodiment,
the capture agent is an immunoglobulin polypeptide that specifically binds a target antigen.

Immunoassays also often utilize a labeling agent to specifically bind to and label the
binding complex formed by the capture agent and the analyte. The labeling agent may
itself be one of the moieties comprising the antibody/analyte complex. Thus, the labeling
agent may be a labeled polypeptide or a labeled anti-antibody. Alternatively, the labeling
agent may be a third moiety, such as another antibody, that specifically binds to the
antibody/polypeptide complex.

In one preferred embodiment, the labeling agent is a second antibody bearing a
label. Alternatively, the second antibody may lack a label, but it may, in turn, be bound by
a labeled third antibody specific to antibodies of the species from which the second
antibody is derived. The second can be modified with a detectable moicty, e.g. as biotin, to
which a third labeled molecule can specifically bind, such as enzyme-labeled streptavidin.

Other proteins capable of specifically binding immunoglobulin constant regions,
such as protein A or protein G may also be used as the label agent. These proteins are
normal constituents of the cell walls of streptococcal bacteria. They exhibit a strong non-
immunogenic reactivity with immunoglobulin constant regions from a variety of species

(see, generally Kronval, ef al. (1973) J. Immunol., 111: 1401-1406, and Akerstrom (1985)
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J. Immunol., 135: 2589-2542).

As indicated above, immunoassays for the detection and/or quantification of a
polypeptide can take a wide variety of formats well known to those of skill in the art.

Preferred immunoassays for detecting a polypeptide are either competitive or
noncompetitive. Noncompetitive immunoassays are assays in which the amount of
captured analyte is directly measured. In one preferred "sandwich" assay, for example, the
capture agent (anti-peptide antibodies) can be bound directly to a solid substrate where they
are immobilized. These immobilized antibodies then capture polypeptide present in the test
sample. The polypeptide thus immobilized is then bound by a labeling agent, such as a
second human antibody bearing a label.

In competitive assays, the amount of analyte (polypeptide) present in the sample is
measured indirectly by measuring the amount of an added (exogenous) analyte
(polypeptide) displaced (or competed away) from a capture agent (anti-peptide antibody) by
the analyte present in the sample. In one competitive assay, a known amount of, in this
case, a polypeptide is added to the sample and the sample is then contacted with a capture
agent. The amount of polypeptide bound to the antibody is inversely proportional to the
concentration of polypeptide present in the sample.

In one particularly preferred embodiment, the antibody is immobilized on a solid
substrate. The amount of polypeptide bound to the antibody may be determined either by
measuring the amount of polypeptide present in a polypeptide/antibody complex, or
alternatively by measuring the amount of remaining uncomplexed polypeptide. The
amount of polypeptide may be detected by providing a labeled polypeptide.

The assays of this invention are scored (as positive or negative or quantity of
polypeptide) according to standard methods well known to those of skill in the art. The
particular method of scoring will depend on the assay format and choice of label. For
example, a Western Blot assay can be scored by visualizing the colored product produced
by the enzymatic label. A clearly visible colored band or spot at the correct molecular
weight is scored as a positive result, while the absence of a clearly visible spot or band is
scored as anegative. The intensity of the band or spot can provide a quantitative measure
of polypeptide.

In one embodiment, a “predetermined threshold” refers to a level, range, or
measurement empirically determined. In another embodiment, the threshold depends upon

the particular population of subjects. In yet another embodiment, an apparently healthy
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population will have a different “normal” range or level of the standard than will a
population of subjects which have had a prior infection or other condition. In some
embodiments, the predetermined thresholds can be delineated from the ‘“normal” range
according to signficant up- or down-modulation of the standard according to levels of
significance defined herein.

As an alternative to making determinations based on the absolute expression level of
the marker, determinations may be based on the normalized expression level of the marker.
Expression levels are normalized by correcting the absolute expression level of a marker by
comparing its expression to the expression of a gene that is not a marker, e.g., a
housekeeping gene that is constitutively expressed. Suitable genes for normalization
include housekeeping genes such as the actin gene, or epithelial cell-specific genes. This
normalization allows the comparison of the expression level in one sample, e.g., a subject
sample, to another sample, e.g., a non-cancerous sample, or between samples from different
sources.

Alternatively, the expression level can be provided as a relative expression level.

To determine a relative expression level of a marker, the level of expression of the marker
is determined for 10 or more samples of normal versus cancer cell isolates, preferably 50 or
more samples, prior to the determination of the expression level for the sample in question.
The mean expression level of each of the genes assayed in the larger number of samples is
determined and this is used as a baseline expression level for the marker. The expression
level of the marker determined for the test sample (absolute level of expression) is then
divided by the mean expression value obtained for that marker. This provides a relative
expression level.

Preferably, the samples used in the baseline determination will be from disease cells
or normal cells of the same tissue type. The choice of the cell source is dependent on the
use of the relative expression level. Using expression found in normal tissues as a mean
expression score aids in validating whether the marker assayed is specific to the tissue from
which the cell was derived (versus normal cells). In addition, as more data is accumulated,
the mean expression value can be revised, providing improved relative expression values
based on accumulated data. Expression data from normal cells provides a means for

grading the severity of the disease.

2. Prognostic Assays

-61 -



WO 2013/148256 PCT/US2013/031442

10

15

20

25

30

The diagnostic methods described herein can furthermore be utilized to identify
subjects having or at risk of developing a disease or disorder associated with aberrant or
unwanted expression of a target antigen using Macaca mulatta immunoglobulin
polypeptides of the present invention (e.g., scFv) provided herein. Aberrant antigen
expression or activity includes increased or decreased expression or activity, as well as
expression or activity which does not follow the wild type developmental pattern of
expression or the subcellular pattern of expression. As used herein, the term “unwanted”
includes an unwanted phenomenon involved in a biological response such as immune cell
activation. For example, the term unwanted includes a target antigen having expression or
activity which is undesirable in a subject.

The assays described herein, such as the preceding diagnostic assays or the
following assays, can be utilized to identify a subject having or at risk of developing a
disorder associated with a misregulation in a target antigen, such as a viral infection like
HIV, an autoimmune disorder, an immunodeficiency disorder, an immune system cancer,
etc., using Macaca mulatta immunoglobulin polypeptides of the present invention (e.g.,
scFv) provided herein. Thus, the present invention provides a method for identifying a
disease or disorder associated with aberrant or unwanted target antigen expression or
activity in which a test sample is obtained from a subject and a target antigen is detected
using said Macaca mulatta immunoglobulin polypeptides, wherein the presence of the
target antigen is diagnostic for a subject having or at risk of developing a disease or
disorder associated with aberrant or unwanted antigen expression or activity. As used
herein, a “test sample” refers to a biological sample obtained from a subject of interest. For
example, a test sample can be a biological fluid (e.g., cerebrospinal fluid or serum), cell
sample, or tissue.

Furthermore, the prognostic assays described herein can be used to determine
whether a subject can be administered an agent (e.g., an agonist, antagonist,
peptidomimetic, polypeptide, peptide, nucleic acid, small molecule, or other drug
candidate) to treat a disease or disorder associated with aberrant or unwanted Macaca
mulatta immunoglobulin polypeptide sequences expression or activity. Thus, the present
vention provides methods for determining whether a subject can be effectively treated
with an agent for a disorder associated with aberrant or unwanted target antigen expression
or activity in which a test sample is obtained and the target antigen expression or activity is

detected using Macaca mulatta immunoglobulin polypeptides of the present invention (e.g.,
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wherein the abundance of target antigen is diagnostic for a subject that can be administered
the agent to treat a disorder associated with aberrant or unwanted Macaca mulatta
immunoglobulin polypeptide sequences expression or activity). In some embodiments, the
Macaca mulatta immunoglobulin polypeptides of the present invention not only detect the
antigen, but can neutralize and/or destroy the antigen.

The methods described herein can be performed, for example, by utilizing pre-
packaged diagnostic kits described herein, which can be conveniently used, e.g., in clinical
settings to diagnose subjects exhibiting symptoms or family history of a disease or illness

mvolving a target antigen of interest.

3. Therapies

In one embodiment, provided herein is a method of delivering a biologically active
agent to cells displaying a target antigen, for example to treat a bacterial infection, a viral
infection, autoimmunity, a tumor, etc., comprising contacting said cells with a Macaca
mulatta immunoglobulin polypeptide of the present invention (e.g., scFv), wherein in
another embodiment, said Macaca mulatta immunoglobulin polypeptide of the present
mvention (e.g., scFv) is operably linked to said agent.

In one embodiment, provided herein is a method of delivering a biologically active
agent and a single chain fragment variable antibody isolated from the nucleic acid library
encoding a Macaca mulatta immunoglobulin polypeptide of the present invention (e.g.,
scFv), whereby the biologically active agent and the single chain fragment variable
antibody are delivered concomitantly but individually.

In one embodiment, the Macaca mulatta immunoglobulin polypeptides of the
present invention (e.g., scFv) provided herein are “biologically active”, meaning that they
are able to binding to the target antigen, for example, to inhibiting binding of the target to
antigens and/or prophylaxis or therapy of antigen-mediated diseases. The term
“biologically active”, when used in reference to any of the biologically active agents
described herein also refers to the agent's ability to modulate the immune response in a
manner that can lead to a preventive, diagnostic, or therapeutic effect as will be understood
by a skilled artisan. In another embodiment, the biologically active agent provided herein is
a radioisotope, a toxin, a cytokine, a chemokine or any other molecule that can modulate
the immune response in a manner that can lead to a preventive, diagnostic, or therapeutic

effect as will be understood by a skilled artisan.
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In one embodiment, the term “treatment” in the compositions and methods provided
herein refers to therapeutic treatment. In another embodiment it refers to prophylactic, or
suppressive measures for a disease or disorder. Thus, for example, successful
administration of Macaca mulatta immunoglobulin molecules of the present invention (e.g.,
scFv or nucleic acids encoding them) prior to onset of the disease results in treatment of the
disease. “Treatment” also encompasses administration of an isolated such immunoglobulin
molecule after the appearance of the disease in order to eradicate the disease. Successful
administration of an agent, such as an scFv polypeptide provided herein, after onset and
after clinical symptoms have developed, with possible abatement of clinical symptoms and
perhaps amelioration of the disease, comprises treatment of the disease. In another
embodiment, a skilled artisan would understand that treatment does not necessarily result in
the complete absence or removal of symptoms. Treatment also embraces palliative effects:
that is, those that reduce the likelihood of a subsequent medical condition. In another
embodiment, those “in need of treatment” include animals already having the disease or
disorder, as well as those prone to having the disease or disorder, including those in which
the disease or disorder is to be prevented. In another embodiment, a subject or animal is
successfully “treated” for a condition such as infection or cancer if, after receiving a
therapeutic amount of an modified molecule provided herein, the subject shows observable
and/or measurable reduction in or absence of one or more of the following: reduction in the
number of diseased cells or absence of diseased cells related to the condition; reduction in
the tumor size; inhibition (i.e., slow to some extent and preferably stop) of cancer cell
mfiltration into peripheral organs including the spread of cancer into soft tissue and bone;
mnhibition (i.e., slow to some extent and preferably stop) of tumor metastasis; inhibition, to
some extent, of tumor growth; and/or relief to some extent, one or more of the symptoms
associated with the specific cancer; reduced morbidity and mortality, and improvement in
quality of life.

In another embodiment, provided herein is a method of preventing formation of a
condition characterized by aberrant expression or activity of a target antigen in a subject,
comprising the step of administering an effective amount of a Macaca mulatta
immunoglobulin polypeptide of the present invention (e.g., scFv) provided herein. In
another embodiment, provided herein is a method of treating, preventing, or ameliorating

the symptoms associated with such a condition in a subject comprising the step of
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administering to said subject an effective amount of a Macaca mulatta immunoglobulin
polypeptide of the present invention (e.g., scFv) provided herein.

Accordingly, Macaca mulatta immunoglobulin polypeptides of the present
invention (e.g., scFv) can find use in a wide range of products. In one embodiment, the
immunoglobulin polypeptides are a therapeutic, a diagnostic, or a research reagent. In one
embodiment, the immunoglobulin polypeptides are therapeutic, can be used for agricultural
or industrial uses, and/or can find use in an antibody composition that is monoclonal or
polyclonal. They can further be agonists, antagonists, neutralizing, inhibitory, or
stimulatory. In one embodiment, they are used to kill target cells that bear the target
antigen, for example virally infected cells. In an alternate embodiment, the
immunoglobulin polypeptide is used to block, antagonize, or agonize the target antigen. In
an alternate embodiment, the immunoglobulin polypeptides are used to block, antagonize,
or agonize the target antigen and kill the target cells that bear the target antigen.

The Macaca mulatta immunoglobulin polypeptides of the present invention (e.g.,
scFv), including subsequences, modified forms, multimers and nucleic acids encoding
them, can be incorporated into pharmaceutical compositions. Such pharmaceutical
compositions are useful for administration to a subject in vivo or ex vivo, and for providing
therapy for a physiological disorder or condition treatable with an antibody as provided
herein.

In one embodiment the compositions of this invention comprise a polypeptide of
this invention, alone or in some embodiments, in combination with a second
pharmaceutically active or therapeutic agent. In one embodiment, the term
“pharmaceutically active agent” refers to any medicament which satisfies the indicated
purpose. In some embodiments, the term “agent” of this invention is a decongestant,
antibiotic, bronchodilator, anti-inflammatory steroid, leukotriene antagonist or histamine
receptor antagonist, and the like.

In one embodiment, the route of administration can be parenteral, or a combination
thereof. In another embodiment, the route can be intra-ocular, conjunctival, topical,
transdermal, intradermal, subcutaneous, intraperitoneal, intravenous, intra-arterial, vaginal,
rectal, intratumoral, transmucosal, intramuscular, intravascular, intraventricular,
intracranial, inhalation (aerosol), nasal aspiration (spray), intranasal (drops), sublingual,
oral, aecrosol, a g fornwlation for vaginal or intrarectal gpplication, or suppository or a

combination thereof. In one embodiment, the dosage regimen will be determined by skilled
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clinicians, based on factors such as exact nature of the condition being treated, the severity
of the condition, the age and general physical condition of the patient, body weight, and
response of the individual patient.

For intranasal administration or application by inhalation, solutions or suspensions
of the compounds mixed and aerosolized or nebulized in the presence of the appropriate
carrier suitable. Such an aerosol can comprise any agent described herein.

For parenteral application, particularly suitable are injectable, sterile solutions,
preferably oily or aqueous solutions, as well as suspensions, emulsions, or implants,
including suppositories and enemas. Ampoules are convenient unit dosages. Such a
suppository can comprise any agent described herein.

Sustained or directed release compositions can be formulated, e.g., liposomes or
those wherein the active compound is protected with differentially degradable coatings,
e.g., by microencapsulation, multiple coatings, etc. Such compositions can be formulated
for immediate or slow release. It is also possible to freeze-dry the new compounds and use
the lyophilisates obtained, for example, for the preparation of products for injection.

For liquid formulations, pharmaceutically acceptable carriers can be aqueous or
non-aqueous solutions, suspensions, emulsions or oils. Examples of non-aqueous solvents
are propylene glycol, polyethylene glycol, and injectable organic esters such as ethyl oleate.
Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions,
icluding saline and buffered media. Examples of oils are those of petroleum, animal,
vegetable, or synthetic origin, for example, peanut oil, soybean oil, mineral oil, olive oil,
sunflower oil, and fish- liver oil.

In one embodiment, a composition of or used in the methods of this invention can
be administered alone or within a composition. In another embodiment, compositions of
this invention admixed with conventional excipients, i.e., pharmaceutically acceptable
organic or inorganic carrier substances suitable for parenteral, enteral (e.g., oral) or topical
application which do not deleteriously react with the active compounds can be used. In one
embodiment, suitable pharmaceutically acceptable carriers include but are not limited to
water, salt solutions, alcohols, gum arabic, vegetable oils, benzyl alcohols, polyethylene
glycols, gelatine, carbohydrates such as lactose, amylose or starch, magnesium stearate,
talc, silicic acid, viscous paraffin, white paraffin, glycerol, alginates, hyaluronic acid,
collagen, perfume oil, fatty acid monoglycerides and diglycerides, pentaerythritol fatty acid

esters, hydroxy methylcellulose, polyvinyl pyrrolidone, etc. In another embodiment, the
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pharmaceutical preparations can be sterilized and if desired mixed with auxiliary agents,
e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, buffers, coloring, flavoring and/or aromatic substances and the like which
do not deleteriously react with the active compounds. In another embodiment, they can
also be combined where desired with other active agents, e.g., vitamins.

Pharmaceutical compositions include “pharmaceutically acceptable” and
“physiologically acceptable” carriers, diluents or excipients. In one embodiment, the terms
“pharmaceutically acceptable” and “physiologically acceptable” refers to any formulation
which is safe, and provides the appropriate delivery for the desired route of administration
of an effective amount of at least one compound for use in the present invention. This term
refers to the use of buffered formulations as well, wherein the pH is maintained at a
particular desired value, ranging from pH 4.0 to pH 9.0, in accordance with the stability of
the compounds and route of administration. The terms include solvents (aqueous or
nonaqueous), solutions, emulsions, dispersion media, coatings, isotonic and absorption
promoting or delaying agents, compatible with pharmaceutical administration. Such
formulations can be contained in a liquid; emulsion, suspension, syrup or elixir, or solid
form; tablet (coated or uncoated), capsule (hard or soft), powder, granule, crystal, or
microbead. Supplementary active compounds (e.g., preservatives, antibacterial, antiviral
and antifungal agents) can also be incorporated into the compositions.

Pharmaceutical compositions can be formulated to be compatible with a particular
local or systemic route of administration. Thus, pharmaceutical compositions include
carriers, diluents, or excipients suitable for administration by particular routes.

Specific non-limiting examples of routes of administration for compositions of the
invention are inhalation or intranasal delivery. Additional routes include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral, transdermal (topical), transmucosal, and rectal
administration.

Solutions or suspensions used for parenteral, intradermal, or subcutaneous
application can include: a sterile diluent such as water for injection, saline solution, fixed
oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid;

buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity
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such as sodium chloride or dextrose. pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide.

A skilled artisan will understand how to properly dose the desired compositions of
the present invention. The compositions provided herein to be administered to a
subjectcontains, in one embodiment, a quantity of the active agent in a therapeutically
effective amount for relief of the particular disease or condition being treated. An amount
adequate to accomplish this is defined as a therapeutically effective dose. Amounts
effective for this use will depend upon the severity of the disease and the general state of
the subject's own immune system. Dosing schedules will also vary with the disease state
and status of the subject, and will typically range from a single bolus dosage or continuous
infusion to multiple administrations per day (e.g., every 4-6 hours), or as indicated by the
treating physician and the subject's condition. It should be noted, however, that the present
nvention is not limited to any particular dose. Generally, however, for immunoglobulin
polypeptides of the present invention, the preferred dosage is 0.1 mg/kg to 100 mg/kg of
body weight (generally 10 mg/kg to 20 mg/kg). If the antibody is to act in the brain, a
dosage of 50 mg/kg to 100 mg/kg is usually appropriate. Generally, partially human
antibodies and fully human antibodies have a longer half-life within the human body than
other antibodies. Accordingly, lower dosages and less frequent administration is often
possible. Modifications such as lipidation can be used to stabilize antibodies and to
enhance uptake and tissue penetration (e.g., into the epithelium). A method for lipidation of
antibodies is described by Cruikshank et al. (1997) J. Acquired Immune Deficiency
Syndromes and Human Retrovirology 14:193.

This invention is further illustrated by the following examples which should not be
construed as limiting. The contents of all references, patents and published patent
applications cited throughout this application, as well as the Figures, are incorporated

herein by reference.

EXAMPLES

Example 1: Primer Design

To design primers specific for rhesus monkey (RM) Ig genes (Table 1, 2, and 3),
RM Ig V gene sequences obtained in previous experiments, as well as sequences available
through public databases, IMGT, the international ImMunoGeneTics information system®

(IMGT/LIGM-DB) and NCBI, The National Center for Biotechnology Information, were
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analyzed. Sequence analysis and germline gene identification were performed using
IMGT-V-Quest software. Sequence alignment was performed using the DNAStar
Lasergene software package (DNAStar Inc). In addition, using known sequences of rare
human V genes, the RM genome was BLASTed to identify potential counterparts. In some
embodiments, the primers specific for thesus monkey (RM) Ig genes can be selected from
those listed in Table 3 (e.g., single primers, primer pairs, groups of primer pairs, etc.). To
validate newly designed primers, Vi and Vi genes were amplified using cDNA derived
from mRNA isolated from the mixture of bone marrow B cells of 10 RMs. The resulting
PCR products were cloned into the sequencing plasmid vector, pCR4-TOPO (Invitrogen),
and sequenced. Nucleotide sequences of 300 randomly chosen clones were analyzed using
IMGT/V-QUEST and translated into the amino acid sequences shown in Table 4. In
addition, representative nucleic acid and amino acid sequences encoding Ig Vi, VL 1amda, VL
kappa, a8 Well as scFv and linkers, are shown in Tables 5 and 6 (n, sequence number; F, V-
gene subgroup family). Primers listed in Tables 1, 2 and 3 are suitable to amplify any

Macaca mulatta V/D/J gene combination.

Example 2: RT-PCR of Ig Vi and Vi, genes from single B cell

Single B-cell RT-PCR was used to validate the ability of developed primers amplify
Vy and Vi, genes from single B cells. The cDNA synthesis and Ig amplification were
performed as previously described in Tiller et al. (2008) J. Immunol. Meth. 329:112-124,
with the following modifications. The frozen plates with single memory B cells were
thawed, and reverse transcription was performed by adding 3 pl of random hexamer
primers (Applied Biosystems) at 50 uM, 1 pl of 10 mM dNTP mix (Invitrogen), 0.0625 ul
of Igepal CA-630 (Sigma), 40 units of RNaseOUT™ (Invitrogen), 1.25 pl of 0.1 DTT
(Invitrogen) and 0.25 pl of SuperScript 111 (Invitrogen) into each well. Reaction conditions
for reverse transcription were as follows: 42°C for 10 min, 25°C for 10 min, 50°C for 60
min and 94°C for 5 min. The cDNA plates were stored at -20°C until further use. The IgH,
Igh and Igk V genes were amplified independently by semi-nested PCR starting from 3 pl
of cDNA as a template. All PCRs were performed in 96-well PCR plates in a total volume
of 50 ul containing water, 5 pl of 10x buffer, 1 pl of ANTP mix, each at 10 mM, 1 pl of
MgCl, at 25 mM (Qiagen), by 1 pl of primer mix specific to FR1 region (Table 1 and/or 3)
and primer specific to the constant part of heavy or light chain (Table 2 and/or 3) at 10 uM,
and 0.4 pl of HotStart Taq DNA polymerase (Qiagen). The PCR thermocycler program
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was: 95°C for 15 min; 50 cycles (95°C for 30 sec, S0°C for 1gk and Igi or 54°C for IgH for
30 sec and 72°C for 1 min); 72°C for 10 min. For PCR2, 3 ul of PCR1 product were used
as a template. Primers specific to FR1 region were as in PCR1 and for PCR2 we used
Cy_GSP2, Cx_GSP2 and Cih_GSP2 or Vy_forward, Vk_forward and Vi,_forward or -
PCR2, A-PCR2, and x-PCR2 (Table 1, 2, and 3). Fifty cycles were used with the same
parameters as those for the first round, with annealing temperature of 52°C for Igk and Igh
and 57°C for IgH for 30 sec. After PCR2, the DNA fragments were isolated and subjected
to direct sequencing with the reverse primer used for PCR2. Sequences were analyzed with

IMGT/V-QUEST and are shown herein.

Example 3:  Design of primers specific to leader sequences of VH genes.

Variable genes of antibodies which have undergone somatic hypermutation of
CDRs during maturation can also contain mutations in conserved framework regions (Jung
et al. (2001) J. Mol. Biol. 309:701 and Scheied ef al. (2011) Science 333:1633). In
antibody genes with a high frequency of mutations, framework region 1 (FR1) may no
longer be recognized by specific oligonucleotides due to acquired mutations, which leads to
loss of amplification of such immunoglobulin genes. To overcome this obstacle, primers
specific to the leader sequence (peptide region) of rthesus monkey VH genes have been
designed. The leader sequence is located at the 5°-end of any VH gene and is very
conserved. Since leader sequences for rthesus monkey VH genes have not been published
or are not available through public resources, the following algorithm to retrieve RM leader
sequences from the rhesus monkey genomic databases at National Center for
Biotechnology Information (NCBI) or at Baylor College of Medicine has been used.
Sequences of human VH genes were taken to survey RM genomic databases in order to
find orthologous rhesus VH genes. Once RM VH genes were identified (human
nomenclature of Ig V genes is used to name RM Ig genes), the sequence located 5°-terminal
to the newly found VH gene was compared with known human leader sequences in order to
localize RM leader sequences. When the leader sequence was determined, introns were cut
from assembled sequences. Using sequences thus obtained, three sets of primer specific to
rhesus monkey leader sequences of VH genes were designed (Tables 8-10). RM germline

VH genes used for leader primers design are listed in Table 12.
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Example 4:  PCR amplification of VH genes using different combinations of

primers.
Primers listed in Tables 1-3 and 8-10 can be used to amplify rhesus monkey VH and

VL genes in different combinations in direct, nested and semi-nested PCR. All reverse
primers can be used to obtain rhesus monkey VH and VL genes by RACE-PCR. To
amplify VH genes, forward primers given in Table 1 VHI(FR1)back — VH7(FR1)back can
be combined with any reverse primer for heavy chain (Vu-forward [Table 1]; Cy_GSP1 or
Cy_GSP2 or Cy_yCT [Table 2]; y-PCR1 or y-PCR2 [Table 3]) in regular or semi-nested
PCR. To amplify VH genes, forward primers given in Table 3 “VH1” — “VH7” can be
combined with any reverse primer for heavy chain (Vg-forward [Table 1]; Cy_GSP1 or
Cy_GSP2 or Cy_yCT [Table 2]; y-PCR1 or y-PCR2 [Table 3]) in direct or semi-nested
PCR. To ampliy VH genes, in some embodiments, primers that bind to leader sequences
can be used. To amplify VH genes, forward primers given in Table 8 can be combined
with any reverse primer for heavy chain (Vy-forward [Table 1]; Cy_GSP1 or Cy_GSP2 or
Cy_yCT [Table 2]; y-PCR1 or y-PCR2 [Table 3]) in direct or semi-nested PCR. To amplify
VH genes, forward primers given in Table 9 can be combined with any reverse primer for
heavy chain (Vu-forward [Table 1]; Cy_GSP1 or Cy_GSP2 or Cy_yCT [Table 2]; y-PCR1
or y-PCR2 [Table 3]) in direct or semi-nested PCR. To amplify VH genes, forward primers
given in Table 10 can be combined with any reverse primer for heavy chain (Vg-forward
[Table 1]; Cy_GSP1 or Cy_GSP2 or Cy_yCT [Table 2]; y-PCR1 or y-PCR2 [Table 3]) in
direct or semi-nested PCR. To amplify VH genes, forward primers given in Table 9 can be
used as inner primers for nested PCR while primers listed in Tables 8 or 10 can be used as
outer primers and both sets can be combined with appropriate reverse primer (Vy-forward
[Table 1]; Cy_GSP1 or Cy_GSP2 or Cy_yCT [Table 2]; y-PCR1 or y-PCR2 [Table 3]).
Primers listed in Table 1 (VH1(FR1)back — VH7(FR1)back) or primers listed in Table 3
(VH1-VH7) can be used as inner primers for nested PCR with primers listed in Tables 8, 9
or 10 used as outer primers. RT-PCR was used to validate the ability of newly developed
primers specific to leader sequences to amplify Vi and Vi, genes. Total or mRNA was
isolated from rhesus monkey PBMC or purified B cells. The cDNA synthesis and Ig VH
genes amplification were performed as described in Example 2. Figures 3 and 4 illustrate
VH gene amplification with primers specific to the leader sequence listed in Tables 8, 9 and
10. Examples of VH genes and their allelic variants obtained with help of forward primers

listed in Tables 8, 9 and 10 and reverse primers listed in Table 3 are given in Table 11. The
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human nomenclature is used to name RM Ig VH and VL genes. Primers listed in Tables 8§,

9 and 10 are suitable to amplify any Macaca mulatta heavy chain V/D/J gene combination.

Incorporation by Reference

All publications, patents, and patent applications mentioned herein are hereby
incorporated by reference in their entirety as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated by reference. In
case of conflict, the present application, including any definitions herein, will control.

Also incorporated by reference in their entirety are any polynucleotide and
polypeptide sequences which reference an accession number correlating to an entry in a
public database, such as those maintained by The Institute for Genomic Research (TIGR)
on the world wide web at tigr.org and/or the National Center for Biotechnology Information

(NCBI) on the world wide web at ncbi.nlm.nih.gov.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.
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Primer name ( location )

Primer Sequence

Amplification

V.1 (FR1)back GACATYGWMMTGWCCCAGTCTCC PCRI1
V.2 (FR1) back SAWRYWGTGMTGACHCAGWCTCC PCRI
V3 (FR1) back SAHATHRHRHTSACKCAGTCTCC PCRI1
V.4/7 (FR1) back GACATYGTGMTGACCCAG PCRI1
ViS5 (FR1) back GAKCTWCAGATGACMCAG PCR1
V.5 (FR1) back GAAACGAYACTCACRCAG PCRI1
V.6 (FR1) back GAWATTGTGMTGACWCAGTC PCRI1
V.7 (FR1) back GACATTGTGCTGACCCAGTCTCC PCRI1
Vi forward GGTGCAGCCACAGCTCGTTTGAT PCR1
V.l Nco I (FR1) back | CCAGCCGGCCATGGAGGACATYGWMMTGWCCC | Nested PCR
AGTCTCC
V.2 Nco I (FR1) back | CCAGCCGGCCATGGAGSAWRYWGTGMTGACHC | Nested PCR
AGWCTCC
V.3 Neo T (FR1) back ;gz;ggEEGCCATGGAGSAHATHRHRHT SACKC | Nested PCR
V. 4/7 Neo 1 (FR1) back ;gAGCCGG%AGGACATYGT GMTGACCC Nested PCR
V.5 Neo I (FR1) back ;gAGCCGG%AGGAKCTWCAGATGACMC Nested PCR
V.5 Neo I (FR1) back ;gAGCCGG%AGGAAACGAYACTCACRC Nested PCR
V6 Neo I (FR1) back ;g?gCCGG%AGGAWATTGT GMTGACWC Nested PCR
V.7 Nco I (FR1) back | CCAGCCGGCCATGGAGGACATTGTGCTGACCC | Nested PCR
AGTCTCC
V,. forward CCACCGGAGCCGCCGCCGCCCGACCCACCACC | Nested PCR
ACCAGAACCACCACCACCCGGTGCAGCCACAG
CTCGTTTGAT
Vi1 (FR1) back CAGTCTGTRCTGAATCAGCC PCR1
V1.2 (FR1) back CAGKCTGCCCYGAYTCAGYTC PCR1
V,3A (FR1) back TCCTCTGGGCTGACTCAG PCR1
V,3B (FR1) back TCCTMTGAGCTGACACAGCCDCC PCR1
V,4 (FR1) back CAGCYTGTGCTGACTCARTCGCC PCRI1
V45 (FR1) back MAGSCTRTGCTGACTCAGCCRRC PCR1
V,6/7/8 (FR1) back CAGACTGTGGTGACYCAGGAGYC PCR1
V129 (FR1) back CAGCYTGTGCTGACTCARCCACC PCR1
V110 (FR1) back CAGGCAGGGCTGACTCAGCCACC PCR1
C,. forward GGCAGCCTTGGGCTGACCTAGGAC PCR1
V,1 NCOI (FR1) back | CCAGCCGGCCATGGAGCAGTCTGTRCTGAATC | Nested PCR
AGCC
V,2 NCOI (FR1) back | CCAGCCGGCCATGGAGCAGKCTGCCCYGAYTC | Nested PCR
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AGYTC
V,3A NCOI (FR1) back | CCAGCCGGCCATGGAGTCCTCTGGGCTGACTC | Nested PCR
AG
V,3B NCOI (FR1) back | CCAGCCGGCCATGGAGTCCTMTGAGCTGACAC | Nested PCR
AGCCDCC
V,4 NCOI (FR1) back | CCAGCCGGCCATGGAGCAGCYTGTGCTGACTC |  Nested PCR
ARTCGCC
V,5NCOI (FR1) back | CCAGCCGGCCATGGAGMAGSCTRTGCTGACTC | Nested PCR
AGCCRRC
V,6/7/8 NCOI (FR1) | CCAGCCGGCCATGGAGCAGACTGTGGTGACYC | Nested PCR
back AGGAGYC
V,9 NCOI (FR1) back ;;?g;ggGCCATGGAGCAGCYTGTGCTGACTC Nested PCR
V,10 NCOI (FR1) back ;g?g;ggGCCATGGAGCAGGCAGGGCTGACTC Nested PCR
CCACCGGAGCCGCCGCCGCCCGACCCACCACC | Nested PCR
V, forward ACCAGAACCACCACCACCGGCAGCCTTGGGCT
B GACCTAGGACG
Vil (FR1) back SAGGWSCAGCTGSTRSARTCYGG PCRI1
V2 (FR1) back CAGGTGACCTTGAAGGAGTCTGG PCRI1
Vi3/H5 (FR1) back SAGGTGSAGYTGKTGSAGTCTGG PCRI1
Vu4/H6 (FR1) back SAGGTRCARCTSCAGSAGTCDGG PCR1
Vu7(FR1) back CAGGTGCAGCTGGTGCAATCTGG . PCRI1
Vu forward GCCCTTGGTGGAGGCTGAGGA PCRI1
Val (FR1) back GGGTCGGGCGGCGGCGGCTCCGGTGGTGGTGG |  Nested PCR
ATCCSAGGWSCAGCTGSTRSARTCYGG
Vi2 (FR1) back GGGTCGGGCGGCGGCGGCTCCGGTGGTGGTGG | Nested PCR
ATCCCAGGTGACCTTGAAGGAGTCTGG
GGGTCGGGCGGCGGCGGCTCCGGTGGTGGTGG | Nested PCR
Vu3/H5 (FR1) back ATCCSAGGTGSAGYTGKTGSAGTCTGG
GGGTCGGGCGGCGGCGGCTCCGGTGGTGGTGG |  Nested PCR
Vud/H6 (FRI) back ATCCSAGGTRCARCTSCAGSAGTCDGG
GGGTCGGGCGGCGGCGGCTCCGGTGGTGGTGG
Vu7(FR1) back ATCCCAGGTGCAGCTGGTGCAATCTGG
TGTTCTGCGGCCGCGCCCTTGGTGGAGGCTGA |  Nested PCR
Vy_forward-Notl GGA
scFv_Back (Sfi I-Ncol) SOE-PCR
GCGGCCCAGCCGGCCATGGAG (splicing by
overlap
extension PCR)
scFv._ FW (Not 1) TGTTCTGCGGCCGCGCCCTTGG SOE-PCR

Table 1. Set of subgroup gene-specific primers used to amplify the VL and VH domains of
rhesus monkey IgG. PCR1 primers are used to amplify the Ig variable domain V-J and V-D-J for
the light and heavy chains, respectively. The nested PCR primers are used to add the cloning site
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Sfi I and Nco I at the N-terminus of the light chains and the forward linker sequence to the C-
terminus of the variable domain, which overlaps with the nested PCR Vy back-primer to
generate a linker of twenty amino acids. The scFv_Back and scFv_FW are used to amplify the
full-length scFvs after overlapping of the linker tails during the nested PCR. The direction of the
primer sequences is 5’ to 3'. Forward primers are complementary to the sense strand, and back-
primers are complementary to the antisense strand. The symbols for degenerate nucleotides are
as follows: Y=CorT;R=AorG;W=AorT;S=CorG;K=TorG;M=A orC.
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Table 2
Primer name seguences
Ch h-CT TTTTCTGGTTGACGGAGGATA
Ch GSP1 gcttgragctcctcagagg
Clh GSP2 GGGYGGGAACAGAGTGACC
Cy yCT TTTACCCGGAGACAGGGAGAGGC
Cy GSP1 TGTGCAGAGCCTCATGCATCACGG
Cy GSP2 GTAGTCCTTGACCAGGCAG
Ck GSP1 CCTGATGGGTGACTTCGCAGGCG
Cky GSP2 GAGGCAGTTCCAGATTTCAA
Ck CT GCACTCTCCCCTGTTGAAGCTC
Ck GSP1 CCTGATGGGTGACTTCGCAGGCG
Ck GSP2 GAGGCAGTTCCAGATTTCAA
RM Cylh GCTGCCACCACCACATGTTTTTATC
RM Cy2h CACGTGGAACGACATGGGAGCCC
RM Cy3h GTCACCACATGGGGGTGTGAACTC
RM Cy4h GGGCATGGGGGTGTGAACTC

Table 2. Set of gene-specific primers used to amplify rhesus monkey Ig constant regions. CT
are forward primers that hybridize to the 3’end of the light or heavy chains. RM_Cyl-4h are
primers specific to the each isotype hinge constant region. GSP1 primers hybridize to the 5’

end of the corresponding constant region, and GSP2 primers hybridize within the constant
region at a relatively conserved position.
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Table 5. Examples of VH and VL sequences amplified with Table 1-2 primers and scFv
assembled with primers listed in Table 1

n

F

Sequences

VH1

GAGGTGCAGCTGGTGGAGTCTGGGGCTGGCGTCGAAGAAGCCTGGGTCCTCAGTGAAGGTGTCCTGTCAGACTTCCGGATACAC
CTTCACTGGCTACTCCGTACACTGGGTGCGACAGGCCCCTCGACAAGGACTTGAGTGGATGGGATGGATCAACCCTTACAATG
GCAACACAAAATATTCACAGAAGTTCCAGGGCAGAGTCACCATGACCAGAGACACATCGACTAACACAGCCTACATGGAGCTG
AGCGGCCTGACATCTGACGACACGGCCGTATATTACTGTGCGAGAAGGACTGTGGTGGTATTTACTTCTATCGAACTTTATGA
CTTCTGGGGCCAGGGGGTCCTGGTCACCGTCTCCTCA

EVQOLVESGAGVKKPGSSVKVSCOTSGYTETGY SVHWVROAPROGLEWMGW INPYNGNTKY SQKFQGRVIMTRDTSTNTAYMEL
SGLTSDDTAVYYCARRTVVVETSIELYDEWGQGVLVTVSS

VHZ2

CAGGTGACCTTGAAGGAGTCTGGGCCTGTGCTCGTGAAACCCACACAGACCCTCACGCTGACCTGCACCTTCTCTGACTTCTC
TCTCAGTTCTACTGGAATAGGTGTGGGCTGGATCCGTCAGCCCCCAGGGAAGGCCCTGGAATGGCTTGCACGCATTGATTGGG
ATGATAATAAATACTATAATACATCGCTGAAGAGCAGCCTCACCATCTCCAAGGACACCTCCAAAAACCAGGTGGTTCTAACA
ATGACCAACATGGACCCTGTGGACACAGCCACATATTACTGTGCACGGGTATGGCGGGGGTATGACTACTGGGGCCAGGGAGT
CCTGGTCACCGTCTCCTCA

QVTLKESGPVLVKPTQTLTLTCTESDESLSSTGIGVGWIRQPPGKALEWLARIDWDDNKYYNT SLKSSLT ISKDTSKNQVVLT
MTNMDPVDTATYYCARVWRGYDYWGQGVLVTVSS

VH3

CAGGTGCAGCTGGTGCAGTCTGGGGECGECTTGGTCCAGCCTGGGGGGTCCCTGAGACTCTCCTGTGTAGTCTCTGGATTCAC
CTTCAGTAGCTATGGCATGTACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGATCTCAGCTATTAATAGTGGTGGTG
GTAACACATACTACGCAGACTCTGTGAAGGGCCGATTCACCATGTCCAGAGACAACTCAAAGAACACGCTCTCCCTGCAAATG
AACAGCCTGAGAGCTGAGGACACGGCCGTGTATTATTGTGCGAAACGGCCGCGTGGATCTAGGTACAGTCACGGTTTAGATTC
CTGGGGCCAAGGGGTCGTCGTCACCGTCTCCTCA

QVOLVOSGGGLVOPGGSLRLSCVVSGETESSYGMYWVROQAPGKGLEWISAINSGGGNTY YADSVKGREFTMSRDNSKNTLS LOM
NSLRAEDTAVYYCAKRPRGSRYSHGLDSWGQGVVVTVSS

VH4

CAGGTGCAACTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTCACCTGTGTTGTCTCTGGTGGCTC
CATCACCACTGGCTTCTACTACTGGAGCTGGATTCGACAGTCCCCAGGGAAGGGACTGGAGTGGATTGGCTACATCGCTGACA
GTGGGCGCACCAAGTCCAGTCCGTCCCTCCAGAGTCGAGCCATTATTTCAAGAGACACGTCCAAGAATGAGTTCAACCTGCAG
ATGAGGTCTGTGACCGTCGCGNACACGGCCATGTATTATTGTGCGAGAGTGAGATTTACCAGTTGGGTTAAGGACTACTGGGG
CCAGGGACTCCCGGTCACCGTCTCCTCA

OVOLOESGPGLVKPSETLSLTCVVSGGSITTGEFYYWSWIRQSPGKGLEWIGY IADSGRTKS SPSLOSRATIISRDT SKNEEFNLQ
MRSVTVAXTAMYYCARVRETSWVKDYWGQGLPVTVSS

VHS

GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAGGCCCGGGGAGTCTCTGAAGATCTCCTGTAAGACTTCTGGATACAC
CTTTACCAGCTACTGGATCACCTGGGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGGGGGCGATTGATCCTAGTGATT
CTGAAACCAGATACAACCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGTACCACCTACCTGCAGTGG
AGCGGGCTGAAGGCCTCGGACACCGCCACGTATTACTGTGCGAAAGGTTGGGATACAGTAACTACCTACGGTTTGGATTCCTG
GGGCCAAGGGGTCGTCGTCACCGTCTCCTCA

EVOLVQSGAEVKRPGESLKISCKTSGYTETSYWITWVROMPGKGLEWMGAIDPSDSETRYNPSFQGOVTISADKSISTTYLOW
SGLKASDTATYYCAKGWDTVTTYGLDSWGQGVVVTIVSS

VHT

CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGCAGCCGGGAGCCTCAGTGAAGGTCTCCTGCAAGGCTTCTGGATACAC
CTTCACTGGCTATGGTATCAACTGGCTGCGACAGGTCCATGGACAACGGCTTGAGTGGATGGGATGGATCAATACCGACAGTG
GGAAACAGACATATGCCCAGGGCTTCAGAGAACGATTTACCTTCTCCATGGACACCTCTATCACCACGGCATATCTGGAGATC
AGCAGCCTAAAGCCTGAGGACACGGCCGTTTATTACTGTACTAGAGGCATTGCCCACAACGGTTTGGATTCCTGGGGCCAAGG
GGTCGTCGTCACCGTCTCCTCA

QVQLVQSGAEVKQPGASVKVSCKASGYTFTGYGINWLROVHGORLEWMGW INTDSGKQTYAQGFRERFTESMDTSITTAYLET
SSLKPEDTAVYYCTRGIAHNGLDSWGQGVVVTVSS

Sequences

VL1l

CAGTCTGTGCTGACGCAGCCGCCCTCAGCATCTGGGGCCCCCGGGCAGAGGGTCACCATCTCCTGCACTGGGAGCAGCTCCAA
CATCGGGGCGGGTTTTTATGTATCTTGGTACCAGCAGTTCCCAGGAACAGCCCCCAAACTCCTCATCTATGACAATAATAAGC
GACCCTCAGGGGTTTCTGACCGATTCTCTGGCTCCAAGTCTGGGACCTCAGCCTCCCTGACCATCACTGGGCTCCAGACTGAG
GATGAGGCTGATTATTACTGCCTGTCCTATGACAGCAGCCTGAGTGCTTACATCTTCGGTGCTGGGACCCGGCTCACCGTCCT
A

QSVLTQOPPSASGAPGORVTISCTGSSSNIGAGEYVSWYQQOFPGTAPKLLIYDNNKRPSGVSDRESGSKSGTSASLTITGLQTE
DEADYYCLSYDSSLSAYIFGAGTRLTVL

VL2

CAGGCTGCCCTGATTCAGTCTCCCTCAGTGTCTGGGTCTCCTGGACAGTCGGTCACCATCTCCTGCACTGGAACCCACAGTGA
CATCGGTGCTTACAACTATGTCTCCTGGTACCAACACCGTCCAGGCACAGCCCCCAAACTCATACTTTCTGCGGTCAGTCAGC
GGCCCTCAGGGGTTTCTGATCGCTTCTCTGGCTCCAAGTCTGGCAGCTCGGCCTCCCTGACCATCTCTGGACTCCAGGCTGAG
GACGAGGCTGATTATTACTGCTACTCATATGCAGGCAGTAAAACTTTCTACATCTTCGGTGCGGGGACCCGGCTCACCGTCCT
A

QAALIQSPSVSGSPGOSVIISCTGTHSDIGAYNYVSWYQHRPGTAPKLILSAVSQRPSGVSDRESGSKSGSSASLTISGLOAE
DEADYYCYSYAGSKTFYIFGAGTRLTVL
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VL3

TCCTCTGAGCTGACACAGCCGCCCTCGGTGTCAGCGGCCTCAGGACAGACGGCCAGGATCACCTGTGGGGGAGACAATATTGG
AAGTAAAGTTGTGCACTGGTACCAGGAGAAGCCACCACAGGCCCCTGTGGTGGTCATGTATGCTGATGACAGACGGCCCTCAG
GCATCCCTGAGCGATTCTCTGGCTCCAACTCAGGGAACACCGCCACCCTGACCATCAGAAGGGTCGAGGCCGGGGATGAGGCT
GACTATTACTGTCAGGTGTGGGGCAGTAGTAGTAAATACGCTGTATTCGGCGGAGGGACCCGGCTGACCGTCCTA

SSELTQPPSVSAASGQTARITCGGDNIGSKVVHWYQEKPPOAPVVVMYADDRRPSGIPERFSGSNSGNTATLT IRRVEAGDEA
DYYCOVWGSSSKYAVFGGGTRLTVL

10

VL4

CAGCCTGTGCTGACTCAATCGCCGTCTGCTTCTGCCTCGTTGGGAACCTCTGTCAAACTCACCTGCACCCTGACCAGTGAGCA
CAGCAACTACTATATTTTCTGGTTTCAACAGAGACCGGGGAGATCTCCCCGATATTTAATGCAGGTTAAGAGTGATGGCGCCC
AGACCAAGGGGGATGGGATCCCCGATCGCTTCTTGGGCTCCAGTTCTGGGGCTGACCGCTACCTCACCATCTCCAACCTCCAG
TCTGACGACGAGGCTGAATATTTCTGTGGAGAGTGCCACACGATTGATGCCCAGTACGGTTGCATCTTCGGTACTGGGACCCG
GCTCACCGTCCTA

QPVLTQSPSASASLGTSVKLTCTLTSEHSNYYIFWEQORPGRSPRYLMOVKSDGAQTKGDGIPDREFLGSSSGADRYLTISNLO
SDDEAEYFCGECHTIDAQYGCIFGTGTRLTVL

11

VL5

CAGGCTATGCTGACTCAGCCGGCCTCCCTCTCAGCATCTCCTGGAGCATCAGCCAGTCTCACATGCACCTTCAGCGGTGGCAT
CAATGTTGCTGGCTACCACATATTCTGGTACCAGCAGAAGCCAGGGAGTCCTCCCCGGTATCTTCTGAGGTACAAATCAGACT
CAGATAAGGGCCAGGGCTCTGGAGTCCCCAGCCGCTTCTCTGGATCCAAAAATGCTTCAGCGAACACAGGGATTTTACGCATC
TCTGGGCTCCAGTCTGAGGATGAGGCTGACTATTACTGTGCCATTGGGCACAGCAGCGGGTGGGTATTCGGCGGAGGGACCLG
GCTGACCGTCCTA

OAMLTQPASLSASPGASASLTCTESGGINVAGYHIFWYQOKPGSPPRYLLRYKSDSDKGQGSGVPSRESGSKNASANTGILRI
SGLOSEDEADYYCAIGHSSGWVFGGGTRLTVLG

12

VL7

CAGACTGTGGTGACTCAGGAGCCCTCAATGACTGTGTCCCCAGGAGGGACAGTCACTCTCACCTGTGGCTCCAGCACTGGAGC
AGTCACCAGTGGTAACTATCCAAACTGGTTCCAGCAGAAGCCTGGACAAGTCCCCAGGGGACTGATCTACAATACAAACAGCA
AACACTCCTGGACCCCTGCCCGGTTCTCAGGCTCCCTCGUTGGGGGCAAAGCTGCCCTGACACTGTCAGGTGCACAGCCCGAG
GACGAGGCTGACTTTTACTGCTTGCTCTACTATAGTGGTGCTTACCTCTTCGGTGCTGGGACTCGGCTCACCGTCCTA

QTVVIQEPSMTVSPGGTVILTCGS STGAVTSGNYPNWEQOKPGOVPRGLIYNTNSKHSWTPARFSGSLAGGKAALTLSGAQPE
DEADFYCLLYYSGAYLFGAGTRLTVL

13

VL8

CAGACTGTGGTGACTCAGGAGCCATCGTTGTCAGTGTCCCCTGGAGGAACAGTCACACTCACCTGTGGCCTGAGCTCTGGCTC
AGTCTCTCCCAATACCTACCCCAGCTGGTTCCAGCAGACCCCAGGCCAGGCTCCACGCACGCTCATCTACAGTACAAACAGTC
GCCCTTCTGGGGTCCCTGATCGCTTCTCTGGTTCCATCCTTGGGAACAAAGCTGCCCTAACCATCACGGGGGCTCAGGCAGAC
GATGAATCTGATTATTATTGTATGCTCTATAGAAGTACTGGCATTTACATTTTCGGTCCTGGGACCCGGCTCACCGTCCTA

QTVVTQEPSLSVSPGGTVILTCGLSSGSVSPNTYPSWEQOTPGOAPRTLIYSTNSRPSGVPDRESGSILGNKAALTITGAQAD
DESDYYCMLYRSTGIYIFGPGTRLTVL

14

VL10

CAGCTTGTGCTGACTCAACCACCNTCAGTGTCCGAGGGCTTGAGACAGACGGCCACGCTCACCTGTAGTGGAAACAGCAACAA
TGTTGGCCACCAGGGAGCATCTTGGCTGCAGCAGCACCAGGGCCACCCTCCCAAGCTGCTGTCCTACAGGGGTAACAACCGCC
CCTCGGGGATCTCAGAGAGATTCTCTGCATCCAGGTCAGGAAACACAGCCTCCCTGACCATCACCGGACTCCAACCTGAGGAT
GAGGCTGACTATTACTGTTCCACATGGGACAGCAGCCTCGGCGCTTACATCTTCGGTGCTGGGACCCGACTCACCGTCCTA

QLVLTQOPXSVSEGLRQTATLTCSGNSNNVGHQGASWLOOHOQGHPPKLLSYRGNNRPSGISERESASRSGNTASLTITGLQPED
EADYYCSTWDSSLGAYIFGAGTRLTVL

15

VL11

CAGCTTGTGCTGACTCAGTCGCCCTCCCTGTCTGCATCCCCGGGAGCATCGGCCAGACTCCCCTGCACCCTGACCAGTGACCTCAGTGTTGGTACTAAAARCA
TGTACTGGTACCAGCAGRAGCCAGGGAGCGCTCCCAGATTATTCCTGTACTACTACTCCGACTCAGACAARCAGGTGGGACCTGGGGTCCCCAATCGAGTCTC
TGGCTCCAAGGAGACCTCAAGTAACACAGCGTTTTTGCTCATCTCTGGGCTCCAGCCTGAGGACGAGGCCGATTATTACTGTCAGCTGTATGACAGTAGTTCT
AATGTGTTCGGAAGTGGCGCCAAGTTGACCGTCCTC

QLVLTQSPSLSASPGASARLPCTLTSDLSVGTKNMYWYQOKPGSAPRLELYYYSDSDKQVGPGVPNRVSGSKETSSNTAFLLT
SGLOPEDEADYYCQLYDSSSNVFGSGAKLTVL

Sequences

16

VK1

GACATTCAGATGTCCCAGTCTCCATCCTCCTTGTCTGCATCTGTAGGAGACAGAGTCACCATCACTTGTCGGGCGAGTCAGGG
CATTAGCAGTTATTTAGCGTGGTATCAGCAGAAACCAGGGAAAGCCCCGAAGCCCTTGATCTATTACGCATCCAATTTGGAAA
GTGGGGTCCCATCACGGTTCAGCGGCAGTGGATTTGGGACAGATTTCATTCTCACCATCACCAGCCTGCAGACTGAAGATTTT
GCAACTTATTACTGTCAACAATATCAGGATAACCTTCCCACTTTCGGCGGAGGGACCAAGGTGGAGATCARAACGA

DIQMSQSPSSLSASVGDRVTITCRASQGISSYLAWYQOKPGKAPKPLIYYASNLESGVPSRESGSGEFGTDEFILTITSLOTEDE
ATYYCQOYQODNLPTEFGGGTKVE IKR

17

VK2

GATATTGTGATGACCCAGACTCCAGTCTCCCTGGCCATCACCCCTGGAGAGCCGGCCTCCATCTCCTGCAGGTCTAGTCAGAG
CCTCCTACATAGTAATGGAAACACCTTGTTGCACTGGTACCTGCAGAAGCCAGGCCAGTCTCCGAAGCTCCTCATTTATGGGG
GTTCCAACAGAGTCTCTGGAGTCCCAGAGAGGTTCAGTGGCAGTGGGTCTGACACTGATTTCACACTGAAAATCAGCAGAGTG
GAGGCTGAGGATGTTGGGATTTATTACTGCATGGAAGCTTTAGACTGGCCGTATATTTTTGGCCAGGGGACCAAAGTGGAGAT
CAAACGA

DIVMTQTPVSLAITPGEPASISCRSSQSLLHSNGNTLLHWYLOKPGOSPKLLIYGGSNRVSGVPEREFSGSGSDTDETLKI SRV
EAEDVGIYYCMEALDWPYIFGQGTKVEIKR

18

VK3

GAAATAGTAATGACTCAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGAGAAAGAGCCACCCTCTCCTGC
AGGGCCAGTCAGAGTGTCAGCAGCAGCTTAGCCTGGTACCAGCAGAAACCTGGGCAGGCTCCCAGGCTCCTCATCTATGGTGC
ATCCAGCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGCAGTGGGTCTGGGACAGAGTTCACTCTCACCATCAGCAGCCTGG
AGCCTGAAGATGTTGCAGTTTATTATTGTCAGCAGAATAGTAACTGGCCGCTCACTTTCGGCGGAGGGACCAAGGTGGAGATC
AAA

EIVMIQSPATLSLSPGERATLSCRASQSVSSSLAWYQOKPGOAPRLLIYGASSRATGIPDRESGSGSGTEFTLTISSLEPEDV
AVYYCQONSNWPLTEFGGGTKVEIK
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19

VK4

GACATTGTGCTGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGTCACCATCAACTGCAAGTCCAGCCGGAC
TCTTTTATATACTTCCAACAATAAGAACTACTTAGCCTGGGATCAGCAGAAACCAGGACAGGCTCCTAAGTTGCTCATTTATT
GGGCGTCTACCCGGGAATCCGGGGTCCCTGACCGATTCAGTGGCAGTGGGTCTGGGACAGATTTCACTCTCACCATCAGTGAC
CTGCAGGCTGAAGATTTGGGAGTGTATTATTGTCAGCACTATTATACCACTCCTCTCACTTTCGGCGGAGGGACCAAGGTGGA
GATCAAAC

DIVLTQSPDSLAVSLGERVTINCKSSRTLLY TSNNKNYLAWDQOKPGOAPKLLIYWASTRESGVPDRESGSGSGTDETLTISD
LOAEDLGVYYCQHYYTTPLTFGGGTKVEIK

20

VK6

GGAAGTTTGCTGACTCAGTCTCCAGCCTTTCGGTCTGTGGCTCTAAAGGAGAAAGTCACCATCACCTGCCAGGCCAGTCAGAG
CATTGGTAGGAGTTTACACTGGTACCAACAGAAACCGGATCAGTCTCCAAAGCTCATCATCAAATATGCTTCCCAGTCCATCT
CAGGGGTCCCCTCAAGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACCCTCACTATCAATAGCCTGGAGGCTGAAGATGTT
GCGACGTATTACTGTCAGCAGAGTAGTAGTTTCCTCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAA

GSLLTQSPAFRSVALKEKVTITCQASQSIGRSLHWYQOKPDOSPKLIIKYASQSISGVPSRESGSGSGTDETLTINSLEAEDV
ATYYCQOSSSFLTFGGGTKVEIK

21

VK7

GATATCGAGCTCACCCAGTCTCCAGCCTCTTTGGCCGTGTCTCCAGGGCAGAGGGCCACCATCACCTGCCGAGCCAGTGAGAC
TCTCAGTTTCTATGGAATAAACAACCTTCACTGGTATCAACAGAAACCAGGACAGCCTCCTAAACTCTTGATTTACCAAGCAT
CCAATAAAGACGTTGGGGTCCCAGCCAGGTTCGCCGGCAGTGGGTCTGGGACCGATTTCACCCTCACAATTAATCCTGTGGAG
GCTGACGATGCTGCAACTTATTACTGTCTAGAGAGTAAGAATTTACCGTACATTTTTGGCCAGGGGACCARAAGTGGAGATCAA
ACAAGGTGTGGCTGCACCAAGGGCGAATTCGTTAAACCTGCAGGACAGTCCCTTAGGAGGTATTTAGT

DIELTQSPASLAVSPGQRATITCRASETLSEYGINNLHWYQOKPGQOPPKLLIYQASNKDVGVPARFAGSGSGTDEFTLTINPVE

ADDAATYYCLESKNLPYIFGQGTKVEIK

scFv

GACATCCAGATGTCCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
GTCACCATCACTTGTCGGGCAAGTCAGGGCATTAGCAGTTATTTAGCCTGGTAT
CAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAAGGCGTCCAGTTTG
CAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACT
CTCACCATCAGCAGCCCGCAGCCTGAAGATTTTGCAGTTTATTACTGTCAGCAT
GGTTATGGTATCCTGTACAGTTTTGGCCAGGGGACCARAGTGGAGATCAAACGA
GCTGTGGCTGCACCGGGTGGTGGTGGTTICTGGTGGTGGTGGGTCGGGCGGCGGL
GGCTCCGGTGGTGGTGGATCCCAGGTACAACTGCAGCAGTCAGGCCCAGGACTG
GTGAGGCCTTCGGAGACCCTGTCCCTCACCTGCGGTGTGTCTGGTGGCTCCCTC
ACCGGGTACTACTGGGGCTGGATCCGCCAGGCCCCAGGGAAGAGACTGGAGTGG
ATTGGGAATATCGGTGGTGGAAGTGGGACTACCGACTACAATCCCTCCCTCAAG
AGTCGAGTCACGGTTTCAGTAGACACGTCCAAGAAGCATATCTCCCTGGATGTG
ACCTATGTGACCGCCGCGGACACGGGCGTCTATTACTGTGCGAGAGACTTGGAG
GGCACTGCTTTTGATTACTGGGGCCAAGGGCTCGGGGTCATCGTCTCCTCAGCC

DIOMSQSPSSLSASVGDRVTITCRASQGISSYLAWYQOKPGKAPKLLIYKASSLOSGVPSRESG
SGSGTDFTLTISSPOQPEDFAVYYCQOHGYGILYSFGOGTKVEIKRAVAAPGGGGSGGGGSGGGGS
GGGGSQVOLOOSGPGLVRPSETLSLTCGVSGGSLTGYYWGWIRQAPGKRLEWIGNIGGGSGTTD
YNPSLKSRVTVSVDTSKKHISLDVTYVTAADTGVYYCARDLEGTAFDYWGOGLGVIVSSA

Linker

GGTGGTGGTGGTTCTGGTGGTGGTGGGTCGGGCGGCGGCGGCTCCGGTGGTGGT
GGATCC

GGGGSGGEGGESGGEEGESGGEEGES
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Table 6. Examples of VH and VL sequences amplified from rhesus monkey single B cells
with primers listed in Table 3

IGHV sequences obtained with primers specific to FR1 region of V, gene (VH-1 (FR1) back - VH-7
(FR1) back, listed in Table 1) and primers specific to gamma heavy chain constant gene (Vy-
forward listed in Table 1 and Cy_GSP2 listed in Table 2):

Clone: TRPBMCC3-1-gamma (IGHV3-66, IGHJ4*02)
GCCTGAGTTCCACGACACGGTCACGGGTTCAGGGAAGTAGTCCTTGACCAGGCAGCCCAGGGCCG
CTGTGCTCTCGGAGGTGCTCCTGGAGGAGGGCGCCAGGGGGAAGACCGATGGGCCCTTGGTGGA
GGCTGAGGAGACGGTGACCAGAACTCCCCGGCCCCAGACATCCAATGAGTCCCAATAGCAACCACT
CCCAGGACAGTTCAATCCATTTGTGGCCTTTTACACAGTGACAGACAGCCGTGTCCTCAACTCTCAG
GCTGTCCATTTGAAGATACAGTGTGTTCTTGGCGTTCTCTTTGGCGATGGTGAATCGGCCCTTCACG
GAGTCTATGTACCATGTGCTACCCCCAGCAGTATATGTGGGTTCTACTGAAGGTGAATCCAGAGCCT
GTAGAAGAGAGTCTCAGGGAGCCCCCAGGCTGTACCAAGCCTCACCCAGATTGCACCAACTGCACC
TGTGGACAGCCTGGAAGGTGTGCGGACAGCCAGATTGCACCAGCTGCACCTG

Clone: 6-1 (5/7/10) (IGHV3-11*03, IGHJ4*02)
GAGGTGCAGCTGGTGCAGTCTGGGGGAGGCTTGGTCCAGCCTGGCGGGTCCCTGAGACTCTCCTG
TGCAGCCTCCGGATTCAGCTTCAGTGGCTACGAAATGCACTGGGTCCGCCAGGCTCCAGGGAAGTG
GCTGGAGTCCGTCTCAGATATCGGTGGTGATAGTAGTTACACACACTACGCAGACTCTGTGCAGGG
CCGATTCACCATTTCCAGAGACAACGCCAGAAACTCCCTGTCTCTGGAAATGAACAGCCTGAGAGCC
GAGGACACGGCCGTGTACTACTGTGCGAGACGGGGATGGAGTGACTACTTTGACTACTGGGGCCA
GGGAGTCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCGCCCTC
CTCCAGGAGCACCTCCGAGAGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCTGAAC
CCGTGACCGTGTCGTGGAACTCAGGC

Clone: yO1-2 (IGHV1-24*01, IGHJ4*02)
ATGAANGTGTGCACGCCGCTGGTCAGGGAGCCTGAGTTCCACGACACGGTCACGGGTTCAGGGAA
GTAGTCCTTGACCAGGCAGCCCAGGGCCGCTGTGCTCTCGGAGGTGCTCCTGGAGGAGGGCGCCA
GGGGGAAGACCGATGGGCCCTTGGTGGAGGCTGAGGAGACGGTGACCAGGGCGCCCTGGCCCCA
GAAGTCGAAGTAATCGCTAGTTCCGGCTATGGTATGGGACGCACAGAAATAGACGGCCGTGTCCTG
AGATGTCAGGCTGCTCAGTTCCATGTAGGCTGTGTCTGTGGATGGGTCCTCGGTCATGGTGAGTCT
GCCCTGGAATTTCGCTGCNCGAAGAATTTCACCATATAGAGGATCCAAACCTCCCATCCACTCAAGC
CCTTTTGCAGGGGCCTGTCGCACCCAGTGTATGGATAATTCGCTGAAGGTGTATCCGGAAACCTTGC
ANGAGACCTTCACTGAGGCCCCAGGCTTCTTCACCTCAGCCCCAGACTGCACCAGCTGCACCTC
Clone: BMHV23 (IGHV2-70*12, IGHJ3)
CAGGTGACCTTGAAGGAGTCTGGTCCCGCTCTGGTGAAACCCACACAGACCCTCACGCTGACCTGC
ACCTTTTCTGGGTTCTCACTCAGTACGAGGGGTATGGGTGTGGACTGGATCCGTCAGACCTCACGG
AAGACCCTGGAGTGGCTTGCACACATTGATTGGGATGATGATGAGCGCTACAATACATCTCTGAAGA
CCAGGCTCACCATCTCCAAGGACACCTCCAAAAACCAGGTGGTGCTAAGAATGACCAATGTGGACC
CTATGGACACAGGCACATATTACTGTGCACGGGTCGCCGCTGTTAGTGGTTGCTATATGTGTGCTTT
TGATTTCTGGGGCCAAGGGCTCAGGGTCACCGTCTCCTCA

Clone: BMH43 (IGHV4-39, IGHJ4)
CAGGTGCAACTGCAGGAGTCAGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTCACTTGC
GCTGTCTCTGGTGGGTCCATCAGCGATAACTACTGGAACTGGATCCGCCAACCCCCAGGGAAGGGG
CTGGAGTGGATTGGATATATCGGTGGTAGTAGTGGGAGCACCCACTACAATTCCTCCCTCAAGGATA
GAGTCACCATTTCGTCGGACACGTCCAGAAATGAGGTCTCTTTGAGTCTGAACTCCGTGACCGCCGC
GGACTCGGCCGTATATTATTGTGCGAGAAATTTGGACAAGACGGTGGTGTCTGGTCAGGGCTACTG
GGGCCAGGGAGTCCTGGTCACCGTCTCCTCT
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IGLV sequences obtained with primers specific to FR1 region of VA gene (VA-1 (FR1) back - VA-10
(FR1) back, listed in Table 1) and primers specific to lambda light chain constant gene
(VA_forward listed in Table 1 and CA_GSP2 listed in Table 2):

Clone: lambda_B3-1_T7---08/03/2010 (IGLV2-11, IGLJ1)
CAGAGGAGGGCGGGAACAGAGTGACCGTGGGGGAAGCCTTGGGCTGACCTAGGACGGTGAGCCG
GGTCCCAGCACCGAGGATGTAAAAAGTGTTGCTGCCTGCATATGAGATGCAGTGATAATCAGCCTCA
TCCTCAGCCTGGAGCCCAGAGATGGTCAGGGAGGCCGTGTTGCCAGACTTGGAGCCAGAGAAGCG
AGCAGAGACCCCTGAGGGCCGCTTACTGACCTCATAAATCATGAGTTTGGGGGCTTTGCCTGGATG
CTGTTGGTACCAAGACACAGCATTATAATACCCAATATCACTGCTGGTTCCAGTGCAGGAGATGGTG
ACCGACTGTCCAGGAGACCCGGACACAGAGG

Clone: TRPBMC-B4-1-lambda (IGLV10-54, IGLJ3)
CAGAGGAGGGCGGGAAGAGAGTGACCGAGGGGGCAGCCTTGGGCTGACCCAGGACGGTCAGCCG
GGTCCCTCCGCCGAATACCCAACCACTGAGGCTGCTGTCCCAGGCTGAGCAGTAATAGTCAGCCTC
ATCCTCAGGTTGGAGTCGGGTGATGGTCAGGGAGGCTGTGTTTCCTGACCTGGATGCAGAGAATCT
CTCTGAGATCCCCGAGGGCCGGTTGTTATTCCTGTAGGACAGCAGTTTGGGAGGGTGGCCCTGGTA
CTGCTGCAGCCAAGTTGCTCCCTGGTTGCCAACATTGTTGCTGTTTCCAGTGCAGGTGAGCGTGGC
CGTCTGTCTCAAGTCCTTGGACACTGAGGGTGGCTGAGTCAGCACAAGCTG

Clone: AG2-1 (5/26/10) (IGLV1-47, IGLJ1)
GCAAGCCTTGGGNTGACCTAAGGACGGTGAGCCGGGTCCCAGCAGCGAANATGTAATTGCGCAGG
CTGTTATCCCAAGTTGCACAGTAATAATCAGCCTCATCCTCAGATCGGAGACCANNGATGGCCAGGG
AGGCTGAGGTGCCAGACTTANAGNCNGANAATCGGTCAGGGACCCCTGAGGGTCGCTGATTAGTAT
AATAGATGAGGAGTTTGGGGGCCGTTCCTGGGAGCTGCTGGTACCAGTACACATAACTACTTCCAAT
GTTGGAGCTACTTCCNGAGCAAGAGATGGCGACACTCTGCCCGGGAGCCCCAGACGCTGAGGGTG
GCTGAGTCAGCCCTGCCTGA

Clone: AO2-1 (5/26/10) (IGLV5-52, IGLJ3)
CAGCTTGTGCTGACTCAGTCGCCTTCCCATTCCGCATCTCCTGGAGCGCCAGCCAGACTCATCTGCA
CGCTGAGCAGTGGCTTCAGTGTTGGTGACTTCTGGATACGGTGGTACCAACAACAGCCAGGGACCC
CTCCCCGGTATCTCCTGTACTTCCGCTCAGCCTCAGATAAGCACCGAGGCTCTGGAGTTCCCAGCC
GCTTCTCTGGATCCAATGATGCATCAGCCAATGCAGTGATTCTTCATATCTCTGGGCTCCAGCCTGA
GGATGAGGCTGACTATTACTGTGGTGCGTGGCATGGCAACTCTAAGACTTGGATTTTCGGCGGGGG
GACCCGGCTGACCGTTCTTAGGTCAGCCCAAGGCTTGC

Clone: 17-1 (5/10/10) (IGLV8-61, IGLJ1)
CAGCCTTGGGCTGACCCGAGGACGGTGAGCCGGGTCCCAGCACCGAAGATGTATGCCACTACCCA
TGTAGAGCGTACAGTAATAATCAGATTCATCGTCTGCCTGAGCCCCCGTGATGGTGAGGGCAGCTTT
GTTCCCAAGGATGGAGCCAGAGAAGCGATCAGGGACCCCAGAAGGGCGAGTGTTTGTGCTGTAGAT
GAGCGTGCGTGGAGCCTGGCCTGGGGTCTGCTGGTACCAGCTGGGGTAGTTACTGGTAGAGACTG
AGCCAGAGCTCAGGCCACAGGTGAGTGTGACTGTTCCTCCAGGGGACACTGACAACGATGACTCCT
GAGTCACCACAGTCTG

Clone: C3-8_T7---07/03/2010 (IGLV11-55(0ORF), IGLJ6)
cagcttgtgctgactcagtegecctecctgtctgcatccccgggagceatcggecagactecectgecacccetgaccagtgacctcagigtiggtactaa
aagcatgtactggtaccagcagaagcecagggagegctceccagattattectgtactactactccgactcagacaaacaggtgggacctggggtece
ccaatcgagtctctggcetccaaggagacctcaagtaacacagegtttttgctcatctotgggetccagectgaggacgaggecgattattactgtcage
tgtatgacagtagttctaatgtgticggaagtggcaccaagttgaccgtcctcggtcageccaaggcettcceccttggtcactctottccegeccteetctg
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IGKV sequences obtained with primers specific to FR1 region of Vk gene (Vk-1 (FR1) back - Vk-7
(FR1) back, listed in Table 1) and primers specific to kappa light chain constant gene (Vk_forward
listed in Table 1 and Ck_GSP2 listed in Table 2):

Clone: kG2-2 (5/26/10) (IGKV7-3*01(P), IGKJ1)
GATACTGTGATGACCCAGACTCCAGCCTCTTTGGCCGTGTCTCCAGGGCAGAGGGCCACCATCACC
TGCAGAGCCAGTGAGAGTGTCAGTTTCTTTGGAATAAACCTCATTCACTGGTATCAGCAGAAACCAG
GACAACCTCCTGAACTCCTGATTTACCAAGCATCCAATAAAGACACTGGGGTCCCAGCCAGGTTCAG
CGGCAGTGGGTCTGGGACCGATTTCACCCTCACAATTAATCCTGTGGAAGCTGACGATGCTGCAGA
TTATTACTGTCTGCAGAGTAAGAATTCTCCGACATTCGGCCAAGGGACCAAGGTGGAAATCAAACGA
GCTGTGGCTGCACC

Clone: kO2-3 (5/26/10) (IGKV2-40, IGKJ2)
GTGCAGCCNCAGCTCGTTTGATCTCCACTTTGGTCCCCTGGCCAAAACTGTACGGAGGCTGTGTAC
CTTGCATGCAATAATAAATTCCTATATCCTCAGCCTCCACCCTACTGATTTTCAGTGTGAAATCAGCG
CCTGACCCACTGCCACTGAACCTGTCTGGGACTCCAGAGGCCCGGTATGAAGCAAAATACATCAGG
AGCTGTGGAGACTGGCCCGGCTTCTGCAGAAACCAATAAAAATAGGTTTTTCCATTACTATGCAGGA
GGCTCTGACTAGACCTGCAGGAGATGGAGGCCGGCTCTCCAGGGGTGACGGGCAGGGAGAGTGG
AGACTGGGACATCTGGATGTC

Clone: 22-1 (5/10/10) (IGKV1-17, IGKJ2)
GGTGCAGCCACAGCTCGTTTGATCTCCACTTCGGTCCCCTGGCCAAAACTGTGAGGGTGACCATAAT
ACTGTAGACAGTAATAAGTTGCAAAATCTTCAGGCTGCAGGCTGGTGATGGTGAGAGTGAAATCTGT
CCCAGATCCACTGCCGCTGAATCTTGATGGGACCCCAGCTTCCAAAGTGGATGCAGCATAGATCAG
GCGCTTAGGAGGTTTTCCTGGTTTCTGCTGATGCCAATTTAAAAAAGTGGTAATGCCCTGACTTGCC
CTGCAAGTGATGGTGACTGTGTCTCCTGCAGATGCAGACAGGGAAGATGGAGACTGGGTCATCTGA
ATGTC

Clone: TRPBMC-A3-1-Kappa (IGKV1D-16, IGKJ4)
CCAGACTCCATCCTCCCTGTCTGCATCTGTAGGAGACAAAGTCACCATCACTTGCCGAGCCAGTCAG
GATATTAGCAGCTGGTTAGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCCCCTGATCTATA
AGGCATCCAGTTTACAAACTGGGGTCCCTTCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCAC
TCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGTCAACAATATACTAGTTACC
CGCTCACTTTCGGCGGAGGGACCGAGGTGGAGATCAAACGAGCTGTGGCTGCACC

Clone: BMK32 (IGKV3D-15, IGKJ4)
GAAATAGTAATGACTCAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGAGAAAGAGCCACCCTCTCCT
GCAGGGCCAGTCAGAGTGTCAGCAGCAGCTTAGCCTGGTACCAGCAGAAACCTGGGCAGGCTCCC
AGGCTCCTCATCTATGGTGCATCCAGCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGCAGTGGG
TCTGGGACAGAGTTCACTCTCACCATCAGCAGCCTGGAGCCTGAAGATGTTGCAGTTTATTATTGTC
AGCAGAATAGTAACTGGCCGCTCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAA

VH and VL gene names are given using Ig gene nomenclature for Homo sapiens.

-85 -



WO 2013/148256 PCT/US2013/031442

Table 7. Sequences of Rhesus monkey VH and VL genes obtained with primers listed in

Table 3

V lambda

24.3D6

NNNNNNCCGGCAGCCCACCTGAATCCTCGTGTCCAAGTCTCTTGGACAGTCGGTCAC
CATCTCCTGCACTGGAACCAGCAGTGACATTGGCGGTTATAATGACGTCTCCTGGTAC
CAGCAGCACCCAGGCACAGCCCCCAGACTCCTGATTTATGATGTCAGTAAGCGGCCC
TCAGGGGTCTCTGATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACC
ATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCTGCTCATATAGGAGT
GGAAGCACTTTCTTATTCGGAGGAGGGACCCGGCTGACCGTCCTAGGTCAGCCCAAG
GCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAG

28A1

CAGACTGTGGTGACTCAGGAGCCTGCATTGTCTGTGGCCTTGGGACATACAGTCAGA
ATGACCTGCCAAGGAGACAGCCTCAAACCCTATTCTACAAACTGATGCCATCAGAAGC
CAGGCCTTGTCCCTGTACTGGTCGTCACTGGTTACAATTATCGCCTCTCAGGGATCCC
AGGCCGACTCTCTGTCTCCTGGTCAGGACCCACAGGTTCCTTGACCCTCATTGCGAC
TCAGGGTAGAAGGATGAGGGCTGANCTATTAATGTCAACTCTNTCGCGANCNGGTAG
GGCGGTTNCCGCGAGTGTGTTGCGGAAGGTGGCANCCNGAGTGACCNTCCNCGTNC
GCCNNAGTTC

28D6

cagtctgcccctgactcagectecectcaatgtctgggtetcotggacagteggtcaccatctectgctetggaaccagecagtgac
attggtaattataaccgtgtctcctggtaccaacaacacccaggcaaagcccccaaactcatgatttatgagtccactgagegg
ccctcaggggtetetgategcettctetggetccaagtctggcaacacggecteeotgaccatetetgggetccaggetgaggatg
aggctgattattactgcagctcatatgcaggcaggaatactttggtattcggeggagggacccegtctgacctecenggtngecna

ggtcc

28D10

GAACTNGGCNACTAGGAGGTGNAGCCGGGTCCCAGCCACCGAAGATGTAATGATTAC
CACTGCCTGTCTGCTGATTGACAGTAATAGTCAGCCTCATCTTCTGCCTGGGCCCCAC
TGATGGTCAAGGTAACTGTTGTCCCTGAACTGGAGCTAGAGAATCGCTCAGGGATCC
CTGAGGGCCTCTCACTGTCTTTATATATCACCAGCACAGGGGCCTGGCCTGGCTTCT
GCTGGAACCACTGAGCATATTTTTTTGCCAGTATTTCTCCAGAGCAGGTGATCCTGGC
CGTCTGTCCTGGGGACACTGACACTGAGGGNGNCTGAGTCAGCACANGCTGA

32A7

tectatgtgetgactcagtegeccteggtgtcageggectcaggacagacggecaggatcacctgtgggggagacaacattgg
aactaaatatgtgcactggtaccaacagaagccaacgcaggcccctgcgcaggtcatttatactgataggaaacggcecctca
gggatccctgagegattctetggeteccaactcagggaacaccgcecaccectgaccatcageggggtcgaggecggggatgag
gctgactattactgtcaggtgtgggacagtagtagtgatcatgtgttaticggaggagggacceggcetgaccgtcctaggtcage
ccaaggoetgeccccteggtcactetgticccgecctectetgaggagceticaageccaacaaggecacactggtgtgtctcataa
gtgacttctacccgggagecgtgacagtggectggaa

32C10

cagactgtggtgacccaggagccttegttgtgggtgtccectggaggaacagtcacactcacgtgtggectgaactctggetca
gtctctgecactaactacgccagttggtatcagcagaccccaggecagcectccactcacggtcactacaacacaaagagtcg

cccttatggggtctecgategcettctetggceteccatecttggaaacagagcetgtectcaccatctcgggggetcagacagacgat

gaatctgattattactgtgtectctacctaaagactggcagttggattticggeggagggacccggctcaccgtcctaggtcagece
caaggctgcecccecteggtcactetgttcecgecctectetgaggagcettcaageccaacaaggecacactggtgtgtetcataagt
gacttctacccgggagecgtgacagtggectggaangcagatagcagecccgttcaaggeggggagtggaaaacaccac

acccttccaaacaaagcaacaacaagtacgcggcecagcagcotatctgancetgaccentgaacagtggaantcccacaga
agctacagctgccaggtcachcatgaaggnancacgtggaaaaaana

33B2

cagtctgtgctgactcagecaccctecagttictggggecceccgggeagacggtcaccatetcctgcacecgggageagctccaa
catcggggeggatcegttatgtttcctggtatcaacaattcccaggaacggcccccaaactcctcatctttgaaaataataagega
ccctcagggatttctgaccgattetctggeoteccaagtetggticctcagecteoctgaccatcactggactccaatctgaggatgag
gctgattattactgctcagcatgggatacctatetgegtgtggtittcgagggagggacceggctcacegtectaggtcagecca
aggctgcccccteggtcactctgticcegecctectetgaggagcoticaageccaacaaggecacactggtgtgtetcataagtga
ctictacccgggagecgtgacagtggectggaagge

33B3

tectatgtgetgactcagecaccetecagtttctggggeccececgggcagacggtcaccatctecetgcaccgggagceagetccaa
catcggggeggatcegttatgtttcctggtatcaacaattcccaggaacggcccccaaactcctcatctttgaaaataataagega
ccctcagggatttctgaccgattetctggeoteccaagtetggticctcagecteoctgaccatcactggactccaatctgaggatgag
gctgattattactgctcagcatgggatacctatetgegtgtggttttcgggggagggacceggctcacegtectaggtcagecca
aggctgeccccteggtcactctgticccgecctcctctgaggagceticaageccaacaaggecacactggtgtgtctcataagtga
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cttctacccgggagecgtgacagtggectggaaggcea

33B6

cagactgtggtgacccaggagccctcactgactgtgtccccaggagggacagtcactctcacctgtgcettccagtactggage

agtcaccagtggtcactttccacactggticcagcagaaacctggacaagcccccaagacactgatttatgatgcaaccaaca
cgctetectggaccectgeccggtictcaggcetecetigttgggggtaaagttgecctgacactttcgggtgegcageccgagga
cgaggcagactattactgctggctatactacagtggtgtcagcttattcggaggagggacccggcetcaccgtcctaggtcagece
caaggctgcecccecteggtcactetgttcecgecctectetgaggagcettcaageccaacaaggecacactggtgtgtetcataagt
gacttctacccgggagecgtgacagtggectggaaggcagatagcagcecccgtcaaggegggagtggagaccaccacac
cctccaaacaaagcaac

33C6

tectatgtgetgactcagecaccctcageatctggggecccegggcagagggtcaccatetectgcactgggggaagdticcaa
catcggggcaaatcgttatgtatcctggtaccaacaactcccaggaaaagceccccaaactcectcatetttgaagatgacaage
gacattcaggggtctctggecgattctetggcteccaagtetggticctcagectecctgaccatcaccgggcetecgatctgaggat
gaggctgattattactgctctgegtgggatgacactctttatatggtgticgggggagggacceggcetgaccgtcctaggtcagece
caaggctgcecccecteggtcactcetgttcecgecctectotgaggagcettcaageccaacaaggecacactggtgtgtetcataagt
gacttctacccgggagecgtgacagtggectggaag

33C10

tectatgtgetgactcagecacceteggtgtcagtgteecttggacagacggcecaagattacctgctetggaaatgttctggcaaa
atattatgctcattggtaccaacagaagtcaggccaggcegcectgtatiggtgatttataaagacagtgagaggcecttcagggatc
cctgaacgattctctggcetccagetcagggaccacagtcaccctgaccatcageggggeccaggetgaggatgagactgact
attattgttactctggggatgacaaaaaagtgttattcggaagagggacceggcetgaccgtcctaggtcagcccaaggetgece
ccteggtecactctgticcegecctectctgaggagettcaagecaacaaggcecacactggtgtgtctcataagtgacttctacceg
ggagccgtgacagtggcctggaaggcagatagcagcece

33C12

cagtctgtgcetgactcagecaccctcagegtetggggeccecegggcagggggtcaccatetcotgcactgggagceacctcca
acatcggggegggttattatgtgtectggtaccggeagticccaggaacageccccgagctcectcatctatgaaagtcataage
gaccctcaggggttictgaccgactctctggetcgacatctggttccgeggeccecctgaccattagtggactccaatctgaagat
gaggctgattattactgctcaggatgggaaagcaccctgagaaccgtgttaticggaggagggacccggetgaccgtectagg
tcagcccaaggcetgeccccteggteactcetgttcccgecctectotgaggagcettcaagecaacaaggecacactggtgtgtete
ataagtgacttctacccgggagcecgtgacagtggec

33E1

cagtctgtgctgantcagcenccectcagtgtccaagtetctiggacagteggtcaccatetectgetctggaaccagceagtgaca
ttggtggttataatggcegtctectggtaccagecagceactcagggacageccccagactcectgatttatgatgtcagtaageggece
ctcaggggtetctgatcgcettctetggeteccaagtctggcaacacggecteectgaccatcetetgggetccaggetgaggacgag
gctgattatcactgctgctcatataggggtggaagcacttacatcttcgctactgggacceggetcacctcnaggtageccaagic
ca

33E3

tectatgtgetgactcagecaccoteggtgtcageggectcaggacagacggecaggatcaccetgtgggggaggcecacattg
gaagtaaatatgtatactggtaccagcagaagccagcgcaggceccctgtgcaggtcatctacgctgataacaaacggecctc
agggatccctgagcegattcotetggetecaattcagggaacaccgecacccetgaccatcageggggtcgaggeeggggatga
ggctgactattactgtcaggtgtgggacagtagtagtgatcatgtgttaticggaggagggacceggctcaccgtcctaggtcag
cccaaggctgeccccteggtcactetgtticecgecectectctgaggagettcaagecaacaaggcecacactggtgtgtctcata
agtgacttctacccgggagcecgtgacagtggectggaaggcagatage

33F4

tectatgtgetgactcagecacceteggtgtcageggectcaggacagacggecaggatcaccetgtgggggggacaacattg
ggagtaggtatgtacactggttccagcagaagccgtecgcaggeccctgtgcaggtcatctattctgatagcaaacgeccctcag
ggatccctgagegattctetggctccaactcagggaacaccgcecaccctgaccatcageggggtecgaggecggagatgagg
ctgactattactgtcagctgtgggacagtagtagtgatcatcggataticggeggagggacceggcetcaccgtectaggtcage
ccaaggoetgeccccteggtcactctgttcccgecctectetgaggagceticaageccaacaaggecacactggtgtgtctcataa
gtgacttctacccgggagcecgtgacagtggectggaaggcagata

33F12

cagtctgtgctgactcagecacceteggtgtcageggectcaggacagacggecaggatcaccetgtgggggagaccacattg
gaagtaaatatgtatactggtaccagcagaagccagegcaggceccctgtgcaggtcatctatgetgataacaaacggecctc

agggatccctgagcegattctetggctecaaticagggaacaccgecacccetgaccatcageggggtecgaggeecggggatga
ggctgactattactgtcaggtgtgggacagtagtagtgatcatgtgttaticggaggagggaccceggcetcaccgtcctaggtcag
cccaaggctgeccccteggtcactetgtticeegecectectctgaggagettcaagecaacaaggcecacactggtgtgtctcata

agtgacttctaccegggagecgtgacagtggectggaaggcagatagcagecccgicaaggegggagtggagaccacca

caccctccaaacaaagcaacaacaag

33G4

cagtttgtgctgantcagccgecntcagtgtcagtgtcecccaggacagacggecaggatcacctgntntggagaaatcctgge
aaaaaaatatgctcagtggttccagcagaagccaggcecaggceccetgtgttggtgatatataaagacagtgagaggecctca
gggatccctgagegattctetagctccagttcagggacaacagttacctigaccatcagtggggeccaggeag
aagatgaggctgactattactgtcaatcagcagacagcagtggtaatcatceggtattcggecggagggaccecggcetgacctce
tagtngccnaggtcc
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33H7

tectatgtgetgactcagecaccetcagtgtcggtgtccccaggacagacagecagceatcacctgctctggagataaatttggg
aatgcatatgcttactggtaccagcagaagccaggccaggtccotgtactggtcatctataaaaatagcaaccggecctcagg
gatccctgagegattctetggeteccaactcggggaacacggccaccetgaccatcageggggtcgaggetggggatgagge
cgactattactgtgctacaagctatggcagtgggagcagcetggeagtacatcttcggtgctgggacceggcetcaccgtectagg
tcagcccaaggcetgeccccteggteactetgttcccgecctectotgaggagcettcaagecaacaaggecacactggtgtgtete
ataagtgacttctacccgggagcecgtgacagtggectggaaggecagatagcagecccgtcaaggegggagtggagaccac
cacaccctccaaacaaa

24.3A5

gcaggctctgaatcactcgecgacctegtgtetgeggecccagggcagggggtcaccatctectgotectggaagecagetccaa
tatcgggagaaattatgtatcctggtaccagcaggtcccaggaacggceccccagactcctcatctatcaagataataaccgac
cctcaggggttictgaccgattctetggcetccaagtetggtacctcagecteeotggecatcactggactccagactggagatga
ggctgattattactgcggagcctgggataccagcectgagtgetecgggteticggeggagggacccggcetgaccegtectaggte
agcccaaggctgeccectecggtcactetgttceccgecectectctgaggagcettcaageccaacaaggecacactggtgtgtctca
taagtgacttctacccgggagcecgtgacagtggectggaaggcagatagcagcecccgtaaggegggagtggagaccacca
caccctccaaacaaagcaacaacaagtacgcggcecagcagctatctgagcectgacgectgagcagtggaagtcecacag
aagctacagctgccaggtcacgcatgaagggagcaccgtggagaagacagtggceccctacagaatgttcatagctaget
ggccagacatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaatttg
tgatgctattgctttatttgtaaccattataagctgcaataaacaagttaacaacaacaattgcattcattttatgtttcaggttcaggg
ggaggtggttgggaggtttttttaaagcaagtaaaacctctacaaatgtggtatggaattaatictaaaatacagcatagcaaaa
ctttaacctccaaatcaagcectctacttgaatcectttictgaaggaagaataaggcataagcatcaggggcetgtigecaatgtgca
ttagetgtttgcgecctaccttcttticaggagtitaaaatttatgtattttcccaaggtttgaacaacttctectttctitaggtttaaagge
actacctccccatttecttttttataaaaatticaaaataatttaaaacattcatgccaagaaataaaggtttttttataggcaaatcca
aagcctcaggg

28A1

CAGACTGTGGTGACTCAGGAGCCTGCATTGTCTGTGGCCTTGGGACATACAGTCAGA
ATGACCTGCCAAGGAGACAGCCTCAAACCCTATTCTACAAACTGATGCCATCAGAAGC
CAGGCCTTGTCCCTGTACTGGTCGTCACTGGTTACAATTATCGCCTCTCAGGGATCCC
AGGCCGACTCTCTGTCTCCTGGTCAGGACCCACAGGTTCCTTGACCCTCATTGCGAC
TCAGGGTAGAAGGATGAGGGCTGANCTATTAATGTCAACTCTNTCGCGANCNGGTAG
GGCGGTTNCCGCGAGTGTGTTGCGGAAGGTGGCANCCNGAGTGACCNTCCNCGTNC
GCCNNAGTTC

28D6

cagtctgcccctgactcagectecectcaatgtctgggtetcotggacagteggtcaccatctectgctetggaaccagecagtgac
attggtaattataaccgtgtctcctggtaccaacaacacccaggcaaagcccccaaactcatgatttatgagtccactgagegg
ccctcaggggtetetgategcettctetggetccaagtctggcaacacggecteeotgaccatetetgggetccaggetgaggatg
aggctgattattactgcagctcatatgcaggcaggaatactttggtattcggeggagggacccegtctgacctecenggtngecna

ggtcc

V kappa

23.2F6

TGACATTGTGCTGACCCAGTCTCCCATCAGGCTGACATTGTGATGACCCAGTCTCCCT
CCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACTATCACTTGCCGGGCAAGTGAGA
GCGTTAACAACTATGTAAATTGGTATCAGCAGAGACCAGGGAAAGCCCCTAAGCTCCT
TATCTATAGGACATCCACTTTACAAAGTGGGGTCCCGTCAAGGTTCACCGGCAGTGGA
TCTGGGGCAGATTACACTTTCACCATCAGCATCCTGCAGCCTGAGGATGTTGCAACTT
ATTACTGTCAGCATACTTATACTGCCCCATTCACTTCGC

24.1B7

caagtgatggtgactgtgtctcctacagatgcagacagggaggatggagacagggtcatcacaatgtcaagggetggttegg
gentttgtcattatttggectggtcteccgecgageccagggaaggcetecgetgegectgttctattacccatccactttggaaagtg
gggtcacatcgaggticagcggacgtgatttagggttigattccgcetetgcetctigcagcetctggagttgatigatatggacaaatgt
ccotgtgtatccctgatggactacaaagatgcaagatacagtictacttcctcttaccaagcaangtgnagatttitanagctttgtc
ctactactcacagtgttgtigggtggctcaaaatgttctacttcatcattttcattgactcaatccctctcaatgatgatttggttctggeg
tcaccgaaacgacatttgggacctaactttigticatcacctcaatataagtggaaaacggaaaactacagattttacccgetac
ctttaataaactgctttagagtccaattgtccaagaatcaatttattgatticctcctccctgaccgaccgataggtctccacaagaa
taaatttacgcaggtatccgccaagagtccaaatticaccaaccttcgtgttagaagtececggeccceticcgattagttaaagaacc
cccaggtttaccectacgttaaatggaaagatttaaaaacacggggttataggtaaccgcaaagttgctatgccctgggggcea
aaaatttcctegcetaattaggtceccetcccaatnaaaaccgaaaagttinggetgggtncaaatcceccggatttgagttettggeca
cacgtttcccccaagaaaaacccaaaaaaaaaccagggtiggagcaatataacgnacccecgggeccccaggggegaaa
gtgattaaatccctaaaaaagggceccattcccocccttttaaaantcttttttgggaaggtggtttgggaaaaacaaacaaaaaa
naaaaancccnnaattttctgaanactttticcgecggggttttttagaggagacgagancggnnaaaaatcttttctttnannnn
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nnnggggnttnnnnnnannngnagnnatntngnnngnnntnnnnngggnttatttannnnnngcccccgacgccgecge
gcccchachnnnnnnnnnnnnnnnnttnnannnnannnnnnnnnnnaaaaaaaanncagnnngnnnnantatanc
caa

241 A10

gatattgtgatgacccagtctccactctcegtgecegtgaccectggagagecggeatecatttcctgcaggtatagtcagagece
tcctacatcgtaatggaaatacctattigtatiggtacctgcagaagccagggceagcectccacggctcctaatctatagagtttce
aaccggttttctggggtgccagacaggttcagtggcagtggatcaggetcagatttcacactgaaaatcagecgggtggagge
tgatggatgtcgggatttattactgcatgcaaggttacaaagtccgtcactatgaaccggegecccc

35D1

gacattgggggcgcccagtctceccatectecctgtetgcatectgtaggagacagagtcaccatcactt
gccaggcgagtcagggcattagcaataatttagcctggtatcagcagaaaccggggaaagcccctaa
gctcctgatctataaggcatccactttgcaaagtggggtcecccatcaaggttcagtggcagtggatct
gggacagatttcactctcaccatcaggcagctctgcaggctctgaaggattttgcaacttattanct
gtcaggcatggttatggtatcctgtaccagttgncceggnecang

35D2

gacattgtgatgacccagtctccatcgtceccctgtetgcatcagttggggacaaagtcaccgtcactt
gccggtcgagtcgacgtattattgacgacttaagttggtatcagcagaaaccaggaaacgcccectgt
actcctgatttatgacatttcctcectttacaggegggggtectcatctecgattcageggecgtggattt
gggacagatttcgctctcaccatcgeccaatttccagectgaagatgectgcaacttattattgtnttt
atgcantntgtaananagttttgaggnaggnangcagnnc

36D9

acattgtgggagacccagtctccatctgecttgtcectgcatctgtaggagacagagtcaccatetett
gccgggcaagtcagaacatttatagtaatttagcgtggtatcagcagaaaccagggaaagcccctaa
gctcctgatctatgctgcatccagtttgcaaagtgggatteccecctecteggttcageggcagtggatcet
gggacagatttcactctcaccatcagcagcctgcagectgaagattctgcagettattattgtcaac
attattatgataacccgctcacttcggcgagacc

36E12

annnngngaagncccagtctccatcennccgtgtgnngcatctgtaggagacacagtcaccatcactt
gccgggcgagtcagagtattagcagctggttagectggtatcagcagaaaccagggaaagcecntaa
gctcttgatgtataaggcatccagtgaccaaatgtgtgngnecececgtcectegtntcantgtctacngaa
tggggcaccattccecctectgttagganaaaccttectccagntctaacacggecetntenttecatcecte
cnttcattttnnnnaaaactcanctgnctnaa

24.3B11

gacattgtgatgaccctgtctccactcteectgeccgtgaccectggagagecggcectecatetcetgecaggtctagtcagagect
cctgaatagtaacggaaatacctacttatattggtacctgcagaagccagggcagectccacgactcctaatctatagagtatc
caaccggttctctggagtgccagacaggttcagtggcagtgggtcagacacagatttcacactaaaaatcagecgggtagag
gctgaggatgtcgggatttattactgcatgcaaggttacacgtccatcactcgececcgecatit

23.2F6

TGACATTGTGCTGACCCAGTCTCCCATCAGGCTGACATTGTGATGACCCAGTCTCCCT
CCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACTATCACTTGCCGGGCAAGTGAGA
GCGTTAACAACTATGTAAATTGGTATCAGCAGAGACCAGGGAAAGCCCCTAAGCTCCT
TATCTATAGGACATCCACTTTACAAAGTGGGGTCCCGTCAAGGTTCACCGGCAGTGGA
TCTGGGGCAGATTACACTTTCACCATCAGCATCCTGCAGCCTGAGGATGTTGCAACTT
ATTACTGTCAGCATACTTATACTGCCCCATTCACTTCGC

VH

38C11

naggtgcagctggtgcantctgggggaggcctggtccagectggegggtcecctgagactetectgtg
cagcctctggattcaccttcagtagttetectatgcactgggteccgeccaggettetgggaaaggact
ggagtgggttggacgtattagaagcaaatctaataattacgagacaggatacgctgcgtcggtgaaa
ggcaggttcaccatctccagagatgattcaaagaacacggcgtatctgcaaatgaacagecctgaaaa
ccgacgacacggccgtgtattactgtaccacattggatacggtgggtgaggattactggggceccaggg
agtcctggtcatcgtttectcagectceccaccaagggeccateggtetteecececctggegecctectee
aggagcacctccgagagcacagcggcecectgggetgectgtecnaggacattenacce

38D9

naggtgcagctggtgcantctgggggaggcttggtccagectggggggtcecctgagactetectgtg
tagcctctgagttcaatttcagaaactactacgtatattgggtccggcaggcteccaggaaaggggcet
ggagtgggtgggtttgattaggagtaaagggtacggtgggactccagaatacgecgectcectgtgaaa
ggcagattcaccatttccagagatgattccagaaacatcgcecctatectgcaaatgaggagectgagaa
ccgaggacacggccgtctattactgtgtecgggggecgagtcattecgatttctggggeccaaggggtcag
ggtcaccgtctcttcagcecteccaccaagggeccateggtetteceectggegeectectecaggage
acctccgagagcaccaggcggcecctgggcetgectgtcecnaagacatacaace
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243

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTAAAGCCTTCGGAGACCCTGTCCCTCACCTGCGCTGTCGC
TGGTGGCTCCATCAGCAGGAACTACTGGAGCTGGATCCGCCAGCCCCCAGGGAAGGGACTAGAGTGGATTGGAC
GCATCTCTGGAAGTGGTGGGACCACCGACTACAATCCCTICCCTCAAGAGTCGAGTCTCCATTTCAACAGACAGG
TCCAGGAACCAGTTCTCCCTGAAACTGTCTTCTGTGACCGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGA
CGCCCCCAGTTTGAGGGGTGACTACTGGGGCCAGGGAGTCCTGGTCACCGTCTCCTCAGCTAGCTTGGTGCTAG
CACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCT
GCCTIGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTICGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCAC
ACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCC
AATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTTCTC
TTCCCCCCAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCCCATGCGGTGGTGGTGGACCTGAG
CCCCCAAGAACCCTGAAGTCAAGTTCACTTGGTACCTGGACGGCGTGAAAGTTCATAATGCCCAAACAAACCCC
CGGGGAGGACCATTACAACCCCCCGTITCCCGGTGGTTCAGGGTCCTTACCGTTCCGGAACCAGAAATGGGTTAA
AGGCCAAGGAATTAAAATTGGAAAGTTTCCCAAAAAAGCCCTTCCCCACCCCCCATTGGAAAAAACCCCTCTCC
CAAACCAAAGGGGGACCCCCCAAAAAACAAAGGGGGTAAACCCCGGCGCCCCCCTCCCGGGGEGGGGAGAATACC
AAAAAACCCGGTTCCCCCTGAACCCCCGCGGGGAAAAAAGGGTTTTTATTCCCAAAAGAAAACTCCCCGGGGGA

243

CTGGTGCAGCTGGTGGAGTCTGGCCCAGCAGTGGTGAAGCCCTCGGAGACCCTGTCCCTCACCTGCGCTGTGTC
TGGTGGCTCCATCAGCAGTGGTCACTGGTGGACCTGGATCCGCCAGTCCCCAGGGAAGGGACTGGAATGGATTG
GGGGTGTCTATGGTCCCGGTGAGAGCACCCAATACAACCCCTCCCTCAAGAGTCGAGTCACCATTTCAAAAGAC
ACGTCCAAAAACCAGTTCTCCCTGAAGCTGAACTCTGTGACCGCCGCGGACACCGCCGTGTTTITACTGTGCAAG
AGCCACATTCTGTAATGATCGTGGCTGCTCATGGGGCTACAACTGGTITCGATGTCTGGGGCCCGGGAGTCCTGG
TCACCGTCTCCTCAGCTAGCACCAAGGGCCCATCGGTCITCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGG
GGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGC
CCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGA
CCGIGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTIGCAACGTGAATCACAAGCCCAGCAACACCAAGGTG
GACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGG
GGGGACGTCAGTCTTCCTCTTCCCCCCARAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAAGTCACAT
GCCGIGTGGGTGGACCGTGACCCACAAAACCCTGGAGGTCAGTTCAACTGGTACGTGGACGGCTTGAAGGTGCT
TAATGCAAAACAAACCCCGGGAGGAGCCTTAAAACCGCCCTTACCGTTTGGTCAGCGTCCTCCCGTCCTGGCAC
CAGAATGGGTTAATGGCAAGGATTCCAATTTCAAGGTTCCAAAAAACCCTTCCCACCCCCATCGGAAAAACCCT
CTCCAAAGCCAAAGGGCACCCCCAAAACCCCAGGGGTATACCCTGCCCCTCCTCCGGAGGARAAAAACACARAAC
CAAATTAACCCCTAACTGCCCGGTATAAGGTTTTAATCTCCACAAATTCCCTGGGAAAGTGGAAACAATTGGGA
ACCCAGAAAACATACACCCCTCCGGTGGAATTCAGAGGTCTTCT

243

GCAGCTGCAGGAGTCAGGCACACCTTCCAGGCTGTCCAGCCCGGGGGGTCCCTGAGACTCTCCTGTTCAGTCTC
TGGATTCGCCTTCAGCGAATATGGCATGCAGTGGGTCCGCCAGGCACCAGGGAAGGGGCTGCAGTGGATCGCGT
CTATTAATAAGGTCGGCGATAAGACAAGGTTCGCAGACTCCGTGAAGGGCCGACTCACCCTCACCAGAGACAAC
TCAGATTACACTCTCTCCCTGCAAATGAACAGCCTGAAAATTGAGGACACGGCCCTGTATTATTGTGCGACGGG
GAGGATGGACTACTGGGGCCGGGGAGTTCTGGTCACCGTICTCCTCAGCTAGCACCAAGGGCCCATCGGTCTTCC
CCCIGGCGCCCTCCTCCAGGAGCACCTCCGAGAGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCT
GAACCCGTGACCGTCTICCTCAGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCAC
CTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGC
GTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAAATCACAAGCCCAGCAACA
CCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAA
CTCCIGGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCCAAGACACCCTCATGATCTCCCGGACCCCTG
AAGTCCCATGCCTGGGTGGTGGACCTTGAGCCACAAAACCCCTGAGGTTCAGTTTCACCTGGTTACCTGGACGG
GCTGGAAGGTGCAAATTGCCAAAACARAAGCCCCGGGGAGGAAGCTTACAACACCACCTACCGGGGTGGTAAGGT
TCTTCACCCTCCTGGAACCAAAATGGCTGAATTGGAAAGGAATACATTGTCAGGGTCTCCACAAAGCCCTCCCC
GCCCCCTTCGAAAAACACTTTCCCAAGCCAAAGGGGACCCCCCAAAARACCAGGGGTAACCCCGCCCCTCCTCC
GGGGAGAAATAACCAAAAACAGTCCCCCGTCACTCCGGGGAAAGAGCTTCTTCCCCCCAACCC

28A1

GAGGTGCAGCTGGTGCAATCTGGAGCAGAGGTGAAAAGGCCCGGAGAGTCTCTGAG
GATCTCCTGTAAGACTTCTGGATACGATTTTTCCACCTCCTGGATCAGCTGGGTGCGC
CAGATGCCCGGGAAAGGCCTGGAGTGGATGGGAATGATCTATCCTGATGATTCTGAT
ACTAAATACAGGCCGTCCTTGCAAGGCCAGGTCACCATGTCAGTCGACAAGTCCATCA
GCACCGCCTTCCTGCAATGGGGCAGCCTGAAGGCCTCGGACACAGCCACCTATTACT
GTGCAAAAGGGGGATCCTTTTACGACAATGATTACGGTGACTATTTTTCCGGGGCCTG
GTTCGATGTCTGGGGCCCGGGAGTCCCGGTCACCGTCTCTTCAGCCTCCACCAAGG
GCCCATCGGTCTTCCCCCTGGCGCCNTCCTCCAGGAGCACCTTCCGAGAGCACAGC
GGCCCNTGGGCTGCCTGT
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28D6

ggtgcnaagctggtgcaatenggggegggcettggtccagectggegggtecctgagactetectgtgcagectotggattcatcot
tcagtaactcctggatggectggttcecgecaggcetccagggaaggggcetagagtgggtageccgtattaaaaggaaagecga
tggtgagaaggtgggctatgccgceatctgtgaacggcagattcaccatctcaagagacgatticaaagaacacagtgtacctge
aaatgaatagcctgaaaagcgaggacacggcecgtctattictgcaccacagataagaggtggaacgacgcgttcgatgtctg
gggcccegggagtectggtcaccegteteetcagectccaccaagggeccateggtettccecetggegecttectccaggagea

ccttccgagagcacagceggcecentgggetgectgtcnangac

28D10

aggtgcaagctggtgcaatctgggggaggegtggteccagectggegggtecctgagactctectgtgcagectctggattcace
tttgatgattatgccatgcactgggtccgccaagcetccagggaagggtctggagtgggtatctaggattagttggaatagtggtac
catatactacgcagactctgtgaagggccgattcaccatctccagagacaacgccaagaactcectgtttctgcaaatggaca
ggctgagagctgaggacacggecgtgtattactgtactagtaggatagcggceagcttttgactactggggcecagggagtcetg
gtcaccgtctcctcagectccaccaagggceccatcggtettcecoctggegecctacctccaggageaccteccgagagcacag
cggcccctgggetgectgtcnaagata

32A7

ggtgcaagctggtgcantctgggggeggettggcaaagectgggggatecctgagactctectgtgcagectctggattcacct
tcagttcctattctatgcactgggtcecgecaggcetccagggaagggactggagtgggtctcagetattagtagtggtggtaacac

atactacgcagactcecgtgaagggccgattcaccatctccagagacaactcaaagaacacgcetctcectggaaatgaagag

cctgagacctgaggacacggccgtttattactgtgcaaaaaccagaggtggaacaacggggagcegactacggtttggattcct
ggggccaaggggtegtegtcaccgtetcctcagectccaccaagggceccateggtcttcceeotggegecctcctccaggage
acctecgagagcacagceggecctgggetgectgtcnagacnntce

32C10

aggtgcaagctggtgcantctgggggaggcettggtgaagecgggggggteectgagactctettgtgcagectcetggcetttatgt
tcagtacacatgatatgcattgggtccgccaacctccaggaaagggtctggagtgggtctcagttatcagtgaaagaggtgata

ataagtactacgcggactctgtgaagggcecgattcaccatctccagagacaacgccaagaactctttggtictgcaaatgaac
agcctgagggecgaggacacggccgtctattatigtgttagtgaagactgcagtgctactttctgticttccgectttgacaactgg
ggcctgggegtectggtecaccgtctectcagectccaccaagggeccateggtetticececctggegecctectccaggageace
tccgagagcacagcggecctgggcetgectgtcnaggacnttic

33B2

gaggtgcagctggtgcagtctggagtagaggtgaaaaggeccggggattctctgaggatecccetgtaagacctctggagaca
ctattaccagcctctggatcaactgggtgcgcecagatgceccgggaaaggectggaatggatgggaatgatctaccctgaagat
tctgatgtcacatttagtecgtecticcaaggcecaggtcaccatgtcagtcgacaaatccatcaataccgectacctgeggtgga
acagcctgaaggcectecggacaccgccacgtattattgtgegtcacctaccetgtgatgatagtgggtgticgtcaaatctigactac
tggggccagggagtccaggtcaccgtetcctcagetagcaccaagggeccateggtcticceectggecaccectectccaaga
gcacctctgg

gggcacageggecctgggcetgectggtcaaggactacticccecgaaccggtgacggtgtc

33B3

gaggtgcagctggtgcagtctgggggaggcettggteccagectggegggtecctgagactctectgtgcagectetggatttacct
tcagtgactctgecttgacctgggtececgecaggcttctgggagaggectggagtgggttggetatattagaagcaagtctaacaa
tctcgegacagcatacgecgegtcggtgaaaggcagattcaccetctcaagagatgatticaaagaacatggtatttctgcaaat
gagcagcctgaaaaccgaagacacggcecgtctatttetgttctcggggttgggtegcacctgactecetggggecagggagtect
ggtcaccgtctcctcagcetagcaccaagggceccateggtettcecectggcaccctectccaagagcacctetgggggeacag
cggccctgggcetgectggtcaaggactactticcececgaaccggtgacggtgtegtggaactcaggegecctgaccageggegt
gcacaccttcecggcetgtectacagtectcaggactctactcectcagcagegtggtgacegtgecctccagecagcetigggeac
ccagacctacatctgcaacgtgaatcacaageccagcaacac

33B6

nggtgcaggctggtgcagtetgggggaggcttggtacagectggggggtecctgagactctectgtgcagectetggattcace
ttcagtaactactacatacactgggtccgeccaggcetcaagggaaagggcetagagtgggtaggtitaataagaagtaaaactga
cagttccacgacagagtatgctgcggetgtggaaggecagattcaccatcgcaagagatgattcaaagaacacgcetgtatctge
aaatgagcagcctgaaaaccgaggacacaggcegtatattatigtictcattcattagtccactggggecagggagtccetggtca
ccgtetectecagectccaccaagggeccateggtcttccocecctggegeccteectccaggageacctccgagagcacageggce
cctgggctgectgtchagac

33C6

caggtgcagcetggtgcaatccggaccagaggtgaagaggeccggagactctctgacgatccectgtaagacctctggattctc
ctctaactacctetggatcaactgggtgegecagatgecccgggaaaggcectggagtggatgggaatgatctatettggtgactct
gacaccacatatagtccgtcettccggggecaagtcaccatgtcagtcgacaaatccatcaagaccgcectacctccagtgggg
caacctgaaggcectcggacaccgecacttattactgecgegtetcecggactgtaatgatagtggetgttcgtcaaatcttgattactg
gggccagggagtecaggtcaccgtotectcagctagcaccaagggceccateggtcttccecotggeaccectectccaagage

acctetgggg

33C10

AGGTGCANGCTGGTGCANTCTGGAGGAGGCTTAATTCAGCCGGGGGGGTCCCTGAG
ACTCTCCTGTGCAGCCTCTGGAATCACCTTCAGGAACTATGGCATACACTGGGTCCGC
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CAGGTTCCAGGGAAGGGGCTGGAGTGGGTGGCACGTATATCGTCTAATGGAAATAAC
AAATACTACGCAGACTCTGTGAAGGACCGATTCACCATCTCCAGAGACAATTCTAAGA
ACATGCTATATCTTCAAATGAATAACCTGAAATTGGGGGACACGGCCATTTATTACTGT
ACGAGAGATTCGACAGAGCACATTTTTGACTCCTGGGGCCAGGGAGTCCTGGTCACC
GTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCGCCCTCCTCCAGG
AGCACCCTCCGAGAGCACAGGCGGCCCCTGGGCTGCCTGTCAAGGAC

33C12

aggtgcaggctggtgcantctgnggetgaggtgaagaagcectggggectcagtgaagcttacctgcaaggcettctggattctce
ttcgccaactttgccatcagcetggatccgacaggeccctggacaaggactigagtggatgggagggategteectcettatiggtg
tgacaaactacgcacagcagticcgggacagactcacgataaacgcggacacgtccacaggcacagcectecctggaactg
atcagcctcagatctcaggacacggccatttattactgtgcgagagaaggggtgacctccaactcattcgatgtctggggecgg
ggagttctggtcaccgtctectcagectccaccaagggeccateggteticecectggegecctectccaggagcaccteccgag
agcacaggeggecctgggcetgectgtcaaggaca

33E1

nggtgcangctggtgcaatctggcccaggactggtgaagecticggagaccctgtcectcacctgegctgtetetggtggetec

atcagcactaactactggacctggatccgccageccccagggaagggactggagtggattggacgtctetetggtattggtgg

gaacatcgactacaacccctccctcaagaggegagtcaccatttcaacagacacgtccaagaaccagtictccctgaagcetg

aactctgtgaccgccgeggacacggcecgtgtattactgtgcgagagatcegeatgtgagacacagtggatacagttatcttgac
tactggggccagggagtcctggtcaccegtctcctcagectccaccaagggceccatcggtoticcecotggegecctecteccag
gagcaccctccgagaggceaccageggecctgggetgectgtcaaggac

33E3

tectatgtgetgactcagecaccoteggtgtcageggectcaggacagacggecaggatcaccetgtgggggagaccacattg
gaagtaaatatgtatactggtaccagcagaagccagegcaggceccctgtgcaggtcatctatgetgataacaaacggecctc
agggatccctgagcegattctetggctecaaticagggaacaccgecacccetgaccatcageggggtecgaggeecggggatga
ggctgactattactgtcaggtgtgggacagtagtagtgatcatgtgttaticggaggagggacceggctcaccgtcctaggtcag
cccaaggctgeccccteggtcactetgtticecgecectectctgaggagettcaagecaacaaggcecacactggtgtgtctcata
agtgacttctaccegggagecgtgacagtggectggaaggcagatagcageccecgtcaaggegggagtggagaccacca
caccctccaaacaaagcaacaacaagtac

33F4

caggtgcagcetggtgcaatctggggcagacttggtccagectggegggtecctgagactctectgtgcagectctggattcacct
tcagtc
agtcctggatgagetgggtececgecaggetccagggaaggggetagagtgggtigcecgtattaaaaggaaagcetgatggtga
gacaacagattacgccgcatctctgaaaggcagattcaccatctcaagagacgattcaaaggacacactgtacctgcagatg
aatagcctgaaaaccgaggacacggccgtatattactgcaccgecgacaccgcattctacggaatactggggecagggagtc
ctggtcaccgtetectcagectccaccaagggeccateggtcttccccctggegecctectccaggageacctccgagageac
agcggccctggetgectgtcnangacnttne

33F12

aggtgcangctgnngcagtenggeccaggtetggtgacgecttcggagaccctgtecctcacctgcactgtctecgggtggetce
catcagceggtcactattggagttggattcgtcaatticccagggatgggactggagtggatiggacacgtcggtggaactactgg
gaccaccttctacaccccctcecctcaagagtegggtcetecatticggecagteccgteccaagaaccagttttcectgacgttgacct
ctgtgaccgeccgeggacacggcecgtcetatttctgtgegagaatcgagectggetattggggecagggagtectegtcacegtet
ccteggectecaccaagggeccateggteticecectggegcecctectccaggagcacctccgagageacageggecectggg
ctgcetgtcaagaca

33G4

chggtgcagcetggtgcaatctggggcaggcttggteccagectggegggtecctgagactctectgtgcagectctggattcatett
cagtaactcctggatgagetgggteccgecaggeteccagggaaggggetagagtgggttgceecgeattaaaaggaaagcetga
aggtgagacaacagattacgccgcatctgtgaaaggcagattcaccatctcaagagacgattcaaagaacacagtctaccta
caaatgaacagcctgaaaagcgaggacacggccgtgtattactgcaccacagccaaaagggacacagtggcetectgacta
ctggggccagggagtectggtcaccegtctcctcagectccaccaagggeccateggtoticceccotggegecctectccagga

gcacctccgagagcacageggcecctgggetg
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Table 8. Rhesus monkey IgHV Primers for Leader Region (Set I)

~Tm | Product
Group Note Sequence oc Size
Mamu Ta 82.51
IGHV1 60 1- ATGGACTTGACCTGGAAGATCCTCCTCT -28 (69) 519
~Tm | Product
Group Note Sequence oc Size
Mamu Ta 3- GGACACGCTTTGCTCCACGCTCCTGCTGCTG 33 | o0 | 518
IGHV? 61 - (84)
~Tm | Product
Group Note Sequence oc | size
Marmy - Ta 11- GGAGTTTGTGCTGAGCTGGGTTTTC -39 834
IGHV3 60 (67)
~Tm | Product
Group Note Sequence o Size
Mamu Ta 84.7
IGHV4 61 4- AAGCACCTGTGGTTCTTCCTCCTCCTGG -31 73) 514
0 Product
Group | Note Sequence ~Tm "C | §ize
Mamu | Ta 5- ATGGGGTCAACTGCCATCCTCACC -28 84.7 (70) o8
IGHVS 61 ) ) ’
~Tm Product
Group Note Sequence oc Size
Mamu Ta 86.1
IGHV6 61 1- ATGTCTGTCTCCTTCCTCATCGTCCTC -31 (68) 522
~Tm Prod
Group | Note Sequence oc uct
Size
Mamu Ta 84.5 | 520
IGHV7 60 1- ATGGACCTCACCTGGAGCATCCTTTTC -31 1)
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Table 9. Rhesus monkey IgHV Primers for Leader Region (Set II)

~Tm | Primer
Group Note Sequence oc Size
Mamu Primer 85.1
IGHV1 41 73-GAGAAGCGAATTGAGTCCAGTCAAGGGGACG-103 (77.5) 30
Mamu | Only for 85.2
IGHV1 | one gene 72-GGAGGCAGAAACCAGGCCAGTCAAGTGAGAC-102 (77.6) 30
Mamu 30-GGTGACAGCAGCCACAGGTAAGGGGTCCCCAGG-62 | 223 32
IGHV1 (84.7)
Mamu | Only for 92.8
IGHV] | one gene 30-GGTGGCAGCAGCAACATGTAAGGGGCTCCCAGG-62 (85.2) 32
~Tm | Primer
Group Note Sequence oc Size
Mamu Primer 86
IGHV? 49 14-GCTCCACGCTCCTGCTGCTGACCRTCCC-41 (78.4) 27
Mamu 69.8
IGHV2 47-GTGAGTGCTGTGRTCARGSACTMMYTCAGGG-77 (62.2) 30
Mamu 79 5
Consensus 127-CCACAGGGGTCTTSTCCCAGGTSACCTTG-155 (71'9) 28
forIGHV?2 )
~Tm | Primer
Group Note Sequence o Size
Mamu Fw starts 81.4
IGHV3 at 207 189-GCAGGTGYSCAGKGTGAGGTGCAGYTGGTGGAG-221 (73.8) 32
Primer
#3;
Mamu 72> 77.5
IGHV3 Slkégﬁzg 106-ATGAGTGAGAGAAACAGTGGATATWTGTGGCA-137 ( 69. 9) 31
ordered
~Tm Primer
Group Note Sequence oc Size
Mamu Fw starts 90
IGHV4 at 141 33-GGCAGCTCCCAGATGTGAGTGTCTCGGGGATG-64 (82.4) 31
Mamu Primer 90.2
IGHV4 44 82-GAGGCTGTCTCTGATCCCAGGGCTCACTGTGGG-114 (82.6) 32
0 Primer
Group Note Sequence ~Tm "C Size
Primer
Mamu | #5: Fwi i i 88.4
IGHVS o 3-GGGGTCAACTGCCATCCTCACCCTCCTACTGG-34 (80.8) 31
from 141
Mamu 120-CCCCCACAGGAGTCTGTGCCGAGGTGCAGC-149 91.6 29
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IGHV5 | 34 |
~Tm Primer
Group Note Sequence o Size
Primer
Mamu sv7v1 86.8
IGHV 60-AGGTCCCAGGGCGGAGGCAGAAACCAG-86 ’ 26
7 starts (79.2)
from
144
N Primer
Group | Note Sequence ;1" Cm Size
Mamu Primer 017
IGHV #gt;aivs"l 70-GTATTCACAGCAGCATTCACAGAGTGAGGGG-100 (7 4'1) 30
6 .
from 144
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Table 10. Rhesus monkey IgHV Primers for Leader Region (Set III)

~Tm | Primer
Group Note Sequence oc Size
Mamu 62
11 - -
LVHI 1 a 1- ATGGACTTGACCTGGAAGATC-21 (54.3) 21
LVH1.2 | Only one 1- ATGGACCTCACCTGGAGCATC -21 ?670§ 21
~Tm | Primer
Group Note Sequence oc Size
Mamu 74
LVH? all 5- ACACGCTTTGCTCCACGCTCC -25 (66.3) 21
~Tm | Primer
Group Note Sequence o Size
Mamu Two 67
LVH3 1 genes 1-ATGAGGAAAAGTCAGTGTGAGCC-23 (59.4) 23
Mamu 63.5
LVH3.2 One gene 1- ATGAGTGAGAGAAACAGTGGATATT -25 (56) 25
Mamu Three 65.8
LVH3 3 genes 1-ATGGAATTTAGGCTGAGCTGG- 21 (58) 21
Mamu Three 68.8
LVH3.4 genes 1- ATGGAGTTGGGGCTGAGCTG- 20 (61.2) 20
Mamu Three 62.5
LVH3 5 genes 1-ATGGAGTTTGTACTGAGCTGGT- 22 (55) 22
Mamu Eight § 66.5
LVH3 6 genes 1-ATGGAGTTTGGCCTGAGCTG-20 (59) 20
~Tm Primer
Group Note Sequence oc Size
Mamu 63.2
All - -
LVH4 1- ATGAAGCACCTGTGGTTCTTC-21 (55.6) 21
0 Primer
Group Note Sequence ~Tm "C Size
Mamu 70.3
All - -
LVHS 3- GGGGTCAACTGCCATCCTCAC -23 (62.7) 21
~Tm Primer
Group Note Sequence o Size
Mamu 64.8
LVH6 All 1- ATGTCTGTCTCCTTCCTCATCG-22 (57.2) 22
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N Primer
Group | Note Sequence (;[ Cm Size
Mamu 67.5
All - -
LVH7 1- ATGGACCTCACCTGGAGCATC-21 (60) 21

delivered by the synthesizer).
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Table 11. Rhesus monkey VH genes amplified with leader region primers from Tables 8-10
wherein individual subfamily members shown for each VH gene family are numbered
according to the corresponding human subfamily name

Bet]  11abIE 77 Bt {1 oS &y ST R S e g

T Brimer]  TGHVA HGHVT T3 IGHV R11-46-01
for 1-46 -8 15801
subfamily 2 L6903
16801

HGHY 1.2 1--01

GHAYZ 27010 GHYZ 17018 TGHVE T 5021
270-04 2-5-04 25 2-70-310 2~10-01

2510 27012 2-70-04 2-70
2-5-08

KGHYS  3-56-07 WGHYS  Sb02] TGHYSA NA

I-6d-03L 3-74-03 3-33-04F IGHV3IE 3-06-02

348 3430 381 35300

3h 37402 34 3-15-06

3F2 31602 3-b 3-74

323 328 3-h

372 3-23

GHV3.3 372

3-86 315

3-64 313

347 374

IGHV3.4 3-h

321 348

3-8 330

3-23 ST

315 3-68

3-73 320

372 3-33

IGHV3.S 373

37

IGHV3, 3-49

374 3-66

3-43 372

3-b 3-20

323 3-NLY

373

IGHVA 4-30-2-04]  1GHVE 4-30-3-08] 1GHvVA  4-3a07

4407 46105 3406 4407
55090 43907 461 43407
IGHVE  S51-001]  IBHVS WAy TGHVE  Sei-0%
S04 Seadil 55102 5-51-01

5204  Sadl

IGHVE  6-1-10]  IGHVE  6-i-1q] o ignve 6100

TGHVT | 183Dl GHYT 81 HaH

7-81 2-70f 7-38-1-02 Muiuoi
""""""" Wi 200 WX Smeagf WK 30
25 430 32304 &5t 78101
5 2-70-11 348  3-19-01
551 70-10 ¥4 33504
4-38 27004 311 45504
4.4
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Table 12. Rhesus monkey immunoglobulin heavy chain germline V genes

Gene Cognate Rhesus Sequence
family Human monkey
gene genome
name contig
IGHV1 L22582 gnl|Mmul_0 | atggacttgacctggaagatcctcctcttggtgacagcagecacaggtaaggggtecccaggtcteatt
51212|Chr7: | cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
169628815- | ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
169629993 CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAACCCCAGGAAGGAGGCAGCTGTGC
IGHV1 M29809 gnl- atggacttgacctggaagatcctectcttggtgacagcageccacaggtaaggggtccccaggtceteatt
Mmul_0512 | cttgagaagcgaattgagtccagtcaaggggacgticatccactectgtettetctecacaggtgecca
12-Chr7- ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
169628837- | CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
169630326 CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAACCCCAGGAAGGAGGCAGCTGTGCTGGCAT
M99637 RCD gnl- atggacttgacctggaagatcctcctcttggtgacagcagecacaggtaaggggtccccaggtceteatt
Mmul_0512 | cttgagaagcgaattgagtccagtcaaggggacgticatccactectgtettetetecacaggtgecca
12-Chr7- ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
169628838- [ CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
169630125 CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAA
M99641 RCD gnl- atggacctcacctggagcatccttticttggtggcageagcaacatgtaaggggctcccaggtcccagg
Mmul_0512 | gcggaggcagaaaccaggccagtcaagtgagacttcacgcaatectgtgtecteteccacaggtgecca
12-Chr7- ctccCAGGTGCAGCTGGTGCAGTCTGGGCCTGAGGTGAAGCAGCCTGGGGCC
169767710- | TCAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACAGCTTCACCACCTATGGTAT
169769045 GAATTGGGTGCGACAGGCCCCTGGACAGGGCCTTGAGTGGATGGGATGGAT
GAACACCTACACTGGGAACCCAACGTATGCCCAGGGCTTCACAGAACGGTTT
GTCTTCTCCATGGACACCTCTGTCAGCACAGTGTACCTGCAGATCAGCAGCCT
AAAGGGTGAGGACACGGCCGTGTATTACTGTGCGAGATACACAGTGTGGAA
ACCCACATCCTGAGAGTGTCAGAAGCCCTGAGGGAAGAGGTAGCTGTGCTGA
GCTGAGGCAGTGGTGCAGCAGTTTTCTAAACTTCCGTATGATCTCATTTTGCA
TTGACTTCCACTTTTATATTAGCCAA
M99642 RCD gnl- atggacttgacctggaagatcctcctcttggtgacagcagecacaggtaaggggtccccaggtceteatt
Mmul_0512 | cttgagaagcgaattgagtccagtcaaggggacgticatccactectgtettetetecacaggtgecca
12-Chr7- ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
169628813- [ CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
169629993 CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT

CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
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CACATCCTGAGAGTGTCAGAAACCCCAGGAAGGAGGCAGCTGTGCTG

218904

gnl|Mmul_0

51212|Chr7:

169628884-
169630129

atggacttgacctggaagatcctectcttggtgacagcagccacaggtaaggggtcccecaggtctcatt
cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACT

M99639

gnl|Mmul_0
51212 |Chr7:
169628838-
169630125

atggacttgacctggaagatcctectcttggtgacagcagccacaggtaaggggtcccecaggtctcatt
cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAA

X92210

gnl|Mmul_0
51212 |Chr7:
169571494-
169573015

atgtctgggccctgagatcatcacccaataaccacatcccteccceccagagaagceccctgagagceacag
ctcctcattagggaccggacctggaggatectcttecttggtggecagcacctacaggtaaggggttcceca
agtcccagtgatgagaaggggttgagttcagtccagtgggetctcatecattectgegtectececcaca
ggtgececcactccCAGGTGAAGCCGGTGCAGTCTGGAGCTGAGATGAAGAAGCCT
GGGTCCTCAGTGAAGGTCTCCTGGAAGGCTTCCAGATACACCTTTACCAGCTA
CATTATGCACTGGGTGCGACAGAACCCTGGACAAGGGCTTGAGTGGACGGG
ATTTTAGTTATCTGAGAGATGTTTCATATAACATTTATTCTGTAAGCAAATTTC
AGGGATAGTCGAATGAATCAAATTAAGAAATCTGATACAGAACTTCCTCTGA
ATTGATCTTTGTAAACATCAATCTCTGAATCAATGTTGTAAATATTTTGGAACC
CAAACACAAGTTCACATTTTAACTCTATTTTTGTCTCTATTTAA

X07448

gnl|Mmul_0
51212 |Chr7:
169628821-
169630384

atggacttgacctggaagatcctectcttggtgacagcagccacaggtaaggggtcccecaggtctcatt
cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAACCCCAGGAAGGAGGCAG

X62109

gnl-
Mmul_0512
12-Chr7-
169628831-
169630223

atggacttgacctggaagatcctcctcttggtgacagcageccacaggtaaggggtcccecaggtctcatt
cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAACCCCAGG

X92209

gnl-
Mmul_0512
12-Chr7-
169628824-
169630312

atggacttgacctggaagatcctcctcttggtgacagcageccacaggtaaggggtcccecaggtctcatt
cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
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CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAACCCCAGGAAGGAGG

X92343

gnl-
Mmul_0512
12-Chr7-
169628835-
169630190

atggacttgacctggaagatcctcctcttggtgacagcageccacaggtaaggggtcccecaggtctcatt
cttgagaagcgaattgagtccagtcaaggggacgttcatccactectgtcttctctccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGATTAAGCAGCCTGGGGCCT
CAGTGAAGCTCTCCTGCAAGGCTTCTGGATATACCTTCACTAGCTACTACATG
CACTGGGTGAGACAGGCCCCTGGACAAGGCCTTGAGTGGATAGGACTGATCT
CCCCTTACAATGGTAACAAAGGCTACGCACAGAACTTCCAGGGCAGAGTCAC
CATAACTACGGACACGTCCACGAGCACAGGCTACATGGAGCTGAGCAGCCTG
AGATCTGAGGACACAGCCGTGTATTACTGTACGAGAGACACAGTGTGAAAAC
CACATCCTGAGAGTGTCAGAAACCC

212305

212305212
305|H.sapie
ns germline
Ig H-chain V-
region (DP-
3)

gaggtccagcetggtacagtctggggctgaggtgaagaagectggggctacagtgaaaatctectgea
aggtttctggatacaccttcaccgactactacatgcactgggtgcaacaggeccctggaaaagggett
gagtggatgggacttgttgatcctgaagatggtgaaacaatatacgcagagaagttccagggcagag
tcaccataaccgcggacacgtctacagacacagcctacatggagctgagcagectgagatctgagga
cacggccgtgtattactgtgcaaca

IGHV2

L21969

gnl|Mmul_0
51212 |Chr7:
169382524-
169383979

atggacacgctttgctccacgctectgetgetgaccgteccttcatgtgagtgetgtgatcagggactea
ctcagggataaaacatctgttctctectttgtgggcttcatcttcttetgetttctccacaggggtcttetee
CAGGTCACCTTGAAGGAGTCTGATCCTGCGCTAGTGAAACCCACACAGACCCT
CACGCTGACCTGCACCTTCTCTGGGTTCTCACTCAGCACTTCTGGAATGGGTG
TGGACGGGATCCGTCAGCCCCCAGGGAAGGCCCTGGAGTGGCTTGCACGCA
TTGATTGGGATGATGATAAATACTACAGCCCATCGCTGAAGAGCAGGCTCAC
CATCTCCAAGGACACCTCCAAGAACCAGGTTGTCCTTACAATGACCAACATGG
ACCCTGTGGACACAGCCACATATTACTGTGCACGGAGACCACAGAGACACA

M99648

gnl-
Mmul_0512
12-Chr7-
169382453-
169383999

atggacacgctttgctccacgctectgetgetgaccgteccttcatgtgagtgetgtgatcagggactea
ctcagggataaaacatctgttctctectttgtgggcttcatcttcttetgetttctccacaggggtcttetee
CAGGTCACCTTGAAGGAGTCTGATCCTGCGCTAGTGAAACCCACACAGACCCT
CACGCTGACCTGCACCTTCTCTGGGTTCTCACTCAGCACTTCTGGAATGGGTG
TGGACGGGATCCGTCAGCCCCCAGGGAAGGCCCTGGAGTGGCTTGCACGCA
TTGATTGGGATGATGATAAATACTACAGCCCATCGCTGAAGAGCAGGCTCAC
CATCTCCAAGGACACCTCCAAGAACCAGGTTGTCCTTACAATGACCAACATGG
ACCCTGTGGACACAGCCACATATTACTGTGCACGGAGACCACAGAGACACAG
CTCAGGGCGCCTCCTGTACAAGAACCCAGGCTGCTTCTTATTGGTGCTCCCTC
CCCACCAATGCAGAACA

M99647

gnl|Mmul_0
51212 |Chr7:
169594442-
169596070

atggacacgctttgctccacgctectgetgetgaccateecgtectgtgagtgetgtggtcaageactac
ttcaggggtgaaatatctgcacttttetttgtgggtttcatcttcttatgetttictccacaggggtcettgtece
CAGGTGACCTTGAAGGAGTCTGGTCCTGCGCTGGTGAAACCCACACAGACCC
TCACGCTGACCTGCACCTTCTCTGGGTTCTCACTCAGCACTAGTGGTATGGGT
GTGGGCTGGATCCGTCAGCCCTCACGGAAGACCCTGGAGTGGCTTGCACACA
TTTATTGGGATGATGATAAGCGCTACAGCACATCTCTGAAGAGCAGGCTCAC
CATCTCCAAGGACACCTCCAAAAACCAGGTGGTTCTAACAATGACCAACATGG
ACCCTATGGACACAGCCACATATTACTGTGCACGGAGACCACAGAGACACAG
TCCCGGGCGCCTCCTGTACAAGAACCCAGGCTGCTTCTCAGGGGTGCTCCCTC
CCCATCTCTGCAGAACAGGAAAGAGTGGCTGAGATGCCTTTTCCTGCCAGGG

X62111

gnl-
Mmul_0512
12-Chr7-
169594471-
169596072

atggacacgctttgctccacgctectgetgetgaccateecgtectgtgagtgetgtggtcaageactac
ttcaggggtgaaatatctgcacttttetttgtgggtttcatcttcttatgetttictccacaggggtcettgtece
CAGGTGACCTTGAAGGAGTCTGGTCCTGCGCTGGTGAAACCCACACAGACCC
TCACGCTGACCTGCACCTTCTCTGGGTTCTCACTCAGCACTAGTGGTATGGGT

GTGGGCTGGATCCGTCAGCCCTCACGGAAGACCCTGGAGTGGCTTGCACACA
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TTTATTGGGATGATGATAAGCGCTACAGCACATCTCTGAAGAGCAGGCTCAC
CATCTCCAAGGACACCTCCAAAAACCAGGTGGTTCTAACAATGACCAACATGG
ACCCTATGGACACAGCCACATATTACTGTGCACGGAGACCACAGAGACACAG
TCCCGGGCGCCTCCTGTACAAGAACCCAGGCTGCTTCTCAGGGGTGCTCCCTC
CCCATCTCTGCAGAACAGGAAAG

IGHV3

LO6618

gnl|Mmul_0
51212 |Chr7:
169485479-
169486838

atgaggaaaagtcagtgtgagcccagacacaaacctecttataggaacgetgccaggaaatcagetg
caggggtcactcaggacccactgatcatgtacatgaatatgagtgagagaaacagtggatatgggtg
gcatatccactgtggatatgggtggcagtttctgaccagggtgtctctatgtttgcaggtgtccagtgtG
AGGTGCAGCTGGTGGAGTCTGGGGGAGCCTCGGTACAGCCTGGGGCGTCCC
TGAGACTCTGCTGTGCAGCCTCTGGATTCACCTTCAGTAGCACCAGGATGAAC
TGGATCCGACAGGCTCCAGGGAAGAAGCTGGAGTGGGTGACTGACATAAAG
TAGGATGGAAGTGAGAAATACTATGTAGACTCTGTGAAGGGCCGATTCACCA
TCTCCAGAGACAATGCCAAGAACTCCCTCTATCTGCAAATGAACAGCCTGAGA
GCTGAGGGGACACAGCCGTGTATTACTGTGTGAGAGACACAG

mM83134

gnl-Mmul-
051212-
Chr7-
169513624-
169515410

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG

GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA

AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA

CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGAA

CGCCGGGGAAATCAGCGGCAGGGGGCGCTCGGGACCCACTGATCAGAGTCA
ACCCAGAGGCCGGTGCACACGGAGGCTGATTTCCTGTCAGGATGTGGGAC

M99649

gnl|Mmul_0
51212 |Chr7:
169485525-
169486839

atgaggaaaagtcagtgtgagcccagacacaaacctecttataggaacgetgccaggaaatcagetg
caggggtcactcaggacccactgatcatgtacatgaatatgagtgagagaaacagtggatatgggtg
gcatatccactgtggatatgggtggcagtttctgaccagggtgtctctatgtttgcaggtgtccagtgtG
AGGTGCAGCTGGTGGAGTCTGGGGGAGCCTCGGTACAGCCTGGGGCGTCCC
TGAGACTCTGCTGTGCAGCCTCTGGATTCACCTTCAGTAGCACCAGGATGAAC
TGGATCCGACAGGCTCCAGGGAAGAAGCTGGAGTGGGTGACTGACATAAAG
TAGGATGGAAGTGAGAAATACTATGTAGACTCTGTGAAGGGCCGATTCACCA
TCTCCAGAGACAATGCCAAGAACTCCCTCTATCTGCAAATGAACAGCCT

M99651

gnlMmul-
051212-
Chr7-
169622161-
169623566

atggagtttgtgctgagetgggttttectigtigetetittgaaaggtaattgagagtgaagtagaaata
ctgtgtgtgaggagacatgagtgagaggaacagtggatatgtttggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagtgt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGCGCAGCCTCCGGATTCACCTTCAG
TGACTACTACATGGACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTG
GGTCTCACGTATTAGTAATGGTGGTGGTAGCACATGGTACGCAGACTCCGTG
AAGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTC
AAATGAACAGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGAAAGA
CACAGTGAGGGGAAGTCAGTGTGAGCCCAGACAGAAACCTCCCTGCAGGAA

M99652

gnlMmul-
051212-
Chr7-
169681086-
169682608

atggagttggggctgagetgggttttecttgttgctattttaaaaggtgattcagggaaaactagagag
gttgaggatatgagtgagagaaacagtggatatgtgtggcagtttttgaccagggtgtcetetttgtttge
aggtgtccagtgtGAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCC
TGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGGTGATT
ATGGCATGCACTGGGTCCGCCAGGCTCCGGGAAAGGGACTGGAGTGGGTCT
CATCCATTAGTAACACTGGTAAAACCGTATACTACGCTGACTCCGTGAAGGGC
CGATTCACCGTCTCCAGAGACAACGCCAAGAACTCGCTGTCTCTGCAAATGAG
CAGCCTGAGAGCCGAGGACACGGCCGTGTATTACTGTACTAGAGACACAGTG
AGGCGAGGTCAGTGTGAGCCCAGACACAAACCCCCCTGCAGGGG

-102 -




WO 2013/148256

PCT/US2013/031442

M99657

gnl-Mmul-
051212-
Chr7-
169513727-
169515232

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG

GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA

AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA

CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGG

M99660

gnlMmul-
051212-
Chr7-
169513727-
169515238

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG

GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA

AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA

CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGG

M99666

gnl-Mmul-
051212-
Chr7-
169513670-
169515232

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG

GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA

AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA

CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGAA

CGCCGGGGAAATCAGCGGCAGGGGGCGCTCGGGACCCACTGATCAGAGTCA
ACCC

M99669

gnl|Mmul_0
51212 |Chr7:
169358346-
169359837

atggaatttaggctgagetgggttttccttgttgetgttttaaaaggtgactcatggagaactagagata
ttgagtgtgagtggacatgagtgaaagaaacagtggatattigtggcagtttctgaccttggtgtctctg
tgtttgcaggtgtccagtgtGAGGTGCAGTTGGTGGAGTCTGGGGGAGGCTTGGTAC
AGCCTGGGGGCTCCCTGAGACTCTCTTGTACAGGCTCTGGATTCACCTTCAGT
AGCTACTACATGTACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGG
GTCTCAGCTATTAATACTGGTGGGGGTAGCACATGGTACACAGACTCCGTGA
AGGGCCGATTCACCATCTCCAAAGAGAACGCCAAGAACACACTGTATCTTCAA
ATGGACAGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGAAAGACA
CACAGTGAGGAGAAGTCAGTGTGAGCCCAGACACAAACCTCCCTG

M99672

gnl|Mmul_0
51212 |Chr7:
169513725-
169515378

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggtgsAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG
GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA
AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA
CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGAA

M99676

gnl|Mmul_0
51212 |Chr7:
169701616-
169703359

atggagttggggctgagetgggttttecttgttgetcttttaaaaggtaattcatggagaactagagata
ctgagtgtgaggggacatgagtgagagaaacagtggatataggtggeagtttctgatgegggtgtcte
tgtgttcgcaggtgtgcagtgtGAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGT
CCAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTCA
GTGACTACTACATGTACTGGGTCCGCCAGGCTCCAGGAAAGGGGCTGGAGT
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GGGTGGGTTTCATTAGAAGCAAAGCTTACGGTGGGACAGCAGAATACGCCG
CGTCTGTGAAAGGCAGATTCACCATCTCCAGAGATGATTCCAAAAGCATCGCC
TATCTGCAAATGAGCAGCCTGAAAACCGAGGACACGGCCGTGTATTACTGTA
CTAGGGACACAGTGAGGCGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTG
CAGGGGCGCACGGGGCCACCAGGGGGCGCT

M99679

gnl|Mmul_0
51212 |Chr7:
169358238-
169359884

atggaatttaggctgagetgggttttccttgttgetgttttaaaaggtgactcatggagaactagagata
ttgagtgtgagtggacatgagtgaaagaaacagtggatattigtggcagtttctgaccttggtgtctctg
tgtttgcaggtgtccagtgtGAGGTGCAGTTGGTGGAGTCTGGGGGAGGCTTGGTAC
AGCCTGGGGGCTCCCTGAGACTCTCTTGTACAGGCTCTGGATTCACCTTCAGT
AGCTACTACATGTACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGG
GTCTCAGCTATTAATACTGGTGGGGGTAGCACATGGTACACAGACTCCGTGA
AGGGCCGATTCACCATCTCCAAAGAGAACGCCAAGAACACACTGTATCTTCAA
ATGGACAGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGAAAGACA
CACAGTGAGGAGAAGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGGA
CGCGGGGGGGAAATCAGCGGCAGGGGGCGCTCGGGACCCACTGATCAGAG
T
CAACCCCAGAGGCAGGTGCAGACGGAGGCTGATTTTCTGTCAGGATGTGGG

M99682

gnl|Mmul_0
51212 |Chr7:
169513671-
169515285

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG

GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA

AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA

CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGAA

CGCCGGGGAAATCAGCGGCAGGGGGCGCTCGGGACCCACTGATCAGAGTCA
ACC

M99655

gnl|Mmul_0
51212 |Chr7:
169358546-
169359851

atggaatttaggctgagetgggttttccttgttgetgttttaaaaggtgactcatggagaactagagata
ttgagtgtgagtggacatgagtgaaagaaacagtggatattigtggcagtttctgaccttggtgtctctg
tgtttgcaggtgtccagtgtGAGGTGCAGTTGGTGGAGTCTGGGGGAGGCTTGGTAC
AGCCTGGGGGCTCCCTGAGACTCTCTTGTACAGGCTCTGGATTCACCTTCAGT
AGCTACTACATGTACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGG
GTCTCAGCTATTAATACTGGTGGGGGTAGCACATGGTACACAGACTCCGTGA
AGGGCCGATTCACCATCTCCAAAGAGAACG

M99656

gnl-
Mmul_0512
12-Chr7-
169513646-
169515068

atgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttttgtttgcaggtgtccag
ggtGAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCAAAGCCTGGGGGE
TCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAACTACTGGATG
CACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTGGATCTCAGCTATT
AATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGAAGGGCAGATTCA
CCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCAAATGGACGGCCT
GAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGACACAGTGAGGGG
AGGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGAACGCCGGGGAAATC
AGCGGCAGGGGGCGCTCGGGACCCACTGATCAGAGTCAACCCAGAGGCCGG
TGCACACGGAGGCTG

X92206

gnl|Mmul_0
51212 |Chr7:
169711580-
169713134

atggagtttgtactgagctgggttttccttgttgecattttaaaaggtgattcatggagaaatagagatg
tggagtgtgaggggacatgagtgagagaaacagtggatatgtgtggcagtttctgaccagggtgtctce
tgtgtttgcaggtgcccagtgt GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGT
CCAGCCTGGCGGGTCCCTGAGACCCTCCTGTGCAGCCTCTGGATTCACCTTCA
GTAGTTCTGCTATGCACTGGGTCCGCCAGGCTTCTGGGAAAGGACTGGAGTG
GGTTGGACGTATTAGAAGCAAATCTAACAATTACGCGACAGAATACGCCGCA
TCGGTGAAAGGCAGATTCACCATCTCCAGAGATGATTCAAAGAACACGGCGT
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ATCTGCAAATGAACAGCCTGAAAACCGAGGACACGGCCGTGTATTACTGTGC
TAGAGACACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCC

X92216

gnl-
Mmul_0512
12-Chr7-
169534974-
169536475

atggagttggggctgagetgggttttecttgttgetcttttaaaaggtgattcatggagaactagagata
ctgagtgtgaggggacatgagtgagagaaacagtggatatgtgtggctgtttctaatcacgatgtcttt
gtgtttgcaggtgtgcagtgtGAGGTGCAGCTGGTGGAGTCTGGGGCAGGCTTGGTC
CAGCCTGGCGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTCCTGGATGAGCTGGGTCCGCCAGGCTCCAGGCAAGGGGCTAGAGTG
GGTTGCCCGTATTAAAAGGAAAGCTGACGGTGAGACAGCAGATTACGCCGCA
TCTGTGAAAGGCAGATTCACCATCTCAAGAGACGATTCAAAGAACACACTGT
ACCTGCAAATGAACAGCCTGAAAACCGAGGACACGGCCGTGTATTACTGCAC
CACAGACACAGTGAGGCGAGGTCAATGTGAGCCCAGACACAAACC

X92217

gnl-
Mmul_0512
12-Chr7-
169358191-
169359838

atggaatttaggctgagetgggttttccttgttgetgttttaaaaggtgactcatggagaactagagata
ttgagtgtgagtggacatgagtgaaagaaacagtggatattigtggcagtttctgaccttggtgtctctg
tgtttgcaggtgtccagtgtGAGGTGCAGTTGGTGGAGTCTGGGGGAGGCTTGGTAC
AGCCTGGGGGCTCCCTGAGACTCTCTTGTACAGGCTCTGGATTCACCTTCAGT
AGCTACTACATGTACTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGG
GTCTCAGCTATTAATACTGGTGGGGGTAGCACATGGTACACAGACTCCGTGA
AGGGCCGATTCACCATCTCCAAAGAGAACGCCAAGAACACACTGTATCTTCAA
ATGGACAGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGAAAGACA
CACAGTGAGGAGAAGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGGA
CGCGGGGGGGAAATCAGCGGCAGGGGGCGCTCGGGACCCACTGATCAGAG
T
CAACCCCAGAGGCAGGTGCAGACGGAGGCTGATTTTCTGTCAGGATGTGGG
ACTTTCTTTTTGCAGTTTCTCTGGTGAACGTCTCTAAGTTCGAAATT

X92218

gnl|Mmul_0
51212 |Chr7:
169513734-
169515232

atggagtttggectgagetgggttttcctigttgectattttaaaaggtgattcatgaggaaatagagata
ttgagtgtgagtggacatgagtgagagaaacagtggatatttgtggcagtttctgaccttggtgtctttt
tgtttgcaggtgtccagggt GAGGTGCAGCTGGTGGAGTCTGGGGGCGGCTTGGCA
AAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAG
TAACTACTGGATGCACTGGGTTCGCCAGGCACCAGGGAAGGGGCTGGAGTG

GATCTCAGCTATTAATAGTGCTGGTAGTAGCACATACTATGCAGACTCCGTGA
AGGGCAGATTCACCATCTCCAGAGAGAACGCCAAGAACACACTGTATCTTCA

AATGGACGGCCTGAGAGCTGAGGACACGGCTGTCTATTACTGTGCGGGAGA

CACAGTGAGGGGAGGTCAGTGTGAGCCCAGACACAAACCTCC

214073

gnlMmul-
051212-
Chr7-
169400831-
169402118

atggagtttggactgagcttggttttccttgttgetattttagaaggtgattcatggaaaactagagaga
ttgagtgtgagtgcatatgactgagagaaacagtggatatgtgtggcagtttctgaccagggtgtctct
ttgtttgcaggtgtccagtgt GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCCTGGTA
CAGCCTGGCCGGTCCCTGAGACCCTCCTGTGCAGCCTCTGGATTCACTTTCAG
TAGCTATGGCATGCACTGGGTCCGCCAGGCTCCGGAAGAGGGGCTGGTGTG
GGTTTCATACATTGGTAGTAGTACCATGTACTACGCAGACTCCGTGAAGGGCC
GATTCACCATCTCCAGAGACAATGCCAAGAACTCGCTGTATCTGCAAATGAAC
AGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGTGAGA

227508

gnl|Mmul_0
51212 |Chr7:
169711624-
169712923

atggagtttgtactgagctgggttttccttgtigecattttaaaaggtgattcatggagaaatagagatg
tggagtgtgaggggacatgagtgagagaaacagtggatatgtgtggcagtttctgaccagggtgtctce
tgtgtttgcaggtgcccagtgt GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGT
CCAGCCTGGCGGGTCCCTGAGACCCTCCTGTGCAGCCTCTGGATTCACCTTCA
GTAGTTCTGCTATGCACTGGGTCCGCCAGGCTTCTGGGAAAGGACTGGAGTG
GGTTGGACGTATTAGAAGCAAATCTAACAATTACGCGACAGAATACGCCGCA
TCGGTGAAAGGCAGATTCACCATCTCCAGAGATGATTCAAAGAACACGGCGT
ATCTGCAAATGAACAGCCTGAAAACCGAGGACACGGCCGTGTATTACTGTGC
TAGA

IGHV4

L10088

gnl-Mmul-

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgeagata
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051212-
Chr7-
169579884-
169581183

tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctctctgttcacaggggtectgtcec
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC

CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG

CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGA

L10089

gnl-Mmul-
051212-
Chr7-
169579892-
169581187

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgeagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGA

L10094

gnl-Mmul-
051212-
Chr7-
169579880-
169581209

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgeagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGAGGGG

M29811

gnl-Mmul-
051212-
Chr7-
169579617-
169581472

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgeagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGAGGGGAGGT
GAGTGTGAGCCCAGACACAAACCTCCCTGCAGGGAGGCGGAGGGGGCGGG
CGCAGGTGCCGCTCAGGACCAGCAGGGGGCGCGCGGGGCCCACAGAGCAG
GAGGCCGGGTCAGGAGCAGGTGCAGGGAGGGCGGGGCTTCCTCATCTGCTC
AGTGCTCTCCCTCCTCACCAGCACCTCAGCTGTCCCCAGGGCTCCTCTTTCTTT
GATATCTGTGGTTCTGCTTCCTCACATTCTTCTGCCAGAAAAGAAAGGAGGAA
G

M99685

gnl|Mmul_0
51212 |Chr7:
169579848-
169581496

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgecagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGAGGGGAGGT
GAGTGTGAGCCCAGACACAAACCTCCCT

X05713

gnl-Mmul-
051212-
Chr7-
169579853-
169581478

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgecagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
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TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGAGGGGAGGT
GAGTGTGAGCCCAGACACAAACC

X05714

gnl-Mmul-
051212-
Chr7-
169579853-
169581478

Atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctcggggatgeagat
atgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetetgttcacaggggtectgte
cCAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGAGGGGAGGT
GAGTGTGAGCCCAGACACAAACC

X92278

gnlMmul-
051212-
Chr7-
169579790-
169581024

ATGAAGCACCTGTGGTTCTTCCTCCTCCTGGTGGCAGCTCCCAGATGTGAGTG
TCTCGGGGATGCAGATATGACGATATGGGAGGCTGTCTCTGATCCCAGGGCT
CACTGTGGGTCTCTCTGTTCACAGGGGTCCTGTCCCAGCTGCAGCTGCAGGA
GTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTCACCTGCGCT
GTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAGCTGGATCCGCCAGCCCCC
AGGGAAGGGACTGGAGTGGATTGGACGTATCTCTGGTAGTGGTGGGAGCAC
CGACTACAACCCCTCCCTCAAGAGTCGAGTCACCATTTCAACAGACACGTCCA
AGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGGACACGGCCGT
GTATTACTGTGCGAGAGACACAGTGAGGGGAGGTGAGTGTGAGCCCAGACA
CAAACCTCCCTGCAGGGAGGCGGAGGGGGCGGGCGCAGGTGCCGCTCAGG
ACCAGCAGGGGGCGCGCGG

212367

gnl-Mmul-
051212-
Chr7-
169579894-
169581183

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgeagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGA

214238

gnl-Mmul-
051212-
Chr7-
169579864-
169581327

atgaagcacctgtggttcttcctectectggtggeagetcccagatgtgagtgtctecggggatgeagata
tgacgatatgggaggctgtctctgatcccagggctcactgtgggtctetctgttcacaggggtectgtece
CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTGGCTCCATCAGCAGTAACTACTGGAG
CTGGATCCGCCAGCCCCCAGGGAAGGGACTGGAGTGGATTGGACGTATCTCT
GGTAGTGGTGGGAGCACCGACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
TTTCAACAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACC
GCCGCGGACACGGCCGTGTATTACTGTGCGAGAGACACAGTGAGGGGAGGT
GAGTGTGAGCCC

IGHV5

M99686

gnl-Mmul-
051212-
Chr7-
169477778-
169479473

atggggtcaactgccatcctcaccctectactggetgtttectccaggtcagttctgeccaggggttgagg
tcacagaaaagaatggtgagaaaggagccccaattcaaattttgtatctcccccacaggagtcetgtge
cGAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAGGCCCGGGGAGTC
TCTGAAGATCTCCTGTAAGACTTCTGGATACAGCTTTACCAGCTACTGGATCA
GCTGGGTGCGCCAGATGCCCGGAAAAGGCCTGGAGTGGATGGGGGCGATTG
ATCCTAGTGATTCTGATACCAGATACAGCCCGTCCTTCCAAGGCCAGGTCACC
ATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTGCAGTGGAGCAGCCTGA
AGGCCTCGGACACCGCCACGTATTACTGCGCGAAAGACACAGTGAGAGAAAC
CAGCACTGAGAGCACCAAAAACCCTCCACAACGCAGGTGCTGAATGAGCTGC
CAGAGACTCCCTCTCCAGGGACCTCTCT

X992213

gnl|Mmul_0

atggggtccaccgtcaccctegecctectectgactgtictccaaggtcagtectgeccaggggttgagg
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51212|Chr7:
169744786~
169746573

tcacagagaagaacgggcagaagggggcecctggtgcaaatttggtgtctcccacacaggtgtctetge
cGAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAGGCCCGGGGAGTC
TCTGAGGATCTCCTGTAAGACTTCTGGATACAGCTTTACCAGCTACTGGATCA
GCTGGGTGCGCCAGATGCCCGGGAGAGAACTGGAGTGGATGGGGAGCATCC
ATCCTGGGACCTCTGATACCAGATACAACCCGTCCTTCCAAGGCCAGGTCACC
ATCTCAGCCGACAGCTCCATCAGCACCGTCTACCTGCAGTGGAGCAGCCTGAA
GGCCTCGGACTCCGCCATGTATTATTGTGCAAGAGGGACCATCTAGAACCCCC
CACGGTGCAGGTGCAGAGTGAGGTGCCAGAGACACCCTCCCCAGGGACCTCT
CTATCATCCAGGAGGAAACACCGGCTGTCTGTGTCCTCAGGAGCCAGAACCA
CAGAACCACGTGGGAG

X92227

gnl-Mmul-
051212-
Chr7-
169477877-
169479179

atggggtcaactgccatcctcaccctectactggetgtttectccaggtcagttctgeccaggggttgagg
tcacagaaaagaatggtgagaaaggagccccaattcaaattttgtatctcccccacaggagtcetgtge
cGAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAGGCCCGGGGAGTC
TCTGAAGATCTCCTGTAAGACTTCTGGATACAGCTTTACCAGCTACTGGATCA
GCTGGGTGCGCCAGATGCCCGGAAAAGGCCTGGAGTGGATGGGGGCGATTG
ATCCTAGTGATTCTGATACCAGATACAGCCCGTCCTTCCAAGGCCAGGTCACC
ATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTGCAGTGGAGCAGCCTGA
AGGCCTCGGACACCGCCACGTATTACTGCGCGA

X92224

gnl|Mmul_0
51212 |Chr7:
169248630-
169250249

atgtctgtctccttectcategtectecececgtgetgggecteccatggggtcagtgtcagggegatgecegt
attcacagcagcattcacagagtgaggggtgtttaactttgetgtttectttegtctccaggtgtectgte
aCAGGTGCAGCTGCAGGAGTCAGGTCCAGGACTGGTGAAGCCCTCACAGACC
CTGTCACTCACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTAC
TTGGAACTGGATCAGGCAGTCGCCATCGAGAGGCCTTGAGTGGCTGGGAAG
GACATACTACAGGTCCAAGTGGTATAATGATTATGCACAATCTGTGCAAAATC
GAATAAGCATCAACCCAGACACATCCAAGAACCAGTTCTCCCTGCAGCTGAAC
TCTGTGACCCCCGAGGACATGGCCGTGTATTACTGTGCAAGAGACACAGTGA
GGGGAAGTCAGTGTGAGCCCAGACACAAACCTCCCTGCAGGGAGGCTCAGG
ACCCCAGAGGGCACCCAGCACTACCAGCCCGGGGCCCAGACCAGGAGCAGG
TGTGGAGTTAAGCAAAAATGGAACTTCTTGCCGTGT

227509

gnl|Mmul_0
51212 |Chr7:
169767568-
169768861

atggacctcacctggagcatccttttcttggtggcagecagcaacatgtaaggggetcccaggteccagg
gcggaggcagaaaccaggcecagtcaagtgagacttcacgcaatectgtgtectcteccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGCCTGAGGTGAAGCAGCCTGGGGCC
TCAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACAGCTTCACCACCTATGGTAT
GAATTGGGTGCGACAGGCCCCTGGACAGGGCCTTGAGTGGATGGGATGGAT
GAACACCTACACTGGGAACCCAACGTATGCCCAGGGCTTCACAGAACGGTTT
GTCTTCTCCATGGACACCTCTGTCAGCACAGTGTACCTGCAGATCAGCAGCCT
AAAGGGTGAGGACACGGCCGTGTATTACTGTGCGAGA

M99643

gnl|Mmul_0
51212 |Chr7:
169767589-
169769066

atggacctcacctggagcatccttticttggtggcagecagcaacatgtaaggggetcccaggteccagg
gcggaggcagaaaccaggcecagtcaagtgagacttcacgcaatectgtgtectcteccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGCCTGAGGTGAAGCAGCCTGGGGCC
TCAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACAGCTTCACCACCTATGGTAT
GAATTGGGTGCGACAGGCCCCTGGACAGGGCCTTGAGTGGATGGGATGGAT
GAACACCTACACTGGGAACCCAACGTATGCCCAGGGCTTCACAGAACGGTTT
GTCTTCTCCATGGACACCTCTGTCAGCACAGTGTACCTGCAGATCAGCAGCCT
AAAGGGTGAGGACACG

M99644

gnl|Mmul_0
51212 |Chr7:
169767079-
169768729

atggacctcacctggagcatccttticttggtggcagecagcaacatgtaaggggetcccaggteccagg
gcggaggcagaaaccaggcecagtcaagtgagacttcacgcaatectgtgtectcteccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGCCTGAGGTGAAGCAGCCTGGGGCC
TCAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACAGCTTCACCACCTATGGTAT
GAATTGGGTGCGACAGGCCCCTGGACAGGGCCTTGAGTGGATGGGATGGAT
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GAACACCTACACTGGGAACCCAACGTATGCCCAGGGCTTCACAGAACGGTTT
GTCTTCTCCATGGACACCTCTGTCAGCACAGTGTACCTGCAGATCAGCAGCCT
AAAGGGTGAGGACACGGCCGTGTATTACTGTGCGAGATACACAGTGTGGAA
ACCCACATCCTGAGAGTGTCAGAAGCCCTGAGGGAAGAGGTAGCTGTGCTGA
GCTGAGGCAGTGGTGCAGCAGTTTTCTAAACTTCCGTATGATCTCATTTTGCA
TTGACTTCCACTTTTATATTAGCCAAGAATGTGGGATAGACAGATGCTCCTAA
GAGATCCTTAACTTGCCCATTTTGATAGGATTTCCAGAAGATGCGAAAAGCCA
CTTTGTTAACAAAGCATCCCAAAGCCATGCCCTGCTCCACACACGTAAGTGCC
CATTTCCTGGTCTTTAACTGACAAGCTCTCATCAGAGCACCTGGGCTAATTCCA
CATCAGGTAGAGGAATGTGTTCTAAAGGAAAGCTAAAGTTGCAATAGCAAGT
CCTGCTTAATAACCTTCAGCTTCATTGTTTTTGTGTGATCCATCAACTAATTATG
TTAGATCAAGCTTCTCCATGACAGTTTCTAATAAATATAAGGGATGTATAG

712323

gnl|Mmul_0
51212 |Chr7:
169767568-
169768861

atggacctcacctggagcatccttttcttggtggcagecagcaacatgtaaggggetcccaggteccagg
gcggaggcagaaaccaggcecagtcaagtgagacttcacgcaatectgtgtectcteccacaggtgecca
ctccCAGGTGCAGCTGGTGCAGTCTGGGCCTGAGGTGAAGCAGCCTGGGGCC
TCAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACAGCTTCACCACCTATGGTAT
GAATTGGGTGCGACAGGCCCCTGGACAGGGCCTTGAGTGGATGGGATGGAT
GAACACCTACACTGGGAACCCAACGTATGCCCAGGGCTTCACAGAACGGTTT
GTCTTCTCCATGGACACCTCTGTCAGCACAGTGTACCTGCAGATCAGCAGCCT
AAAGGGTGAGGACACGGCCGTGTATTACTGTGCGAGA
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What is claimed is:

1. A nucleic acid molecule having a nucleotide sequence selected from the group

consisting of oligonucleotides shown in Tables 1-3 and 8-10.

2. A nucleic acid molecule having a nucleotide sequence comprising a sequence selected
from the group consisting of oligonucleotides shown in Tables 1-3 and 8-10, wherein the
oligonucleotide is capable of annealing to a Macaca mulatta immunoglobulin sequence, or a

portion thereof.

3. A nucleic acid molecule comprising a nucleotide sequence which is at least 80%
identical to a nucleotide sequence selected from the group consisting of oligonucleotides

shown in Tables 1-3 and 8-10.

4. A nucleic acid molecule comprising a fragment of at least 8 nucleotides of a nucleic
acid molecule having a nucleotide sequence selected from the group consisting of

oligonucleotides shown in Tables 1-3 and 8-10.

S. A set of primers selected from the group consisting of two or more oligonucleotides

of oligonucleotides shown in Tables 1-3 and 8-10.

6 A vector comprising a nucleic acid molecule of claims 1-4.

7. The nucleic acid molecule of claims 1-4, further comprising a label.

8. The oligonucleotides of claim 5, further comprising a label.

9. The nucleic acid molecule of claim 7, wherein the label is selected from the group

consisting of a fluorescent group, digoxigenin, biotin, radioactive labels, chemiluminescent

groups, enzymes, antibodies, luminescent agents, precipitating agents, and dyes.

10.  The oligonucleotides of claim 8, wherein the label is selected from the group
consisting of a fluorescent group, digoxigenin biotin, radioactive labels, chemiluminescent

groups, enzymes) antibodies, luminescent agents, precipitating agents, and dyes.

11.  An oligonucleotide for amplifying a nucleic acid sequence in a sample, wherein the
sample contains a nucleotide sequence selected from the group consisting of oligonucleotides

shown in Tables 1-3 and 8-10, or complement thereof.
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12. The oligonucleotide of claim 11, wherein the sample is from a rhesus monkey.

13. The oligonucleotide of claim 12, wherein the rhesus monkey sample is selected from

the group consisting of splenocytes, lymph nodes, and lymphocytes.

14.  Anisolated VL kappa sequence encoded by a nucleic acid sequence and amino acid

sequence encoded thereby, selected from the group of sequences set forth in Tables 4-7.

15.  Anisolated VL lambda sequence encoded by a nucleic acid sequence and amino acid

sequence encoded thereby, selected from the group of sequences set forth in Tables 4-7.

16.  Anisolated VH sequence encoded by a nucleic acid sequence and amino acid
sequence encoded thereby, selected from the group of sequences set forth in Tables 4-7 and

12.

17.  Anisolated CL lambda sequence encoded by a nucleic acid sequence and amino acid

sequence encoded thereby, selected from the group of sequences set forth in Tables 4-7.

18.  Anisolated CH lambda sequence encoded by a nucleic acid sequence and amino acid

sequence encoded thereby, selected from the group of sequences set forth in Tables 4-7.

19. A library of nucleic acid molecules encoding a plurality of antigen binding
polypeptides, the library made by a method comprising the steps of:
a.) isolating nucleic acid molecules encoding an immunoglobulin from a rhesus
monkey;
b.) amplifying the variable regions of the immunoglobulin's heavy chain and the
lambda and/or kappa light chains using PCR with a set of primers designed for the
variable regions, wherein primers for the VL kappa chains are represented by any one
of SEQ ID NOs: 1-18, primers for the VL lambda chains are represented by any one
of SEQ ID NOs: 19-38, primers for the VH chains are represented by any one of SEQ
ID NOs: 39-50, and/or their analogues or combination, wherein the amplified variable
regions incorporate a flexible linker into the 3' end of the V., amplicons and the 5' end
of the Vi amplicons or vice versa;

c.) using the flexible linker, randomly linking the Vg and Vi amplicons.
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20. The library of claim 19, further comprising scFv DNA constructs generated from

randomly combined VH and VL chains with each scFv chain constituting a library member.

21.  The library of claim 19, wherein the library is a library of display packages displaying
the scFv chains, wherein a library member comprises a nucleic acid encoding scFv chain, and

the scFv chain is displayed from the package.

22.  The library of claim 21, wherein the population of nucleic acids are cloned into a

DNA construct.

23. The library of claim 22, wherein the DNA construct is a plasmid, phagemid, or

expression cassette.

24, The library of claim 22, wherein the DNA construct is a phage display vector or
bacteriophage or yeast that express individual scFv to form phage or yeast display libraries

expressing the generated scFv constructs.

25.  The library of claim 19, wherein a nucleic acid sequence and amino acid sequence
encoded thereby representing said VH chain is selected from the group of sequences set forth
in Tables 4-7 and 12 and wherein a nucleic acid sequence and amino acid sequence encoded
thereby representing said VL chain is selected from the group of sequences set forth in Tables

4-7.

26.  The library of claim 19, wherein a library member further comprises a nucleic acid
segment encoding a tag linked to the nucleic acid encoding the ScFv chain, wherein the tag is

the same in different library members.

27.  The library of claim 26, further comprising contacting library members with an agent
having specific affinity for the tag and isolating a subpopulation of library members that bind

to the agent.

28. A nucleic acid sequence encoding an scFv isolated from the library of claim 19.

29. The scFv of claim 28, wherein a nucleic acid sequence and amino acid sequence
encoded thereby representing said VH chain is selected from the group of sequences set forth

in Tables 4-7 and 12.

-112 -



WO 2013/148256 PCT/US2013/031442

30.  The scFv of claim 28, wherein a nucleic acid sequence and amino acid sequence
encoded thereby representing said VL chain is selected from the group of sequences set forth

in Tables 4-7.

31.  Anisolated scFv polypeptide encoded by the nucleic acid of claim 28.

32. A kit for the detection of Macaca mulatta immunoglobulin sequences, comprising at
least one nucleic acid molecule, wherein the nucleic acid molecule comprises a nucleotide
sequence which is at least 80% identical to a nucleotide sequence selected from the group

consisting of oligonucleotides shown in Tables 1-3 and 8-10.

33. A kit for the detection of Macaca mulatta immunoglobulin sequences, comprising a
set of oligonucleotides, wherein the oligonucleotides comprise a nucleotide sequence which
is at least 80% identical to a nucleotide sequence selected from the group consisting of

oligonucleotides shown in Tables 1-3 and 8-10.

34.  The kit of claim 32 or 33, further comprising at least one labeled oligonucleotide for

detecting amplified Macaca mulatta immunoglobulin nucleic acid.

35.  The kit of claim 32 or 33, wherein said kit further comprises a component selected

from the group consisting of a plurality of nucleotides and a nucleic acid polymerase.

36. The kit of claim 35, wherein said kit further comprises at least one other component

for conducting a polymerase amplification reaction.

37. The kit of claim 36, wherein said kit comprises a thermostable DNA polymerase.

38.  The kit of claim 32 or 33, comprising instructions for use.

39. A method for amplifying a target nucleic acid, the method comprising: combining a
target nucleic acid under conditions which allow for an amplification reaction to occur with:
a) one or more nucleic acid primer sequences which are at least 80% identical to the
sequences set forth as oligonucleotides shown in Tables 1-3 and 8-10; b) a nucleic acid
polymerase; and ¢) a plurality of nucleotides, thereby resulting in an amplified target nucleic

acid.
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40.  The method of claim 39, further comprising a step for generating an scFv, wherein the
amplified target nucleic acid is combined under conditions which allow for an amplification
reaction to occur with: a) one or more nucleic acid primer sequences which are at least 80%
identical to the sequences set forth as SEQ ID NOs: 51-52; b) a nucleic acid polymerase; and

¢) a plurality of nucleotides, thereby generating an scFv.

41.  The method of claim 39 or 40, wherein the target nucleic acid is from the Macaca

mulatta genome or transcriptome.

42.  The method of claim 41, wherein the target nucleic acid is a Macaca mulatta

immunoglobulin sequence.

43, The method of claim 39 or 40, wherein said polymerase is selected from the group

consisting of reverse transcriptase and thermostable DNA polymerase.

44, The method of claim 39 or 40, wherein the amplified Macaca mulatta

immunoglobulin nucleic acid is sequenced.

45, The method of claim 39 or 40, wherein the amplified Macaca mulatta

immunoglobulin nucleic acid is cloned into a vector.

46. The vector of claim 45.

47. A method for preparing single-chain variable fragment (scFv) nucleic acid molecules,
comprising the steps of:
a.) isolating nucleic acid molecules encoding an immunoglobulin from a rhesus
monkey;
b.) amplifying the variable regions of the immunoglobulin's heavy chain and the
lambda and/or kappa light chains using PCR with a set of primers designed for the
variable regions, wherein primers for the VL kappa chains are represented by any one
of SEQ ID NOs: 1-18, primers for the VL lambda chains are represented by any one
of SEQ ID NOs: 19-38, primers for the VH chains are represented by any one of SEQ
ID NOs: 39-50, and/or their analogues or combination, wherein the amplified variable
regions incorporate a flexible linker into the 3' end of the V., amplicons and the 5' end
of the Vg amplicons or vice versa; and

c.) using the flexible linker, randomly linking the Vg and Vi amplicons.
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48. The method of claim 47, wherein the isolated nucleic acid molecules are selected

from the group consisting of genomic DNA, RNA, and cDNA.

49.  The method of claim 47, wherein the nucleic acid molecules encoding an

immunoglobulin from a rhesus monkey are obtained from rhesus monkey splenocytes or

lymphocytes.

50.  The method of claim 49, wherein the rhesus monkey is immunized with a specific

antigen.

51. The method of claim 50, wherein the antigen is selected from the group consisting of
a bacterial antigen, a fungal antigen, a parasiticantigen. a viral antigen, a toxin, a toxoid, and

a self-antigen administered with an adjuvant such that tolerance is broken.

52.  The method of claim 47, wherein the amplified variable regions incorporate enzyme

restriction sites into the 5' end of the Vi, amplicons and the 3' end of the Vi amplicons.

53.  The method of claim 47, further comprising the step of cloning the single chain

variable fragment into a DNA construct.

54. The method of claim 53, whereby the DNA construct is a plasmid, phagemid, or

expression cassette.

55. A method for mutagenizing the plurality of scFv according to claim 19, the method
comprising:
a.) mutagenizing genes encoding the individual scFv members of the library; and

b.) expressing the genes to produce mutagenized chimeric scFv.

56.  The method of claim 55 further comprising the step of screening said mutagenized

chimeric scFv antibodies to select for a desired structure or function.

57. A method of identifying an antigen-specific scFv, comprising the step of panning the
library of claim 19 against a target antigen, identifying an antigen-specific scFv; and isolating

the identified antigen-specific scFv.

58.  The method of claim 57, whereby panning is performed using phage display.
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59. A method for specifically detecting Macaca mulatta immunoglobulin nucleic acids in
a sample comprising: a) contacting said sample with one or more nucleic acid sequences
which are at least 80% identical to the sequences set forth as SEQ ID NOs: 1-50, under
conditions such that said Macaca mulatta immunoglobulin nucleic acids can hybridize with
said primers; b) reverse transcribing and amplifying said nucleic acids to obtain amplified
Macaca mulatta immunoglobulin nucleic acids; and ¢) detecting the presence of said

amplified Macaca mulatta immunoglobulin nucleic acids.

60. The method of claim 59, wherein detecting the presence of said amplified Macaca
mulatta immunoglobulin nucleic acids comprises: a) contacting said amplified Macaca
mulatta immunoglobulin nucleic acids with a labeled oligonucleotide to obtain labeled

Macaca mulatta immunoglobulin nucleic acids; and b) identifying said labeled nucleic acids.

61.  The method of claim 59, wherein amplifying said nucleic acids is accomplished by
nucleic acid sequence based amplification (NASBA), a polymerase chain reaction (PCR),

Transcription Mediated Amplification (TMA) or Ligase chain reaction.

62. The method of claim 59, further comprising the step of sequencing the amplified

Macaca mulatta immunoglobulin nucleic acids.

63. The method of claim 62, further comprising evaluating the sequence for mutations.

64. The use of an scFv according to claim 31, for the manufacture of a medicament for
the treatment and/or prophylaxis of a disease involving aberrant expression or aberrant

activity of an antigen recognised by said antibody.

65. A method of screening for and/or diagnosis or prognosis of a disease in a subject,
and/or monitoring the effectiveness of therapy for said disease, which comprises the step of
detecting and/or quantifying in a biological sample obtained from said subject, the expression

of an antigen recognised by an scFv according to claim 31.
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