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CYS80 CONJUGATED IMMUNOGLOBULINS  

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Application No. 62/182,020, 

filed June 19, 2015, the disclosure of which is hereby incorporated by reference in its entirety. 

SEQUENCE LISTING 

[0002] The instant application contains a Sequence Listing which has been submitted 

electronically in ASCII format and is hereby incorporated by reference in its entirety. The 

ASCII copy, created on June 16, 2016, is named 104018.000953 SL.txt and is 379,441 bytes in 

size. 

TECHNICAL FIELD 

[0003] Provided herein are Cys80 conjugated immunoglobulins and methods of 

creating the same. 

BACKGROUND 

[0004] The utility of monoclonal antibodies extends from basic research to therapeutic 

and diagnostic applications. The ability to conjugate antibodies to functional agents extends 

their functionality even further. The manufacture of conjugated antibodies usually involves 

conjugation of a linker, drug, or other functional agent to reactive lysine or cysteine residues on 

the heavy (HC) and light (LC) chains of a monoclonal antibody (mAb). Lysine conjugation is 

typically mediated by succinimide (NHS)-based or isothiocyanate-based chemistry. Given the 

number of exposed lysines on the surface of an antibody, amine-based conjugation approaches 

result in multiple lysines being modified, though not all lysine residues are modified to the same 

extent. Therefore, the final product is a heterogeneous mixture of mAbs with a distribution of 

drug-to-antibody (DAR) ratios. 

[0005] Most cysteines within an antibody are involved in either inter- or intra-chain 

disulfide bonds. Conjugation to cysteines thus requires at least partial reduction of the antibody. 

Like lysine-based conjugation, cysteine-based conjugation results in a heterogeneous mixture of 

conjugated antibodies differing in drug load and conjugation site. Each species of conjugated 

antibody may have distinct properties, which in turn could lead to wide variation of in vivo 
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pharmacokinetic properties. Additionally, such heterogeneity can present challenges in 

manufacturing of the conjugated antibody. 

SUMMARY 

[0006] Disclosed herein are methods for generating a conjugated immunoglobulin, the 

methods comprising: decapping a cysteine at amino acid position 80 ("Cys80") in a light chain 

variable region of an immunoglobulin derived from rabbit, wherein the immunoglobulin 

comprises a heavy chain variable region and the light chain variable region; and conjugating a 

thiol-reactive compound to the Cys80, wherein the thiol-reactive compound comprises a thiol-

reactive group. 

[0007] Also provided are methods for generating an antigen-binding molecule, the 

methods comprising incubating a first conjugated immunoglobulin with a second conjugated 

immunoglobulin to generate the antigen-binding molecule, wherein: the first conjugated 

immunoglobulin comprises a first heavy chain variable region and a first light chain variable 

region, the first light chain variable region having a cysteine at position 80 ("Cys801") wherein 

Cys801  is conjugated to a first thiol-reactive compound comprising a first thiol-reactive group; 

and the second conjugated immunoglobulin comprises a second heavy chain variable region and 

a second light chain variable region, the second light chain variable region having a cysteine at 

position 80 ("Cys802") wherein Cys802  is conjugated to a second thiol-reactive compound 

comprising a second thiol-reactive group. 

[0008] Immunoglobulins comprising a heavy chain variable region and a light chain 

variable region, the light chain variable region having a cysteine at position 80 ("Cys80") and an 

amino acid other than Phe, Lys, or Cys at position 83 are also provided herein, as are nucleic 

acid molecules encoding the immunoglobulins and host cells comprising the nucleic acid 

molecules. 

[0009] Further provided are conjugated immunoglobulins comprising the disclosed 

immunoglobulins, wherein the cysteine at position 80 is conjugated to a thiol-reactive 

compound, the thiol-reactive compound comprising a thiol-reactive group. 

[0010] Also disclosed herein are methods of treating cancer in a subject comprising 

administering to the subject a pharmaceutically effective amount of a conjugated mesothelin 

immunoglobulin, wherein the conjugated mesothelin immunoglobulin comprises: any of the 

disclosed mesothelin immunoglobulins, and a thiol-reactive compound comprising a thiol-

reactive group, a linker, and a functional agent. 
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[0011] Provided are antigen-binding molecules comprising: a first conjugated 

immunoglobulin comprising a first heavy chain variable region and a first light chain variable 

region, the first light chain variable region having a cysteine at position 80 ("Cys801"), wherein 

Cys801  is conjugated to a first thiol-reactive compound comprising a first thiol-reactive group, 

and a second conjugated immunoglobulin comprising a second heavy chain variable region and a 

second light chain variable region, the second light chain variable region having a cysteine at 

position 80 ("Cys802") wherein Cys802  is conjugated to a second thiol-reactive compound 

comprising a second thiol-reactive group. 

[0012] Light chain variable regions for use in a conjugated immunoglobulin, the light 

chain variable region having a cysteine at amino acid position 80 ("Cys80") and an amino acid 

residue other than Phe, Lys, or Cys at amino acid position 83, wherein the Cys80 is unpaired are 

also disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The summary, as well as the following detailed description, is further 

understood when read in conjunction with the appended drawings. For the purpose of 

illustrating the disclosed methods, conjugated immunoglobulins, antigen-binding molecules, 

immunoglobulins, and light chain variable regions, there are shown in the drawings exemplary 

embodiments; however, the methods, conjugated immunoglobulins, antigen-binding molecules, 

immunoglobulins, and light chain variable regions are not limited to the specific embodiments 

disclosed. In the drawings: 

[0014] FIG. 1 represents an alignment of rabbit and human light chain sequences. (A) 

Alignment of the germline Vic sequences from rabbit (IGKV1S2, X02336) and human (IGKV1-

5, Z00001). The arrow indicates Cys80 (according to either Kabat or Chothia numbering) in the 

rabbit sequence. (B) Alignment of the germline CI< sequences from rabbit (IGKC1, K01360) 

and human (IGKC, J00241). The arrow indicates Cys171 (EU numbering) in the rabbit 

sequence. 

[0015] FIG. 2 represents structural models of (A) rabbit mAb, showing the Cys80-

Cys171 disulfide bond, (B) human mAb, and (C) rabbit-human chimeric mAb showing the 

unpaired Cys80. 

[0016] FIG. 3 illustrates an alignment of rabbit germline Vic families. The residue at 

position 80 is indicated by the arrow. 
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[0017] FIG. 4 illustrates an exemplary mass spectrometry analysis of xi155D5 light 

chain when (A) reduced using harsh conditions (20 mM DTT, 60°C, 5 minutes) and (B) reduced 

using mild conditions (100 [tM DTT, 22°C, 30 minutes). 

[0018] FIG. 5 illustrates an exemplary SE-HPLC analysis of the stability of xi155D5. 

(A) Stability of xi155D5 stored at -80°C. (B) Stability of xi155D5 stored at 37°C for 1 week. 

Only a very slight increase in formation of aggregates or degradation products was observed. Y 

axis, mAU; x axis, retention time (minutes). 

[0019] FIG. 6 represents an exemplary decapping experiment showing that the cysteine 

capping Cys80 can be removed by mild reducing conditions (buffer containing 5 mM cysteine 

for 16 hours followed by washing with a cysteine-free Tris-containing buffer for 60 hours; all 

incubations carried out at 4°C). The mass of xi155D5 before (A) and after (B) decapping was 

145,464 and 145,221 Da, respectively. The difference (243 Da) corresponding approximately to 

two free cysteines. 

[0020] FIG. 7 represents an exemplary conjugation experiment showing that an 

uncapped Cys80 can be conjugated to maleimide-PEG2-biotin. (A) The light chain of reduced 

xi155D5 (predicted mass of 23,399 Da) had a mass of 23,384 Da, and (B) after incubation with 

maleimide-PEG2-biotin, 94% of the product showed a mass increase by 526 Da (23,910 Da). 

Asterisks denote non-light chain peaks. 

[0021] FIG. 8 represents rabbit 155D5 Vic and VH sequences aligned with the most 

homologous human germline variable domains. Framework region (FWR) and complementary 

determining region (CDR) based on Kabat numbering are identified above the sequences. CDRs 

based on Chothia numbering are underlined. The C-terminal half of Kabat CDR2 is not 

considered a CDR by Chothia numbering and is italicized. 

[0022] FIG. 9 illustrates an exemplary standard protein A purification of zu155D5-1. 

zu155D5-1 was found capped (A), as evidenced by the change of mass after decapping (B) by 

233 Da, approximately corresponding to two capping cysteines. 

[0023] FIG. 10 illustrates exemplary structural models of chimerized xi155D5. 

Modelling to determine Cys80 proximity was conducted as in FIG. 2. The residues differing 

between xi155D5 and zu155D5-1 were highlighted and the distance to Cys80 was measured for 

each. (A) Residues Vall I, A1a14, G1y17, Thr18; (B) Lys63; (C) Thr76, G1y77, Va178, A1a83; 

and (D) Glu103 and Leu104, are within 11 A of Cys80, except for Lys63 (18 A). These residues 

were changed back to the rabbit amino acids in the presence of Cys80. 
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[0024] FIG. 11 illustrates exemplary humanized mAbs of 155D5, 1E4, 166B3, and 

33011 light chain sequences. 

[0025] FIG. 12 represents (A-D) flow cytometry screening of sera from immunized 

animals and (E) ELISA screening of sera from immunized animals. (A-D) Cells were incubated 

with post-immunization bleed sera at the indicated dilutions (A: post bleed, rabbit 1 serum 

diluted in 1:1000; B: post bleed, rabbit 1 serum diluted in 1:5000; C: post bleed, rabbit 2 serum 

diluted in 1:1000; and D: post bleed, rabbit 2 serum diluted in 1:5000). Signal from cells 

transiently expressing human MSLN (+MSLN) and that from MSLN-negative cells (-MSLN) are 

shown. (E) ELISA plates were coated with 1 ug/mL of human MSLN at 4°C overnight and 

blocked using 1% BSA in PBS with 0.01% Tween (PBST) for 2 hours at room temperature. 

After blocking buffer was removed, serial diluted samples of pre- and post-immunization bleeds 

were added to wells. The plate was incubated for 2 hours at room temperature and then washed 

three times with PBST. HRP-conjugated goat anti-rabbit antibody was added in blocking buffer 

and incubated for 1 hour. The plate was washed three times and TMB substrate was added. The 

reaction was stopped and absorbance was measured at 450 nm. 

[0026] FIG. 13 represents an exemplary protein peak of deconvoluted mass 

spectrometry analysis before and after conjugation of maleimido-PEG2-auristatin F (AuF) to 

Cys80. 

[0027] FIG. 14 illustrates (A) MSLN-AuF Cys80 conjugated mAbs cytotoxicity 

against MSLN-negative A431 cells and (B) MSLN-AuF Cys80 conjugated mAbs cytotoxicity 

against MSLN-positive A431-MSLN cells. 

[0028] FIG. 15 represents the average tumor volumes among different treatment 

groups. 

[0029] FIG. 16 represents (A) the average A431-MSLN (left flank) tumor volumes 

among different treatment groups and (B) the average tumor volumes among different treatment 

groups for A431 (right flank). 

[0030] FIG. 17 represents an SDS-PAGE analysis of an exemplary xi155D5-800CW 

conjugated antibody. (A) mwm, molecular weight marker; lane 1, xi155D5, unconjugated, non-

reduced; lane 2, xi155D5, xi155D5-800CW, non-reduced; lane 3, blank; lane 4, unconjugated 

xi155D5, reduced; lane 5, xi155D5, xi155D5-800CW, reduced. All lanes contain 5 ug protein, 

Coomassie-stained. (B) Same gel as in A, imaged on IVIS system. Results indicate that IRDye 

800CW is conjugated only on the light chain of xi155D5. ELISA analysis of xi155D5-800CW 

indicates that full binding to CA9 is retained (data not shown). 
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[0031] FIG. 18 illustrates the tumor-specific localization of an exemplary DyeIR 

800CW-conjugated antibody (xi155D5-800CW). Human colo205 (A-D) and HT-29 (E-H) cells 

were grafted into nude mice, which were later injected with xi155D5-800CW. Fluorescent 

signal (orange-red) was monitored at various times including 0 hr (A and E), 4 hr (B and F), 24 

hr (C and G) and 72 hr (D and H) (shown only 0-72 hours and right flank). Approximate 

location of kidney (K) and tumor (T) is shown. 

[0032] FIG. 19 illustrates an exemplary purification of a xi155D5/xi1-55-2 

bivalent/bispecific antigen-binding molecule. Gel-filtration chromatography graph showing the 

peak corresponding to the xi155D5/xi1-55-2 bivalent/bispecific antigen-binding molecule 

(referred to as "biFab") (A). Fraction's molecular size was analyzed by SDS-PAGE (B). The 

fractions containing the xi155D5/xi1-55-2 bivalent/bispecific antigen-binding molecule (biFab) 

were pooled and the mass was determined by mass spectrometry (C). 

[0033] FIG. 20 illustrates the bispecificity of an exemplary xi155D5/xi1-55-2 

bivalent/bispecific antigen-binding molecule (biFab). Biotinylated human CA9 was captured on 

streptavidin Octet biosensor tips. Compounds were added as indicated by the first arrow 

("compound") and then allowed to bind. Subsequently, soluble human TEM-1 (second arrow; 

"TEM-1") was added and its binding to the captured CA9/compound complexes was measured. 

The response shift (double arrow), indicating capturing of the soluble TEM-1, was observed only 

with xi155D5/xi1-55-2 bivalent/bispecific antigen-binding molecule (biFab). 

[0034] FIG. 21 illustrates an SDS-PAGE analysis of xi33011-A13(1-16) Cys80 

conjugated mAbs and xi1-55-2-Afl(1-16) Cys80 conjugated mAbs. Shown are the products 

before (B) and after (A) conjugation of mAb-DBCO with peptide Afl(1-16). MW, molecular 

weight marker. LC, light chain. 

[0035] FIG. 22 illustrates an exemplary mass spectrometry analysis of xil-55-2 and 

xi33011 parental light chain (LC) (A and B, respectively), xi1-55-2-DBCO Cys80 conjugated 

LC and xi33011-DBCO Cys80 conjugated LC (C and D, respectively), and xi1-55-2-Afl(1-16) 

Cys80 conjugated LC and xi33011-Afl(1-16) Cys80 conjugated LC (E and F, respectively). 

[0036] FIG. 23 illustrates an exemplary scheme for generating antigen binding 

molecules. Immunoglobulins derived from rabbit can be digested with papain to generate Fabs. 

A first Fab can be incubated with maleimido-DBCO and a second Fab can be incubated with 

maleimido-azide. The first and second Fabs can be combined to form a bi-specific-Fab-Fab 

binding molecule. SPAAC = strain promoted alkyne-azide conjugation. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0037] The disclosed methods, conjugated immunoglobulins, antigen-binding 

molecules, immunoglobulins, and light chain variable regions may be understood more readily 

by reference to the following detailed description taken in connection with the accompanying 

figures, which form a part of this disclosure. It is to be understood that the disclosed methods, 

conjugated immunoglobulins, antigen-binding molecules, immunoglobulins, and light chain 

variable regions are not limited to the specific embodiments described and/or shown herein, and 

that the terminology used herein is for the purpose of describing particular embodiments by way 

of example only and is not intended to be limiting of the claimed methods, conjugated 

immunoglobulins, antigen-binding molecules, immunoglobulins, and light chain variable 

regions. 

[0038] Unless specifically stated otherwise, any description as to a possible mechanism 

or mode of action or reason for improvement is meant to be illustrative only, and the disclosed 

methods, conjugated immunoglobulins, antigen-binding molecules, immunoglobulins, and light 

chain variable regions are not to be constrained by the correctness or incorrectness of any such 

suggested mechanism or mode of action or reason for improvement. 

[0039] Throughout this text, the descriptions refer to conjugated immunoglobulins, 

antigen-binding molecules, immunoglobulins, and light chain variable regions and methods of 

generating the same. Where the disclosure describes or claims a feature or embodiment 

associated with a conjugated immunoglobulin, antigen-binding molecule, immunoglobulin, or 

light chain variable region, such a feature or embodiment is equally applicable to the methods of 

generating the same. Likewise, where the disclosure describes or claims a feature or 

embodiment associated with a method of generating a conjugated immunoglobulin, antigen-

binding molecule, immunoglobulin, or light chain variable region, such a feature or embodiment 

is equally applicable to the conjugated immunoglobulin, antigen-binding molecule, 

immunoglobulin, or light chain variable region. 

[0040] Reference to a particular numerical value includes at least that particular value, 

unless the context clearly dictates otherwise. When a range of values is expressed, another 

embodiment includes from the one particular value and/or to the other particular value. Further, 

reference to values stated in ranges include each and every value within that range. All ranges 

are inclusive and combinable. 

[0041] When values are expressed as approximations, by use of the antecedent "about," 

it will be understood that the particular value forms another embodiment. 
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[0042] It is to be appreciated that certain features of the disclosed methods, conjugated 

immunoglobulins, antigen-binding molecules, immunoglobulins, and light chain variable regions 

which are, for clarity, described herein in the context of separate embodiments, may also be 

provided in combination in a single embodiment. Conversely, various features of the disclosed 

methods, conjugated immunoglobulins, antigen-binding molecules, immunoglobulins, and light 

chain variable regions that are, for brevity, described in the context of a single embodiment, may 

also be provided separately or in any subcombination. 

[0043] As used herein, the singular forms "a," "an," and "the" include the plural. 

[0044] The term "comprising" is intended to include examples encompassed by the 

terms "consisting essentially of and "consisting of'; similarly, the term "consisting essentially 

of' is intended to include examples encompassed by the term "consisting of" 

[0045] Various terms relating to aspects of the description are used throughout the 

specification and claims. Such terms are to be given their ordinary meaning in the art unless 

otherwise indicated. Other specifically defined terms are to be construed in a manner consistent 

with the definitions provided herein. 

[0046] The term "about" when used in reference to numerical ranges, cutoffs, or 

specific values is used to indicate that the recited values may vary by up to as much as 10% from 

the listed value. Thus, the term "about" is used to encompass variations of ± 10% or less, 

variations of ± 5% or less, variations of ± 1% or less, variations of ± 0.5% or less, or variations 

of ± 0.1% or less from the specified value. 

[0047] As used herein, the term "biological sample" refers to a sample obtained from a 

subject, including sample of biological tissue or fluid origin obtained in vivo or in vitro. Such 

samples can be, but are not limited to, body fluid (e.g., blood, blood plasma, serum, milk, spinal 

fluid, ascites, or urine), organs, tissues, fractions, and cells isolated from mammals including, 

humans. Biological samples also may include sections of the sample obtained from a subject 

including tissues (e.g., sectional portions of an organ or tissue). Biological samples may also 

include extracts from a sample obtained from a subject, for example, an antigen from a 

biological fluid (e.g., blood or urine). 

[0048] The term "capping cysteine" refers to a free cysteine from solution that forms a 

disulfide bond with Cys80 of the light chain variable region. 

[0049] The term "chimerized," "chimeric," "chimeric antibody" and like terms refer to 

an immunoglobulin comprising a heavy chain variable region and light chain variable region, 

i.e., antigen-binding region, from one source or species and at least a portion of a heavy chain 
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constant region and light chain constant region derived from a different source or species. These 

portions may be joined together chemically by conventional techniques (e.g., synthetic) or 

prepared as a contiguous polypeptide using genetic engineering techniques (e.g., DNA encoding 

the protein portions of the chimeric antibody may be expressed to produce a contiguous 

polypeptide chain). Exemplary chimeric immunoglobulins include those comprising a rabbit 

variable region and a human constant region. Such rabbit/human chimeric immunoglobulins are 

the product of expressed immunoglobulin genes comprising DNA segments encoding rabbit 

immunoglobulin variable regions and DNA segments encoding human immunoglobulin constant 

regions. Other forms of "chimeric immunoglobulins" encompassed by the present disclosure are 

those in which the class or subclass has been modified or changed from that of the original 

immunoglobulin (also referred to as "class-switched immunoglobulins"). Throughout the 

disclosure, chimeric immunoglobulins are designated "xi." Herein, "chimeric immunoglobulin" 

and like terms refer to the sequence of the immunglobulin rather than the process used to 

generate the antibody. 

[0050] As used herein, "Cys80" refers to a cysteine residue at amino acid position 80 of 

the light chain variable region relative to a light chain variable region absent a leader sequence. 

For example, the light chain variable regions disclosed in Table 25 comprise a 19 amino acid 

(encoded by a 57 nucleotide) leader sequence. "Cys80" occurs at amino acid position 99 when 

the leader sequence is present and amino acid position 80 when the leader sequence is absent. 

The Cys80 numbering is based upon Kabat/Chothia numbering system. 

[0051] The term "decapping" refers to removal of the capping cysteine using the 

methods provided herein under conditions that minimize disruption of the native intra- and inter-

chain disulfides of the immunoglobulin. 

[0052] The term "immunoglobulin derived from" refers to immunoglobulins, or 

portions thereof, having at least the CDR regions of a rabbit immunoglobulin. "Immunoglobulin 

derived from" includes rabbit/human chimeras or humanized rabbit immunoglobulins. The level 

of variability tolerated when deriving an immunoglobulin from a rabbit can be determined, for 

example, by the United States Adopted Names Counsel (USAN) of the American Medical 

Association (AMA). 

[0053] As used herein, "functional agent" refers to an agent having therapeutic, 

diagnostic, or other functional property(ies). Various functional agents that fall within the scope 

of the disclosure are described elsewhere herein. 
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[0054] The term "humanized," "humanized immunoglobulin" and like terms refer to 

immunoglobulins of rabbit origin in which the sequence of amino acids throughout the variable 

regions are changed to sequences having homology to a human variable region. Exemplary 

humanized immunoglobulins can comprise a rabbit variable domain whereby residues 

throughout the framework region (FWR) and/or the CDRs are replaced by sequences 

homologous to a human immunoglobulin. In some instances, FWR residues of the rabbit 

immunoglobulin are not replaced by corresponding human residues. Alternatively, 

"humanized," "humanized immunoglobulin" and like terms can refer to immunoglobulins of 

human origin in which residues throughout the FWR and/or CDRs were replaced by sequences 

homologous to a rabbit immunoglobulin. For example, humanized immunoglobulins can be 

human immunoglobulins in which residues from a hypervariable region of the human 

immunoglobulin are replaced by residues from a hypervariable region of a rabbit 

immunoglobulin having the desired specificity, affinity, and capacity. Furthermore, humanized 

immunoglobulins may comprise residues that are not found in the recipient immunoglobulin or 

in the donor immunoglobulin. These modifications are made to further refine immunoglobulin 

performance. In general, the humanized immunoglobulin will comprise substantially all of at 

least one, and typically two, variable domains, in which all or substantially all of the 

hypervariable loops correspond to those of a non-human immunoglobulin and all or substantially 

all of the FWRs are those of a human immunoglobulin sequence. The humanized 

immunoglobulin can optionally also comprise at least a portion of an immunoglobulin constant 

region (Fc), typically that of a human immunoglobulin. See, e.g., Riechmann, L., et al., Nature 

332 (1988) 323-327; and Neuberger, M. S., et al., Nature 314 (1985) 268-270. Throughout the 

disclosure, "humanized immunoglobulins" are designated "zu." Herein, "humanized 

immunoglobulin" and like terms refer to the sequence of the immunoglobulin rather than the 

process used to generate the immunoglobulin. 

[0055] The term "donor immunoglobulin" refers to a non-human immunoglobulin that 

contributes the amino acid sequences of its variable regions, CDRs, or other functional fragments 

or analogs thereof to the humanized immunoglobulin, and thereby provides the humanized 

immunoglobulin with the antigenic specificity and neutralizing activity characteristic of the 

donor immunoglobulin. 

[0056] The term "recipient immunoglobulin" refers to an immunoglobulin heterologous 

to the donor immunoglobulin, which provides the amino acid sequences of its heavy and/or light 

chain framework regions and/or its heavy and/or light chain constant regions to the humanized 
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immunoglobulin. The recipient immunoglobulin may be derived from any mammal. In 

preferred embodiments, the recipient immunoglobulin is non-immunogenic in humans. 

Preferably the recipient immunoglobulin is a human immunoglobulin. 

[0057] "Humanizing" refers to a process of generating a humanized immunoglobulin 

and includes any process for generating humanized immunoglobulins having the above 

characteristics, including, but not limited to, in silico humanization, engineering species/host 

CDRs into human immunoglobulins, substituting framework region residues of a chimeric 

immunoglobulin to match a corresponding human framework region, etc. 

[0058] "Hydrophobic Amino Acid" refers to an amino acid exhibiting a hydrophobicity 

of greater than zero according to the normalized consensus hydrophobicity scale of Eisenberg, 

1984, J. Mol. Biol. 179:125-142. Genetically encoded hydrophobic amino acids include Pro 

(P), Ile (I), Phe (F), Val (V), Leu (L), Trp (W), Met (M), Ala (A), Gly (G) and Tyr (Y). 

[0059] "Immunoglobulin," as used herein, refers to a protein consisting of one or more 

polypeptides substantially encoded by immunoglobulin genes including the kappa and lambda 

light chains and the alpha, gamma, delta, epsilon and mu heavy chains. Full-length 

immunoglobulin "light chains" (about 25 Kd or 214 amino acids) are encoded by a variable 

region gene at the NH2-terminus (about 110 amino acids) and a kappa or lambda constant region 

gene at the COOH - terminus. Full-length immunoglobulin "heavy chains" (about 50 Kd or 446 

amino acids), are similarly encoded by a variable region gene (about 116 amino acids) and one 

of the other aforementioned constant region genes, e.g., gamma (encoding about 330 amino 

acids). "Immunoglobulins" include: (a) immunoglobulin polypeptides, i.e., polypeptides of the 

immunoglobulin family that contain an antigen binding site that specifically binds to a specific 

antigen (e.g., MSLN, CA9, TEM1, etc.), including all immunoglobulin isotypes (IgG, IgA, IgE, 

IgM, IgD, and IgY), classes (e.g. IgGl, IgG2, IgG3, IgG4, IgAl, IgA2), subclasses, and various 

monomeric and polymeric forms of each isotype, unless otherwise specified; and (b) 

conservatively substituted variants of such immunoglobulin polypeptides that 

immunospecifically bind to the antigen (e.g., MSLN, CA9, TEM1, etc.). Immunoglobulins are 

generally described in, for example, Harlow & Lane, Antibodies: A Laboratory Manual (Cold 

Spring Harbor Laboratory Press, 1988). 

[0060] One form of immunoglobulin disclosed herein constitutes the basic structural 

unit of an antibody. For example, an antibody can include a tetramer and consist of two identical 

pairs of immunoglobulin chains, each pair having one light chain and one heavy chain. 

Generally, in each pair, the light chain and heavy chain variable regions are together responsible 
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for binding to an antigen, and the constant regions are responsible for the antibody effector 

functions. 

[0061] In addition to antibodies, immunoglobulins may exist in a variety of other forms 

including, for example: antigen-binding fragments or portions of an immunoglobulin, such as Fv, 

Fab, (Fab')2  and Fv fragments; and alternative antibody formats such as single chain 

immunoglobulins (scFV and scFab), diabodies, triabodies, tetrabodies, linear antibodies, and 

multispecific antibodies, to name a few. See, for example, James D. Marks, Antibody 

Engineering, Chapter 2, Oxford University Press (1995) (Carl K. Borrebaeck, Ed.) 

[0062] As used herein, the term "immunospecifically" refers to the ability of an 

immunoglobulin to specifically bind to an antigen against which the immunoglobulin was 

generated and not specifically bind to other peptides or proteins. An immunoglobulin that 

immunospecifically binds to an antigen against which the immunoglobulin was generated may 

not bind to other polypeptides or proteins, or may bind to other polypeptides or proteins with a 

lower binding affinity than the antigen against which the immunoglobulin was generated as 

determined by, for example, immunoassays, BlAcore, or other assays known in the art. An 

immunoglobulin binds immunospecifically to an antigen against which the immunoglobulin was 

generated when it binds to the antigen with a higher binding affinity than to any cross-reactive 

antigen as determined using experimental techniques, such as, but not limited to, 

radioimmunoassays (RIA) and enzyme-linked immunosorbent assays (ELISAs) (See, for 

example, Paul, ed., Fundamental Immunology, 2nd ed., Raven Press, New York, pages 332-336 

(1989) for a discussion regarding antibody specificity.). 

[0063] "Linker," as used herein, refers to a spacer, which may be a straight or 

branched chain, for connecting an immunoglobulin (through a thiol-reactive group on the 

unpaired Cys80) to a functional agent. Such linkers may be cleavable (e.g., acid labile or 

protease cleavable) or non-cleavable. 

[0064] The term "monoclonal antibody" refers to an antibody that is derived from a 

single cell clone, including any eukaryotic or prokaryotic cell clone, or a phage clone, and not 

the method by which it is produced. A monoclonal antibody displays a single binding specificity 

and affinity for a particular epitope. The term "monoclonal antibody" is not limited to antibodies 

produced through hybridoma technology. 

[0065] "Native" refers to the wild type immunoglobulin sequence from the species in 

which the immunoglobulin is derived. For example, in embodiments wherein a Cys80 is present 
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in the light chain variable region from the species from which it is derived, the Cys80 is said be 

present in the native light chain variable region. 

[0066] As used herein, "percent identity" and like terms is used to describe the 

sequence relationships between two or more nucleic acids, polynucleotides, proteins, or 

polypeptides, and is understood in the context of and in conjunction with the terms including: (a) 

reference sequence, (b) comparison window, (c) sequence identity and (d) percentage of 

sequence identity. 

(a) A "reference sequence" is a defined sequence used as a basis for sequence 

comparison. A reference sequence may be a subset of or the entirety of a specified 

sequence; for example, a segment of a full-length cDNA or gene sequence, or the 

complete cDNA or gene sequence. For polypeptides, exemplary lengths of the 

reference polypeptide sequence include at least about 16 amino acids, at least about 

20 amino acids, at least about 25 amino acids, at least about 35 amino acids, at least 

about 50 amino acids, or at least about 100 amino acids. For nucleic acids, exemplary 

length of the reference nucleic acid sequence include at least about 50 nucleotides, at 

least about 60 nucleotides, at least about 75 nucleotides, at least about 100 

nucleotides, or at least about 300 nucleotides, or any integer thereabout or 

therebetween. 

(b) A "comparison window" includes reference to a contiguous and specified 

segment of a polynucleotide or polypeptide sequence, wherein the polynucleotide or 

polypeptide sequence may be compared to a reference sequence and wherein the 

portion of the polynucleotide or polypeptide sequence in the comparison window may 

comprise additions, substitutions, or deletions (i.e., gaps) compared to the reference 

sequence (which does not comprise additions, substitutions, or deletions) for optimal 

alignment of the two sequences. Exemplary comparison windows can be at least 20 

contiguous nucleotides or amino acids in length, and optionally may be 30, 40, 50, 

100, or longer. Those of skill in the art understand that to avoid a misleadingly high 

similarity to a reference sequence due to inclusion of gaps in the polynucleotide or 

polypeptide sequence a gap penalty is typically introduced and is subtracted from the 

number of matches. 

(c) Methods of alignment of sequences for comparison are well known in the art. 

Optimal alignment of sequences for comparison may be conducted by the local 

homology algorithm of Smith and Waterman, Adv. Appl. Math., 2: 482, 1981; by 
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the homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol., 48: 

443, 1970; by the search for similarity method of Pearson and Lipman, Proc. Natl. 

Acad. Sci. USA, 8: 2444, 1988; by computerized implementations of these 

algorithms, including, but not limited to: CLUSTAL in the PC/Gene program by 

Intelligenetics, Mountain View, Calif , GAP, BESTFIT, BLAST, FASTA, and 

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group 

(GCG), 7 Science Dr., Madison, Wis., USA; the CLUSTAL program is well 

described by Higgins and Sharp, Gene, 73: 237-244, 1988; Corpet, et al., Nucleic 

Acids Research, 16:881-90, 1988; Huang, et al., Computer Applications in the 

Biosciences, 8:1-6, 1992; and Pearson, et al., Methods in Molecular Biology, 24:7-

331, 1994. The BLAST family of programs which may be used for database 

similarity searches includes: BLASTN for nucleotide query sequences against 

nucleotide database sequences; BLASTX for nucleotide query sequences against 

protein database sequences; BLASTP for protein query sequences against protein 

database sequences; TBLASTN for protein query sequences against nucleotide 

database sequences; and TBLASTX for nucleotide query sequences against 

nucleotide database sequences. See, Current Protocols in Molecular Biology, Chapter 

19, Ausubel, et al., Eds., Greene Publishing and Wiley-Interscience, New York, 1995. 

New versions of the above programs or new programs altogether will undoubtedly 

become available in the future, and may be used with the present disclosure. 

(d) 	"Percent identity" means the value determined by comparing two optimally 

aligned sequences over a comparison window, wherein the portion of the 

polynucleotide or polypeptide sequence in the comparison window may comprise 

additions, substitutions, or deletions (i.e., gaps) as compared to the reference 

sequence (which does not comprise additions, substitutions, or deletions) for optimal 

alignment of the two sequences. The percentage is calculated by determining the 

number of positions at which the identical nucleic acid base or amino acid residue 

occurs in both sequences to yield the number of matched positions, dividing the 

number of matched positions by the total number of positions in the window of 

comparison and multiplying the result by 100 to yield the percentage of sequence 

identity. 

[0067] "Pharmaceutically effective amount" refers to an amount of an immunoglobulin 

that treats the subject. 
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[0068] "Polar Amino Acid" refers to a hydrophilic amino acid having a side chain that 

is uncharged at physiological pH, but which has at least one bond in which the pair of electrons 

shared in common by two atoms is held more closely by one of the atoms. Genetically encoded 

polar amino acids include Asn (N), Gln (Q) Ser (S) and Thr (T). 

[0069] The term "subject" as used herein refers to a human or non-human organism. 

Thus, the methods, immunoglobulins, and conjugated immunoglobulins described herein are 

applicable to both human and veterinary diseases and conditions. Subjects can be "patients," i.e., 

living humans or non-human organisms that are receiving medical care for a disease or 

condition, or humans or non-human organisms with no defined illness who are being 

investigated for signs of pathology or presence/absence of a particular condition. 

[0070] "Substituting" refers to the replacement of one amino acid residue for another. 

"Substituting" includes, for example, missense mutations in one or more DNA base pairs 

encoding the amino acid residue or engineering the protein to exchange one amino acid with 

another. 

[0071] As used herein, "treating" and like terms refer to reducing the severity and/or 

frequency of disease symptoms, eliminating disease symptoms and/or the underlying cause of 

said symptoms, reducing the frequency or likelihood of disease symptoms and/or their 

underlying cause, and improving or remediating damage caused, directly or indirectly, by 

disease. Exemplary diseases include, but are not limited to, cancer. 

[0072] "Thiol-reactive group" refers to a reagent or group that can form a covalent 

bond with the thiol group in a cysteine. 

[0073] "Unpaired Cys80" refers to a Cys80 present in an immunoglobulin that has a 

thiol functional group that is not involved in an intramolecular or intermolecular disulfide bond. 

For example, a thiol functional group of an "unpaired Cys80" is not involved in a disulfide bond 

with Cys171. 

[0074] As used herein "90% identical to" encompasses at least 90% identical, 91% 

identical, 92% identical, 93% identical, 94% identical, 95% identical, 96% identical, 97% 

identical, 98% identical, 99% identical, or 100% identical to the reference item (e.g., a biological 

sequence). 

[0075] The following abbreviations are used throughout the disclosure: antibody drug 

conjugates (ADCs); drug-to-antibody (DAR); frame work region (FWR); complementary 

determining region (CDR); carbonic anhydrase IX (CA9); mesothelin (MSLN); auristatin F 

(AuF); variable heavy region (VH); variable light region (VL); variable kappa (Vic); rabbit (Rb; 
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rabb); gamma constant region (Cy); kappa constant region (CIO; monoclonal antibody (mAb); 

cysteine at amino acid position 80 (Cys80). 

Generation of conjugated immunoglobulins 

[0076] Disclosed herein are methods for generating a conjugated immunoglobulin, the 

methods comprising: 

decapping a cysteine at amino acid position 80 ("Cys80") in a light chain variable 

region of an immunoglobulin derived from rabbit, wherein the immunoglobulin 

comprises a heavy chain variable region and the light chain variable region; and 

conjugating a thiol-reactive compound to the Cys80, wherein the thiol-reactive 

compound comprises a thiol-reactive group. 

[0077] Suitable light chain variable regions include, for example, a kappa light chain 

variable region. The light chain variable region of the disclosed immunglobulins are derived 

from rabbit. In some embodiments, the Cys80 can be present in the native light chain variable 

region of the rabbit immunoglobulin. Exemplary rabbits from which a light chain variable 

region having a Cys80 can be derived include, but are not limited to, Oryctolagus cuniculus. In 

some aspects, for example, the light chain variable region can be derived from a New Zealand 

White (NZW) rabbit. In other aspects, the light chain variable region can be derived from a b9 

rabbit. 

[0078] Exemplary methods of decapping a Cys80 in a light chain variable region of an 

immunoglobulin include incubating the immunoglobulin with a reducing buffer followed by 

incubating the immunoglobulin with an oxidizing buffer. Reducing buffers comprise one or 

more reducing agents. Suitable reducing agents include, for example, cysteine (including L-

cysteine and D-cysteine), 2-mercaptoethylamine, Tris (2-carboxyethyl) phosphine, 2-

mercaptoethanesulfonic acid, 2-mercaptopropionic acid, or combinations thereof. In preferred 

embodiments, the reducing buffer can comprise a mild reductant such as cysteine. The 

concentration of reducing agent can range from about 0.2 mM to about 100 mM, from about 1 

mM to about 100 mM, from about 2 mM to about 100 mM, from about 5 mM to about 100 mM, 

from about 10 mM to about 100 mM, from about 20 mM to about 100 mM, from about 40 mM 

to about 100 mM, from about 50 mM to about 100 mM, from about 0.2 mM to about 90 mM, 

from about 0.2 mM to about 80 mM, from about 0.2 mM to about 70 mM, from about 0.2 mM to 

about 50 mM, from about 0.2 mM to about 30 mM, from about 0.2 mM to about 25 mM, from 

about 0.2 mM to about 10 mM, or from about 0.2 mM to about 5 mM. The concentration of 
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reducing agent can be about 0.2 mM. The concentration of reducing agent can be about 1 mM. 

The concentration of reducing agent can be about 2 mM. The concentration of reducing agent 

can be about 5 mM. The concentration of reducing agent can be about 10 mM. The 

concentration of reducing agent can be about 15 mM. The concentration of reducing agent can 

be about 20 mM. The concentration of reducing agent can be about 25 mM. The concentration 

of reducing agent can be about 30 mM. The concentration of reducing agent can be about 40 

mM. The concentration of reducing agent can be about 50 mM. The concentration of reducing 

agent can be about 60 mM. The concentration of reducing agent can be about 70 mM. The 

concentration of reducing agent can be about 80 mM. The concentration of reducing agent can 

be about 90 mM. The concentration of reducing agent can be about 100 mM. 

[0079] In some embodiments, for example, the reducing agent can comprise from about 

2 mM to about 10 mM cysteine. In some embodiments, the reducing agent can comprise from 

about 2 mM to about 10 mM D-cysteine. In some embodiments, the reducing agent can 

comprise from about 2 mM to about 10 mM L-cysteine. In some embodiments, the reducing 

agent can comprise from about 10 mM to about 100 mM 2-mercaptoethylamine. In some 

embodiments, the reducing agent can comprise from about 0.2 mM to about 5 mM Tris (2-

carboxyethyl) phosphine. In some embodiments, the reducing agent can comprise from about 2 

mM to about 20 mM 2-mercaptoethanesulfonic acid. In some embodiments, the reducing agent 

can comprise from about 2 mM to about 20 mM 2-mercaptopropionic acid. 

[0080] The reducing buffer can further comprise buffering agents such as sodium 

phosphate, potassium phosphate, MOPS, HEPES, sodium borate, potassium borate, or any 

combination thereof. Suitable buffering agent concentrations include, but are not limited to, 

from about 10 mM to about 100 mM, from about 15 mM to about 100 mM, from about 20 mM 

to about 100 mM, from about 30 mM to about 100 mM, from about 35 mM to about 100 mM, 

from about 40 mM to about 100 mM, from about 60 mM to about 100 mM, from about 80 mM 

to about 100 mM, from about 10 mM to about 90 mM, from about 10 mM to about 80 mM, from 

about 10 mM to about 60 mM, from about 10 mM to about 40 mM, from about 10 mM to about 

30 mM, or from about 10 mM to about 20 mM. 

[0081] In some embodiments, for example, the reducing buffer can contain from about 

10 mM to about 100 mM sodium phosphate. In some embodiments, the reducing buffer can 

contain from about 10 mM to about 100 mM potassium phosphate. In some embodiments, the 

reducing buffer can contain from about 10 mM to about 100 mM MOPS. In some embodiments, 

the reducing buffer can contain from about 10 mM to about 100 mM HEPES. In some 
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embodiments, the reducing buffer can contain from about 10 mM to about 100 mM sodium 

borate. In some embodiments, the reducing buffer can contain from about 10 mM to about 100 

mM potassium borate. 

[0082] The reducing buffer can also contain a chelating agent including, but not limited 

to, EDTA (ethylenediaminetetraacetic acid), DTPA (diethylene triamine pentaacetic acid), or a 

combination thereof. Suitable concentrations of chelating agents include from about 10 mM to 

about 100 mM, from about 10 mM to about 80 mM, from about 10 mM to about 60 mM, from 

about 10 mM to about 40 mM, from about 10 mM to about 30 mM, from about 10 mM to about 

20 mM, from about 20 mM to about 100 mM, from about 30 mM to about 100 mM, from about 

40 mM to about 100 mM, from about 50 mM to about 100 mM, from about 60 mM to about 100 

mM, or from about 80 mM to about 100 mM. 

[0083] Suitable pH ranges of the reducing buffer include from about 6.8 to about 8.0. 

In some embodiments, the pH of the reducing buffer can be about 6.8. In some embodiments, 

the pH of the reducing buffer can be about 6.9. In some embodiments, the pH of the reducing 

buffer can be about 7.0. In some embodiments, the pH of the reducing buffer can be about 7.1. 

In some embodiments, the pH of the reducing buffer can be about 7.2. In some embodiments, 

the pH of the reducing buffer can be about 7.3. In some embodiments, the pH of the reducing 

buffer can be about 7.4. In some embodiments, the pH of the reducing buffer can be about 7.5. 

In some embodiments, the pH of the reducing buffer can be about 7.6. In some embodiments, 

the pH of the reducing buffer can be about 7.7. In some embodiments, the pH of the reducing 

buffer can be about 7.8. In some embodiments, the pH of the reducing buffer can be about 7.9. 

In some embodiments, the pH of the reducing buffer can be about 8.0. 

[0084] The immunoglobulin can be incubated with the reducing buffer for about 12 

hours to about 96 hours, from about 18 hours to about 96 hours, from about 24 hours to about 96 

hours, from about 30 hours to about 96 hours, from about 36 hours to about 96 hours, from about 

42 hours to about 96 hours, from about 48 hours to about 96 hours, from about 54 hours to about 

96 hours, from about 60 hours to about 96 hours, from about 12 hours to about 90 hours, from 

about 12 hours to about 84 hours, from about 12 hours to about 78 hours, from about 12 hours to 

about 72 hours, from about 12 hours to about 66 hours, from about 12 hours to about 60 hours, 

from about 12 hours to about 54 hours, from about 12 hours to about 48 hours, from about 12 

hours to about 42 hours, from about 12 hours to about 36 hours, or from about 12 hours to about 

30 hours. In some embodiments, the immunoglobulin can be incubated with the reducing buffer 

for about 12 hours. In some embodiments, the immunoglobulin can be incubated with the 
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reducing buffer for about 18 hours. In some embodiments, the immunoglobulin can be incubated 

with the reducing buffer for about 24 hours. In some embodiments, the immunoglobulin can be 

incubated with the reducing buffer for about 30 hours. In some embodiments, the 

immunoglobulin can be incubated with the reducing buffer for about 36 hours. In some 

embodiments, the immunoglobulin can be incubated with the reducing buffer for about 42 hours. 

In some embodiments, the immunoglobulin can be incubated with the reducing buffer for about 

48 hours. In some embodiments, the immunoglobulin can be incubated with the reducing buffer 

for about 54 hours. In some embodiments, the immunoglobulin can be incubated with the 

reducing buffer for about 60 hours. In some embodiments, the immunoglobulin can be incubated 

with the reducing buffer for about 66 hours. In some embodiments, the immunoglobulin can be 

incubated with the reducing buffer for about 72 hours. In some embodiments, the 

immunoglobulin can be incubated with the reducing buffer for about 78 hours. In some 

embodiments, the immunoglobulin can be incubated with the reducing buffer for about 84 hours. 

In some embodiments, the immunoglobulin can be incubated with the reducing buffer for about 

90 hours. In some embodiments, the immunoglobulin can be incubated with the reducing buffer 

for about 96 hours. In some embodiments, the immunoglobulin can be incubated with the 

reducing buffer for greater than 96 hours. 

[0085] Suitable oxidizing buffers include, but are not limited to, Tris-based, glutamine-

based, arginine-based or other amino acid-based, or primary amine-based buffers. The 

concentration of oxidizing buffer can range from about 20 mM to about 100 mM, from about 40 

mM to about 100 mM, from about 60 mM to about 100 mM, from about 80 mM to about 100 

mM, from about 20 mM to about 80 mM, from about 20 mM to about 60 mM, or from about 20 

mM to about 40 mM. The concentration of oxidizing buffer can be about 20 mM. The 

concentration of oxidizing buffer can be about 25 mM. The concentration of oxidizing buffer 

can be about 30 mM. The concentration of oxidizing buffer can be about 40 mM. The 

concentration of oxidizing buffer can be about 50 mM. The concentration of oxidizing buffer 

can be about 60 mM. The concentration of oxidizing buffer can be about 70 mM. The 

concentration of oxidizing buffer can be about 80 mM. The concentration of oxidizing buffer can 

be about 90 mM. The concentration of reducing agent can be about 100 mM. 

[0086] The immunoglobulin can be incubated with the oxidizing buffer for about 24 

hours to about 96 hours, from about 30 hours to about 96 hours, from about 36 hours to about 96 

hours, from about 42 hours to about 96 hours, from about 48 hours to about 96 hours, from about 

54 hours to about 96 hours, from about 60 hours to about 96 hours, from about 24 hours to about 
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90 hours, from about 24 hours to about 84 hours, from about 24 hours to about 78 hours, from 

about 24 hours to about 72 hours, from about 24 hours to about 66 hours, from about 24 hours to 

about 60 hours, from about 24 hours to about 54 hours, from about 24 hours to about 48 hours, 

from about 24 hours to about 42 hours, or from about 24 hours to about 36 hours. In some 

embodiments, the immunoglobulin can be incubated with the oxidizing buffer for about 24 

hours. In some embodiments, the immunoglobulin can be incubated with the oxidizing buffer 

for about 30 hours. In some embodiments, the immunoglobulin can be incubated with the 

oxidizing buffer for about 36 hours. In some embodiments, the immunoglobulin can be 

incubated with the oxidizing buffer for about 42 hours. In some embodiments, the 

immunoglobulin can be incubated with the oxidizing buffer for about 48 hours. In some 

embodiments, the immunoglobulin can be incubated with the oxidizing buffer for about 54 

hours. In some embodiments, the immunoglobulin can be incubated with the oxidizing buffer 

for about 60 hours. In some embodiments, the immunoglobulin can be incubated with the 

oxidizing buffer for about 66 hours. In some embodiments, the immunoglobulin can be 

incubated with the oxidizing buffer for about 72 hours. In some embodiments, the 

immunoglobulin can be incubated with the oxidizing buffer for about 78 hours. In some 

embodiments, the immunoglobulin can be incubated with the oxidizing buffer for about 84 

hours. In some embodiments, the immunoglobulin can be incubated with the oxidizing buffer 

for about 90 hours. In some embodiments, the immunoglobulin can be incubated with the 

oxidizing buffer for about 96 hours. In some embodiments, the immunoglobulin can be 

incubated with the oxidizing buffer for greater than 96 hours. 

[0087] Suitable pH ranges of the oxidizing buffer include from about 7.5 to about 9.0. 

In some embodiments, the pH of the oxidizing buffer can be about 7.5. In some embodiments, 

the pH of the oxidizing buffer can be about 7.6. In some embodiments, the pH of the oxidizing 

buffer can be about 7.7. In some embodiments, the pH of the oxidizing buffer can be about 7.8. 

In some embodiments, the pH of the oxidizing buffer can be about 7.9. In some embodiments, 

the pH of the oxidizing buffer can be about 8.0. In some embodiments, the pH of the oxidizing 

buffer can be about 8.1. In some embodiments, the pH of the oxidizing buffer can be about 8.2. 

In some embodiments, the pH of the oxidizing buffer can be about 8.3. In some embodiments, 

the pH of the oxidizing buffer can be about 8.4. In some embodiments, the pH of the oxidizing 

buffer can be about 8.5. In some embodiments, the pH of the oxidizing buffer can be about 8.6. 

In some embodiments, the pH of the oxidizing buffer can be about 8.7. In some embodiments, 
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the pH of the oxidizing buffer can be about 8.8. In some embodiments, the pH of the oxidizing 

buffer can be about 8.9. In some embodiments, the pH of the oxidizing buffer can be about 9.0. 

[0088] The method can further comprise immobilizing the immunoglobulin on a matrix 

prior to the incubating with the reducing agent and eluting the immunoglobulin from the matrix 

following the incubating with the oxidizing buffer. Suitable matrices include any surface to 

which an immunoglobulin can be bound and eluted from including, but not limited to, protein A, 

protein G, protein L, anti-Fab antibody, anti-Fc antibody, anti-Mab-based affinity supports, and 

strong cation exchange resins. In some embodiments, the matrix can be protein A. In some 

embodiments, the matrix can be protein G. In some embodiments, the matrix can be protein L. 

In some embodiments, the matrix can comprise an anti-Fab antibody. In some embodiments, the 

matrix can comprise an anti-Fc antibody. In some embodiments, the matrix can comprise an 

anti-MAb. In some embodiments, the matrix can comprise a strong cation exchange resin. 

[0089] The disclosed methods for decapping an immunoglobulin can comprise: 

equilibrating a matrix; immobilizing the immunoglobulin onto the matrix; incubating the 

immobilized immunoglobulin on the matrix with a reducing buffer to remove capping group; 

incubating the immobilized immunoglobulin on the matrix with an oxidizing buffer; eluting the 

immunoglobulin from the matrix, and neutralizing the immunoglobulin. 

[0090] Those skilled in the art would recognize that the buffer, concentration, pH, and 

time for eluting the immunoglobulin from the matrix will depend, at least in part, on the matrix. 

For example, in embodiments wherein the matrix is protein A, the immunoglobulin can be eluted 

from the protein A using glycine (for example, 0.1 M at pH 2.9). In some embodiments, the 

eluting can be performed in a low pH buffer. 

[0091] Neutralizing the immunoglobulin can comprise incubating the immunoglobulin 

in a Tris-based, sodium phosphate-based, or potassium phosphate-based buffer (herein referred 

to as "neutralization buffer"). The neutralization buffer can have a concentration from about 0.5 

M to about 2 M, and a pH from about 8.0 to about 9.5. 

[0092] Conjugation can be performed by dissolving a thiol-reactive compound in a 

dissolution solution and incubating the dissolved thiol-reactive compound with the 

immunoglobulin in a conjugation buffer. 

[0093] For aqueous-insoluble thiol-reactive compounds, which may include, but are not 

be limited to, maleimide-based compounds, suitable dissolution solutions include organic, water-

miscible solvents such as dimethylsulfoxide (DMSO). For aqueous-soluble thiol-reactive 
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compounds, suitable dissolution solutions include, but are not limited to, water or buffered 

aqueous solutions, such as phosphate-buffered saline, pH 7.2 (1 x PBS). 

[0094] Suitable concentrations of thiol-reactive compounds include from about 5 mM 

to about 100 mM, from about 10 mM to about 100 mM, from about 25 mM to about 100 mM, 

from about 40 mM to about 100 mM, from about 55 mM to about 100 mM, from about 70 mM 

to about 100 mM, from about 10 mM to about 90 mM, from about 10 mM to about 75 mM, from 

about 10 mM to about 60 mM, from about 10 mM to about 50 mM, from about 10 mM to about 

40 mM, or from about 10 mM to about 30 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 10 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 20 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 30 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 40 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 50 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 60 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 70 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 80 mM. In some embodiments, the concentration of the 

thiol-reactive compound can be about 90 mM. In some embodiments the concentration of the 

thiol-reactive compound can be about 100 mM. 

[0095] Suitable concentrations of immunoglobulin include from about 0.1 mg/ml to 

about 20 mg/ml, from about 0.5 mg/ml to about 20 mg/ml, from about 1 mg/ml to about 20 

mg/ml, from about 5 mg/ml to about 20 mg/ml, from about 10 mg/ml to about 20 mg/ml, from 

about 0.1 mg/ml to about 15 mg/ml, from about 0.1 mg/ml to about 12 mg/ml, from about 0.1 

mg/ml to about 10 mg/ml, from about 0.1 mg/ml to about 5 mg/ml, or from about 0.1 mg/ml to 

about 2 mg/ml. In some embodiments, the concentration of immunoglobulin can be about 0.1 

mg/ml. In some embodiments, the concentration of immunoglobulin can be about 0.5 mg/ml. In 

some embodiments, the concentration of immunoglobulin can be about 1 mg/ml. In some 

embodiments, the concentration of immunoglobulin can be about 2 mg/ml. In some 

embodiments, the concentration of immunoglobulin can be about 5 mg/ml. In some 

embodiments, the concentration of immunoglobulin can be about 10 mg/ml. In some 

embodiments, the concentration of immunoglobulin can be about 15 mg/ml. In some 

embodiments, the concentration of immunoglobulin can be about 20 mg/ml. 

[0096] Suitable ratios of thiol-reactive compound:immunoglobulin include from about 

3:1 to 20:1. In some embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 
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3:1. In some embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 4:1. In 

some embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 5:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 6:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 7:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 8:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 9:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 10:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 11:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 12:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 13:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 14:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 15:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 16:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 17:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 18:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 19:1. In some 

embodiments, the ratio of thiol-reactive compound:immunoglobulin can be 20:1. 

[0097] The incubating can be performed in a number of suitable conjugation buffers 

including, for example, 1xPBS, pH 7.2, sodium phosphate, potassium phosphate, sodium borate, 

and HEPES, to name a few. The concentration of conjugation buffer include from about 5 mM 

to about 100 mM, from about 10 mM to about 100 mM, from about 20 mM to about 100 mM, 

from about 30 mM to about 100 mM, from about 45 mM to about 100 mM, from about 60 mM 

to about 100 mM, from about 75 mM to about 100 mM, from about 10 mM to about 90 mM, 

from about 10 mM to about 75 mM, from about 10 mM to about 60 mM, from about 10 mM to 

about 45 mM, or from about 10 mM to about 30 mM. In some embodiments, the concentration 

of the conjugation buffer can be about 10 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 20 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 30 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 40 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 50 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 60 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 70 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 80 mM. In some embodiments, the concentration of the 
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conjugation buffer can be about 90 mM. In some embodiments, the concentration of the 

conjugation buffer can be about 100 mM. 

[0098] The conjugation buffer can further include sodium chloride. Suitable 

concentrations of sodium chloride include from about 0 mM to about 500 mM, from about 25 

mM to about 500 mM, from about 50 mM to about 500 mM, from about 75 mM to about 500 

mM, from about 100 mM to about 500 mM, from about 150 mM to about 500 mM, from about 

200 mM to about 500 mM, from about 250 mM to about 500 mM, from about 300 mM to about 

500 mM, from about 350 mM to about 500 mM, from about 400 mM to about 500 mM, from 

about 0 mM to about 400 mM, from about 0 mM to about 350 mM, from about 0 mM to about 

300 mM, from about 0 mM to about 250 mM, from about 0 mM to about 200 mM, from about 0 

mM to about 150 mM, from about 0 mM to about 100 mM, from about 0 mM to about 50 mM, 

or from about 0 mM to about 25 mM. In some embodiments, the concentration of sodium 

chloride can be about 25 mM. In some embodiments, the concentration of sodium chloride can 

be about 50 mM. In some embodiments, the concentration of sodium chloride can be about 75 

mM. In some embodiments, the concentration of sodium chloride can be about 100 mM. In 

some embodiments, the concentration of sodium chloride can be about 150 mM. In some 

embodiments, the concentration of sodium chloride can be about 200 mM. In some 

embodiments, the concentration of sodium chloride can be about 250 mM. In some 

embodiments, the concentration of sodium chloride can be about 300 mM. In some 

embodiments, the concentration of sodium chloride can be about 350 mM. In some 

embodiments, the concentration of sodium chloride can be about 400 mM. In some 

embodiments, the concentration of sodium chloride can be about 500 mM. 

[0099] The pH of the conjugation buffer can be from about 6.5 to about 8.5. In some 

embodiments, the pH of the conjugation buffer can be about 6.5. In some embodiments, the pH 

of the conjugation buffer can be about 6.6. In some embodiments, the pH of the conjugation 

buffer can be about 6.7. In some embodiments, the pH of the conjugation buffer can be about 

6.8. In some embodiments, the pH of the conjugation buffer can be about 6.9. In some 

embodiments, the pH of the conjugation buffer can be about 7.0. In some embodiments, the pH 

of the conjugation buffer can be about 7.1. In some embodiments, the pH of the conjugation 

buffer can be about 7.2. In some embodiments, the pH of the conjugation buffer can be about 

7.3. In some embodiments, the pH of the conjugation buffer can be about 7.4. In some 

embodiments, the pH of the conjugation buffer can be about 7.5. In some embodiments, the pH 

of the conjugation buffer can be about 7.6. In some embodiments, the pH of the conjugation 
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buffer can be about 7.7. In some embodiments, the pH of the conjugation buffer can be about 

7.8. In some embodiments, the pH of the conjugation buffer can be about 7.9. In some 

embodiments, the pH of the conjugation buffer can be about 8.0. In some embodiments, the pH 

of the conjugation buffer can be about 8.1. In some embodiments, the pH of the conjugation 

buffer can be about 8.2. In some embodiments, the pH of the conjugation buffer can be about 

8.3. In some embodiments, the pH of the conjugation buffer can be about 8.4. In some 

embodiments, the pH of the conjugation buffer can be about 8.5. 

[00100] To facilitate solubility of the thiol-reactive compound in the conjugation 

buffer, a final concentration of organic, water-miscible solvent in the conjugation buffer may be 

from about 0% to about 20%, from about 2% to about 20%, from about 5% to about 20%, from 

about 8% to about 20%, from about 11% to about 20%, from about 16% to about 20%, from 

about 0% to about 18%, from about 0% to about 15%, from about 0% to about 12%, from about 

0% to about 10%, from about 0% to about 8%, from about 0% to about 6%, or from about 0% to 

about 2%. 

[0101] The conjugation buffer can further comprise propylene glycol to facilitate 

solubility of the thiol-reactive compound in the conjugation buffer. Suitable concentrations of 

propylene glycol include from about 10% to about 50%, from about 20% to about 50%, from 

about 30% to about 50%, from about 40% to about 50%, from about 10% to about 40%, from 

about 10% to about 30%, or from about 10% to about 20%. In some embodiments, the 

concentration of propylene glycol can be about 10%. In some embodiments, the concentration of 

propylene glycol can be about 20%. In some embodiments, the concentration of propylene 

glycol can be about 30%. In some embodiments, the concentration of propylene glycol can be 

about 40%. In some embodiments, the concentration of propylene glycol can be about 50%. 

[0102] The conjugation buffer can further comprise a non-ionic detergent to facilitate 

solubility of the conjugated immunoglobulin in the conjugation buffer. Exemplary non-ionic 

detergents include, but are not limited to, polysorbate-20 or polysorbate-80. Suitable 

concentrations of non-ionic detergent include from about 0% to about 1%, from about 0.1% to 

about 1%, from about 0.3% to about 1%, from about 0.5% to about 1%, from about 0.7% to 

about 1%, from about 0% to about 0.8%, from about 0% to about 0.6%, from about 0% to about 

0.4%, or from about 0% to about 0.2%. In some embodiments, the concentration of non-ionic 

detergent can be about 0.1%. In some embodiments, the concentration of non-ionic detergent 

can be about 0.2%. In some embodiments, the concentration of non-ionic detergent can be about 

0.3%. In some embodiments, the concentration of non-ionic detergent can be about 0.4%. In 
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some embodiments, the concentration of non-ionic detergent can be about 0.5%. In some 

embodiments, the concentration of non-ionic detergent can be about 0.6%. In some 

embodiments, the concentration of non-ionic detergent can be about 0.7%. In some 

embodiments, the concentration of non-ionic detergent can be about 0.8%. In some 

embodiments, the concentration of non-ionic detergent can be about 0.9%. In some 

embodiments, the concentration of non-ionic detergent can be about 1.0%. 

[0103] The incubating can be performed for about 2 hours to about 48 hours, for about 

6 hours to about 48 hours, for about 12 hours to about 48 hours, for about 24 hours to about 48 

hours, for about 30 hours to about 48 hours, for about 36 hours to about 48 hours, for about 42 

hours to about 48 hours, for about 2 hours to about 42 hours, for about 2 hours to about 36 hours, 

for about 2 hours to about 30 hours, for about 2 hours to about 24 hours, for about 2 hours to 

about 18 hours, for about 2 hours to about 12 hours, or for about 2 hours to about 6 hours. In 

some embodiments, the incubating can be performed for 2 hours. In some embodiments, the 

incubating can be performed for 6 hours. In some embodiments, the incubating can be 

performed for 12 hours. In some embodiments, the incubating can be performed for 18 hours. 

In some embodiments, the incubating can be performed for 24 hours. In some embodiments, the 

incubating can be performed for 30 hours. In some embodiments, the incubating can be 

performed for 36 hours. In some embodiments, the incubating can be performed for 42 hours. 

In some embodiments, the incubating can be performed for 48 hours. 

[0104] The temperature of the incubating can be from about 18°C to about 37°C, from 

about 20°C to about 37°C, from about 22°C to about 37°C, from about 24°C to about 37°C, 

from about 26°C to about 37°C, from about 28°C to about 37°C, from about 30°C to about 37°C, 

from about 32°C to about 37°C, from about 34°C to about 37°C, from about 18°C to about 34°C, 

from about 18°C to about 32°C, from about 18°C to about 30°C, from about 18°C to about 28°C, 

from about 18°C to about 26°C, or from about 18°C to about 24°C. In some embodiments, the 

incubating can be performed at 18°C. In some embodiments, the incubating can be performed at 

20°C. In some embodiments, the incubating can be performed at 22°C. In some embodiments, 

the incubating can be performed at 24°C. In some embodiments, the incubating can be 

performed at 26°C. In some embodiments, the incubating can be performed at 28°C. In some 

embodiments, the incubating can be performed at 30°C. In some embodiments, the incubating 

can be performed at 32°C. In some embodiments, the incubating can be performed at 34°C. In 

some embodiments, the incubating can be performed at 37°C. 
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[0105] Unincorporated thiol-reactive compounds can be separated from the conjugated 

immunoglobulin by desalting chromatography using a number of suitable resins including, but 

not limited to, G-25 resin, G-50 resin, Biogel P10, or other resins with exclusion limits of ranges 

5,000-10,000 Da. Chromatography can be performed in column format or spin-column format, 

depending on scale. Suitable buffers for desalting include, for example, 1xPBS, sodium 

phosphate, potassium phosphate, sodium borate, or HEPES-based buffers may substitute for lx 

PBS. 

[0106] In an exemplary embodiment, the conjugating can be performed by dissolving a 

maleimido-based thiol reactive compound in 100% dimethylsulfoxide (DMSO) at a final 

concentration of thiol-reactive compound of 10 mM. The dissolved thiol-reactive compound can 

then be incubated with an immunoglobulin at an immunoglobulin concentration of 5 mg/ml in 

1xPBS, pH 7.2 at a molar ratio of 5:1 thiol-reactive compound:immunoglobulin and mixed 

thoroughly. The incubating can be performed for 24 hours at 22°C. Unincorporated thiol-

reactive compound can be removed from the conjugated immunoglobulin by desalting 

chromatography using G-25 resin with lx PBS as running buffer. 

[0107] Preferably, the thiol-reactive compound is conjugated to the Cys80 via the thiol-

reactive group. Thiol-reactive groups include haloacetyls, maleimides, aziridines, acryloyls, 

arylating agents, vinylsulfones, pyridyl disulfides, TNB-thiols and disulfide reducing agents. In 

some embodiments, the thiol-reactive group can comprise a maleimide. In some embodiments, 

the thiol-reactive group can comprise a haloacetyl. In some embodiments, the thiol-reactive 

group can comprise an aziridine. In some embodiments, the thiol-reactive group can comprise 

an acryloyl. In some embodiments, the thiol-reactive group can comprise an arylating agent. In 

some embodiments, the thiol-reactive group can comprise a vinylsulfone. In some embodiments, 

the thiol-reactive group can comprise a pyridyl disulfide. In some embodiments, the thiol-

reactive group can comprise a TNB-thiol. In some embodiments, the thiol-reactive group can 

comprise a disulfide reducing agent. 

[0108] Thiol reactive groups can be derived from a number of suitable reagents 

including iodoacetamides, maleimides, benzylic halides and bromomethylketones, which can 

react by 5-alkylation of thiols to generate stable thioether products. 

[0109] The thiol-reactive group can be appended to a linker. Linkers can be non-

cleavable linkers or cleavable linkers. Exemplary linkers include, for example, disulfide 

containing linkers, acetal-based linkers, and ketal-based linkers. In some aspects, the linker can 

be a non-cleavable linker. Suitable non-cleavable linkers include, but are not limited to, 
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polyethylene glycol (PEG) or an alkyl. In some embodiments, the linker can comprise PEG. In 

some aspects, the linker can be a cleavable linker. Suitable cleavable linkers include, for 

example, valine-citrulline-para aminobenzyl. In some aspects, the linker can be a disulfide 

containing linker. In some aspects, the linker can be an acetal-based linker. In some aspects, the 

linker can be a ketal-based linker. Examples of linkers covalently appended to a thiol-reactive 

group are provided, for example, in U.S. Publ. No. 20140050746. 

[0110] The thiol-reactive compound can further comprise a functional agent. Suitable 

functional agents include, for example, fluorophores, fluorescent dyes, polypeptides, 

immunoglobulins, antibiotics, nucleic acids, radionuclides, chemical linkers, small molecules, 

chelators, lipids, and drugs. In some aspects, the functional agent can comprise a fluorophore. 

In some aspects, the functional agent can comprise a fluorescent dye. In some aspects, the 

functional agent can comprise a polypeptide. In some aspects, the functional agent can comprise 

an immunoglobulin. In some aspects, the functional agent can comprise an antibiotic. In some 

aspects, the functional agent can comprise a nucleic acid (such as DNA or RNA). In some 

aspects, the functional agent can comprise a radionuclide. In some aspects, the functional agent 

can comprise a chemical linker (for example dibenzylcyclooctyne (DBCO) or azide). In some 

aspects, the functional agent can comprise a small molecule. In some aspects, the functional 

agent can comprise a chelator (for example, DOTA, CHX-A"-DTPA, NOTA, among others). In 

some aspects, the functional agent can comprise a lipid. In some aspects, the functional agent 

can comprise a drug. In some aspects, the functional agent can comprise a combination of any of 

the above listed functional agents. 

[0111] The thiol-reactive compound (i.e. a first thiol-reactive compound) can be bound 

to a second thiol-reactive compound, the second thiol-reactive compound being bound to a 

second immunoglobulin having a second heavy chain variable region and a second light chain 

variable region, the second light chain variable region having a cysteine at amino acid position 

80 ("Cys802"), wherein the second thiol-reactive compound comprises a second thiol-reactive 

group bound to the Cys802. For example, the first thiol-reactive compound and the second thiol-

reactive compounds can have a first and second chemical linker as the first and second functional 

agents, respectively. The first and second chemical linkers can be bound to each other by a 

number of suitable means including, for example, by click chemistry. 

[0112] In preferred embodiments, the Cys80 can be unpaired. Suitable means for 

unpairing Cys80 include, for example, chimerizing a light chain variable region having Cys80 

with a constant domain having an amino acid residue other than cysteine at position 171. 
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[0113] The disclosed methods can be performed on a chimerized immunoglobulin. 

Thus, in some embodiments, the immunoglobulin can be a chimerized immunoglobulin. In 

embodiments wherein the immunoglobulin is chimerized, the methods for generating a 

conjugated immunoglobulin can comprise: decapping a Cys80 in a light chain variable region of 

a chimerized immunoglobulin, wherein the chimerized immunoglobulin comprises a heavy chain 

variable region and the light chain variable region; and conjugating a thiol-reactive compound to 

the Cys80, wherein the thiol-reactive compound comprises a thiol-reactive group. 

[0114] Alternatively, the disclosed methods can further comprise chimerizing an 

immunoglobulin prior to the decapping. For example, the methods for generating a conjugated 

immunoglobulin can comprise: chimerizing an immunoglobulin comprising a heavy chain 

variable region and a light chain variable region, the light chain variable region having a Cys80; 

decapping the Cys80; and conjugating a thiol-reactive compound to the Cys80, wherein the thiol-

reactive compound comprises a thiol-reactive group. 

[0115] The disclosed methods can be performed on a humanized immunoglobulin. 

Thus, in some embodiments, the immunoglobulin can be a humanized immunoglobulin. In 

embodiments wherein the immunoglobulin is humanized, the methods for generating a 

conjugated immunoglobulin can comprise: decapping a Cys80 in a light chain variable region of 

a humanized immunoglobulin, wherein the humanized immunoglobulin comprises a heavy chain 

variable region and the light chain variable region; and conjugating a thiol-reactive compound to 

the Cys80, wherein the thiol-reactive compound comprises a thiol-reactive group. 

[0116] Alternatively, the disclosed methods can further comprise humanizing an 

immunoglobulin prior to the decapping. For example, the methods for generating a conjugated 

immunoglobulin can comprise: humanizing an immunoglobulin comprising a heavy chain 

variable region and a light chain variable region, the light chain variable region having a Cys80; 

decapping the Cys80; and conjugating a thiol-reactive compound to the Cys80, wherein the thiol-

reactive compound comprises a thiol-reactive group. 

[0117] The methods can further comprise substituting an amino acid at position 83 with 

an amino acid residue other than Phe, Lys, or Cys. In some aspects, the methods can comprise 

substituting the phenylalanine at position 83 of the light chain variable region with alanine 

("A1a83"). In some aspects, the methods can comprise substituting the phenylalanine at position 

83 of the light chain variable region with valine ("Va183"). In some aspects, the methods can 

comprise substituting the phenylalanine at position 83 of the light chain variable region with 

isoleucine ("I1e83"). In some aspects, the methods can comprise substituting the phenylalanine 
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at position 83 of the light chain variable region with threonine ("Thr83"). In some aspects, the 

methods can comprise substituting the phenylalanine at position 83 of the light chain variable 

region with arginine ("Arg83"). In some aspects, the methods can comprise substituting the 

phenylalanine at position 83 of the light chain variable region with asparagine ("Asn83"). In 

some aspects, the methods can comprise substituting the phenylalanine at position 83 of the light 

chain variable region with aspartic acid ("Asp83"). In some aspects, the methods can comprise 

substituting the phenylalanine at position 83 of the light chain variable region with glutamic acid 

("G1u83"). In some aspects, the methods can comprise substituting the phenylalanine at position 

83 of the light chain variable region with glutamine ("G1n83"). In some aspects, the methods can 

comprise substituting the phenylalanine at position 83 of the light chain variable region with 

glycine ("G1y83"). In some aspects, the methods can comprise substituting the phenylalanine at 

position 83 of the light chain variable region with histidine ("His83"). In some aspects, the 

methods can comprise substituting the phenylalanine at position 83 of the light chain variable 

region with leucine ("Leu83"). In some aspects, the methods can comprise substituting the 

phenylalanine at position 83 of the light chain variable region with methionine ("Met83"). In 

some aspects, the methods can comprise substituting the phenylalanine at position 83 of the light 

chain variable region with proline ("Pro83"). In some aspects, the methods can comprise 

substituting the phenylalanine at position 83 of the light chain variable region with serine 

("Ser83"). In some aspects, the methods can comprise substituting the phenylalanine at position 

83 of the light chain variable region with tryptophan ("Trp83"). In some aspects, the methods 

can comprise substituting the phenylalanine at position 83 of the light chain variable region with 

tyrosine ("Tyr83"). In some embodiments, the methods can comprise substituting an amino acid 

at position 83 with a polar or hydrophobic amino acid including, but not limited to, alanine, 

valine, isoleucine, or threonine. 

[0118] The amino acid residue other than Phe, Lys, or Cys at amino acid position 83 in 

combination with the disclosed decapping methods can decrease the aggregation, and increase 

the Cys80 conjugation efficiency, of the immunoglobulin. Suitable immunoglobulin aggregation 

achieved by the disclosed methods include, for example, less than about 5%, less than about 7%, 

less than about 10%, less than about 12%, less than about 15%, less than about 17%, less than 

about 20%, less than about 22%, or less than about 25%. Suitable conjugation efficiencies 

achieved by the disclosed methods include, for example, greater than about 70%, greater than 

about 73%, greater than about 76%, greater than about 79%, greater than about 82%, greater than 
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about 85%, greater than about 88%, greater than about 91%, greater than about 94%, greater than 

about 97%, or greater than about 99%. 

Methods of generating antigen-binding molecules 

[0119] Also provided herein are methods for generating an antigen-binding molecule, 

the method comprising incubating a first conjugated immunoglobulin with a second conjugated 

immunoglobulin to generate the antigen-binding molecule, wherein: 

the first conjugated immunoglobulin comprises a first heavy chain variable region 

and a first light chain variable region, the first light chain variable region having a 

cysteine at position 80 ("Cys801") wherein Cys801  is conjugated to a first thiol-reactive 

compound comprising a first thiol-reactive group; and 

the second conjugated immunoglobulin comprises a second heavy chain variable 

region and a second light chain variable region, the second light chain variable region 

having a cysteine at position 80 ("Cys802") wherein Cys802  is conjugated to a second 

thiol-reactive compound comprising a second thiol-reactive group. 

[0120] Antigen-binding molecules include multivalent and/or multispecific antigen- 

binding molecules. For example, antigen-binding molecules include bivalent, trivalent, and 

tetravalent antigen-binding molecules that are monospecific or bispecific. In some aspects, the 

antigen-binding molecule can be bivalent and monospecific. In some aspects, the antigen-

binding molecule can be bivalent and bispecific. In some aspects, the antigen-binding molecule 

can be trivalent and monospecific. In some aspects, the antigen-binding molecule can be 

trivalent and bispecific. In some aspects, the antigen-binding molecule can be tetravalent and 

monospecific. In some aspects, the antigen-binding molecule can be tetravalent and bispecific. 

In some aspects, the valency can be greater than tetravalent. In some aspects, the specificity can 

be greater than bispecific. 

[0121] The Cys801, the Cys802, or both, can be unpaired. Suitable means for unpairing 

Cys80 include, for example, chimerizing a light chain variable region having Cys80 with a 

constant domain having an amino acid residue other than cysteine at position 171. 

[0122] In some aspects, the methods can further comprise decapping the Cys801. In 

some aspects, the methods can further comprise decapping the Cys802. In other aspects, the 

methods can further comprise decapping the Cys801  and Cys802
. 

[0123] The decapping can comprise incubating the first immunoglobulin, the second 

immunoglobulin, or both, with a reducing buffer followed by incubating the first 
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immunoglobulin, the second immunoglobulin, or both, with an oxidizing buffer. In some aspects 

of the methods for generating antigen-binding molecules, the decapping can further comprise 

immobilizing the first immunoglobulin, the second immunoglobulin, or both on a matrix prior to 

the incubating with the reducing buffer and eluting the first immunoglobulin, the second 

immunoglobulin, or both from the matrix following the incubating with the oxidizing buffer. 

[0124] Suitable decapping and conjugating conditions, including reducing buffers, 

oxidizing buffers, concentrations, pHs, times and matrices, are disclosed in the section entitled 

"generation of conjugated immunoglobulins" and are equally applicable herein. 

[0125] In some aspects, the methods can further comprise conjugating a first thiol-

reactive compound to the Cys801, wherein the first thiol-reactive compound comprises a first 

thiol-reactive group. In some aspects, the methods can further comprise conjugating a second 

thiol-reactive compound to the Cys802, wherein the second thiol-reactive compound comprises a 

second thiol-reactive group. In yet other aspects, the methods can further comprise conjugating a 

first thiol-reactive compound to the Cys801  and a second thiol-reactive compound to the Cys802, 

wherein the first thiol-reactive compound comprises a first thiol-reactive group and the second 

thiol-reactive compound comprises a second thiol-reactive group. 

[0126] The methods can further comprise both decapping and conjugating. For 

example, the methods can further comprise, prior to the incubating step, 

decapping the Cys801, Cys802, or both; and 

conjugating a first thiol-reactive compound to the Cys801, a second thiol-reactive 

compound to the Cys802, or both, wherein the first thiol-reactive compound comprises a 

first thiol-reactive group and the second thiol-reactive compound comprises a second 

thiol-reactive group. 

[0127] The first immunoglobulin, the second immunoglobulin, or both, can be 

chimerized. Conversely, the methods can further comprise chimerizing the first 

immunoglobulin, chimerizing the second immunoglobulin, or chimerizing both the first 

immunoglobulin and the second immunoglobulin. For example, and without intending to be 

limiting, the methods can further comprise, prior to the incubating step: 

chimerizing a first immunoglobulin comprising a Cys801  to generate a first 

chimeric immunoglobulin; 

chimerizing the second immunoglobulin comprising a Cys802 to generate a 

second chimeric immunoglobulin; 

decapping the Cys801, Cys802, or both; and 
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conjugating a first thiol-reactive compound to the Cys801, a second thiol-reactive 

compound to the Cys802, or both, wherein the first thiol-reactive compound comprises a 

first thiol-reactive group and the second thiol-reactive compound comprises a second 

thiol-reactive group. 

[0128] The first immunoglobulin, the second immunoglobulin, or both, can be 

humanized. Conversely, the methods can further comprise humanizing the first 

immunoglobulin, humanizing the second immunoglobulin, or humanizing both the first 

immunoglobulin and the second immunoglobulin. For example, and without intending to be 

limiting, the methods can further comprise, prior to the incubating step: 

humanizing a first immunoglobulin comprising a Cys801  to generate a first 

humanized immunoglobulin; 

humanizing the second immunoglobulin comprising a Cys802  to generate a 

second humanized immunoglobulin; 

decapping the Cys801, Cys802, or both; and 

conjugating a first thiol-reactive compound to the Cys801, a second thiol-reactive 

compound to the Cys802, or both, wherein the first thiol-reactive compound comprises a 

first thiol-reactive group and the second thiol-reactive compound comprises a second 

thiol-reactive group. 

[0129] Preferably, the first and second thiol-reactive compounds are conjugated to the 

Cys801  and Cys802, respectively, via the first thiol-reactive group and the second thiol-reactive 

group. Suitable, thiol-reactive groups include haloacetyls, maleimides, aziridines, acryloyls, 

arylating agents, vinylsulfones, pyridyl disulfides, TNB-thiols and disulfide reducing agents. In 

some embodiments, the first thiol-reactive group, the second-thiol reactive group, or both, can 

comprise a maleimide. In some embodiments, the first thiol-reactive group, the second-thiol 

reactive group, or both, can comprise a haloacetyl. In some embodiments, the first thiol-reactive 

group, the second-thiol reactive group, or both, can comprise an aziridine. In some 

embodiments, the first thiol-reactive group, the second-thiol reactive group, or both, can 

comprise an acryloyl. In some embodiments, the first thiol-reactive group, the second-thiol 

reactive group, or both, can comprise an arylating agent. In some embodiments, the first thiol-

reactive group, the second-thiol reactive group, or both, can comprise a vinylsulfone. In some 

embodiments, the first thiol-reactive group, the second-thiol reactive group, or both, can 

comprise a pyridyl disulfide. In some embodiments, the first thiol-reactive group, the second- 
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thiol reactive group, or both, can comprise a TNB-thiol. In some embodiments, the first thiol-

reactive group, the second-thiol reactive group, or both, can comprise a disulfide reducing agent. 

[0130] The first thiol-reactive group, the second-thiol reactive group, or both can be 

appended to a linker. In some aspects, the first thiol-reactive group can be appended to a linker 

("first linker"). In some aspects, the second thiol-reactive group can be appended to a linker 

("second linker"). In yet other aspects the first thiol-reactive group can be appended to a first 

linker and the second thiol-reactive group can be appended to a second linker. Suitable first and 

second linkers can be non-cleavable linkers or cleavable linkers. Exemplary first and second 

linkers include, for example, disulfide containing linkers, acetal-based linkers, and ketal-based 

linkers. In some aspects, the first linker, second linker, or both, can be a non-cleavable linker. 

Suitable non-cleavable linkers include, but are not limited to, polyethylene glycol (PEG) or an 

alkyl. In some embodiments, the first linker, second linker, or both, can comprise PEG. In some 

aspects, the first linker, second linker, or both, can be a cleavable linker. Suitable cleavable 

linkers include, for example, valine-citrulline-para aminobenzyl. In some aspects, the first 

linker, second linker, or both, can be a disulfide containing linker. In some aspects, the first 

linker, second linker, or both can be an acetal-based linker. In some aspects, the first linker, 

second linker, or both, can be a ketal-based linker. Examples of linkers covalently appended to a 

thiol-reactive group are provided, for example, in U.S. Publ. No. 20140050746. 

[0131] The first thiol-reactive compound, the second thiol-reactive compound, or both, 

can further comprise a functional agent. In some aspects, the first thiol-reactive compound can 

further comprise a functional agent ("first functional agent"). In some aspects, the second thiol-

reactive compound can further comprise a functional agent ("second functional agent"). In yet 

other aspects, the first thiol-reactive compound can further comprise a first functional agent and 

the second thiol-reactive compound can further comprise a second functional agent. 

[0132] Suitable functional agents include, for example, chemical linkers. Preferably, 

the chemical linker of the first thiol-reactive compound ("first chemical linker") and the 

chemical linker of the second thiol-reactive compound ("second chemical linker") can be 

coupled. For example, and without intent to be limiting, one of the first or second chemical 

linkers can be dibenzylcyclooctyne (DBCO) and the other of the first or second chemical linkers 

can be azide. In some embodiments, for example, the first chemical linker can be DBCO and the 

second chemical linker can be azide. Conversely, the first chemical linker can be azide and the 

second chemical linker can be DBCO. The DBCO and azide can be coupled, this resulting in the 

conjugation of the first immunoglobulin and the second immunoglobulin. For example, the first 
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immunoglobulin and the second immunoglobulin can be conjugated to each other by click 

chemistry. 

[0133] In an exemplary embodiment, thiol-reactive compounds can include maleimido-

PEG4-azide and maleimido-PEG4-dibenzocyclooctyne. In some aspects, for example, the first 

thiol-reactive compound can be maleimido-PEG4-azide and the second thiol-reactive compound 

can be maleimido-PEG4-dibenzocyclooctyne. In some aspects, the first thiol-reactive compound 

can be maleimido-PEG4-dibenzocyclooctyne and the second thiol-reactive compound can be 

maleimido-PEG4-azide. 

[0134] The first immunoglobulin, second immunoglobulin, or both, can be Fabs. In 

some embodiments, the first immunoglobulin can be a Fab ("first Fab"). In some embodiments, 

the second immunoglobulin can be a Fab ("second Fab"). In yet other embodiments, the first 

immunoglobulin can be a first Fab and the second immunoglobulin can be a second Fab. 

[0135] In some embodiments, the methods comprise generating a first Fab, a second 

Fab, or both, prior to the incubating. Suitable techniques for generating Fabs are known in the 

art and include, for example, digesting a full or partial immunoglobulin to produce a Fab or 

recombinantly expressing the immunoglobulin as a Fab. For example, the methods of generating 

antigen-binding molecules can further comprise, prior to the incubating, 

digesting a first immunoglobulin, a second immunoglobulin, or both, with papain 

to generate a first Fab, second Fab, or first and second Fab, wherein the first 

immunoglobulin comprises a first heavy chain and a first light chain, the first light chain 

having a cysteine at position 80 ("Cys801"), and wherein the second immunoglobulin 

comprises a second heavy chain and a second light chain, the second light chain having a 

cysteine at position 80 ("Cys802"); or 

recombinantly expressing a first Fab comprising a first heavy chain and a first 

light chain having a cysteine at position 80 (Cys801), recombinantly expressing a second 

Fab comprising a second heavy chain and a second light chain having a cysteine at 

position 80 (Cys802), or both; 

and conjugating the first Fab at Cys801  to a first thiol-reactive compound to 

generate a first conjugated Fab, conjugating the second Fab at Cys802  to a second thiol-

reactive compound to generate a second conjugated Fab, or both. 

[0136] The methods of generating antigen-binding molecules can further comprise 

substituting an amino acid at position 83 of the first light chain variable region with an amino 

acid residue other than Phe, Lys, or Cys. The methods of generating antigen-binding molecules 
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can further comprise substituting an amino acid at position 83 of the second light chain variable 

region with an amino acid residue other than Phe, Lys, or Cys. The methods of generating 

antigen-binding molecules can further comprise substituting an amino acid at position 83 of the 

first light chain variable region with an amino acid residue other than Phe, Lys, or Cys and 

substituting an amino acid at position 83 of the second light chain variable region with an amino 

acid residue other than Phe, Lys, or Cys. 

[0137] 	In some aspects, the methods can comprise substituting an amino acid at 

position 83 of the first light chain variable region, substituting an amino acid at position 83 of the 

second light chain variable region, or substituting an amino acid at position 83 of the first light 

chain variable region and the second light chain variable region with alanine ("A1a83"), valine 

("Va183"), isoleucine ("I1e83"), threonine ("Thr83"), arginine ("Arg83"), asparagine ("Asn83"), 

aspartic acid ("Asp83"), glutamic acid ("G1u83"), glutamine ("Gln83"), glycine ("G1y83"), 

histidine ("His83"), leucine ("Leu83"), methionine ("Met83"), proline ("Pro83"), serine 

("Ser83"), tryptophan ("Trp83"), or tyrosine ("Tyr83"). 

[0138] The amino acid at position 83 in the first light chain variable region can be the 

same as the amino acid at position 83 in the second light chain variable region. Conversely, 

theamino acid at position 83 in the first light chain variable region region can be different from 

the polar or hydrophobic amino acid at position 83 in the second light chain variable region. The 

amino acid at position 83 other than Phe, Lys, or Cys in the first light chain variable region 

and/or the amino acid at position 83 other than Phe, Lys, or Cys in the second light chain 

variable region can be a polar or hydrophobic amino acid including, but not limited to, alanine, 

valine, isoleucine, or threonine. In some aspects, the methods can comprise substituting an 

amino acid at position 83 of the first light chain variable region, substituting an amino acid at 

position 83 of the second light chain variable region, or substituting an amino acid at position 83 

of the first light chain variable region and the second light chain variable region with valine 

("Va183"). In some aspects, the methods can comprise substituting an amino acid at position 83 

of the first light chain variable region, substituting an amino acid at position 83 of the second 

light chain variable region, or substituting an amino acid at position 83 of the first light chain 

variable region and the second light chain variable region with isoleucine ("Ile83"). In some 

aspects, the methods can comprise substituting an amino acid at position 83 of the first light 

chain variable region, substituting an amino acid at position 83 of the second light chain variable 

region, or substituting an amino acid at position 83 of the first light chain variable region and the 

second light chain variable region with threonine ("Thr83"). The polar or hydrophobic amino 
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acid at position 83 in the first light chain variable region region can be the same as or different 

from the polar or hydrophobic amino acid at position 83 in the second light chain variable 

region. 

[0139] Suitable light chain variable regions include, for example, a kappa light chain 

variable region. In some embodiments, the Cys801, Cys802, or both, can be present in the native 

light chain variable region. The first light chain variable region and second light chain variable 

region are derived from rabbit. Exemplary rabbits from which a first light chain variable region, 

second light chain variable region, or both, can be derived from include, but are not limited to, 

Oryctolagus cuniculus. In some aspects, for example, the light chain variable region(s) can be 

derived from a New Zealand White (NZW) rabbit. In other aspects, the light chain variable 

region(s) can be derived from a b9 rabbit. 

Immunoglobulin components of conjugated immunoglobulins 

[0140] Disclosed herein are immunoglobulins comprising a heavy chain variable region 

and a light chain variable region, the light chain variable region having a cysteine at position 80 

("Cys80") and an amino acid other than Phe, Lys, or Cys at position 83. 

[0141] Suitable light chain variable regions include, for example, a kappa light chain 

variable region. The light chain variable region is derived from rabbit. In some embodiments, 

the Cys80 can be present in the native light chain variable region of the rabbit immunoglobulin. 

Exemplary rabbits from which a light chain variable region having a Cys80 can be derived 

include, but are not limited to, Oryctolagus cuniculus. In some aspects, for example, the light 

chain variable region can be derived from a New Zealand White (NZW) rabbit. In other aspects, 

the light chain variable region can be derived from a b9 rabbit. 

[0142] The amino acid other than Phe, Lys, or Cys at position 83 includes alanine 

("A1a83"), valine ("Va183"), isoleucine ("I1e83"), threonine ("Thr83"), arginine ("Arg83"), 

asparagine ("Asn83"), aspartic acid ("Asp83"), glutamic acid ("G1u83"), glutamine ("Gln83"), 

glycine ("Gly83"), histidine ("His83"), leucine ("Leu83"), methionine ("Met83"), proline 

("Pro83"), serine ("Ser83"), tryptophan ("Trp83"), or tyrosine ("Tyr83"). 

[0143] In some embodiments, the amino acid other than Phe, Lys, or Cys at position 83 

can be a polar or hydrophobic amino acid including, but not limited to, alanine, valine, 

isoleucine, or threonine. In some aspects, the polar or hydrophobic amino acid other than Phe at 

position 83 is alanine ("A1a83"). In some aspects, the polar or hydrophobic amino acid other 

than Phe at position 83 is valine ("Va183"). In some aspects, the polar or hydrophobic amino 
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acid other than Phe at position 83 is isoleucine ("Ile83"). In some aspects, the polar or 

hydrophobic amino acid other than Phe at position 83 is threonine ("Thr83"). 

[0144] The Cys80 can be unpaired. For example, a light chain variable region having 

Cys80 can be chimerized with a constant domain having an amino acid residue other than 

cysteine at position 171. 

[0145] Preferably, the Cys80 is decapped. 

[0146] In some embodiments, the immunoglobulins can be chimerized. In other 

embodiments, the immunoglobulins can be humanized. 

[0147] In some embodiment, the disclosed immunoglobulin immunospecifically binds 

to human CA9. In some embodiments, the immunoglobulin that immunospecifically binds to 

human CA9 comprises: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-141 of xi155D5HC (SEQ ID NO:52) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-144 of zu155D5HC (SEQ ID NO:54) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-138 of xilE4HC (SEQ ID NO:58) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xilE4LC (SEQ ID NO:110); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-140 of zulE4HC (SEQ ID NO:60) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi166B3HC (SEQ ID NO:74) and a light chain variable region 
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having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu166B3HC (SEQ ID NO:76) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136). 

[0148] In some embodiments, the immunoglobulin that immunospecifically binds to 

human CA9 comprises: 

a. a heavy chain variable region as set forth as amino acids 20-141 of xi155D5HC (SEQ 

ID NO:52) and a light chain variable region as set forth as amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region as set forth as amino acids 20-144 of zu155D5HC (SEQ 

ID NO:54) and a light chain variable region as set forth as amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region as set forth as amino acids 20-138 of xilE4HC (SEQ 

ID NO:58) and a light chain variable as set forth as amino acids 20-130 of xilE4LC 

(SEQ ID NO:110); 

d. a heavy chain variable region as set forth as amino acids 20-140 of zulE4HC (SEQ 

ID NO:60) and a light chain variable region as set forth as amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region as set forth as amino acids 20-142 of xi166B3HC (SEQ 

ID NO:74) and a light chain variable region as set forth as amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); or 

E 	a heavy chain variable region as set forth as amino acids 20-145 of zu166B3HC (SEQ 

ID NO:76) and a light chain variable region as set forth as amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136). 

[0149] In some embodiments, the immunoglobulin that immunospecifically binds to 

human CA9 comprises: 
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a. a heavy chain CDR1, CDR2, and CDR3 of xi155D5HC as set forth as SEQ ID 

NO:146, 148, and 150, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi155D5LC as set forth as SEQ ID NO:224, 226, and 228, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu155D5HC as set forth as SEQ ID 

NO:152, 154, and 156, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu155D5LC-3 as set forth as SEQ ID NO:242, 244, and 246, respectively, 

zu155D5LC-4 as set forth as SEQ ID NO:248, 250, and 252, respectively, 

zu155D5LC-5 as set forth as SEQ ID NO:254, 256, and 258, respectively, 

zu155D5LC-6 as set forth as SEQ ID NO:260, 262, and 264, respectively, 

zu155D5LC-7 as set forth as SEQ ID NO:266, 268, and 270, respectively, 

zu155D5LC-huVK2-40 as set forth as SEQ ID NO 278, 280, and 282, respectively, 

zu155D5LC-huVK4-1 as set forth as SEQ ID NO 290, 292, and 294, respectively, 

zu155D5LC-huVK6-21 as set forth as SEQ ID NO 296, 298, and 300, respectively, 

zu155D5LC-huVK6D-41 as set forth as SEQ ID NO 302, 304, and 306, respectively; 

or zu155D5LC-huVK7-3-G1u81 as set forth as SEQ ID NO 308, 310, and 312, 

respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xilE4HC as set forth as SEQ ID NO 164, 

166, and 168, respectively and a light chain CDR1, CDR2, and CDR3 of xilE4LC as 

set forth as SEQ ID NO 320, 322, and 324, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of zulE4HC as set forth as SEQ ID NO:170, 

172, and 174, respectively, and a light chain CDR1, CDR2, and CDR3 of zulE4LC-

CXXA as set forth as SEQ ID NO:332, 334, and 336, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi166B3HC as set forth as SEQ ID 

NO:212, 214, and 216, respectively and a light chain CDR1, CDR2, and CDR3 of 

xi166B3LC as set forth as SEQ ID NO:386, 388, and 390, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of zu166B3HC as set forth as SEQ ID 

NO:218, 220, and 222, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu166B3LC-CXXA as set forth as SEQ ID NO:398, 400, and 402, respectively. 

[0150] In some embodiments, the disclosed immunoglobulins immunospecifically bind 

to human TEM1. In some embodiments, the immunoglobulin that immunospecifically binds to 

human TEM1 comprises a heavy chain variable region having an amino acid sequence at least 

90% identical to amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain variable 
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region having an amino acid sequence at least 90% identical to amino acids 20-129 of xi1-55-

2LC (SEQ ID NO:108). 

[0151] In some embodiments, the immunoglobulin that immunospecifically binds to 

human TEM1 comprises a heavy chain variable region as set forth as amino acids 20-139 of xil-

55-2HC (SEQ ID NO:56) and a light chain variable region as set forth as amino acids 20-129 of 

xi1-55-2LC (SEQ ID NO:108). 

[0152] In some embodiments, the immunoglobulin that immunospecifically binds to 

human TEM1 comprises a heavy chain CDR1, CDR2, and CDR3 of xi1-55-2HC as set forth as 

SEQ ID NO:158, 160, and 162, respectively, and a light chain CDR1, CDR2, and CDR3 of xil-

55-2LC as set forth as SEQ ID NO:314, 316, and 318, respectively. 

[0153] In some embodiments, the disclosed immunoglobulins immunospecifically bind 

to human mesothelin. In some embodiments, the immunoglobulin that immunospecifically binds 

to human mesothelin comprises: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); or 
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f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

[0154] In some embodiments, the immunoglobulin that immunospecifically binds to 

human mesothelin comprises: 

a. a heavy chain variable region as set forth as amino acids 20-142 of xi33011HC (SEQ 

ID NO:62) and a light chain variable region as set forth as amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region as set forth as amino acids 20-145 of zu33011HC (SEQ 

ID NO:64) and a light chain variable region as set forth as amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region as set forth as amino acids 20-137 of xi32405HC (SEQ 

ID NO:66) and a light chain variable region as set forth as amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region as set forth as amino acids 20-137 of xi178F16HC 

(SEQ ID NO:68) and a light chain variable region as set forth as amino acids 20-127 

of xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region as set forth as amino acids 20-132 of xi237N18HC 

(SEQ ID NO:70) and a light chain variable region as set forth as amino acids 20-127 

of xi237N18LC (SEQ ID NO:128); or 

f 	a heavy chain variable region as set forth as amino acids 20-137 of xi383I18HC (SEQ 

ID NO:72) and a light chain variable region as set forth as amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

[0155] In some embodiments, the immunoglobulin that immunospecifically binds to 

human mesothelin comprises: 

a. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth as SEQ ID NO:338, 340, and 342, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 
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c. a heavy chain CDR1, CDR2, and CDR3 of xi324O5HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi324O5LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

Conjugated immunoglobulins 

[0156] Also disclosed herein are conjugated immunoglobulins comprising any of the 

immunoglobulins disclosed herein, wherein the cysteine at position 80 ("Cys80") is conjugated 

to a thiol-reactive compound, the thiol-reactive compound comprising a thiol-reactive group. 

[0157] In some embodiments, the conjugated immunoglobulins comprise an 

immunoglobulin comprising a heavy chain variable region and a light chain variable region, the 

light chain variable region having a Cys80 and an amino acid other than Phe, Lys, or Cys at 

position 83, wherein Cys80 is conjugated to a thiol-reactive compound, the thiol-reactive 

compound comprising a thiol-reactive group. In some embodiments, the light chain variable 

region can have a Cys80 and a polar or hydrophobic amino acid other than Phe, Lys, or Cys at 

position 83. 

[0158] The immunoglobulin comprises a heavy chain variable region and a light chain 

variable region. Suitable light chain variable regions include, for example, a kappa light chain 

variable region. The light chain variable region is derived from rabbit. In some embodiments, 

the Cys80 can be present in the native light chain variable region of the rabbit immunoglobulin. 

Exemplary rabbits from which a light chain variable region having a Cys80 can be derived 

include, but is not limited to, Oryctolagus cuniculus . In some aspects, for example, the light 

chain variable region can be derived from a New Zealand White (NZW) rabbit. In other aspects, 

the light chain variable region can be derived from a b9 rabbit. 
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[0159] The light chain variable region can have a Cys80 and an amino acid other than 

Phe, Lys, or Cys at position 83. The amino acid other than Phe, Lys, or Cys at position 83 

includes alanine ("Ala83"), valine ("Va183"), isoleucine ("Ile83"), threonine ("Thr83"), arginine 

("Arg83"), asparagine ("Asn83"), aspartic acid ("Asp83"), glutamic acid ("G1u83"), glutamine 

("Gln83"), glycine ("Gly83"), histidine ("His83"), leucine ("Leu83"), methionine ("Met83"), 

proline ("Pro83"), serine ("Ser83"), tryptophan ("Trp83"), or tyrosine ("Tyr83"). In some 

embodiments, the light chain variable region can have a Cys80 and a polar or hydrophobic amino 

acid other than Phe, Lys, or Cys at position 83. Suitable polar or hydrophobic amino acids 

include, but are not limited to, alanine, valine, isoleucine, or threonine. In some aspects, the 

polar or hydrophobic amino acid other than Phe at position 83 is alanine ("A1a83"). In some 

aspects, the polar or hydrophobic amino acid other than Phe at position 83 is valine ("Va183"). 

In some aspects, the polar or hydrophobic amino acid other than Phe at position 83 is isoleucine 

("Ile83"). In some aspects, the polar or hydrophobic amino acid other than Phe at position 83 is 

threonine ("Thr83"). 

[0160] The Cys80 can be unpaired. For example, the light chain variable region having 

Cys80 can be chimerized with a constant domain having an amino acid residue other than 

cysteine at position 171. 

[0161] Preferably, the Cys80 is decapped. 

[0162] In some embodiments, the immunoglobulin can be chimerized. In other 

embodiments, the immunoglobulin can be humanized. 

[0163] Preferably, the thiol-reactive compound is conjugated to the Cys80 via the thiol-

reactive group. Thiol-reactive groups include haloacetyls, maleimides, aziridines, acryloyls, 

arylating agents, vinylsulfones, pyridyl disulfides, TNB-thiols and disulfide reducing agents. In 

some embodiments, the thiol-reactive group can comprise a maleimide. In some embodiments, 

the thiol-reactive group can comprise a haloacetyl. In some embodiments, the thiol-reactive 

group can comprise an aziridine. In some embodiments, the thiol-reactive group can comprise 

an acryloyl. In some embodiments, the thiol-reactive group can comprise an arylating agent. In 

some embodiments, the thiol-reactive group can comprise a vinylsulfone. In some embodiments, 

the thiol-reactive group can comprise a pyridyl disulfide. In some embodiments, the thiol-

reactive group can comprise a TNB-thiol. In some embodiments, the thiol-reactive group can 

comprise a disulfide reducing agent. 

[0164] The thiol-reactive group can be appended to a linker. Linkers can be non-

cleavable linkers or cleavable linkers. Exemplary linkers include, for example, disulfide 
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containing linkers, acetal-based linkers, and ketal-based linkers. In some aspects, the linker can 

be a non-cleavable linker. Suitable non-cleavable linkers include, but are not limited to, 

polyethylene glycol (PEG) or an alkyl. In some embodiments, the linker can comprise PEG. In 

some aspects, the linker can be a cleavable linker. Suitable cleavable linkers include, for 

example, valine-citrulline-para aminobenzyl. In some aspects, the linker can be a disulfide 

containing linker. In some aspects, the linker can be an acetal-based linker. In some aspects, the 

linker can be a ketal-based linker. Examples of linkers covalently appended to a thiol-reactive 

group are provided, for example, in U.S. Publ. No. 20140050746. 

[0165] The thiol-reactive compound can further comprise a functional agent. Suitable 

functional agents include, for example, fluorophores, fluorescent dyes, polypeptides, 

immunoglobulins, antibiotics, nucleic acids, radionuclides, chemical linkers, small molecules, 

chelators, lipids, and drugs. In some aspects, the functional agent can comprise a fluorophore. 

In some aspects, the functional agent can comprise a fluorescent dye. In some aspects, the 

functional agent can comprise a polypeptide. In some aspects, the functional agent can comprise 

an immunoglobulin. In some aspects, the functional agent can comprise an antibiotic. In some 

aspects, the functional agent can comprise a nucleic acid (such as DNA or RNA). In some 

aspects, the functional agent can comprise a radionuclide. In some aspects, the functional agent 

can comprise a chemical linker (for example dibenzylcyclooctyne (DBCO) or azide). In some 

aspects, the functional agent can comprise a small molecule. In some aspects, the functional 

agent can comprise a chelator (for example, DOTA, CHX-A"-DTPA, NOTA, among others). In 

some aspects, the functional agent can comprise a lipid. In some aspects, the functional agent 

can comprise a drug. In some aspects, the functional agent can comprise a combination of any of 

the above listed functional agents. 

[0166] Accordingly, the disclosed conjugated immunoglobulins include: 

immunoglobulin-fluorophore Cys80 conjugates, immunoglobulin-fluorescent dye Cys80 

conjugates, immunoglobulin-polypeptide Cys80 conjugates, immunoglobulin-immunoglobulin 

Cys80 conjugates, immunoglobulin-antibiotic Cys80 conjugates, immunoglobulin-nucleic acid 

Cys80 conjugates, immunoglobulin-radionuclide Cys80 conjugates, immunoglobulin-chemical 

linker Cys80 conjugates, immunoglobulin-small molecule Cys80 conjugates, immunoglobulin-

chelator Cys80 conjugates, immunoglobulin-lipid Cys80 conjugates, and immunoglobulin-drug 

Cys80 conjugates. 

[0167] Any of the immunoglobulins disclosed herein can be conjugated to any of the 

functional agents disclosed herein. For example, the conjugated immunoglobulin can comprise 
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an immunoglobulin that immunospecifically binds to human CA9 and a fluorophore, fluorescent 

dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug. In some embodiments, the conjugated immunoglobulin is a 

CA9-fluorophore Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a 

CA9-fluorescent dye Cys80 conjugate. In some embodiments, the conjugated immunoglobulin 

is a CA9-polypeptide Cys80 conjugate. In some embodiments, the conjugated immunoglobulin 

is a CA9-immunoglobulin Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a CA9-antibiotic Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a CA9-nucleic acid Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a CA9-radionuclide Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a CA9-chemical linker Cys80 conjugate. In some embodiments, the 

conjugated immunoglobulin is a CA9-small molecule Cys80 conjugate. In some embodiments, 

the conjugated immunoglobulin is a CA9-chelator Cys80 conjugate. In some embodiments, the 

conjugated immunoglobulin is a CA9-lipid Cys80 conjugate. In some embodiments, the 

conjugated immunoglobulin is a CA9-drug Cys80 conjugate. 

[0168] Suitable immunoglobulins that immunospecifically bind to human CA9 that can 

be conjugated at Cys80 to any of the above functional agents include: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-141 of xi155D5HC (SEQ ID NO:52) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-144 of zu155D5HC (SEQ ID NO:54) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-138 of xilE4HC (SEQ ID NO:58) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xilE4LC (SEQ ID NO:110); 
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d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-140 of zu1E4HC (SEQ ID NO:60) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu1E4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi166B3HC (SEQ ID NO:74) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu166B3HC (SEQ ID NO:76) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136); 

g. a heavy chain variable region as set forth as amino acids 20-141 of xi155D5HC (SEQ 

ID NO:52) and a light chain variable region as set forth as amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

h. a heavy chain variable region as set forth as amino acids 20-144 of zu155D5HC (SEQ 

ID NO:54) and a light chain variable region as set forth as amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

i. a heavy chain variable region as set forth as amino acids 20-138 of xi1E4HC (SEQ 

ID NO:58) and a light chain variable as set forth as amino acids 20-130 of xi1E4LC 

(SEQ ID NO:110); 

j. a heavy chain variable region as set forth as amino acids 20-140 of zu1E4HC (SEQ 

ID NO:60) and a light chain variable region as set forth as amino acids 20-130 of 

zu1E4LC-CXXA (SEQ ID NO:114); 

k. a heavy chain variable region as set forth as amino acids 20-142 of xi166B3HC (SEQ 

ID NO:74) and a light chain variable region as set forth as amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); 
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1. 	a heavy chain variable region as set forth as amino acids 20-145 of zu166B3HC (SEQ 

ID NO:76) and a light chain variable region as set forth as amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136); 

m. a heavy chain CDR1, CDR2, and CDR3 of xi155D5HC as set forth as SEQ ID 

NO:146, 148, and 150, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi155D5LC as set forth as SEQ ID NO:224, 226, and 228, respectively; 

n. a heavy chain CDR1, CDR2, and CDR3 of zu155D5HC as set forth as SEQ ID 

NO:152, 154, and 156, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu155D5LC-3 as set forth as SEQ ID NO:242, 244, and 246, respectively, 

zu155D5LC-4 as set forth as SEQ ID NO:248, 250, and 252, respectively, 

zu155D5LC-5 as set forth as SEQ ID NO:254, 256, and 258, respectively, 

zu155D5LC-6 as set forth as SEQ ID NO:260, 262, and 264, respectively, 

zu155D5LC-7 as set forth as SEQ ID NO:266, 268, and 270, respectively, 

zu155D5LC-huVK2-40 as set forth as SEQ ID NO 278, 280, and 282, respectively, 

zu155D5LC-huVK4-1 as set forth as SEQ ID NO 290, 292, and 294, respectively, 

zu155D5LC-huVK6-21 as set forth as SEQ ID NO 296, 298, and 300, respectively, 

zu155D5LC-huVK6D-41 as set forth as SEQ ID NO 302, 304, and 306, respectively; 

or zu155D5LC-huVK7-3-G1u81 as set forth as SEQ ID NO 308, 310, and 312, 

respectively; 

o. a heavy chain CDR1, CDR2, and CDR3 of xilE4HC as set forth as SEQ ID NO:164, 

166, and 168, respectively, and a light chain CDR1, CDR2, and CDR3 of xilE4LC as 

set forth as SEQ ID NO:320, 322, and 324, respectively; 

p. a heavy chain CDR1, CDR2, and CDR3 of zulE4HC as set forth as SEQ ID NO:170, 

172, and 174, respectively, and a light chain CDR1, CDR2, and CDR3 of zulE4LC-

CXXA as set forth as SEQ ID NO:332, 334, and 336, respectively; 

q. a heavy chain CDR1, CDR2, and CDR3 of xi166B3HC as set forth as SEQ ID 

NO:212, 214, and 216, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi166B3LC as set forth as SEQ ID NO:386, 388, and 390, respectively; or 

r. a heavy chain CDR1, CDR2, and CDR3 of zu166B3HC as set forth as SEQ ID 

NO:218, 220, and 222, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu166B3LC-CXXA as set forth as SEQ ID NO:398, 400, and 402, respectively. 

[0169] The conjugated immunoglobulin can comprise an immunoglobulin that 

immunospecifically binds to human TEM1 and a fluorophore, fluorescent dye, polypeptide, 
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immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small molecule, chelator, 

lipid, or drug. In some embodiments, the conjugated immunoglobulin is a TEM1-fluorophore 

Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a TEM1-fluorescent 

dye Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a TEM1-

polypeptide Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a 

TEM1-immunoglobulin Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a TEM1-antibiotic Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a TEM1-nucleic acid Cys80 conjugate. In some embodiments, the 

conjugated immunoglobulin is a TEM1-radionuclide Cys80 conjugate. In some embodiments, 

the conjugated immunoglobulin is a TEM1-chemical linker Cys80 conjugate. In some 

embodiments, the conjugated immunoglobulin is a TEM1-small molecule Cys80 conjugate. In 

some embodiments, the conjugated immunoglobulin is a TEM1-chelator Cys80 conjugate. In 

some embodiments, the conjugated immunoglobulin is a TEM1-lipid Cys80 conjugate. In some 

embodiments, the conjugated immunoglobulin is a TEM1-drug Cys80 conjugate. 

[0170] Suitable immunoglobulins that immunospecifically bind to human TEM1 that 

can be conjugated at Cys80 to any of the above functional agents include: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-129 of xil-

55-2LC (SEQ ID NO:108); 

b. a heavy chain variable region as set forth as amino acids 20-139 of xi1-55-2HC (SEQ 

ID NO:56) and a light chain variable region as set forth as amino acids 20-129 of xil-

55-2LC (SEQ ID NO:108); or 

c. a heavy chain CDR1, CDR2, and CDR3 of xi1-55-2HC as set forth as SEQ ID 

NO:158, 160, and 162, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi1-55-2LC as set forth as SEQ ID NO:314, 316, and 318, respectively. 

[0171] The conjugated immunoglobulin can comprise an immunoglobulin that 

immunospecifically binds to human MSLN and a fluorophore, fluorescent dye, polypeptide, 

immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small molecule, chelator, 

lipid, or drug. In some embodiments, the conjugated immunoglobulin is a MSLN-fluorophore 

Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a MSLN-fluorescent 

dye Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a MSLN-

polypeptide Cys80 conjugate. In some embodiments, the conjugated immunoglobulin is a 
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MSLN-immunoglobulin Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a MSLN-antibiotic Cys80 conjugate. In some embodiments, the conjugated 

immunoglobulin is a MSLN-nucleic acid Cys80 conjugate. In some embodiments, the 

conjugated immunoglobulin is a MSLN-radionuclide Cys80 conjugate. In some embodiments, 

the conjugated immunoglobulin is a MSLN-chemical linker Cys80 conjugate. In some 

embodiments, the conjugated immunoglobulin is a MSLN-small molecule Cys80 conjugate. In 

some embodiments, the conjugated immunoglobulin is a MSLN-chelator Cys80 conjugate. In 

some embodiments, the conjugated immunoglobulin is a MSLN-lipid Cys80 conjugate. In some 

embodiments, the conjugated immunoglobulin is a MSLN-drug Cys80 conjugate. 

[0172] Suitable immunoglobulins that immunospecifically bind to human MSLN that 

can be conjugated at Cys80 to any of the above functional agents include: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

50 



WO 2016/205618 	 PCT/US2016/038041 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130); 

g. a heavy chain variable region as set forth as amino acids 20-142 of xi33011HC (SEQ 

ID NO:62) and a light chain variable region as set forth as amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

h. a heavy chain variable region as set forth as amino acids 20-145 of zu33011HC (SEQ 

ID NO:64) and a light chain variable region as set forth as amino acids 20-131 of 

zu33011LC-00CA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

i. a heavy chain variable region as set forth as amino acids 20-137 of xi32405HC (SEQ 

ID NO:66) and a light chain variable region as set forth as amino acids 20-127 of 

xi324O5LC (SEQ ID NO:124); 

j. a heavy chain variable region as set forth as amino acids 20-137 of xi178F16HC 

(SEQ ID NO:68) and a light chain variable region as set forth as amino acids 20-127 

of xi178F16LC (SEQ ID NO:126); 

k. a heavy chain variable region as set forth as amino acids 20-132 of xi237N18HC 

(SEQ ID NO:70) and a light chain variable region as set forth as amino acids 20-127 

of xi237N18LC (SEQ ID NO:128); 

1. 	a heavy chain variable region as set forth as amino acids 20-137 of xi383I18HC (SEQ 

ID NO:72) and a light chain variable region as set forth as amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130); 

m. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth in SEQ ID NO:338, 340, and 342, respectively; 

n. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 

o. a heavy chain CDR1, CDR2, and CDR3 of xi32405HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi32405LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

p. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 
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q. a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 

r. a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

[0173] In some embodiments, the immunoglobulin that immunospecifically binds to 

human MSLN can be conjugated to a small molecule antineoplastic agent such as an auristatin. 

In some aspects, the functional agent can be auristatin F (AuF). Thus, the disclosed conjugated 

immunoglobulins include any of the above disclosed immunoglobulins that immunospecifically 

bind to human MSLN, wherein the immunoglobulin is conjugated to auristatin F (MSLN-AuF 

Cys80 conjugate). 

[0174] In embodiments wherein the immunoglobulin comprises two light chain 

variable regions, the conjugated immunoglobulin can have an immunoglobulin:functional agent 

ratio of 2:1, with each light chain having a functional agent conjugated at Cys80. 

Antigen-binding molecules 

[0175] Further provided herein are antigen-binding molecules comprising: 

a first conjugated immunoglobulin comprising a first heavy chain variable region 

and a first light chain variable region, the first light chain variable region having a 

cysteine at position 80 ("Cys801"), wherein Cys801  is conjugated to a first thiol-reactive 

compound comprising a first thiol-reactive group, and 

a second conjugated immunoglobulin comprising a second heavy chain variable 

region and a second light chain variable region, the second light chain variable region 

having a cysteine at position 80 ("Cys802") wherein Cys802  is conjugated to a second 

thiol-reactive compound comprising a second thiol-reactive group. 

[0176] The first conjugated immunoglobulin and second conjugated immunoglobulin 

can be any one of the conjugated immunoglobulins disclosed herein. 

[0177] Suitable light chain variable regions include, for example, a kappa light chain 

variable region. The first light chain variable region and the second light chain variable region 

are derived from rabbit. In some embodiments, the Cys801, Cys802, or both, can be present in 

the native light chain variable region of the rabbit immunoglobulin. Exemplary rabbits from 

which a first light chain variable region, second light chain variable region, or both, can be 
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derived from include, but are not limited to, Oryctolagus cuniculus. In some aspects, for 

example, the light chain variable region(s) can be derived from a New Zealand White (NZW) 

rabbit. In other aspects, the light chain variable region(s) can be derived from a b9 rabbit. 

[0178] The Cys801, the Cys802, or both, can be unpaired. Suitable means for unpairing 

Cys801  and/or Cys802  include, for example, chimerizing a light chain variable region (a first 

light chain variable region, a second light chain variable region, or both) having a Cys80 with a 

constant domain having an amino acid residue other than cysteine at position 171. 

[0179] The first immunoglobulin, the second immunoglobulin, or both, can be 

chimerized. In some embodiments, the first immunoglobulin can be chimerized. In some 

embodiments, the second immunoglobulin can be chimerized. In some embodiments, the first 

immunoglobulin and the second immunoglobulin can be chimerized. 

[0180] The first immunoglobulin, the second immunoglobulin, or both, can be 

humanized. In some embodiments, the first immunoglobulin can be humanized. In some 

embodiments, the second immunoglobulin can be humanized. In some embodiments, the first 

immunoglobulin and the second immunoglobulin can be humanized. 

[0181] In some embodiments, the first immunoglobulin can be chimerized and the 

second immunoglobulin can be humanized. In some embodiments, the first immunoglobulin can 

be humanized and the second immunoglobulin can be chimerized. 

[0182] The amino acid at position 83 of the first light chain variable region can be an 

amino acid other than Phe, Lys, or Cys if the amino acid at position 83 is Phe. The amino acid at 

position 83 of the second light chain variable region can be an amino acid other than Phe, Lys, or 

Cys if the amino acid at position 83 is Phe. The amino acid at position 83 of the first light chain 

variable region can be an amino acid other than Phe, Lys, or Cys if the amino acid at position 83 

is Phe and the amino acid at position 83 of the second light chain variable region can be an 

amino acid other than Phe, Lys, or Cys if the amino acid at position 83 is Phe. The amino acid at 

position 83 of the first light chain variable region and/or second light chain variable region can 

be alanine ("A1a83"), valine ("Va183"), isoleucine ("Ile83"), threonine ("Thr83"), arginine 

("Arg83"), asparagine ("Asn83"), aspartic acid ("Asp83"), glutamic acid ("G1u83"), glutamine 

("Gln83"), glycine ("G1y83"), histidine ("His83"), leucine ("Leu83"), methionine ("Met83"), 

proline ("Pro83"), serine ("Ser83"), tryptophan ("Trp83"), or tyrosine ("Tyr83"). The amino 

acid at position 83 of the first light chain variable region can be the same as the amino acid at 

position 83 of the second light chain variable region. Conversely, the amino acid at position 83 
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of the first light chain variable region can be different from the amino acid at position 83 of the 

second light chain variable region. 

[0183] In some embodiments, the amino acid at position 83 of the first light chain 

variable region can be a polar or hydrophobic residue other than Phe if the amino acid at position 

83 is Phe. In some embodiments, the amino acid at position 83 of the second light chain variable 

region can be a polar or hydrophobic residue other than Phe if the amino acid at position 83 is 

Phe. In some embodiments, the amino acid at position 83 of the first light chain variable region 

can be a polar or hydrophobic residue other than Phe if the amino acid at position 83 is Phe and 

the amino acid at position 83 of the second light chain variable region can be a polar or 

hydrophobic residue other than Phe if the amino acid at position 83 is Phe. Suitable polar or 

hydrophobic amino acids include, but are not limited to alanine, valine, isoleucine, or threonine. 

In some aspects, the amino acid at position 83 of the first light chain variable region, the amino 

acid at position 83 of the second light chain variable region, or the amino acid at position 83 of 

the first light chain variable region and the amino acid at position 83 of the second light chain 

variable region can be alanine ("A1a83"). In some aspects, the amino acid at position 83 of the 

first light chain variable region, the amino acid at position 83 of the second light chain variable 

region, or the amino acid at position 83 of the first light chain variable region and the amino acid 

at position 83 of the second light chain variable region can be valine ("Va183"). In some aspects, 

the amino acid at position 83 of the first light chain variable region, the amino acid at position 83 

of the second light chain variable region, or the amino acid at position 83 of the first light chain 

variable region and the amino acid at position 83 of the second light chain variable region can be 

isoleucine ("I1e83"). In some aspects, the amino acid at position 83 of the first light chain 

variable region, the amino acid at position 83 of the second light chain variable region, or the 

amino acid at position 83 of the first light chain variable region and the amino acid at position 83 

of the second light chain variable region can be Threonine ("Thr83"). The polar or hydrophobic 

amino acid at position 83 in the first light chain variable region can be the same as, or different 

from, the polar or hydrophobic amino acid at position 83 in the second light chain variable 

region. 

[0184] The first immunoglobulin and the second immunoglobulin can bind to the same 

antigens. In some aspects, the first immunoglobulin and the second immunoglobulin can bind to 

the same epitope of the same antigen. In other aspects, the first immunoglobulin and the second 

immunoglobulin can bind to different epitopes of the same antigen. In some embodiments, for 

example, the first immunoglobulin and the second immunoglobulin can be an immunoglobulin 

54 



WO 2016/205618 	 PCT/US2016/038041 

that immunospecifically binds to human CA9, wherein the first immunoglobulin, second 

immunoglobulin, or both are conjugated to any one of a fluorophore, fluorescent dye, 

polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug. In some embodiments, the first immunoglobulin and the 

second immunoglobulin can be an immunoglobulin that immunospecifically binds to human 

TEM1, wherein the first immunoglobulin, second immunoglobulin, or both are conjugated to any 

one of a fluorophore, fluorescent dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, 

radionuclide, chemical linker, small molecule, chelator, lipid, or drug. In some embodiments, 

the first immunoglobulin and the second immunoglobulin can be an immunoglobulin that 

immunospecifically binds to human MSLN, wherein the first immunoglobulin, second 

immunoglobulin, or both are conjugated to any one of a fluorophore, fluorescent dye, 

polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug. 

[0185] The first immunoglobulin and the second immunoglobulin can bind to different 

antigens. In some embodiments, for example, the first conjugated immunoglobulin can be an 

immunoglobulin that immunospecifically binds to human CA9, wherein the first 

immunoglobulin that binds to human CA9 is conjugated to any one of a fluorophore, fluorescent 

dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug, whereas the second immunoglobulin can be an 

immunoglobulin that immunospecifically binds to human TEM1 or human MSLN. In such 

embodiments, the second immunoglobulin can be conjugated to any one of a fluorophore, 

fluorescent dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical 

linker, small molecule, chelator, lipid, or drug. In some embodiments, the first conjugated 

immunoglobulin can be an immunoglobulin that immunospecifically binds to human TEM1, 

wherein the immunoglobulin is conjugated to any one of a fluorophore, fluorescent dye, 

polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug, whereas the second immunoglobulin can be an 

immunoglobulin that immunospecifically binds to human CA9 or human MSLN. In such 

embodiments, the second immunoglobulin can be conjugated to any one of a fluorophore, 

fluorescent dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical 

linker, small molecule, chelator, lipid, or drug. In some embodiments, the first conjugated 

immunoglobulin can be an immunoglobulin that immunospecifically binds to human MSLN, 

wherein the immunoglobulin is conjugated to any one of a fluorophore, fluorescent dye, 

55 



WO 2016/205618 	 PCT/US2016/038041 

polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug, whereas the second immunoglobulin can be an 

immunoglobulin that immunospecifically binds to human CA9 or human TEM1. In such 

embodiments, the second immunoglobulin can be conjugated to any one of a fluorophore, 

fluorescent dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical 

linker, small molecule, chelator, lipid, or drug. 

[0186] Suitable, thiol-reactive groups include haloacetyls, maleimides, aziridines, 

acryloyls, arylating agents, vinylsulfones, pyridyl disulfides, TNB-thiols and disulfide reducing 

agents. In some embodiments, the first thiol-reactive group, the second-thiol reactive group, or 

both, can comprise a maleimide. In some embodiments, the first thiol-reactive group, the 

second-thiol reactive group, or both, can comprise a haloacetyl. In some embodiments, the first 

thiol-reactive group, the second-thiol reactive group, or both, can comprise an aziridine. In some 

embodiments, the first thiol-reactive group, the second-thiol reactive group, or both, can 

comprise an acryloyl. In some embodiments, the first thiol-reactive group, the second-thiol 

reactive group, or both, can comprise an arylating agent. In some embodiments, the first thiol-

reactive group, the second-thiol reactive group, or both, can comprise a vinylsulfone. In some 

embodiments, the first thiol-reactive group, the second-thiol reactive group, or both, can 

comprise a pyridyl disulfide. In some embodiments, the first thiol-reactive group, the second-

thiol reactive group, or both, can comprise a TNB-thiol. In some embodiments, the first thiol-

reactive group, the second-thiol reactive group, or both, can comprise a disulfide reducing agent. 

[0187] The first thiol-reactive group, the second-thiol reactive group, or both can be 

appended to a linker. In some aspects, the first thiol-reactive group can be appended to a linker 

("first linker"). In some aspects, the second thiol-reactive group can be appended to a linker 

("second linker"). In yet other aspects the first thiol-reactive group can be appended to a first 

linker and the second thiol-reactive group can be appended to a second linker. Suitable first and 

second linkers can be non-cleavable linkers or cleavable linkers. Exemplary first and second 

linkers include, for example, disulfide containing linkers, acetal-based linkers, and ketal-based 

linkers. In some aspects, the first linker, second linker, or both, can be a non-cleavable linker. 

Suitable non-cleavable linkers include, but are not limited to, polyethylene glycol (PEG) or an 

alkyl. In some embodiments, the first linker, second linker, or both, can comprise PEG. In some 

aspects, the first linker, second linker, or both, can be a cleavable linker. Suitable cleavable 

linkers include, for example, valine-citrulline-para aminobenzyl. In some aspects, the first 

linker, second linker, or both, can be a disulfide containing linker. In some aspects, the first 
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linker, second linker, or both can be an acetal-based linker. In some aspects, the first linker, 

second linker, or both, can be a ketal-based linker. Examples of linkers covalently appended to a 

thiol-reactive group are provided, for example, in U.S. Publ. No. 20140050746. 

[0188] The first thiol-reactive compound, the second thiol-reactive compound, or both, 

can further comprise a functional agent. In some aspects, the first thiol-reactive compound can 

further comprise a functional agent ("first functional agent"). In some aspects, the second thiol-

reactive compound can further comprise a functional agent ("second functional agent"). In yet 

other aspects, the first thiol-reactive compound can further comprise a first functional agent and 

the second thiol-reactive compound can further comprise a second functional agent. 

[0189] Suitable functional agents include, for example, chemical linkers. Preferably, 

the chemical linker of the first thiol-reactive compound ("first chemical linker") and the 

chemical linker of the second thiol-reactive compound ("second chemical linker") can be 

coupled. For example, and without intent to be limiting, one of the first or second chemical 

linkers can be dibenzylcyclooctyne (DBCO) and the other of the first or second chemical linkers 

can be azide. In some embodiments, for example, the first chemical linker can be DBCO and the 

second chemical linker can be azide. Conversely, the first chemical linker can be azide and the 

second chemical linker can be DBCO. The DBCO and azide can be coupled, thus resulting in 

the conjugation of the first immunoglobulin and the second immunoglobulin. For example, the 

first immunoglobulin and the second immunoglobulin can be conjugated to each other by click 

chemistry. 

[0190] In an exemplary embodiment, thiol-reactive compounds can include maleimido-

PEG4-azide and maleimido-PEG4-dibenzocyclooctyne. In some aspects, for example, the first 

thiol-reactive compound can be maleimido-PEG4-azide and the second thiol-reactive compound 

can be maleimido-PEG4-dibenzocyclooctyne. In some aspects, the first thiol-reactive compound 

can be maleimido-PEG4-dibenzocyclooctyne and the second thiol-reactive compound can be 

maleimido-PEG4-azide. Thus, the first thiol-reactive compound can differ from the second 

thiol-reactive compound. 

[0191] The first immunoglobulin, second immunoglobulin, or both, can be Fabs. In 

some embodiments, the first immunoglobulin can be a Fab ("first Fab"). In some embodiments, 

the second immunoglobulin can be a Fab ("second Fab"). In yet other embodiments, the first 

immunoglobulin can be a first Fab and the second immunoglobulin can be a second Fab. 

Methods of treating cancer in a subject 

57 



WO 2016/205618 	 PCT/US2016/038041 

[0192] Also disclosed herein are methods of treating cancer in a subject comprising 

administering to the subject a pharmaceutically effective amount of a conjugated mesothelin 

immunoglobulin, wherein the conjugated mesothelin immunoglobulin comprises: 

any of the conjugated mesothelin immunoglobulins disclosed herein, and 

a thiol-reactive compound comprising a thiol-reactive group, a linker, and a functional 

agent. 

[0193] It is to be understood that any of the characteristics, features, and embodiments 

relating to the disclosed conjugated immunoglobulins are equally applicable to those conjugated 

immunoglobulins used in the disclosed methods of treating cancer. Accordingly, the disclosed 

methods can comprise administering to the subject a pharmaceutically effective amount of a 

conjugated mesothelin immunoglobulin, wherein the conjugated mesothelin immunoglobulin 

comprises a heavy chain variable region and a light chain variable region, the light chain variable 

region having a cysteine at position 80 ("Cys80") and an amino acid other than Phe, Lys, or Cys 

at position 83, wherein the Cys80 is conjugated to a thiol-reactive compound, the thiol-reactive 

compound comprising a thiol-reactive group, a linker, and a functional agent. In some 

embodiments, the amino acid other than Phe, Lys, or Cys at position 83 is a polar or hydrophobic 

amino acid. 

[0194] Preferably, the cancer is a mesothelin-expressing cancer. In some embodiments, 

the conjugated antibodies for use in the disclosed methods can comprise: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-00CA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 
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region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

[0195] Antibodies (a)-(f) can be conjugated to a number of suitable thiol-reactive 

compounds including, but not limited to, those having an antineoplastic agent, such as an 

auristatin, as the functional agent. Thus, in some embodiments, the methods can comprise 

administering to the subject a pharmaceutically effective amount of a conjugated 

immunoglobulin, wherein the conjugated immunoglobulin comprises one or more of 

immunogloublins (a)-(f), each being conjugated to a thiol-reactive compound comprising 

auristatin F, wherein the thiol-reactive compound is conjugated to the light chain variable region 

of the immunoglobulin at the Cys80. 

[0196] In some embodiments, the conjugated antibodies for use in the disclosed 

methods can comprise: 

a. a heavy chain variable region as set forth as amino acids 20-142 of xi33011HC (SEQ 

ID NO:62) and a light chain variable region as set forth as amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region as set forth as amino acids 20-145 of zu33011HC (SEQ 

ID NO:64) and a light chain variable region as set forth as amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region as set forth as amino acids 20-137 of xi32405HC (SEQ 

ID NO:66) and a light chain variable region as set forth as amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region as set forth as amino acids 20-137 of xi178F16HC 

(SEQ ID NO:68) and a light chain variable region as set forth as amino acids 20-127 

of xi178F16LC (SEQ ID NO:126); 
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e. 	a heavy chain variable region as set forth as amino acids 20-132 of xi237N18HC 

(SEQ ID NO:70) and a light chain variable region as set forth as amino acids 20-127 

of xi237N18LC (SEQ ID NO:128); or 

f 	a heavy chain variable region as set forth as amino acids 20-137 of xi383I18HC (SEQ 

ID NO:72) and a light chain variable region as set forth as amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

[0197] Antibodies (a)-(f) can be conjugated to a number of suitable thiol-reactive 

compounds including, but not limited to, those having an antineoplastic agent, such as an 

auristatin, as the functional agent. Thus, in some embodiments, the methods can comprise 

administering to the subject a pharmaceutically effective amount of a conjugated 

immunoglobulin, wherein the conjugated immunoglobulin comprises one or more of 

immunogloublins (a)-(f), each being conjugated to a thiol-reactive compound comprising 

auristatin F, wherein the thiol-reactive compound is conjugated to the light chain variable region 

of the immunoglobulin at the Cys80. 

[0198] In some embodiments, the conjugated antibodies for use in the disclosed 

methods can comprise: 

a. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth in SEQ ID NO:338, 340, and 342, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xi32405HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi32405LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 
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f 	a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

[0199] Antibodies (a)-(f) can be conjugated to a number of suitable thiol-reactive 

compounds including, but not limited to, those having an antineoplastic agent, such as an 

auristatin, as the functional agent. Thus, in some embodiments, the methods can comprise 

administering to the subject a pharmaceutically effective amount of a conjugated 

immunoglobulin, wherein the conjugated immunoglobulin comprises one or more of 

immunogloublins (a)-(f), each being conjugated to a thiol-reactive compound comprising 

auristatin F, wherein the thiol-reactive compound is conjugated to the light chain variable region 

of the immunoglobulin at the Cys80. 

Methods for detecting cancer 

[0200] Also disclosed herein are methods of detecting cancer in a subject. In some 

embodiments, the methods can be performed on the subject. For example, the methods can 

comprise administering to the subject a pharmaceutically effective amount of a conjugated 

immunoglobulin, wherein the conjugated immunoglobulin comprises a heavy chain variable 

region and a light chain variable region, the light chain variable region having a cysteine at 

position 80 ("Cys80") and an amino acid other than Phe, Lys, or Cys at position 83, wherein the 

Cys80 is conjugated to a thiol-reactive compound, the thiol-reactive compound comprising a 

thiol-reactive group, a linker, and a functional agent. In some embodiments, the amino acid 

other than Phe, Lys, or Cys at position 83 is a polar or hydrophobic. 

[0201] Alternatively, the methods can be performed on a biological sample obtained 

from the subject. For example, the methods can comprise contacting a biological sample with a 

conjugated immunoglobulin, wherein the conjugated immunoglobulin comprises a heavy chain 

variable region and a light chain variable region, the light chain variable region having a cysteine 

at position 80 ("Cys80") and an amino acid other than Phe, Lys, or Cys at position 83, wherein 

the Cys80 is conjugated to a thiol-reactive compound, the thiol-reactive compound comprising a 

thiol-reactive group, a linker, and a functional agent. The amino acid other than Phe, Lys, or Cys 

at position 83 is a polar or hydrophobic. In some embodiments, the methods can be performed 

ex vivo. In some embodiments, the methods can be performed in vivo. 

[0202] The functional agent is a fluorophore or fluorescent dye. 
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[0203] Any of the immunoglobulins disclosed herein can be conjugated to a 

fluorophore or fluorescent dye and used in the disclosed methods of detecting cancer. In some 

embodiments, the cancer is a CA9-expressing cancer and the conjugated immunoglobulin is a 

CA9-fluorophore Cys80 conjugate or a CA9-fluorescent dye Cys80 conjugate comprising: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-141 of xi155D5HC (SEQ ID NO:52) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-144 of zu155D5HC (SEQ ID NO:54) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-138 of xilE4HC (SEQ ID NO:58) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xilE4LC (SEQ ID NO:110); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-140 of zulE4HC (SEQ ID NO:60) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi166B3HC (SEQ ID NO:74) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu166B3HC (SEQ ID NO:76) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136); 
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g. a heavy chain variable region as set forth as amino acids 20-141 of xi155D5HC (SEQ 

ID NO:52) and a light chain variable region as set forth as amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

h. a heavy chain variable region as set forth as amino acids 20-144 of zu155D5HC (SEQ 

ID NO:54) and a light chain variable region as set forth as amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

i. a heavy chain variable region as set forth as amino acids 20-138 of xilE4HC (SEQ 

ID NO:58) and a light chain variable as set forth as amino acids 20-130 of xilE4LC 

(SEQ ID NO:110); 

j. a heavy chain variable region as set forth as amino acids 20-140 of zulE4HC (SEQ 

ID NO:60) and a light chain variable region as set forth as amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

k. a heavy chain variable region as set forth as amino acids 20-142 of xi166B3HC (SEQ 

ID NO:74) and a light chain variable region as set forth as amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); 

1. 	a heavy chain variable region as set forth as amino acids 20-145 of zu166B3HC (SEQ 

ID NO:76) and a light chain variable region as set forth as amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136); 

m. a heavy chain CDR1, CDR2, and CDR3 of xi155D5HC as set forth as SEQ ID 

NO:146, 148, and 150, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi155D5LC as set forth as SEQ ID NO:224, 226, and 228, respectively; 

n. a heavy chain CDR1, CDR2, and CDR3 of zu155D5HC as set forth as SEQ ID 

NO:152, 154, and 156, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu155D5LC-3 as set forth as SEQ ID NO:242, 244, and 246, respectively, 

zu155D5LC-4 as set forth as SEQ ID NO:248, 250, and 252, respectively, 

zu155D5LC-5 as set forth as SEQ ID NO:254, 256, and 258, respectively, 

zu155D5LC-6 as set forth as SEQ ID NO:260, 262, and 264, respectively, 

zu155D5LC-7 as set forth as SEQ ID NO:266, 268, and 270, respectively, 

zu155D5LC-huVK2-40 as set forth as SEQ ID NO 278, 280, and 282, respectively, 
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zu155D5LC-huVK4-1 as set forth as SEQ ID NO 290, 292, and 294, respectively, 

zu155D5LC-huVK6-21 as set forth as SEQ ID NO 296, 298, and 300, respectively, 

zu155D5LC-huVK6D-41 as set forth as SEQ ID NO 302, 304, and 306, respectively; 

or zu155D5LC-huVK7-3-G1u81 as set forth as SEQ ID NO 308, 310, and 312, 

respectively; 

o. a heavy chain CDR1, CDR2, and CDR3 of xilE4HC as set forth as SEQ ID NO:164, 

166, and 168, respectively, and a light chain CDR1, CDR2, and CDR3 of xilE4LC as 

set forth as SEQ ID NO:320, 322, and 324, respectively; 

p. a heavy chain CDR1, CDR2, and CDR3 of zulE4HC as set forth as SEQ ID NO:170, 

172, and 174, respectively, and a light chain CDR1, CDR2, and CDR3 of zulE4LC-

CXXA as set forth as SEQ ID NO:332, 334, and 336, respectively; 

q. a heavy chain CDR1, CDR2, and CDR3 of xi166B3HC as set forth as SEQ ID 

NO:212, 214, and 216, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi166B3LC as set forth as SEQ ID NO:386, 388, and 390, respectively; or 

r. a heavy chain CDR1, CDR2, and CDR3 of zu166B3HC as set forth as SEQ ID 

NO:218, 220, and 222, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu166B3LC-CXXA as set forth as SEQ ID NO:398, 400, and 402, respectively. 

[0204] In some embodiments, the cancer is a TEM1-expressing cancer and the 

conjugated immunoglobulin is a TEM1-fluorophore Cys80 conjugate or a TEM1-fluorescent dye 

Cys80 conjugate comprising: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-129 of xil-

55-2LC (SEQ ID NO:108); 

b. a heavy chain variable region as set forth as amino acids 20-139 of xi1-55-2HC (SEQ 

ID NO:56) and a light chain variable region as set forth as amino acids 20-129 of xil-

55-2LC (SEQ ID NO:108); or 

c. a heavy chain CDR1, CDR2, and CDR3 of xi1-55-2HC as set forth as SEQ ID 

NO:158, 160, and 162, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi1-55-2LC as set forth as SEQ ID NO:314, 316, and 318, respectively. 

[0205] In some embodiments, the cancer is a MSLN-expressing cancer and the 

conjugated immunoglobulin is a MSLN-fluorophore Cys80 conjugate or a MSLN-fluorescent 

dye Cys80 conjugate comprising: 
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a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130); 

g. a heavy chain variable region as set forth as amino acids 20-142 of xi33011HC (SEQ 

ID NO:62) and a light chain variable region as set forth as amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

h. a heavy chain variable region as set forth as amino acids 20-145 of zu33011HC (SEQ 

ID NO:64) and a light chain variable region as set forth as amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

i. a heavy chain variable region as set forth as amino acids 20-137 of xi32405HC (SEQ 

ID NO:66) and a light chain variable region as set forth as amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 
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j. a heavy chain variable region as set forth as amino acids 20-137 of xi178F16HC 

(SEQ ID NO:68) and a light chain variable region as set forth as amino acids 20-127 

of xi178F16LC (SEQ ID NO:126); 

k. a heavy chain variable region as set forth as amino acids 20-132 of xi237N18HC 

(SEQ ID NO:70) and a light chain variable region as set forth as amino acids 20-127 

of xi237N18LC (SEQ ID NO:128); 

1. 	a heavy chain variable region as set forth as amino acids 20-137 of xi383118HC (SEQ 

ID NO:72) and a light chain variable region as set forth as amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130); 

m. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth in SEQ ID NO:338, 340, and 342, respectively; 

n. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 

o. a heavy chain CDR1, CDR2, and CDR3 of xi32405HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi32405LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

p. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 

q. a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 

r. a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

[0206] Exemplary fluorophores for conjugation to the immunoglobulin include, for 

example, IRDye-800CW. 

[0207] The methods can comprise administering the conjugated immunoglobulin to the 

subject or contacting the biological sample with the conjugated immunoglobulin and detecting 

binding of the conjugated immunoglobulin to an antigen (CA9, TEM1, or MSLN) present in the 

66 



WO 2016/205618 	 PCT/US2016/038041 

subject or in the biological sample, respectively. Suitable methods of detection include, for 

example, fluorescent imaging. Detection of binding of the conjugated immunoglobulin to the 

antigen (through the emission of a fluorescent signal, for example) is indicative of cancer. 

Pharmaceutical compositions 

[0208] Also provided herein are pharmaceutical compositions. In some embodiments, 

the pharmaceutical compositions can comprise any of the immunoglobulins disclosed herein. In 

some embodiments, the pharmaceutical compositions can comprise any of the conjugated 

immunoglobulins disclosed herein. 

[0209] Administration of a conjugated immunoglobulin in accordance with the methods 

of treatment or diagnosis described herein may be by any means known in the art. 

Light chains variable regions for use in conjugated immunoglobulins 

[0210] Provided herein are light chain variable regions for use in a conjugated 

immunoglobulin, the light chain variable region having a cysteine at amino acid position 80 

("Cys80") and an amino acid residue other than Phe, Lys, or Cys at amino acid position 83, 

wherein the Cys80 is unpaired. In some embodiments, the amino acid other than Phe, Lys, or 

Cys at position 83 is a polar or hydrophobic. 

[0211] In preferred embodiments, the light chain has a Cys80-Xaai-Xaa2-Xaa3  motif, 

wherein Xaa3  is an amino acid other than Phe, Lys, or Cys. 

[0212] Suitable light chain variable regions include, for example, a kappa light chain 

variable region. The light chain variable region is derived from rabbit. In some embodiments, 

the Cys80 can be present in the native light chain variable region of the rabbit immunoglobulin. 

Exemplary rabbits from which a light chain variable region having a Cys80 can be derived 

include, but is not limited to, Oryctolagus cuniculus. In some aspects, for example, the light 

chain variable region can be derived from a New Zealand White (NZW) rabbit. In other aspects, 

the light chain variable region can be derived from a b9 rabbit. 

[0213] The Cys80 can be uncapped, can be involved in an intramolecular or 

intermolecular disulfide bond, or can have a capping cysteine. 

[0214] In some embodiments, the light chain variable region can be chimerized. In 

other embodiments, the light chain variable region can be humanized. 

[0215] The light chain variable region can comprise, consist of, or consist essentially 

of: 
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a. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-130 of xi155D5LC (SEQ ID NO:78); 

b. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-130 of zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID 

NO:86), zu155D5LC-5 (SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), 

zu155D5LC-7 (SEQ ID NO:92), zu155D5LC-huVK2-40 (SEQ ID NO:96), 

zu155D5LC-huVK4-1 (SEQ ID NO:100), zu155D5LC-huVK6-21 (SEQ ID 

NO:102), zu155D5LC-huVK6D-41 (SEQ ID NO:104); or zu155D5LC-huVK7-3-

G1u81 (SEQ ID NO:106); 

c. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-130 of xi1E4LC (SEQ ID NO:110); 

d. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-130 of zu1E4LC-CXXA (SEQ ID NO:114); 

e. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-130 of xi166B3LC (SEQ ID NO:132); 

f 	a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-130 of zu166B3LC-CXXA (SEQ ID NO:136); 

g. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-129 of xi1-55-2LC (SEQ ID NO:108); 

h. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-131 of xi33011LC (SEQ ID NO:116); 

i. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-131 of zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI 

(SEQ ID NO:122); 

j. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-127 of xi324O5LC (SEQ ID NO:124); 

k. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-127 of xi178F16LC (SEQ ID NO:126); 

1. 	a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-127 of xi237N18LC (SEQ ID NO:128); or 

m. a light chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-127 of xi383I18LC (SEQ ID NO:130). 
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Nucleic acid molecules encoding immunoglobulins and host cells comprising the same 

[0216] Also provided herein are nucleic acid molecules encoding any of the above 

disclosed immunoglobulins. In some embodiments, the nucleic acid molecules encode an 

immunoglobulin comprising a heavy chain variable region and a light chain variable region, the 

light chain variable region having a cysteine at position 80 ("Cys80") and an amino acid other 

than Phe, Lys, or Cys at position 83. In some embodiments, the amino acid other than Phe, Lys, 

or Cys at position 83 is polar or hydrophobic. 

[0217] The disclosed nucleic acid molecules can encode an immunoglobulin that can 

immunospecifically bind to human CA9. In some embodiments, the nucleic acid molecule 

encodes: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-141 of xi155D5HC (SEQ ID NO:52) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-144 of zu155D5HC (SEQ ID NO:54) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-138 of xilE4HC (SEQ ID NO:58) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xilE4LC (SEQ ID NO:110); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-140 of zulE4HC (SEQ ID NO:60) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi166B3HC (SEQ ID NO:74) and a light chain variable region 
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having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu166B3HC (SEQ ID NO:76) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136). 

[0218] In some embodiments, the nucleic acid molecule encodes: 

a. a heavy chain variable region as set forth as amino acids 20-141 of xi155D5HC (SEQ 

ID NO:52) and a light chain variable region as set forth as amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region as set forth as amino acids 20-144 of zu155D5HC (SEQ 

ID NO:54) and a light chain variable region as set forth as amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region as set forth as amino acids 20-138 of xilE4HC (SEQ 

ID NO:58) and a light chain variable as set forth as amino acids 20-130 of xilE4LC 

(SEQ ID NO:110); 

d. a heavy chain variable region as set forth as amino acids 20-140 of zulE4HC (SEQ 

ID NO:60) and a light chain variable region as set forth as amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region as set forth as amino acids 20-142 of xi166B3HC (SEQ 

ID NO:74) and a light chain variable region as set forth as amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); or 

f 	a heavy chain variable region as set forth as amino acids 20-145 of zu166B3HC (SEQ 

ID NO:76) and a light chain variable region as set forth as amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136). 

[0219] In some embodiments, the nucleic acid molecule encodes: 

a. 	a heavy chain CDR1, CDR2, and CDR3 of xi155D5HC as set forth as SEQ ID 

NO:146, 148, and 150, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi155D5LC as set forth as SEQ ID NO:224, 226, and 228, respectively; 
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b. a heavy chain CDR1, CDR2, and CDR3 of zu155D5HC as set forth as SEQ ID 

NO:152, 154, and 156, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu155D5LC-3 as set forth as SEQ ID NO:242, 244, and 246, respectively, 

zu155D5LC-4 as set forth as SEQ ID NO:248, 250, and 252, respectively, 

zu155D5LC-5 as set forth as SEQ ID NO:254, 256, and 258, respectively, 

zu155D5LC-6 as set forth as SEQ ID NO:260, 262, and 264, respectively, 

zu155D5LC-7 as set forth as SEQ ID NO:266, 268, and 270, respectively, 

zu155D5LC-huVK2-40 as set forth as SEQ ID NO 278, 280, and 282, respectively, 

zu155D5LC-huVK4-1 as set forth as SEQ ID NO 290, 292, and 294, respectively, 

zu155D5LC-huVK6-21 as set forth as SEQ ID NO 296, 298, and 300, respectively, 

zu155D5LC-huVK6D-41 as set forth as SEQ ID NO 302, 304, and 306, respectively; 

or zu155D5LC-huVK7-3-G1u81 as set forth as SEQ ID NO 308, 310, and 312, 

respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xilE4HC as set forth as SEQ ID NO:164, 

166, and 168, respectively, and a light chain CDR1, CDR2, and CDR3 of xilE4LC as 

set forth as SEQ ID NO:320, 322, and 324, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of zulE4HC as set forth as SEQ ID NO:170, 

172, and 174, respectively, and a light chain CDR1, CDR2, and CDR3 of zulE4LC-

CXXA as set forth as SEQ ID NO:332, 334, and 336, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi166B3HC as set forth as SEQ ID 

NO:212, 214, and 216, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi166B3LC as set forth as SEQ ID NO:386, 388, and 390, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of zu166B3HC as set forth as SEQ ID 

NO:218, 220, and 222, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu166B3LC-CXXA as set forth as SEQ ID NO:398, 400, and 402, respectively. 

[0220] The disclosed nucleic acid molecules can encode an immunoglobulin that can 

immunospecifically bind to human TEM1. In some embodiments, the nucleic acid molecule 

encodes a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain variable region having an 

amino acid sequence at least 90% identical to amino acids 20-129 of xi1-55-2LC (SEQ ID 

NO:108). In some embodiments, the nucleic acid molecule encodes a heavy chain variable 

region as set forth as amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain 

variable region as set forth as amino acids 20-129 of xi1-55-2LC (SEQ ID NO:108). In some 
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embodiments, the nucleic acid molecule encodes a heavy chain CDR1, CDR2, and CDR3 of xil- 

55-2HC as set forth as SEQ ID NO:158, 160, and 162, respectively, and a light chain CDR1, 

CDR2, and CDR3 of xi1-55-2LC as set forth as SEQ ID NO:314, 316, and 318, respectively. 

[0221] The disclosed nucleic acid molecules can encode an immunoglobulin that can 

immunospecifically bind to human MSLN. In some embodiments, the nucleic acid molecule 

encodes: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

[0222] In some embodiments, the nucleic acid molecule encodes: 
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a. a heavy chain variable region as set forth as amino acids 20-142 of xi33011HC (SEQ 

ID NO:62) and a light chain variable region as set forth as amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region as set forth as amino acids 20-145 of zu33011HC (SEQ 

ID NO:64) and a light chain variable region as set forth as amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region as set forth as amino acids 20-137 of xi32405HC (SEQ 

ID NO:66) and a light chain variable region as set forth as amino acids 20-127 of 

xi324O5LC (SEQ ID NO:124); 

d. a heavy chain variable region as set forth as amino acids 20-137 of xi178F16HC 

(SEQ ID NO:68) and a light chain variable region as set forth as amino acids 20-127 

of xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region as set forth as amino acids 20-132 of xi237N18HC 

(SEQ ID NO:70) and a light chain variable region as set forth as amino acids 20-127 

of xi237N18LC (SEQ ID NO:128); or 

f 	a heavy chain variable region as set forth as amino acids 20-137 of xi383I18HC (SEQ 

ID NO:72) and a light chain variable region as set forth as amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

[0223] In some embodiments, the nucleic acid molecule encodes: 

a. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth in SEQ ID NO:338, 340, and 342, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xi32405HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi32405LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 
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e. 	a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

[0224] Also disclosed are host cells comprising any of the disclosed nucleic acid 

molecules. Suitable host cells include, but are not limited to, mammalian cells, bacterial cells, 

yeast cells, insect cells, to name a few. 

[0225] The following examples are provided to further describe some of the 

embodiments disclosed herein. The examples are intended to illustrate, not to limit, the 

disclosed embodiments. 

EXAMPLES 

Example 1— Exemplary Methods 

Generation of rabbit mAbs specific to human TEMI (endosialin/CD248) 

[0226] Rabbit immunization: To generate rabbit mAbs specific to human TEM1 

(hTEM1), a soluble human endosialin extracellular domain-mouse Fc fusion protein was 

prepared ("human endosialin/TE M1 extracellular domain fused to mouse IgG2b Fc"). The 

extracellular domain of hTEM1 was cloned in-frame EcoRI/HpaI to pEF6-EK-IgG2b, which 

contained an enterokinase cleavage site followed by the murine IgG2b Fc gamma fragment. 

CHO-K1 cells were transfected with this construct and selected with 51.1g/mL blasticidin. 

Secreted TEM1-Fc was electrophoresed on a 4-12% PAGE gel and Coomassie stained, followed 

by excision of the bands. The gel slices were emulsified in complete/incomplete adjuvant, and 

injected into New Zealand White rabbits every 3 to 4 weeks, four injections. The spleen from a 

rabbit showing the best titers against hTEM1 as assessed by ELISA was harvested for the 

generation of hybridomas. 

[0227] Generation of hybridomas: Fusions were performed as follows: spleen cells 

(1.5-3 x 108) of immunized rabbits and the fusion partner 240E 1-1-2 were fused at a ratio of 2:1 

with 50% PEG 4000 (EM Science, Cherry Hill, NJ) at 37°C in serum-free medium. The cells 

were plated in 48-well microtiter plates, at approximately 2x105  spleen cells per well, in medium 

with 15% FCS. After 72 hr, hypoxanthine-aminopterin-thymidine (HAT) was added. Medium 
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GATCGGCGCGCCTCACTTGCCGGGGCTCCGG 
(SEQ ID NO:4) 

N02347 Rabbit LC 

GATCAAGCTTGCCGCCACCATGGGCTGGTCCTGCATCATCCTGTT 
TCTGGTGGCGGCCGCCACCGGCGTGCACTCC 

(SEQ ID NO:1) 
Rabbit VH 

GTGCCTTTGGCTGGCCTGARGAGAYGGTGACCAGGGTGCC 	Rabbit VH 
(SEQ ID NO:2) 

N02898 

GATCAAGCTTGCCGCCACCATGGGCTGGTCCTGCATCATCCTGTT 
TCTGGTGGCGGCCGCCACCGGCGTGCACTCC 

(SEQ ID NO:3) 

N02937 Rabbit LC 

GCCACCGGCGTGCACTCCCAGTCGGTGRAGGAGTCCRGGGG 
(SEQ ID NO:5) 

xi rb-hu HC NO2416 

GGGCCCTTGGTGGATGCTGARGAGAYGGTGACCAGGGTGCC 
(SEQ ID NO:6)  

GCCACCGGCGTGCACTCCGAGCTCGTGATGACCCAGACTCCA 
(SEQ ID NO:7) 

N02761 

NO2417 

xi rb-hu HC 

xi rb-hu LC 

AGCCACAGTTCGTTTGACSACCACCTCGGTCCC 	 xi rb-hu LC 
(SEQ ID NO:8) 

N02764 

N02937 
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was changed every 5-6 days. Supernatants were screened by ELISA for the presence of antibody 

specific for TEM-1 using TEM1-Fc coated plates and counter-screened against mouse Fc. 

Supernatants from hybridomas were screened for hTEM1 reactivity by ELISA and clone 1-55-2 

was chosen for recombinant cloning. 

[0228] Amplification of anti-hTEM1 1-55-2 light and heavy chain variable regions:  

RNA was isolated from rabbit hybridoma 1-55-2 using the RNeasy mini kit (Qiagen, Valencia, 

CA). Two lag RNA was used for RT-PCR using SuperScript III One-Step RT-PCR System with 

Platinum Taq High Fidelity (Invitrogen). The rabbit variable heavy chain and full length light 

chain gene fragments were amplified using primer pairs N02937/N02898 and N02937/N02347 

respectively (Table 1). The cycling parameters for the RT-PCR amplification were as follows: 

55°C 30 min; 94°C 2 min; 30 cycles of (94°C 15 sec, 55°C 30 sec, 68°C 1 min); 68°C 2 min. 

[0229] These PCR products were subsequently used in a second round PCR to amplify 

fragments amenable to generating chimeric rabbit/human IgGs using primer pairs 

N02416/N02761 and N02417/N02764 (Table 1). The cycling parameters for the second round 

PCR were as follows: 94°C for 2 min; 30 cycles of (94°C 30 sec, 55°C 30 sec, 68°C 1 min); 

68°C 2 min, 

Table 1. 	Primers used for RT-PCR and cloning of anti-hTEM1 1-55-2 
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[0230] PCR products were then separated by electrophoresis in an agarose gel. PCR 

products having the correct molecular sizes for the VL and VH products were purified by 

QlAquick® Gel Extraction Kit (Qiagen, Valencia, CA) and cloned as described below. 

Generation of rabbit mAbs specific to human CA9 

[0231] Rabbit Immunization: To generate rabbit antibodies specific to human CA9, 

human CA9 extracellular domain ("human CA9 extracellular domain" or "CA9-ECD") was 

recombinantly generated. Two b9 rabbits were immunized using CA9-ECD. Briefly, the rabbits 

were subcutaneously injected with the antigens every 21 days. Each rabbit received 400 [ig of 

CA9-ECD and Freund's complete adjuvant (FCA) in the first injection and 200 [ig of CA9-ECD 

and Freund's Incomplete Adjuvant (FIA) in the subsequent boosts. The pre- and test-bleed were 

collected for the antibody titer testing. 

[0232] The pre- and post-immunization blood was tested for CA9 binding using an 

Enzyme-Linked Immunosorbent Assay (ELISA) as described herein. The bleeds were serial 

diluted and added to CA9-ECD protein-coated microplates. When the titer reached 1:15,000 

after four injections, the rabbits were finally boosted by intravenous injection of 400 [ig of CA9-

ECD without adjuvant. Rabbit spleens were collected one week after the final boosting. Up to 

100 mL exsanguination bleeds were collected in the presence of anti-coagulant and the 

lymphocytes from spleens and lymph nodes were isolated from each rabbit. 

[0233] Generation of hybridomas: Rabbit splenocytes were quickly thawed, spun down 

at 1200 rpm at room temperature for 5 min, and re-suspended in cIMDM plus 10% FBS 

containing 100 µg/mL DNase. Cells were stimulated with 2.5 µg/mL pokeweed mitogen at 37°C 

for at least 1 hour. After stimulation, cells were spun down at 1200 rpm at room temperature for 

5 min and re-suspended in fresh media. Cell counts and viability were determined. 

[0234] Fusion partner cells CBF7 were thawed out and cultured at 37°C with 5% CO2 

for one week before fusion. An appropriate amount of rabbit splenocytes and fusion partner cells 

CBF7 were mixed at the desired ratio (1:1.55 — 1:4) in 50 mL tubes. The mixture of cells was 

spun down at 1000 rpm at room temperature for 5 min and washed twice with ice-cold 20 mL 

CytoPulse Fusion Medium (CPFM Formula C: CytoPulse Sciences #LCM-C) at 4°C. The cells 

were re-suspended in CPFM to 106  cells/mL. 

[0235] CytoPulse cell fusion apparatus CEEF-50 (CytoPulse Sciences) was used for the 

fusion. An appropriate volume of cells was moved to the fusion chamber and fusion was 
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performed by activating high voltage connection. After fusion, the cells were incubated in the 

chamber at RT for 5 min, gently re-suspended in Post-Fusion Medium (RPMI1640 with 10% 

FBS, containing glutamate, pyruvate, non-essential amino acids, (3-mercaptoethanol, penicillin, 

streptomycin, and no Phenol Red) and then transferred to a flask. The chamber was washed with 

the same volume of post-fusion media to obtain additional cells. The cells were incubated at 

room temperature for 25 min and then overnight at 37°C, 5% CO2. 

[0236] One day after fusion, the cells were diluted in pre-warmed seeding media 

(cIMDM plus 10% FBS containing 1X hypoxanthine-aminopterin-thymidine) to the desired 

density (35,000 cells/mL) and plated at 200 4/well in 96-well microplates. The plates were 

incubated at 37°C, 5% CO2  and fed with fresh medium weekly for 3-4 weeks. 

[0237] Screening of anti-CA9 mAbs: B-cells from rabbit splenocytes were fused to 

fusion partner cells CBF7 to generate hybridomas as described herein. Four weeks after plating 

the cells, the supernatants from individual hybridoma cultures were collected and screened using 

a CA9-specific ELISA. The assay plates (Greiner Bio-One High Binding 384-well clear plate, 

cat #655081) were coated with 1µg/ml CA9 ECD overnight at 4°C and blocked with lx Assay 

Buffer (PBS plus 1% BSA, containing 0.05% Tween-20). Then, 25 4/well of supernatants and 

controls were added to the blocked plates and incubated overnight at 4°C. The assay plates were 

washed three times and 25 4/well of secondary antibodies (HRP-conjugated goat anti-mouse 

IgG, Jackson # 115-035-146) diluted 1:10,000 in Assay Buffer was added to the plates. After 

incubation at room temperature for one hour, the assay plates were washed three times and 25 

4/well of TMB Substrate (KPL #52-000-04) was added to the plates. After incubation at room 

temperature for 5 minutes, 25 4/well of 1X Stop Solution (1:10 H2504, VWR #EM-SX1244-

75) was added. Sample absorbance at 450 nm was measured by using Paradigm (Beckman) 

plate reader. The positive hits from the primary screen were confirmed by a second CA9-

specific ELISA. 

Cloning and mutagenesis 

[0238] Amplification of VH and Vic regions of CA9 and hTEM1 mAbs: Hybridoma 

cells secreting rabbit mAbs of interest were lysed to extract RNA. RNA was then used for DNA 

amplification of variable kappa (Vic) and heavy chain variable (VH) regions by using the reverse 

transcriptase-polymerase chain reaction (RT-PCR) method. One hundred to 10,000 cultured 

hybridoma cells were washed with ice cold PBS and lysed by adding 100 4 of Lysis/Binding 

Solution (Ambion, 8540G5) and pipetting. The lysed cells were quickly frozen on dry ice. RNA 
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was isolated with Ambion RNAqueous Kit according to manufacture procedure. About 5 ng 

RNAs were subject to first round of RT-PCR using the primers listed on Table 2 in each 

reaction. 

Table 2. 	Primers used for first round of RT-PCR 

Rabb.VHAl.F 5'-CAGTCGCTGCTCGAGTCCGGGGGT-3' 
(SEQ ID NO:9) 

Rabb.VHB1.F 5'-CTCTGGCACAGGAGCTC-3' 
(SEQ ID NO:10) 

Rabb.IgM CHl.R 5'-GGAGACGAGCGGGTACAGAGT-3' 
(SEQ ID NO:11) 

Rabb.IgG Hinge.R 5'-CGTGGGCTTGCTGCATGTCG-3' 
(SEQ ID NO:12) 

Rabb.W. F 5'-GTGATGACCCAGACTCCA-3' 
(SEQ ID NO:13) 

Rabb.V0B4.R 5'-ACAGTCACCCCTATTGAAGCTCTGG-3' 
(SEQ ID NO:14) 

Rabb.W2B4.R 5'-GCAGTCACCCCTGTTGAAGCTCTG-3' 
(SEQ ID NO:15) 

[0239] The cycling parameters for the RT-PCR amplification were as follows: 55°C 30 

min; 95°C 2 min; 30 cycles of (94°C 1 min, 54°C 50 sec, 68°C 1.5 min); 68°C 10 min. 

[0240] The products from the first round RT-PCR were subjected to a second round of 

PCR amplification in separate reaction for heavy chain and light chain, using the primers listed 

in Table 3. 

Table 3. 	Primers used for second round of PCR amplification 

Heavy Chain 
ldr-Rabb.VHALF gccaccggcgtgcactccCAGTCGGTGRAGGAGTCCRGGGG 

(SEQ ID NO:16) 

R-Rb-VH1-hu- 
gamma 

gggcccttggtggatgcTGARGAGAYGGTGACCAGGGTGCC 
(SEQ ID NO:17) 

Light Chain 
ldr-Rabb.Vic.F gccaccggcgtgcactccGAGCTCGTGATGACCCAGACTCCA 

(SEQ ID NO:18) 

R-Rb-Viclm-hu- 
kappa 

agccacagttcgTTTGATCTCCAGCTCGGTCCC 
(SEQ ID NO:19) 

R-Rb-W2-hu-kappa agccacagttcgTTTGATTTCCACATTGGTGCC 
(SEQ ID NO:20) 
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R-Rb-VO-hu-kappa agccacagttcgTTTGACSACCACCTCGGTCCC 
(SEQ ID NO:21) 

  

[0241] The cycling parameters for the second round of PCR amplification were as 

follows: 95°C 5 min; 40 cycles of (94°C 1 min, 54°C 50 sec, 68°C 1.5 min); 68°C 10 min; 4°C 

S oak. 

[0242] PCR products were then separated by electrophoresis on agarose gel. PCR 

products having the correct molecular sizes for the VL and VH products were purified by 

QlAquick® Gel Extraction Kit (Qiagen, Valencia, CA), and the fragments were subcloned into 

an expression plasmid containing a human gamma (Cy) or kappa (CIO constant region using an 

InFusion HD cloning kit (Clontech). All clones were sequenced to confirm the presence and 

fidelity of the inserts. 

[0243] Gene synthesis: Humanized VH domains and zu155D5LC-1, -huVK1-39, - 

huVK2-40, -huVK3-11, -huVK4-1, -huVK5-2, -huVK6-21, -huVK6D-41, -huVK7-3, zu1E4LC-

1, and zu166B3LC-1 Vic domains were codon-optimized for expression in human cells and were 

synthesized by DNA 2.0. The variable domains were synthesized with a Kozak sequence and an 

Ig leader sequence, and included 15 base-pairs at the 5' and 3' ends homologous to the cloning 

site within the subcloning vector. Following excision from the DNA 2.0 vector, the fragments 

were subcloned into an expression plasmid containing a human Cy or CI< region using an 

InFusion HD cloning kit. All clones were sequenced to confirm the presence and fidelity of the 

inserts. 

[0244] QuikChange: Mutagenesis of the codon-optimized Vic domains was performed 

using Stratagene's QuikChange XL according to the manufacturer's protocol. All clones were 

sequenced to confirm the presence of the mutation. 

Cell Culture 

[0245] Transfection and stable cell line generation: One day prior to transfection, 293F 

cells were seeded at 6.0x105  cells/mL in 293FreeStyle medium (Thermo Fisher Scientific) in a 

shake flask and incubated at 37°C, 8% CO2, with shaking at 125 rpm. On the day of 

transfection, cells were seeded at lx106  cells/mL as above. Cells were transfected using PEI (25 

kDa, linear; Polysciences) or ExpiFectamine (Thermo Fisher Scientific). For the PEI 

transfections, 166.7 ng HC plasmid, 166.7 ng LC plasmid, 2.2 pg PEI, and 50 pL OptiPro 

(Thermo Fisher Scientific) per mL of transfected cells were incubated for 15 min at 22°C. The 

DNA:PEI mixture was added to the cells while swirling and incubated at 37°C, 8% CO2, shaking 
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at 125 rpm. After 48-72 h, cells were fed at a final concentration of 10 g/L Yeastolate (BD 

Biosciences), 5 mM valeric acid (Sigma Aldrich), and 1:100 CD Lipid Concentrate (Thermo 

Fisher Scientific). 

[0246] For each mL of cells to be transfected with ExpiFectamine, 333.3 ng HC 

plasmid and 333.3 ng LC plasmid were incubated for 10 min in 50 pL Opti-MEM (Thermo 

Fisher Scientific). Likewise, 2.67 pL ExpiFectamine was incubated in 50 pt Opti-MEM. The 

ExpiFectamine solution was added to the DNA mixture, and incubated for 30 min at 22°C. The 

DNA:ExpiFectamine mixture was added to the cells while swirling and incubated at 37°C, 8% 

CO2, shaking at 125 rpm. The following day, 3µL of enhancer 1 and 30 pL of enhancer 2 per 

mL of cells were added to the transfection with continued to incubate for another 7 or 10 days, 

depending on cell density. 

[0247] Antibody-expressing stable pools were selected by adding 3 mL of transfectants 

to 12 mL DMEM in a T75 flask with 5µg/mL blasticidin and 400 µg/mL zeocin (Thermo Fisher 

Scientific) one to three days after transfection. After drug-resistant cells grew to confluency, the 

medium was replaced with FreeStyle 293 expression medium. After 24 or 48 h, cells were 

physically dislodged by tapping the flask (trypsinization resulted in low viability; data not 

shown) and were then seeded at 6x105  cells/mL in 30 mL FreeStyle 293 expression medium in a 

125-mL shake flask. Cultures were incubated at 37°C in 8% CO2  with shaking at 125 rpm. 

[0248] mAb production:  Antibody production from stable pools was performed by one 

of two methods: 

1. Stable-transfected cell line pools were seeded at 0.6 to 1x106  cells/mL in 293FreeStyle 

medium. Two days after the culture reached a density of 1x106  cells/mL, cultures were 

fed as described herein; or 

2. Stable-transfected cell line pools were centrifuged at 1000 rpm in a Beckman Allegra 6 

centrifuge for 5 min. The supernatant was removed, and the cells were resuspended in 1 

L expi293 medium (Gibco) at 0.5-0.8x106  cells/mL in a 2.8-L shake flask. Cells were 

incubated at 37 °C, 8% CO2, shaking at 125 rpm. 

[0249] For both methods, the cultures were incubated at 37°C in 8% CO2  with shaking 

at 125 rpm for 7-10 days, depending on when cell viability dropped to about 50%, at which time 

the cultures were centrifuged for 1 h at 8000 rpm in a Beckman JLA8.1000 rotor. The 

supernatant was then filtered through a 0.2 p.m PES filter and stored at 4°C or -20°C until 

purification. 
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mAb purification 

[0250] Antibody purification by protein A affinity chromatography: Using an AKTA 

Explorer (GE Healthcare), a protein A column (GE Healthcare) was equilibrated with 10 column 

volumes (CV) of 20 mM sodium phosphate, 10 mM EDTA, pH 7.2. The sample was then 

loaded, followed by washing unbound material with 10 CV of equilibration buffer. The sample 

was eluted using 5 CV of 0.1 M Glycine pH 2.9. The fractions containing the mAb were pooled 

and dialyzed in Dulbecco's phosphate buffer (DPBS) using a MWCO 20K Slide-A-Lyzer 

(Thermo Fisher Scientific). 

[0251] Cysteine decapping: Using an AKTA Explorer (GE Healthcare), a protein A 

column (GE Healthcare) was equilibrated with 10 CV of 20 mM sodium phosphate, 10 mM 

EDTA, pH 7.2 (equilibration buffer). The sample was then loaded, followed by washing 

unbound material with 10 CV of equilibration buffer. The column was washed with 16 CV of 20 

mM sodium phosphate, 10 mM EDTA, 5 mM cysteine, pH 7.2 at 0.5 mL/min for 16 h at 4°C to 

remove capping group. The column was then washed with 60 CV of 20 mM Tris, pH 7.5 at 0.5 

mL/min for 60 h at 4°C. The sample was eluted using 5 CV of 0.1 M glycine pH 2.9 and 

immediately neutralized using 5% volume of 2M Tris, pH 9.0. The fractions containing mAb 

were pooled and dialyzed in DPBS using a MWCO 20K Slide-A-Lyzer (Thermo Fisher 

Scientific). 

LC-MS/MS cysteinylation and disulfide bond mapping analyses 

[0252] The mAb was buffer-exchanged to 50 mM ammonium bicarbonate buffer, pH 

7.8 using a Zeba spin desalting column (Thermo-Fisher). The concentration was adjusted to 1 

mg/mL and RapiGest (Waters) was added to 0.1%. The mAb was then digested with Glu-C 

(New England BioLabs) (25:1 w/w) at 37 °C for 4 h, followed by digestion with Asp-N (New 

England BioLabs) (25:1 w/w) at 37°C for 18 h. Following digestion, 5% trifluoroacetic acid 

(TFA) was added to 0.5% and incubated at 37°C for 90 min. The sample was centrifuged at 

13,000 rpm for 30 min to remove pellets and analyzed by LC-MS/MS using MSE  methodology 

in the second ionization phase. MSE  methodology uses a ramped voltage rather than a fixed 

voltage in the second ionization phase to generate a more complete ion profile. Samples were 

analyzed using a Waters Acquity UPLC and Q-Tof Premier mass spectrometer. Samples were 

injected onto a Waters BEH 300 C18, 1.7 um pore size, 2.1 x 100 mm, eluted from the column 

with a 3 min equilibration in 97% of mobile phase A (0.1% formic acid in H2O), a 55 min linear 

gradient (3-45% mobile phase B (0.1% formic acid in acetonitrile)), a 5 min linear gradient 
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(45%-90% mobile phase B), a 5 min isocratic phase (90% mobile phase B), a 5 min linear 

gradient (90%-3% mobile phase B), and a 5 min re-equilibration in 97% of mobile phase A, at 

0.05 mL/min. The Q-Tof mass spectrometer was run in positive ion, V-mode with detection in 

the range of 200-2000 m/z. The source parameters were as follows: capillary voltage, 3.0 kV, 

sampling cone voltage, 40 V; source temperature, 120°C; desolvation temperature, 250°C; 

desolvation gas flow, 600 L/hr. Lockspray mass reference standard was glu-fib. MSE  method 

was as follows: acquisition time, 3-70 mins; data range, 200-2000m/z; scan time, 1.5 sec; 

expression, low energy 6V, ramp high energy from 10-30V. 

[0253] The antibody aggregation was analyzed by size-exclusion, high-performance 

liquid chromatography method (SEC-HPLC) using an Agilent 1100. The mAb was diluted to 1 

mg/mL in DPBS. The antibody (20 u,L) was injected onto a TSKge1 SuperSW guard column 

(4.6 mm x 3.5 cm, 4µm pore size, Tosoh Bioscience), followed by a TSKgel SuperSW3000 

column (4.6 mm x 30 cm, 4µm pore size), eluted from the column with 0.1 M PBS containing 

0.15 M NaC1 and 0.05% NaN3, at pH 7.4, at a flow rate of 0.3 mL/min for 20 min. All data were 

analyzed using Agilent ChemStation software. Percent aggregation was calculated as 

[PAaggregate/PAtotai] *100, where PA = integrated peak area. 

UPLC/ESI-MS analysis of malemide-biotin: mAb conjugation 

[0254] Purified antibodies were diluted to 1 mg/mL in DPBS (samples were left at 

original concentration if below 1.0 mg/mL). Maleimide-PEG2-Biotin ((mal)-PEG2-Biotin) 

(Thermo Fisher Scientific) was dissolved in DPBS to yield a 20 mM stock solution, followed by 

dilution to 1 mM in DPBS. Mal-PEG2-Biotin was added to 1 mL of decapped mAb at a 5:1 

conjugation ratio and incubated at 22°C with gentle rotating for 2 hr. The reaction was desalted 

using a Zeba spin desalting column. The mAbs were then deglycosylated using PNGase F (New 

England BioLabs). G7 buffer (10 uL) and PNGase F (2 uL) were added to the mAb (90 uL). 

The reaction was incubated in a Discover microwave (CEM) for 2 cycles: 1) microwave power 

10 W, 37°C, 10 min, followed by a 5-min pause; and 2) microwave power 2 W, 37°C, 10 min. 

A portion of the sample was reduced by adding dithiothreitol (DTT) to a final concentration of 

20 mM, followed by incubation at 60°C for 3 min. 

[0255] Samples were then analyzed using a Waters Acquity UPLC and Q-Tof Premier 

mass spectrometer. Samples (0.5-2 lig each) were injected onto a MassPrep micro desalting 

column at 65°C, eluted from the column with a 5 min equilibration in 95% of mobile phase A, a 

10 min gradient (5-90% B), and a 10 min re-equilibration in 95% of mobile phase A, at 0.05 
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mL/min. Mobile phase A was 0.1% formic acid in water. Mobile phase B was 0.1% formic acid 

in acetonitrile. The Q-Tof mass spectrometer was run in positive ion, V-mode with detection in 

the range of 500-4000 m/z. The source parameters were as follows: capillary voltage, 2.25 kV 

(intact antibody)-2.50 kV (reduced antibody); sampling cone voltage, 65.0 V (intact antibody) or 

50.0 V (reduced antibody); source temperature, 100°C; desolvation temperature, 250°C; 

desolvation gas flow, 550 L/hr. The protein peak was deconvoluted using the MassLynx 

MaxEnt 1 function. Conjugation efficiency was calculated as 

[Ibiotinylated/(Ibiotinylated+Iunmodified)]*100  of the deconvoluted mass spectrum, where I = mass peak 

intensity. 

BIAcore analysis of mAb: antigen affinity 

[0256] Antibody concentrations were adjusted to generate 30-40 RU signal when 

bound to the antigen. Humanized mAbs purified by standard protein A affinity chromatography 

or by the decapping method were injected over an anti-human IgG sensor on a BlAcore T100 

(GE Healthcare) for 1 min at a flow rate of 10 µL/min. The sensor surface was washed by 

injecting HBS-P buffer for 1 min at a flow rate of 50 µL/min. To record the antigen association 

to the captured mAb, a series of increasing concentrations of antigen was injected for 60 sec at a 

flow rate of 50 plimin. The dissociation of antigen was monitored for 30 min at the same flow 

rate. The sensor surface was regenerated by injecting 3 M MgC12  for 1 min and then 30 sec at a 

flow rate of 30 µL/min. Sensograms were analyzed with Biacore T100 Evaluation Software 

using a 1:1 Langmuir binding model. 

Bivalent/Bispecific Fab preparation 

[0257] mAb-derived Fab fragments were prepared separately using immobilized 

papain, followed by isolation of the pure Fab fragments from Fc/undigested mAb using Protein 

A chromatography. Maleimido-PEG4-azide was synthesized by combining NHS-maleimide and 

azido-PEG4-amine in DMSO for 1 hr in a 1:1 molar ratio. Unreacted NHS was quenched by the 

addition of Tris-HC1 buffer to prevent homodimerization. Fabs were conjugated to either 

maleimido-PEG4-azide or maleimido-PEG4-dibenzocyclooctyne (DBCO) at a 5:1 molar ratio of 

maleimide:Fab and reacted for 4 hr at 22°C. The modified Fab fragments were desalted twice 

each in DPBS to remove all unreacted products, and the Fab fragments were combined at a 

molar ratio of 1:1 at 2 mg/mL final concentration and allowed to form dimers overnight at 22°C. 

The reaction was analyzed by SDS-PAGE and dimerization efficiency was estimated at 20%. 
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The dimer preparation was purified from unreacted monomer by S-200 gel filtration 

chromatography. 

Bivalent/Bispecific Octet assay 

[0258] Biotinylated human CA9 was captured on streptavidin Biosensor tips (Pall) for 

4 min. Following incubation in PBS for 2 min, the tips were incubated with the 

bivalent/bispecific Fabs, mAb alone, or Fab alone for 5 min. Following incubation in PBS for 2 

min, the tips were incubated with human endosialin/TEM-1 for 5 min. Finally, the tips were 

incubated in PBS for another 2 min. Association and disassociation protein to the tips was 

measured throughout. 

Example 2 — Cys80 conjugation 

Objective 

[0259] Site-specific conjugation technologies are desirable to produce a homogeneous 

product with a defined drug-to-antibody ratio (DAR). The Vic domain of a rabbit mAb, such as 

that derived from Oryctolagus cuniculus, may contain a cysteine in position 80 (referred to as 

"Cys80") (FIG. 1A) and the CI< region may contain a cysteine in position 171 ("Cys171") (FIG. 

1B). In-silico modelling predicted that Cys80 and Cys171 might be forming a disulfide bond, as 

the two S atoms are predicted to be approximately 1.6 A apart (FIG. 2A). Human mAbs have 

proline, serine, or alanine residues in position 80 (FIG. 1A), and serine in position 171 (FIG. 1B), 

thus there is no disulfide bridge between the variable and constant region (FIG. 2B). 

[0260] The crystal structure closest to rabbit or human Vic and CI< sequences was 

identified using BLAST pdb database and used as a template for modeling 155D5 mAb 

structure. Models were generated using Discovery Studio's "Build Homology Models" tool 

(Accelrys). The model with the lowest total energy was selected, typed with the CHARMm 

forcefield, and the energy was further minimized through two rounds of energy minimization 

using the "Minimize" tool. The CDR loops were then refined using the "Model Antibody 

Loops" tool. The model with the lowest total energy was selected, typed with the CHARMm 

forcefield, and the energy was further minimized as above. The proximity of Cys80 and Cys171 

(FIG. 2A) predicts that these cysteines may be forming a disulfide bond. The "Build Mutants" 

tool was used to represent this disulfide bond. 

[0261] Since disulfide bonds are critical for maintaining secondary and tertiary 

structural integrity, which in turn is necessary for an antibody's biological activity, it was 
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important to prove whether the predicted Cys80-Cys171 bond actually existed. Therefore, ad 

hoc experiments were conducted that unequivocally demonstrated that the rabbit mAbs 

contained such a bond (Table 4). 

Table 4. 	Demonstration of the existence of Cys80-Cys171 disulfide bond 

Peptide Sequence (position) Predicted mas s(Da)- Observed mass (Da)  
DCTYNLSSTLSLTK (170-183) 

(SEQ ID NO:22) 1545.7465 Not observed 
FTLTITGVQCD (71-81) 

(SEQ ID NO:23) 1197.582 Not observed 
DCTYNLSSTLSLTK=FTLTITGVQCD 

(SEQ ID NO:22) 	(SEQ ID NO:23) 

(disulfide-linked peptides as above) 2741.3285 2740.2659 
LC-MS/MS analysis was performed on a Glu-C/Asp-N digest of rabbit 155D5 MAb (from NZW 
rabbit). Only masses corresponding to disulfide-linked cys80-cys171 were found, indicating that 
cys80 forms a disulfide bond with cys171 in rabbit IgG. A similar analysis was performed using 
1-55-2 mAb (from b9 rabbit). 

[0262] A species-human chimerized mAb is made through the fusion between: i) the 

variable region from the species where the mAb was generated; and ii) the human constant 

region. This process is called chimerization. A humanized mAb is mostly made of human 

variable and constant regions, except for those residues necessary for antigen binding, which are 

from the same species of the host from which the mAb was generated. This process is called 

humanization. To engineer human chimerized or humanized mAbs, whereby the mAbs were 

generated in hosts belonging to the species Oryctolagus cuniculus the entire constant domains as 

well as most of the variable regions (if humanized) were genetically replaced with the human 

variable and human constant sequences. After either chimerization or humanization, the Cys80 

in the Vic no longer formed a disulfide bond with position 171 in the CI( (FIG. 2C), and is 

therefore unpaired. 

[0263] Germline NZW rabbit Vic families have a cysteine at position 80 as shown in 

FIG. 3 (the CDR regions were deleted, and frameworks (FWR) 1, 2, and 3 were aligned). 

Discovery and characterization of an unpaired cysteine at position 80 

[0264] Rabbit constant regions of 155D5 and 1E4 (anti-CA9), 1-55-2 (anti-hTEM1), as 

well as 33011 (anti-MSLN), all of which contain Cys80 and generated as described in Example 

1, were replaced with the human constant regions of an IgG1K to generate rabbit/human 
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chimerized mAb, as described elsewhere herein. Specifically, the rabbit VH region of 155D5 

was fused with the human Cy region to generate xi155D5HC, and the rabbit Vic region of 155D5 

was fused with the human CI< region to generate xi155D5LC. The rabbit/human chimerized 

155D5 mAb with the unpaired Cys80 is referred to herein as xi155D5. 

[0265] VH region of 1-55-2 was fused with the human Cy region to generate xil-55-

2H, and the rabbit Vic region of 1-55-2 was fused with the human CI< region to generate xi1-55-

2LC. The rabbit/human chimerized 1-55-2 mAb with the unpaired Cys80 is referred to herein as 

xil-55-2. 

[0266] The rabbit VH region of 1E4 was fused with the human Cy region to generate 

xi1E4HC, and the rabbit Vic region of 1E4 was fused with the human CI< region to generate 

xi1E4LC. The rabbit/human chimerized 1E4 mAb with the unpaired Cys80 is referred to herein 

as xilE4. 

[0267] The rabbit VH region of 33011 was fused with the human Cy region to generate 

xi33011HC, and the rabbit Vic region of 33011 was fused with the human CI< region to generate 

xi33011LC. The rabbit/human chimerized 33011 mAb (xi33011) with the unpaired Cys80 is 

referred to herein as xi33011. 

[0268] Because the Cys171 was substituted with Ser171 during chimerization, the 

chimerized antibodies (xi155D5, xil-55-2, xilE4, and xi33011) contained an unpaired cysteine 

at position 80 in the Vic (referred to as "Cys80"). When reduced using harsh conditions (20 mM 

DTT at 60 °C for 5 min), the molecular weight (mass) of the protein A-purified mAb xi155D5 

light chain was 23,382 Da (FIG. 4A). However, when subjected to mild reducing conditions 

(100 04 DTT, RT, 30 min) the mass increased by 120 Da (FIG. 4B). This mass increase 

suggested that Cys80 might be forming a disulfide bond with a free cysteine, referred to as 

"capping" cysteine. This molecular structure, which results from a reaction called 

"cysteinylation", is referred to as "capped" Cys80. To confirm this hypothesis, xi155D5 mAb 

was digested with Asp-N and Glu-C, and the masses of the peptides were analyzed. Mass 

spectrometry analysis of peptide fragments corresponding to residues 71 through Cys80 

(FTLTITGVQC) (SEQ ID N0:24) indicated an increased molecular weight by 119 Da (Table 5), 

thereby confirming that Cys80 was capped. 

Table 5. 	Mass spectrometry of xi155D5 peptide 71-Cys80 fragments 

Peptide Sequence 
• Fragment mass 

Observed mass (Da) Amass (Da) 
......................... 
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FTLTITGVQC 
(SEQ ID NO:24) 1082.555 1201.5544 118.9994 

TLTITGVQC 
(SEQ ID NO:25) 935.4866 1054.4946 119.008 

LTITGVQC 
(SEQ ID NO:26) 834.4389 953.4397 119.0008 

TITGVQC 
(SEQ ID NO:27) 721.3549 840.3552 119.0003 

ITGVQC 
(SEQ ID NO:28) 620.3072 739.3067 118.9995 

TGVQC 
(SEQ ID NO:29) 507.2231 626.2235 119.0004 

GVQC 
(SEQ ID NO:30) 405.47 525.1809 119.7109 

QC 
(SEQ ID NO:31) 249.28 369.0883 119.8083 

[0269] Because the lack of the Cys80-Cys171 disulfide bond could have led to 

antibody instability, disruption of antigen binding, or both, antibody stability and antigen binding 

tests were conducted. The stability of xi155D5 was tested using a SE-HPLC assay. This assay 

tests whether the lack of Cys80-Cys171 disulfide bond could lead to aggregation (due to possible 

intermolecular Cys80-Cys80 bonds), or degradation (due to increased sensitivity to proteases). 

Purified antibody at 1 mg/mL in 1X PBS was stored at -80°C or 37°C for 1 week. Ten uL of 

xi155D5 was injected onto a SuperSW3000 column (TOSOH Biosciences, 4.6 mm X 30 cm, 4 

um particle size) equipped with an in-line TSKgel 4.6 mm X 3.5 cm guard column at a flow rate 

at 0.3 mL/min with 0.1 M sodium phosphate, 0.15 M NaC1, 0.05% NaN3  as mobile phase. No 

significant change in aggregation was observed between the two storage conditions (FIG. 5A and 

5B). The level of aggregation was in the 3-4% range and hence within the normal range of a 

typical human IgG1 (data not shown). Little or no degradation products were observed in any 

storage conditions (FIG. 5). These results suggest that xi155D5 lacking the Cys80-Cys171 

disulfide bond is a stable protein under the storage conditions tested. 

[0270] To determine if chimerization, and therefore the loss of Cys80-Cys171 disulfide 

bond, results in structural perturbations leading to loss of antigen binding, the binding affinity of 

mAbs 155D5, xi155D5, 1-55-2, and xil-55-2 by surface plasmon resonance was evaluated. 

Biotinylated ligand (biotin-hTEM1 for 1-55-2, biotin-CA9 for 155D5) was captured on a coated 

biotin CAP BlAcore chip (GE Healthcare, Piscataway, NJ) using HBS-EP as running buffer. 

Final antigen capture levels were 130 RU and 280 RU, respectively, for biotin-TEM1 and biotin-

CA9. Serial dilutions of antibody (120 uL of 0-50 nM) were passed over the ligand-coated chip. 
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Dissociation was observed for 25 min. The chip surface was regenerated with 6 M GuHC1, 250 

mM NaOH. Sensograms were double referenced and kinetic parameters were determined using 

BIAEvaluations software (ver. 4.1). Little or no loss of binding affinity was observed due to 

chimerization of two different mAb (Table 6), suggesting that the lack of the Cys80-Cys171 

disulfide bond does not lead to disruption of the binding region. 

Table 6. 	Kinetic constants of chimerized and rabbit mAbs 

mAb „ (M 'sec kd (sec ) KD (M ) 
1-55-2 3.7 x 106  5.8 x 10-5 1.5 x 10-11 

xi1-55-2 1.5 x 106  7.1 x 10-5  4.6 x 10-11  

155D5 5.1 x 105  2.1 x 10-5  4.1x10-11 

xi155D5 4.6 x 105  2.4 x 10-5  5.1 x 1041  

Assessment of the utility of Cys80 for conjugations of functional agents 

[0271] After having established that the lack of Cys80-Cys171 disulfide bond does not 

lead to structural perturbations, the possibility of replacing the capping cysteine with a thiol-

reactive compound was explored. A thiol-reactive group can be attached to a linker, which in 

turn can be attached to a molecule of diagnostic or therapeutic utility, referred to herein as 

"functional agent." Functional agents may include fluorophores, fluorescent dyes, polypeptides, 

immunoglobulins, antibiotics, nucleic acids, radionuclides, chemical linkers, small molecules 

(such as chemotherapeutic agents), chelators, lipids, and drugs. 

[0272] To substitute the capping cysteine with a functional agent, the capping cysteine 

was first removed. Exposing purified mAbs to reducing conditions could break the disulfide 

bond between Cys80 and the capping cysteine, referred to herein as "decapping." However, 

suboptimal reducing conditions, for example harsh reducing conditions, could also break the 

inter- and intra-chain disulfide bonds, thereby compromising the mAb structure and activity. 

Therefore, a decapping method involving removal of the capping cysteine using mild reduction, 

followed by reoxidation with Tris-containing buffer that does not alter the mAb structure and 

activity, while still allowing removal of the capping cysteine, was developed. A number of 

reducing agents were initially evaluated, including reduced glutathione, cysteine, TCEP, and 

DTT. Glutathione did not efficiently remove the capping cysteine (data not shown). Both DTT 

and TCEP efficiently removed the capping cysteine, but higher concentrations also resulted in 

the near-complete breakage of inter-chain disulfides and likely some intra-chain disulfides as 

well (data not shown). The mild reductant cysteine efficiently removed the capping cysteine and 
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only limited inter-chain breakage was observed. Reoxidation was examined using phosphate 

buffer, Tris buffer, and the strong oxidant CuSO4. No reoxidation of the disrupted inter-chain 

disulfides was observed with phosphate buffer, while CuSO4  efficiently and rapidly reformed the 

disulfides, but was not evaluated further, due to its inherent toxicity compared with Tris. 

Optimized conditions were adapted to a column format to allow for sequential purification and 

decapping from feedstock. With this method, the antibody was bound to protein A resin and 

incubated with limited flow (0.5 mL/min) with a buffer containing 5 mM cysteine for 16 h to 

reduce (break) the Cys80-cysteine disulfide bond, followed by washing with a cysteine-free Tris-

containing buffer for 60 h to remove the cysteines released by this treatment and re-oxidize any 

reduced interchain disulfide bonds. The mAb was then eluted in a low pH glycine buffer. In an 

exemplary experiment whereby the decapping method was applied to xi155D5, the mass of the 

non-reduced, purified mAb was determined and —99% of the mAb was found decapped, as 

demonstrated by the drop in mass equivalent to two free cysteines (FIG. 6A and 6B). Free thiol 

assay confirmed the presence of two thiol groups per mAb, also demonstrating efficient re-

oxidation (data not shown). 

Decapped Cys80 can be conjugated to maleimide 

[0273] Cysteine is an a-amino acid with a nonpolar side chain (thiol; -SH). The 

reduced thiol side chain in an unpaired cysteine could serve as a nucleophile that can react with 

an electrophile molecule such as maleimide, a chemical compound with the formula 

H2C2(CO)2NH. The electrophile double bond in maleimide readily reacts with the nucleophile 

thiol group found on cysteine to form a stable carbon-sulfur thioether bond. The nonpolarity of 

the thiol side chain, depending on the surrounding residues, might confer a hydrophobic property 

to a cysteine that may prevent solvent exposure necessary for chemical modifications. In 

addition, the location of the cysteine in the context of the secondary structure of the peptide in 

which it is located may further prevent access of thiol-reactive molecule. Experimental testing to 

determine whether Cys80 could react with a thiol-reactive molecule after decapping was 

performed. The decapped xi155D5 was incubated with maleimide-PEG2-biotin as described 

elsewhere herein. Mass spectrometry analysis showed that 94% of the mAb was conjugated with 

maleimide-PEG2-biotin as indicated by an increase in molecular mass by 526 Da (FIG. 7), 

corresponding to the functional agent mass. As each light chain was found conjugated (single 

mass peak, FIG. 7), the maleimide-PEG2-biotin to xi155D5 ratio was homogeneously equal to 
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2:1. One maleimide-PEG2-biotin was conjugated to a Cys80 in each of the two light chains in 

the chimerized mAb (Cys801  and Cys802). 

[0274] These results demonstrate that Cys80 and Cys171 form a disulfide bond that 

links the Vic and CI< regions of a rabbit mAb. When rabbit mAbs were chimerized, Cys171 was 

substituted by Ser171 present in the human CI< region. This substitution abolished the Cys80-

Cys171 disulfide bond. When the effects of losing this disulfide bridge on the structural stability 

and activity of the resulting chimerized mAb compared with the parental rabbit mAb were 

evaluated, it was observed that the chimerized mAb was stable and active. It was discovered that 

both Cys801  and Cys802, which remained unpaired in the chimerized mAb, were capped by a 

free cysteine (capping cysteine). Subsequently, a method to remove the capping cysteine 

(decapping), while maintaining structural stability and activity of the resulting chimera mAb, 

was developed. Additionally, it was demonstrated that high yields of mAb conjugated to 

maleimide-PEG2-biotin could be achieved with a functional agent to mAb ratio equal to 2:1. 

Humanization of rabbit mAbs 

[0275] Chimerized mAbs could be immunogenic when administered to humans and 

therefore it is desirable to humanize rabbit mAbs by substituting rabbit sequences with human 

sequences in the Vic and VH regions. The amino acid sequence of mAb 155D5 was analyzed 

using a BLAST search against a human variable domain database at 

http://www.ncbi.nlm.nih.gov/igblast/  to identify the human sequence with highest homology to 

the rabbit sequence. IGHV3-64*04 and IGKV1-5*03 were identified as the best sequences for 

humanization, as their use would result in the least number of rabbit residue substitutions (FIG. 

8). 

[0276] The 155D5 sequences corresponding to the antigen binding domains as 

identified by Kabat and Chothia CDRH1, Chothia CDRH2, CDRH3, CDRL1, CDRL2, and 

CDRL3 were inserted into the framework (FWR) regions of human IGHV3-64*04 or IGKV1-

5*03 to generate the humanized 155D5 mAb, named zu155D5-1 (Table 7 and Table 8). 

[0277] During the humanization of 155D5LC (zu155D5LC), Cys80 was maintained, 

which was unpaired since the human kappa sequence has Ser171 as opposed to Cys171. 

zu155D5-1 was produced and purified using standard protein A purification, and found to be 

capped, as evidenced by the change of mass after decapping by 233 Da, approximately 

corresponding to two capping cysteines (FIG. 9). As observed with xi155D5, zu155D5-1 could 

also be decapped with efficiency close to 100% (Table 9). However, the decapping led to 
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massive levels of aggregation (70%) versus only 14% in xi155D5. When zu155D5-1 was 

reacted with maleimide-PEG2-biotin, 0% conjugation was observed while xi155D5 was 93% 

conjugated (Table 9). These results were surprising, as they suggest that: 1) having a cysteine in 

position 80, although necessary, is not sufficient to allow for site-specific conjugation of a 

functional agent; and 2) in some conditions, attempting conjugation on Cys80 could lead to high 

aggregation not compatible with drug manufacturability. However, since the disclosed studies, 

which characterized xi155D5, demonstrated that at least in some conditions conjugation of a 

functional agent on Cys80 could be very efficient, it was next investigated how residues 

surrounding Cys80 may influence conjugation efficiency. Consequently, structural models of 

chimerized xi155D5 were generated (FIG. 10), which indicated that residues Va111, A1a14, 

G1y17, Thr18, Lys63, Thr76, G1y77, Va178, A1a83, Glu103, and Leu104 were in close proximity 

(within 18 A) to Cys80 and therefore could potentially be affecting the efficiency of its 

conjugation. 

[0278] Two versions of FWR1 (FWR1a-b), one version of FWR2, three versions of 

FWR3 (FWR3a-c), and two version of FWR4 (FWR4a-b) were designed based on the 

aforementioned residues (Table 7). 

Table 7. 	Versions of frameworks derived from human Vic family IGKV1-5 

human VI: 
Tamil)  

FWR 
lersion 

code 
FWRI FWR2 F% FWR4 

IGKV1-5 A 

DIQMTQSPSTLSA 
SVGDRVTITC 

(SEQ ID N0:32) 

WYQQKPGKAP 
KLLIY 

(SEQ ID NO:33) 

GVPSRFSGSGSGTEFTL 
TISSLQCDDFATYYC 
(SEQ ID NO:34) 

FGGGTKVEIK 
(SEQ ID NO:35) 

IGKV1-5 B 
DIQMTQSPSTVSA 

AVGGTVTITC 
(SEQ ID NO:36) 

n/a 
GVPSRFSGSGSGTEFTL 
TITGVQCDDFATYYC 
(SEQ ID NO:37) 

FGGGTELEIK 
(SEQ ID NO.38) 

IGKV1-5 C n/a n/a 
GVPSRFKGSGSGTEFT 

LTITGVQCDDAATYYC 
(SEQ ID NO:39) 

n/a 

Residues in bold font indicate differences between the framework variants. n/a, not applicable. 

[0279] A series of humanized 155D5 variants were generated that contained 

combinations of these frameworks and either Cys80-Xaai-Xaa2-Phe83 (also referred to as C-X-

X-F or CXXF) or Cys80-Xaai-Xaa2-A1a83 (also referred to as C-X-X-A or CXXA), whereby 

"Xaa" or "X" indicates amino acids in position 81 and 82 (Table 8). 
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Table 8. 	Humanized 155D5 variants derived from human Vic family IGKV1-5 

mAb name FWR combination aa 80-83 

zu155D5-1 FWR1a,FWR2a,FWR3a,FWR4a CXXF 

zu155D5-2 FWR1 a,FWR2 a,FWR3b,FWR4 a CXXF 

zu155D5-3 FWR1a,FWR2a,FWR3a,FWR4a CXXA 

zu155D5-4 FWR1 a,FWR2 a,FWR3b,FWR4 a CXXA 

zu155D5-5 FWR1a,FWR2a,FWR3c,FWR4a CXXA 

zu155D5-6 FWR1b,FWR2a,FWR3b,FWR4a CXXA 

zu155D5-7 FWR1a,FWR2a,FWR3b,FWR4b CXXA 

[0280] It was observed that, irrespective of the FWR version used, humanized mAbs 

having the C-X-X-F motif showed high aggregation (after decapping) and poor conjugation 

(Table 9). Conversely, 4 of the 5 mAb variants containing C-X-X-A motif, and irrespective of 

the FWR version used, showed high percent of conjugation efficiency (L80%) and low 

aggregation (after decapping) of <18% (Table 9). zu155D5-4 is an outlier that exhibited a low 

percentage of conjugation efficiency and a high aggregation after decapping. It is noted that the 

zu155D5-4 antibody has a propensity to aggregate independently of decapping, which may 

account for the observed results. These data suggested that Phe83 is involved in causing high 

aggregation after decapping and is not conducive to conjugation on Cys80. 

Table 9. 	Aggregation levels and conjugation efficiency of xi155D5 versus different 

variants of zu155D5 

% Aggregates 

mAb name ProA Decapped % Decapped 
0/0 

Conjugated 
aa 80-83 

xi155D5 ND 14.20% 100.00% 93.90% CXXA 

zu155D5-1 1.10% 70.10% 100.00% 0.00% CXXF 

zu155D5-2 10.10% 44.50% 100.00% 0.00% CXXF 

zu155D5-3 0.00% 17.30% 100.00% 80.10% CXXA 

zu155D5-4 10.80% 28.30% 100.00% 25.90% CXXA 

zu155D5-5 7.40% 13.30% 100.00% 86.90% CXXA 

zu155D5-6 1.60% 6.70% 100.00% 88.20% CXXA 

zu155D5-7 4.90% 12.30% 100.00% 89.30% CXXA 

In bold are indicated the C-X-X-F motif and values not meeting the conjugation specifications. 
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[0281] It is desirable to achieve aggregation of 25% or less as a starting point of 

downstream process optimization, whereby further optimization of fermentation parameters, 

purification conditions and drug formulations can achieve a more desirable aggregation level of 

5% or less. It is also desirable to achieve 70% or higher conjugation efficiency to minimize 

product waste, cost of goods, and maximize product homogeneity. Henceforth, the investigation 

focused on meeting and exceeding these specifications by extrapolating rules to apply to the 

humanization methods of rabbit mAbs. 

[0282] 155D5-1 was generated by following a standard practice, which involves 

utilizing the human germline sequences most homologous to the parent sequence. Because of 

this practice, the human Vic subfamily IGKV1-5 was used for humanizing 155D5, having an 

percent identity of 70.5% (data not shown) and containing Phe83. The alternative Vic 

subfamilies, which have similar percent of identity (data not shown), also contained Phe83 (FIG. 

8). As this residue appeared to negatively influence Cys80 conjugation efficiency and cause high 

aggregation, the presence or absence of Phe83 in other human Vic families was evaluated, despite 

the fact that the highest identity found in these Vic families was lower (68.4%) and therefore they 

would not typically be used for humanizing 155D5. Since all of the human Vic families except 

IGKV4, IGKVS, and IGKV7 have multiple subfamilies, all subfamilies were aligned within their 

family (data not shown). After removal of redundant sequences, only one sequence remained for 

each of the IGKV-4, -5, -6, -6D, and -7 families, which could be used for humanization. For 

families IGKV-1, -2, and -3, the subfamily with closest homology to the consensus was chosen 

as the framework to humanize 155D5. A preliminary analysis indicated that while some of these 

Vic families contained Phe83 others did not (and Table 10). 

[0283] To study the effect of the presence or absence of Phe83 in the context of these 

Vic families, the CDR regions of 155D5 were genetically grafted onto the human frameworks 

IGKV1-39*01, IGKV2-40*01, IGKV3-11*01, IGKV4-1*01, IGKV5-2*01, IGKV6-21*01, 

IGKV6D-41*01, and IGKV7-3*01. IGKV5-2*01 Asn20, which contains an N-linked 

glycosylation site at residues 20, and its Thr20 variant were not included in this analysis because 

the former could not be analyzed by mass spectrometry due to heterogeneity, and the latter did 

not express well. IGKV7-3*01 Asn81 was not included in the analysis because it could not be 

analyzed by mass spectrometry. However, the variant IGKV7-3*01-G1u81 was included in the 

analysis. The following results were obtained from the analysis (Table 10): 

1. The humanized mAb with the huIGKV1-39 sequence and containing Phe83 showed an 

aggregation increase from 0 to 26% after decapping; the conjugation efficiency was 
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borderline acceptable (68%) but aggregation being >25% was not; 

2. The humanized mAb with the huIGKV2-40 sequence contained a human germline 

Va183; this mAb showed aggregation <25% after decapping (11%) and conjugation 

efficiency >70% (92%). These parameters were acceptable, suggesting that the human 

germline Va183 is conducive to pairing with Cys80 to allow Cys80 conjugation; 

3. The humanized mAb with the huIGKV3-11 sequence contained a human germline 

Phe83; while aggregation was below 25%, conjugation efficiency was 55%, therefore not 

meeting the criterion of >70%; 

4. The humanized mAb with the huIGKV4-1 sequence contained a human germline Va183; 

this mAb showed aggregation <25% after decapping (6%) and conjugation efficiency 

>70% (82%). These parameters were acceptable, suggesting that the human Va183 is 

conducive to pairing with Cys80 to allow Cys80 conjugation, as seen with the huIGKV2-

40 sequence; 

5. The humanized mAbs with the huIGKV6-21 or huIGKV6D-41 sequences both contained 

a human germline A1a83; these mAbs showed aggregation <25% after decapping and 

conjugation efficiency >70%. These parameters were acceptable, suggesting that the 

human germline A1a83 is conducive to pairing with Cys80 to allow Cys80 conjugation, 

as seen with the xi155D5 sequence; and 

6. The humanized mAb with the huIGKV7-3-G1u81 sequence contain a human germline 

Thr83; this mAb showed aggregation <25% after decapping (6%) and conjugation 

efficiency close to 100%. These parameters were acceptable, suggesting that the human 

germline Thr83 is conducive to pairing with Cys80 to allow Cys80 conjugation. 

Table 10. 	Aggregation levels and conjugation efficiency of different variants of zu155D5 

generated by using various human Vic subfamilies 

% Aggregates 

humanized mAb as 80-83 ProA Decapped 
0/0 

 
Decapped 

0/0 
Conjugated 

zu155D5-1 (huVKl-5) CXXF 1.10% 70.10% 100.00% 0.00% 
zu155D5-huVK1-39 CXXF 0.00% 26.00% 100.00% 68.70% 
zu155D5-huVK2-40 CXXV 9.60% 11.70% 100.00% 92.70% 

zu155D5-huVK3-11 CXXF 6.20% 16.50% 100.00% 55.00% 
zu155D5-huVK4-1 CXXV 0.00% 6.30% 100.00% 82.70% 

zu155D5-huVK6-21 CXXA 13.80% 15.00% 61.70% 81.50% 

zu155D5-huVK6D-41 CXXA 9.30% 11.90% 62.00% 79.80% 
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zu155D5-huVK7-3- 
G1u81 

CXXT 0.00% 6.30% 100.00% 100.00% 

In bold are indicated the C-X-X-F motif and values not meeting the conjugation specifications. 

[0284] These results support the discovery that position 83 influences Cys80 

conjugation efficiency negatively when occupied by phenylalanine, and indicate that, in addition 

to alanine, valine and threonine can substitute Phe83 to allow Cys80 conjugation. 

[0285] To confirm that, in the context of other mAbs, Phe83 is involved with causing 

high aggregation after decapping and is not conducive to conjugation on Cys80, humanized mAb 

variants of 1E4 (anti-CA9), 166B3 (anti-CA9), and 33011 (anti-MSLN) were generated 

containing either C-X-X-F or C-X-X-A. 

[0286] Monoclonal antibody variants having C-X-X-F motif met the conjugation 

specifications but not the aggregation specifications, whereas all humanized mAb variants 

having C-X-X-A showed aggregation less than 25% and conjugation efficiency greater than 70% 

(Tables 11 and 12). These studies demonstrate that the C-X-X-(non) F or K is a motif that allows 

meeting conjugation specifications. 

Table 11. 	Aggregation levels and conjugation efficiency of different variants of humanized 

mAbs comparing C-X-X-F versus C-X-X-A and C-X-X-I motifs 

% Aggregates 

humanized mAb ProA Decapped 
0/0 

 
Decapped 

0/0 
Conjugated 

zu155D5-CXXF (zu155D5-1) 1.10% 70.10% 100.00% 0.00% 

zu155D5-CXXA (zu155D5-3) 0.00% 17.30% 100.00% 80.10% 

zu166B3-CXXF 22.10% 51.50% 77.70% 34.70% 

zu166B3-CXXA 2.30% 6.90% 100.00% 89.90% 

zu33011-CXXF 2.10% 27.50% 100.00% 76.10% 

zu33011-CXXA 1.50% 4.30% 100.00% 93.20% 

zu33011-CXXI 1.40% 4.30% 100.00% 100.00% 

In bold are indicated the C-X-X-F motif and values not meeting the conjugation specifications. 
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[0287] In addition to A1a83, Va183, and Thr83, which can be found in Vic sequences 

belonging to huIGKV1-7 germline subfamilies, 11e83 can also be found, albeit rarely, in the 

huIGKV1 germline family. Because A1a83, Va183 and Thr83 were already found conducive for 

Cys80 conjugation (Table 9, and Table 11), it remained to be determined whether 11e83 would be 

a favorable or unfavorable residue with respect to Cys80 conjugation. Hence, the humanized 

mAb variant of 33011 was generated containing the Cys80-Xaai-Xak-I1e83 (also referred to as 

C-X-X-I or CXXI) motif, which showed aggregation less than 25% and conjugation efficiency 

greater than 70% (Table 11), consistent with previous C-X-X-(non)F motifs tested. This result 

supports the discovery that, in addition to A1a83, Va183 and Thr83, 11e83 can also substitute 

Phe83 to allow Cys80 conjugation while meeting conjugation specifications. 

[0288] The disclosed studies indicate that, while chimerized rabbit mAbs are suitable 

for site-specific conjugation on Cys80 only after applying the disclosed decapping method as 

discussed above, humanized rabbit mAbs having the C-X-X-F motif or C-X-X-K motif are not 

well suited for such modifications due to high aggregation after decapping and/or low 

conjugation efficiency. It was hypothesized that the residues surrounding Cys80 may play a role 

in this phenomenon. Because the Vic region encompasses more than 100 residues, understanding 

the interplay between key surrounding residues and Cys80 required the use of structural 

modelling paired with experimental testing. It was discovered that among the residues in close 

proximity to Cys80, Phe83 exerted a negative effect on Cys80 conjugation efficiency. It was 

also observed that all of the rabbit mAbs contained Phe83 after humanization using a classical 

humanization approach (FIG. 11), despite the fact that human Vic sequences can also contain 

other amino acids in position 83, including alanine, threonine, valine, and isoleucine. When 

these Vic families were used for humanization, it was confirmed that Phe83 and Lys83 are 

sufficient to endow the humanized mAb with undesirable properties, such as high aggregation 

and/or low conjugation efficiency, while the remaining amino acid residues (with the exception 

of Cys, which was not tested due to the desire to obtain a single Cys for conjugation) were 

conducive to Cys80 conjugation. 

[0289] These results suggest that the C-X-X-F motif and C-X-X-K motif are to be 

avoided when conjugating at Cys80. Using a C-X-X-(not)F or K motif, for example the motif C-

X-X-A, C-X-X-T, C-X-X-V, and C-X-X-I through the substitution of Phe83, chimerized as well 

as humanized mAbs were generated that met the desired conjugation specifications. 

Affinity of xi155D5 and the humanized variants 
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[0290] xi155D5 and the humanized variants were purified by standard protein A 

chromatography or the decapping method, and their affinity was analyzed using BlAcore (Table 

13). There was less than a 2-fold difference in the KD between chimeric and humanized 155D5, 

and little difference between the samples purified by the two different methods. 

Table 13. 	BlAcore analysis of antigen binding of humanized and chimeric 155D5 mAbs 

ProA Decapped 

Antibodies.............. ka (1/Ms) .... kd (1/s) KD (M) .. 
ka 

..(1/Ms)..... kd (1/s)..... KD (M) 

xi155D5 4.58E+05 1.49E-04 3.24E-10 

zu155D5-1 1.01E+06 4.95E-04 4.98E-10 7.70E+05 3.55E-04 5.00E-10 

zu155D5-2 6.63E+05 3.76E-04 5.69E-10 4.58E+05 2.70E-04 5.89E-10 

zu155D5-3 7.27E+05 4.01E-04 5.62E-10 7.26E+05 3.51E-04 5.07E-10 

zu155D5-4 5.77E+05 3.82E-04 6.64E-10 6.41E+05 3.78E-04 5.90E-10 

zu155D5-5 5.87E+05 3.73E-04 6.39E-10 5.72E+05 2.73E-04 4.78E-10 

zu155D5-6 8.98E+05 4.77E-04 5.33E-10 5.58E+05 3.19E-04 5.68E-10 

zu155D5-7 8.69E+05 4.58E-04 5.34E-10 4.85E+05 3.19E-04 6.80E-10 

Example 3 - Generation of mesothelin-auristatin conjugated monoclonal antibodies 

[0291] Mesothelin (MSLN) is a cell-surface protein expressed in cancer, including 

certain ovarian, lung, pancreatic, and mesothelioma tumors. To improve the potency of agents 

targeting MSLN, de novo anti-MSLN rabbit monoclonal antibodies (mAbs) were developed and 

subsequently engineered and conjugated with auristatin F (AuF) at Cys80 to generate a panel of 

MSLN-AuF conjugated mAbs. 

Generation and characterization of rabbit anti-MSLN mAbs 

[0292] New Zealand rabbits (Oryctolagus cuniculus) were immunized at Aldevron 

(Germany) using plasmid DNA encoding the human MSLN protein ("MSLN"). On day 52, 

animal sera were collected and later tested for MSLN binding by flow cytometry using 

mammalian cells transiently expressing human MSLN. FIG. 12-D shows that sera from both 

animals contained MSLN-binding antibodies. An ELISA assay later confirmed this result (FIG. 
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12E). Then, animals were sacrificed and PBMCs from blood as well as the lymphocytes from 

spleens and lymph nodes were collected and cryopreserved. 

[0293] The lymphocytes from lymph nodes previously frozen were recovered and 

treated with DNase I and Pokeweed mitogen for one hour at 37°C/5% CO2. Cells were counted 

and seeded at 5 cells/40 4/well in complete IMDM medium containing 10% fetal bovine serum 

(FBS) and cytokines (IL-2 and IL-21 at 10.5 ng/mL) in 384-well plates pre-seeded with CHO-Kl 

cells expressing CD154 as feeder cells. Cells were fed again by adding 20µL/well of the same 

medium as above after one week. Two weeks after seeding, B cell culture supernatants were 

collected for screening to identify clones with specific reactivity to human MSLN. The plates 

with cells were frozen and stored at -80°C for future RNA isolation and gene amplification. B 

cell culture supernatants were first screened for IgG production by rabbit IgG FRET assay. IgG-

producing clones (5,775) were selected and screened by using ELISA to determine binding to 

human MSLN (1st  screening). Some of the anti-MSLN-reactive clones were re-tested (2nd  

screening) for reactivity to MSLN but not to a control antigen (human CD73). Five mAbs were 

selected and are shown in Table 14. 

Table 14. 	Clones with specific reactivity to human MSLN 

rabbit mAb 
name 

1st  screening 

Reading (Optical Density) 

2" screening 

Reading (Optical Density) 

IgG 
production 

Anti-MSLN 
reactivity 

Anti-MSLN 
reactivity 

Anti-CD73 
reactivity 

33011 0.524 0.2821 0.5039 0.0818 

178F16 1.534 0.9661 1.879 0.1411 

237N18 0.586 0.362 0.6683 0.0918 

32405 2.207 1.3982 2.218 0.0801 

383118 0.586 0.249 0.2965 0.0744 

[0294] The plates containing the selected mAbs were thawed, and the B cells were 

lysed to isolate RNAs using RNAqueous Kit (Ambion). The RNAs were used to set up RT-PCR 

reactions to amplify the antibody variable regions. The resulting DNAs were sequenced, and 

primers were designed for compatibility with the InFusion HD®  cloning system as described by 

the manufacturer (Clontech, Mountain View, CA). The variable region PCR fragments were 

cloned into an expression plasmid containing either a human gamma or kappa constant region. 
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These plasmids were transfected using the FreeStyle 293 expression system (Thermo Fisher 

Scientific) to produce mAbs as described elsewhere herein. 

Generation and characterization of MSLN-AuF Cys80 conjugated mAbs 

[0295] Chimerized mAbs were generated as disclosed in Example 2, wherein xi33011 

is one of the five anti-MSLN mAbs and the other four mAbs were chimerized following the 

same method. Hence, these anti-MSLN mAbs contain unpaired Cys80, specifically, the motif C-

X-X-A. They are herein referred to as xi32405, xi178F16, xi237N18, xi33011, and xi383I18. 

[0296] After their production, the selected five chimerized mAbs were conjugated to 

auristatin F (AuF) according to the following methods to generate MSLN-AuF Cys80 conjugated 

mAbs. 

[0297] Antibody purification with "decapping": Decapping rabbit/human mAbs is a 

step required for conjugation to Cys80. Using an AKTA Explorer (GE Healthcare), a protein A 

column (GE Healthcare) was equilibrated with 10 CV of 20 mM sodium phosphate, 10 mM 

EDTA, pH 7.2. The sample was then loaded, followed by washing unbound material with 10 

CV of equilibration buffer. The column was washed with 16 CV of 20 mM sodium phosphate, 

10 mM EDTA, 5 mM cysteine, pH 7.2 at 0.5 mL/min for 16 h. The column was then washed 

with 60 CV of 20 mM Tris, pH 7.5 at 0.5 mL/min for 60 h. The sample was eluted using 5 CV of 

0.1 M Glycine pH 2.9. The fractions containing the mAb were pooled and dialyzed in DPBS 

using a MWCO 20K Slide-A-Lyzer (Thermo Fisher Scientific). Protein recovery was 

determined by BCA assay. 

[0298] Auristatin F conjugation: Purified and decapped chimerized MSLN-mAbs 

containing the C-X-X-A motif were incubated with maleimido-PEG2-auristatin F (mal-PEG2-

AuF) (structure shown below), diluted from a 10 mM stock in DMSO (Concortis Biosystems, 

San Diego, CA) at a 5:1 molar ratio (AuF:MAb) at a final antibody concentration of 5 mg/mL in 

lx PBS. Conjugation was performed for 2 hr at 22°C. Unreacted mal-PEG2-AuF was removed 

by desalting purification on an AKTA FPLC fitted with a 26/10 desalting column (GE 

Healthcare) using lx PBS as running buffer. Antibody-containing fractions were pooled and 

protein concentration determined by BCA assay. 

Maleimido-PEG2-auristatin F: 
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[0299] UPLC/ESI-MS analysis:  Samples were reduced by adding DTT to a final 

concentration of 20 mM, followed by incubation at 60°C for 3 min. Samples were then analyzed 

using a Waters Acquity UPLC and Q-Tof Premier mass spectrometer. Samples (0.5-2 pg each) 

were injected onto a MassPrep micro desalting column at 65°C, eluted from the column with a 5 

min equilibration in 95% of mobile phase A, a 10 min gradient (5-90% B), and a 10 min re-

equilibration in 95% of mobile phase A, at 0.05 mL/min. Mobile phase A was 0.1% formic acid 

in water. Mobile phase B was 0.1% formic acid in acetonitrile. The Q-Tof mass spectrometer 

was run in positive ion, V-mode with detection in the range of 500-4000 m/z. The source 

parameters were as follows: capillary voltage, 2.25 kV (intact antibody)-2.50 kV (reduced 

antibody); sampling cone voltage, 65.0 V (intact antibody) or 50.0 V (reduced antibody); source 

temperature, 100°C; desolvation temperature, 250 °C; desolvation gas flow, 550 L/hr. The 

protein peak was deconvoluted using the MassLynx MaxEnt 1 function. A representative 

analysis is shown in FIG. 13. Typically, >90% of conjugated mAbs had an antibody-to-

functional agent ratio of 2, signifying that each chimerized anti-MSLN mAbs carried an AuF 

molecule conjugated to each of Cys801  and Cys802. 

In vitro cytotoxicity 

[0300] A431-MSLN are cells derived from A431 cells (ATCC®  CRL-1SSSTM) that 

stably express human MSLN. A431-MSLN cells were sub-cultured and seeded in 96-well plates 

at 10,000 cells/well/100 pi in RPMI medium containing 10% FBS and incubated at 37°C, 5% 

CO2  for 16 hour. MSLN-AuF Cys80 conjugated mAbs were serially diluted 1:4 in 2 mL deep-

well dilution plates. Diluted compounds (100 pt) were added to the cell plates, with final 

concentrations ranging 0.28-75 µg/mL. Mal-PEG2-AuF was used at an equimolar concentration 

of the conjugated mAbs. For example, 10 µg/mL of MSLN-AuF Cys80 conjugated mAb 

(DAR=2) equates to 0.14 µg/mL of mal-PEG2-AuF. Plates were incubated at 37°C, 5% CO2  for 

an additional 48 hours. Medium was discarded, plates were washed once with 200 pt DPBS, 

stained with 50 pt of 0.2% crystal violet solution at 22°C for 15 minutes, and then washed 

extensively with tap water. Plates were air-dried, and crystal violet was dissolved with 200 pt 
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of 1% SDS solution. Colorimetric optical density was determined at 570 nm. Excel was used to 

extrapolate cell number from optical densities and GraphPad Prism 6 was used to plot the 

percent cytotoxicity. 

[0301] When MSLN-negative A431 cells were treated with MSLN-AuF Cys80 

conjugated mAbs, no significant cytotoxicity was observed, while mal-PEG2-AuF was cytotoxic 

only at the highest concentration tested (FIG. 14A). When MSLN-positive A431-MSLN cells 

were treated with MSLN-AuF Cys80 conjugated mAbs, significant cytotoxicity was observed. 

Based on the dose-response curves (FIG. 14B), MSLN-AuF Cys80 conjugated mAbs could be 

categorized into 2 groups: Medium cytotoxicity — xi32405-AuF, and xi178F16-AuF; and High 

cytotoxicity — xi237N18-AuF, xi33011-AuF, and xi383I18-AuF. 

In vivo evaluation - Initial selection of MSLN-AuF Cys80 conjugated mAbs 

[0302] The in vivo efficacy of the MSLN-AuF Cys80 conjugated mAbs was tested 

against tumor expressing MSLN, with the objective of selecting a few compounds with high 

efficacy and low toxicity. 

[0303] The A431-MSLN cells were propagated in cell culture, suspended in serum-free 

growth medium, mixed 1:1 with MatrigelTM, and 5 million cells/0.2 mL/mouse were implanted 

subcutaneously (s.c.) into athymic NCr nu/nu mice. Tumor volume was determined by caliper 

measurements (mm) and using the formula for an ellipsoid sphere: Length x Width2/2  = Volume 

(mm3). When tumor volume ranged 100-250 mm3, mice were randomized into treatment groups. 

The animal body weights and tumor size were recorded twice weekly. The overall design of this 

study is summarized in Table 15. The MSLN-AuF Cys80 conjugated mAbs were administered 

intravenously (i.v.) Q7D starting on randomization day (day 1), two doses total. 

Table 15. 	Study design 

group # mice treatment (mg/kg) 
Dose Regimen 

1 8 saline 0 Q7D x 2 

2 8 xi33011-AuF 10 Q7D x 2 

3 8 xi32405-AuF 10 Q7D x 2 

4 8 xi178F16-AuF 10 Q7D x 2 

5 8 xi237N18-AuF 10 Q7D x 2 
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6 8 xi383118-AuF 10 Q7D x 2 

7 8 mal-PEG2-AuF 10 Q7D x 2 

[0304] FIG. 15 shows the average tumor volumes among different treatment groups, up 

to day 18 post-implantation, when 3 of 8 animals had to be euthanized in the saline-treated group 

due to high tumor burden and/or tumor ulceration. Day 4 post-implantation corresponds to the 

day when mice were randomized into different treatment groups, with average tumor volume 

ranging 157-160 mm3  across all groups. On this day, the first dose of MSLN-AuF Cys80 

conjugated mAbs was administered followed by a second dose on day 11. 

[0305] All MSLN-AuF Cys80 conjugated mAbs showed anti-tumor response, as 

evidenced by the fact that the tumor volume on day 18 was 20% or less compared to the saline-

treated group (Table 16). In contrast, mal-PEG2-AuF showed no anti-tumor response. 

Table 16. 	Percent of tumor volume vs. saline group 

Treatment 
% tumor volume vs. 

saline group 

Number of on- 
study animals on 

day 18 

Saline 100% 8 

xi33011-AuF 4% 8 

xi32405-AuF 11% 6 

xi178F16-AuF 7% 6 

xi237N18-AuF 6% 6 

xi383I18-AuF 7% 6 

mal-PEG2-AuF 109% 7 

[0306] Toxicity was also evaluated by observing any body weight loss on day 18 

(based on average weight of on-study animals in each group) compared to day 4, as well as by 

observing any dead or moribund animals (Table 17). In the xi32405-AuF-treated group, a body 

weight loss of 11% was observed in surviving animals as well as two dead/moribund animals. In 

the xi178F16-AuF, xi237N18-AuF, and xi383118-AuF-treated groups, no significant body loss 

was observed, but one or two dead/moribund animals were observed. All the other treatment 

groups showed neither body weight loss nor dead/moribund animals. 
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Table 17. 	Assessment of gross toxicity 

Treatment 
% body weight 

change on day 18 
vs. day 4 

Number of mice dead 
or moribund on day 

18 

Saline 106% 0 

xi33011-AuF 102% 0 

xi32405-AuF 89% 2 

xi178F16-AuF 104% 1 

xi237N18-AuF 96% 2 

xi383I18-AuF 107% 1 

mal-PEG2-AuF 111% 0 

[0307] Based on the anti-tumor responses as well as the minimal toxicity, mAbs 

xi33011-AuF and xi237N18-AuF were chosen for further evaluation. 

Assessment of target specificity of anti-tumor activity mediated by MSLN-AuF Cys80 conjugated 

mAbs 

[0308] The method used for this study was the same as described above (In vivo 

evaluation - Initial selection of MSLN-AuF Cys80 conjugated mAbs). In addition to A431-

MSLN cells, which were implanted on the left flank of each mouse on Day 4, MSLN-negative 

A431 cells were implanted in the same mouse on the opposite (right) flank on Day 1. The 

former cells grow tumors faster than the latter, and hence were implanted 3 days later so that the 

first dose of test drug were given when the tumor in both flanks were similar in volume. The 

overall design of this study is summarized in Table 18. 

Table 18. 	Study Design 

group # mice treatment (mg/kg) 
Dose Regimen 

1 8 saline 0 Q7D x 2 

2 8 xi33011-AuF 10 Q7D x 2 

3 8 xi237N18-AuF 10 Q7D x 2 
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4 8 xi1-55-2-AuF 10 Q7D x 2 

5 8 mal-PEG2-AuF 0.14 Q7D x 2 

[0309] MSLN-positive tumors: FIG. 16A shows the average tumor volumes among 

different treatment groups, up to day 18 post-implantation, when 4 of 8 animals had to be 

euthanized in the saline-treated group due to high tumor burden and/or tumor ulceration. Day 4 

post-implantation corresponds to the day when mice were randomized into different treatment 

groups, with average A431-MSLN tumor volume ranging 169-178 mm3  across all groups. On 

this day, the first dose of MSLN-AuF Cys80 conjugated mAbs was administered followed by a 

second dose on day 11. 

[0310] xi33011-AuF mediated anti-tumor responses that reduced tumor volume on day 

18 to 12% compared to the saline-treated group (Table 19). xi237N18-AuF mediated anti-tumor 

responses that reduced tumor volume to 24% compared to the saline-treated group (Table 19). 

An unpaired, two-tailed t test indicated a p value of 0.00039 and 0.00197, respectively, 

suggesting that these anti-tumor responses versus saline-treated group were statistically 

significant. In contrast, mal-PEG2-AuF or xi1-55-2-AuF, which targets endosialm/TEM1, 

showed no significant anti-tumor responses. 

Table 19. 	Percent of A431-MSLN tumor volume vs. saline group 

[0311] MSLN-negative tumors: FIG. 16B shows the average tumor volumes among 

different treatment groups, up to day 21 post-implantation; this day corresponds to Day 18 of 

A431-MSLN post-implantation, as described above, and Day 7 post-implantation corresponds to 

the day when mice were randomized into different treatment groups, with average A431 tumor 

volume ranging 174-184 mm3  across all groups. xi33011-AuF mediated anti-tumor responses 

that reduced tumor volume on day 21 to 78% compared to the saline-treated group (Table 20). 

xi237N18-AuF Cys80 conjugated mAb mediated anti-tumor responses that reduced tumor 

105 



WO 2016/205618 	 PCT/US2016/038041 

volume on day 21 to 64% compared to the saline-treated group (Table 20). An unpaired, two-

tailed t test indicated a p value of 0.317 and 0.091, respectively, suggesting that these anti-tumor 

responses versus saline-treated group were not statistically significant. These responses were 

similar to those observed with mal-PEG2-AuF or xi1-55-2-AuF. 

Table 20. 	Percent of A431 (MSLN-negative) tumor volume vs. saline group 

Treatment 
% Tumor Volume 

on Day 21 vs. 
Saline Group 

Number of Mice on 
Study on Day 21 

Saline 100% 6 
xi33011-AuF 78% 5 

xi237N18-AuF 64% 6 
xil -55-2-AUF 76% 5 

mal-PEG2-AuF 78% 8 

[0312] Toxicity was also evaluated by observing any body weight loss on Day 21 post 

implantation of A431 cells compared to Day 7, as well as by observing any dead or moribund 

animals (Table 21). No body weight loss >10% was observed in any of the treatment groups. 

Two deaths were observed in both xi33011-AuF and xi237N18-AuF-treated group. 

Table 21. 	Assessment of gross toxicity 

Treatment 
% Body Weight 

Change on Day 21 
vs. Day 7 

Number of Mice Dead or 
Moribund on Day 21 

Saline 100% 0 

xi33011-AuF 97% 2 

xi237N18-AuF 92% 2 

xil -55-2-AUF 107% 0 

mal-PEG2-AuF 103% 0 

Conclusion 

[0313] MSLN-AuF Cys80 conjugated mAb were generated and screened based on in 

vitro cytotoxicity and in vivo anti-tumor activity. The in vitro cytotoxicity analysis indicated that 

these compounds were targeting and killing MSLN-positive but not MSLN-negative tumor cells. 
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[0314] All MSLN-AuF Cys8O conjugated mAbs tested had anti-tumor activity, some of 

which appeared to be potentially more toxic than others. The nature of this toxicity was not 

further characterized. It was observed that both the MSLN-AuF Cys8O conjugated mAbs tested 

in vivo could target MSLN-positive tumors and inhibit their growth, whereas no significant effect 

was observed against MSLN-negative tumors in the opposite flank. While the toxicity profile of 

xi237N18 was similar in both studies, xi33011-AuF treatment showed no toxicity in the first 

study but was associated with two deaths in the second study. The nature of this toxicity was not 

further characterized; however, as xi33011-AuF-treated mice still carried a large MSLN-

negative tumor on the other flank and were therefore sicker than the animals in the first study, 

these mice may have been more sensitive to the effect of the massive tumor cell lysis against the 

MSLN-positive tumor. 

Example 4 - Generation of antibody-fluorescent dye conjugates 

[0315] The xi155D5 mAb containing the C-X-X-A motif was conjugated to the 800CW 

dye (LI-COR Biotechnology, Lincoln, NE) to generate a xi155D5-800CW Cys8O conjugated 

mAb having two dye molecules conjugated to Cys80i and Cys802. 

[0316] Conjugation of 800CW onto Cys8O was carried out using maleimide-(CH2)2-

800CW (LiCor), whereby (CH2)2  is an alkyl linker. Briefly, maleimide-(CH2)2- 800CW was 

dissolved into 100% DMSO at a final concentration of 10 mM. Maleimide-(CH2)2- 800CW was 

added to xi155D5 (5 mg/ml in lx PBS) at a 5:1 molar ratio of dye:MAb and incubated for 4 hr at 

room temp. Unincorporated dye was removed by desalting on PD-10 columns (Millipore). 

xi155D5-800CW was further polished via size-exclusion chromatography on Superdex 75. Void 

volume material was pooled, aliquotted, and frozen at -80 until use. SDS-PAGE and imaging 

analyses of reduced xi155D5-800CW indicated that the dye was conjugated only on the light 

chain but not the heavy chain (FIG. 17). 

[0317] NCR-nude female mice were injected with either colo205 or HT-29 human 

tumor cells subcutaneously to the right hind limbs. Tumor growth was monitored by caliper 

measurement. When the tumor volume was 200-300 mm3, xi155D5-800CW was injected 

through the tail veils at 0.1 mg/2004/mouse. For monitoring xi155D5-800CW distribution via 

fluorescent living imaging, animals were placed into an anesthesia chamber for approximately 3-

4 minutes using isofluorane/02  until the animals were unconscious. Animals were imaged using 

the fluorescence setting of 745 excitation and 840 emission in a IVIS®  Lumina II-Kinetic 
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instrument (PerkinElmer, Waltham, MA). Images of the dorsal, right, ventral, and left side were 

taken at different time points as indicated in FIG. 18. After each successive image the animal 

were allowed to regain consciousness in a recovery chamber receiving 100% oxygen flush 

followed by normal air. 

[0318] Using the colo205 or HT-29 models, it was observed that xi155D5-800CW 

efficiently targeted human tumors, as demonstrated by the tumor-specific localization of its 

fluorescent signal (FIG. 18). 

[0319] These results demonstrated that a mAb containing the C-X-X-(not)F, K, or C 

motif can be conjugated to a dye and that the conjugated mAb can be used to identify and 

monitor tumor status. 

Example 5 - Generation of bivalent/bispecific antigen-binding molecules 

[0320] When a mAb containing the C-X-X-(not)F, K, or C motif is digested with 

papain, or is recombinantly expressed as a Fab fragment, it will contain a single unpaired Cys80 

since the Fab contains only one Vic region. Using orthogonal conjugation chemistry, Cys80-

containing Fabs can be used to generate chemically-conjugated bivalent/bispecific antigen-

binding molecules, such as bivalent/bispecific Fab-Fab, that can be utilized for targeting two 

independent disease-relevant targets, including two ligands (cytokines, chemokines), two 

membrane receptors, or ligand/receptor combinations, to name a few. 

[0321] As an example, Fabs were generated from xi155D5 and xil-55-2 using limited 

papain digestion, followed by protein A chromatography to remove the Fc fragments and 

undigested mAb. Fabs were shown to be fully decapped using mass spectrometry (data not 

shown). Subsequently, xi155D5 and xil-55-2 Fabs were conjugated separately using 

maleimido-PEG4-dibenzylcyclooctyne (DBCO) and maleimido-PEG4-azide, respectively. 

Unconjugated compound was removed by desalting chromatography and complete occupancy of 

the Cys80 sites was confirmed by mass spectrometry (data not shown). Then, xi155D5-

maleimido-PEG4-DBCO and xi1-55-2-maleimido-PEG4-azide fragments were conjugated to 

each other via strain-promoted copper-free click chemistry by incubation in PBS at 22°C for 16 

hours. Conjugated products were fractionated by using gel-filtration chromatography (FIG. 19A) 

and the different species were identified by SDS-PAGE based on their expected molecular size 

(FIG. 19B). Fractions containing the xi155D5/xi1-55-2 bivalent/bispecific antigen-binding 

molecule were pooled and the xi155D5/xi1-55-2 bivalent/bispecific antigen-binding molecule 

identity was confirmed by mass spectrometry based on its expected mass (95,939 Da, FIG. 19C). 
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[0322] The bispecificity of xi155D5/xi1-55-2 bivalent/bispecific antigen-binding 

molecule was confirmed via biolayer inferometry (BLI) analysis using an inverse sandwich 

assay. This analysis demonstrated binding to immobilized human CA9 (bound by the xi155D5 

Fab moiety) followed by binding of soluble TEM-1 (bound by xi1-55-2 Fab moiety) (FIG. 20). 

As expected, xi155D5 mAb, xi155D5 Fab, and the xi155D5/xi1-55-2 bivalent/bispecific antigen-

binding molecule bound to immobilized CA9. Only the CA9-immobilized xi155D5/xi1-55-2 

bivalent/bispecific antigen-binding molecule was able to bind also human endosialin/TEM-1, as 

demonstrated by the additional response shift observed (FIG. 20, double arrow). Surface 

plasmon resonance analysis demonstrated that the affinity of xi155D5/xi1-55-2 for CA9 or 

TEM-1 was the same or slightly reduced, respectively (Table 22). 

[0323] These results demonstrate that: 1) a mAb containing the C-X-X-(not)Fcan be 

conjugated to polypeptides, such as an antibody fragment or a Fab; and 2) when two mAbs or 

Fabs, of different specificity, containing the C-X-X-(not)F are orthogonally conjugated, a 

bivalent/bispecific compound can be generated. 

Table 22. 	Affinity of xi155D5/xi1-55-2 bivalent/bispecific antigen-binding molecule to 

CA9 and TEM-1 

Antibody Flowed! Ligand ka (1/Ms) kd (1/s) 
Rmax 
(RU)  KD (M) C2 

(RU2) 

xi1-55-2 (Fab) 

Fc3 TEM1- 
Fc 

8.62E+05 3.29E-04 37.9 3.82E- 
10  6.42 

Fc4 TEM1- 
Fc 

8.65E+05 3.26E-04 38 3.7 
10
6E- 5.89 

bivalent/ 
bispecific 

Fc3 TEM1- 
Fc 8.29E+05 2.57E-04 79.7 3.1 

10
0E- 6.65 

Fc4 TEM1- 
Fe 

1.02E+06 1.89E-04 96.8 1.85E- 
10 31.6 

l l 

xi155D5 (Fab) 

Fc3 CA9 5.72E+05 2.19E-05 65.1 3.83E- 
11 8.86 

Fc4 CA9 5.19E+05 2.59E-05 63.9 99E- 
411 8.24 

bivalent/ 
bispecific 

Fc3 CA9 3.22E+05 3.91E-05 130.2 .21E- 
110 31.3 

Fc4 CA9 2.94E+05 4.40E-05 131.8 1.50E- 
10 24.3 
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Example 6 - Generation of antibody-peptide conjugates 

[0324] xi33011 and xil-55-2 mAbs containing the C-X-X-A motif were conjugated to 

azide-modified peptide Afl(1-16) (SEQ ID NO:40) (Table 23). 

Table 23. 	Afl(1-16) Peptide Sequence 

Peptide name Sequence mass (Da) Parent protein 

A13(1-16) 
NH2-DAEFRHDSGYEVHHQK(PEG8-N3)-COOH 

(SEQ ID NO:40) 2404 

human amyloid-beta 
peptide 

ACCESSION 
1BA6_A 

[0325] Conjugation of peptide Afl(1-16) onto Cys80 was carried out using a two-step 

conjugation procedure, whereby Cys80 was first conjugated with maleimido-

dibenzylcyclooctyne (mal-DBCO). Azido-modified peptide Afl(1-16) was then conjugated to 

the DBCO-modified mAbs using strain-promoted copper-free click chemistry. Briefly, mAb (20 

mgs) was incubated with mal-DBCO (Click Chemistry Tools, cat A108) at a mal-DBCO:MAb 

molar ratio of 5:1 for 16 hrs at 22°C in lx DPBS. Unincorporated mal-DBCO was removed 

from conjugated mAb by desalting chromatography using a HiPrep 26/10 column with lx DPBS 

as running buffer. Conjugation efficiency of 100% (no evidence of unconjugated light chain) 

was confirmed for both mAbs by LC-MS (FIG. 21 and Table 24). Each mAb (50 µL/each, 95 

lig and 70 lig of xil-55-2 and xi33011, respectively) was incubated with peptide Afl(1-16) at 

peptide:MAb molar ratio of 20:1 in 1X DPBS for 16 hrs at 22°C. Conjugations were analyzed 

by SDS-PAGE. Samples were run under reducing conditions, with 20 mM DTT as reductant 

and heating to 75°C for 10 min prior to separation. 

[0326] Analysis of the SDS-PAGE indicated retardation of the peptide-conjugated light 

chain migration accompanied by no detectable unconjugated light chain, indicating efficient 

conjugation (FIG. 21). No change in heavy chain mobility was observed. Conjugations were 

then desalted using 0.5 ml Zeba 40k MWCO spin desalting columns (Thermo-Fisher) to remove 

unconjugated peptide and were analyzed by LC-MS. Mass spectrometry analysis (FIG. 22A-F) 

indicated that the peptide was conjugated to the light chains of xil-55-2 and xi33011 with 

efficiencies of 85%-100% (Table 24). 

[0327] These results demonstrated that a mAb containing the C-X-X-(not)F, K, or C 

motif can be efficiently conjugated to peptides. 
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BC 
peptide 

AP(146) 

 

predicted Amass + 429 Da + 2833 Da 

xil-55-2 measured Amass + 425 Da + 2829 Da 

conjugation efficiency 100% 100% 

xi33011 measured Amass + 432 Da + 2834 Da 

conjugation efficiency 100% 85% 
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Table 24. 	Conjugation summary 

Table 25. 	Monoclonal antibodies and corresponding LC and HC 

mAb name LC name HC name 
1-55-2 1-55-2LC 1-55-2HC 

xil-55-2 
xi1-55-2LC 
(SEQ ID NO:108) 

xi1-55-2HC 
(SEQ ID NO:56) 

155D5 155D5LC 155D5HC 

xi155D5 
xi155D5LC 
(SEQ ID NO:78) 

xi155D5HC 
(SEQ ID NO:52) 

zu155D5-1 
zu155D5LC-1 
(SEQ ID NO:80) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-2 
zu155D5LC-2 
(SEQ ID NO:82) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-3 
zu155D5LC-3 
(SEQ ID NO:84) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-4 
zu155D5LC-4 
(SEQ ID NO:86) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-5 
zu155D5LC-5 
(SEQ ID NO:88) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-6 
zu155D5LC-6 
(SEQ ID NO:90) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-7 
zu155D5LC-7 
(SEQ ID NO:92) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-huVK1-39 
zu155D5LC-huVK1-39 
(SEQ ID NO:94) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-huVK2-40 
zu155D5LC-huVK2-40 
(SEQ ID NO:96) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-huVK3-11 
zu155D5LC-huVK3-11 
(SEQ ID NO:98) 

zu155D5HC 
(SEQ ID NO:54) 
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zu155D5-huVK4-1 
zu155D5LC-huVK4-1 
(SEQ ID NO:100) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-huVK6-21 
zu155D5LC-huVK6-21 
(SEQ ID NO:102) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-huVK6D-41 
zu155D5LC-huVK6D-41 
(SEQ ID NO:104) 

zu155D5HC 
(SEQ ID NO:54) 

zu155D5-huVK7-3-G1u81 
zu155D5LC-huVK7-3-G1u81 
(SEQ ID NO:106) 

zu155D5HC 
(SEQ ID NO:54) 

xi1E4 
xilE4LC 
(SEQ ID NO:110) 

xilE4HC 
(SEQ ID NO:58) 

zulE4-CXXF 
zul E4LC-CXXF 
(SEQ ID NO:112) 

zul E4HC 
(SEQ ID NO:60) 

zulE4-CXXA 
zulE4LC-CXXA 
(SEQ ID NO:114) 

zulE4HC 
(SEQ ID NO:60) 

xi166B3 
xi166B3LC 
(SEQ ID NO:132) 

xi166B3HC 
(SEQ ID NO:74) 

zu166B3-CXXF 
zu166B3LC-CXXF 
(SEQ ID NO:134) 

zu166B3HC 
(SEQ ID NO:76) 

zu166B3-CXXA 
zu166B3LC-CXXA 
(SEQ ID NO:136) 

zu166B3HC 
(SEQ ID NO:76) 

xi33011 
xi33011LC 
(SEQ ID NO:116) 

xi33011HC 
(SEQ ID NO:62) 

zu33 011 -CXXF 
zu33O11LC-CXXF 
(SEQ ID NO:118) 

zu33O11HC 
(SEQ ID NO:64) 

zu33011-CXXA 
zu33011LC-CXXA 
(SEQ ID NO:120) 

zu33011HC 
(SEQ ID NO:64) 

zu33 011 -CXXI 
zu33O11LC-CXXI 
(SEQ ID NO:122) 

zu33011HC 
(SEQ ID NO:64) 

xi32405 
xi324O5LC 
(SEQ ID NO:124) 

xi324O5HC 
(SEQ ID NO:66) 

xi178F16 
xi178F16LC 
(SEQ ID NO:126) 

xi178F16HC 
(SEQ ID NO:68) 

xi237N18 
xi237N18LC 
(SEQ ID NO:128) 

xi237N18HC 
(SEQ ID NO:70) 

xi383I18 
xi383I18LC 
(SEQ ID NO:130) 

xi383I18HC 
(SEQ ID NO:72) 
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A
G
 

C
G
A
G
C
A
C
A
C
C
G
T
G
G
A
G
G
G
A
C
A
C
A
G
G
T
T
C
C
C
A
G
C
A
G
A
G
A
T
C
C
 

A
C
G
T
G
G
T
G
C
A
C
C
T
G
A
G
C
A
C
C
G
C
A
T
T
C
G
C
A
A
G
G
G
T
G
G
A
C
G
A
G
 

G
C
A
C
T
G
G
G
A
A
G
G
C
C
A
G
G
A
G
G
A
C
T
G
G
C
A
G
T
G
C
T
G
G
C
A
G
C
C
T
T
 

C
C
T
G
G
A
G
G
A
G
G
G
A
C
C
A
G
A
G
G
A
G
A
A
C
A
G
C
G
C
A
T
A
C
G
A
G
C
A
G
C
 

T
G
C
T
G
A
G
C
C
G
G
C
T
G
G
A
G
G
A
G
A
T
C
G
C
A
G
A
G
G
A
G
G
G
A
A
G
C
G
A
G
 

A
C
C
C
A
G
G
T
G
C
C
A
G
G
C
C
T
G
G
A
C
A
T
C
A
G
C
G
C
A
C
T
G
C
T
G
C
C
A
A
G
 

C
G
A
C
T
T
C
A
G
C
C
G
G
T
A
C
T
T
C
C
A
G
T
A
C
G
A
G
G
G
C
A
G
C
C
T
G
A
C
C
A
 

C
C
C
C
C
C
C
C
T
G
C
G
C
C
C
A
G
G
G
C
G
T
G
A
T
C
T
G
G
A
C
C
G
T
G
T
T
C
A
A
C
 

C
A
G
A
C
C
G
T
G
A
T
G
C
T
G
A
G
C
G
C
A
A
A
G
C
A
G
C
T
G
C
A
C
A
C
C
C
T
G
A
G
 

C
G
A
C
A
C
C
C
T
G
T
G
G
G
G
A
C
C
A
G
G
C
G
A
C
A
G
C
C
G
G
C
T
G
C
A
G
C
T
G
A
 

A
C
T
T
C
A
G
G
G
C
A
A
C
C
C
A
G
C
C
C
C
T
G
A
A
C
G
G
A
A
G
A
G
T
G
A
T
C
G
A
G
 

G
C
A
A
G
C
T
T
C
C
C
A
G
C
A
G
G
A
G
T
G
G
A
C
A
G
C
A
G
C
C
C
A
A
G
G
G
C
A
G
C
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

Q
R
L
P
R
M
Q
E
D
S
P
L
G
G
G
S
S
G
E
 

D
D
P
L
G
E
E
D
L
P
S
E
E
D
S
P
R
E
E
 

D
P
 
P
G
E
E
D
L
P
G
E
E
D
L
P
G
E
E
D
 

L
P
E
V
K
P
K
S
E
E
E
G
S
L
K
L
E
D
L
 

P
T
V
E
A
P
G
D
P
Q
E
P
Q
N
N
A
H
R
D
 

K
E
G
D
D
Q
S
H
W
R
Y
G
G
D
P
P
W
P
R
 

V
S
P
A
C
A
G
R
F
Q
S
P
V
D
I
R
P
Q
L
 

A
A
F
C
P
A
L
R
P
L
E
L
L
G
F
Q
L
P
P
 

L
P
E
L
R
L
R
N
N
G
H
S
V
Q
L
T
L
P
P
 

G
L
E
M
A
L
G
P
G
R
E
Y
R
A
L
Q
L
H
L
 

H
W
G
A
A
G
R
P
G
S
E
H
T
V
E
G
H
R
F
 

P
A
E
I
H
V
V
H
L
S
T
A
F
A
R
V
D
E
A
 

L
G
R
P
G
G
L
A
V
L
A
A
F
L
E
E
G
P
E
 

E
N
S
A
Y
E
Q
L
L
S
R
L
E
E
I
A
E
E
G
 

S
E
T
Q
V
P
G
L
D
I
S
A
L
L
P
S
D
F
S
 

R
Y
F
Q
Y
E
G
S
L
T
T
P
P
C
A
Q
G
V
I
 

W
T
V
F
N
Q
T
V
M
L
S
A
K
Q
L
H
T
L
S
 

D
T
L
W
G
P
G
D
S
R
L
Q
L
N
F
R
A
T
Q
 

P
L
N
G
R
V
I
E
A
S
F
P
A
G
V
D
S
S
P
 

R
A
A
E
P
V
Q
L
N
S
C
L
A
G
H
H
H
H
H
 

H
*
 

(
S
E
Q
 
I
D
 
N
O
:
4
8
)
 

1
-
5
7
 

N
A
 

N
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

A
G
A
G
C
C
A
G
T
G
C
A
G
C
T
G
A
A
C
A
G
C
T
G
C
C
T
G
G
C
C
G
G
C
C
A
C
C
A
C
C
 

A
C
C
A
C
C
A
C
C
A
C
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
4
7
)
 

M
S
L
N
 

A
T
G
G
G
A
T
G
G
A
G
C
T
G
T
A
T
C
A
T
C
C
T
C
T
T
C
T
T
G
G
T
A
G
C
A
A
C
A
G
C
 

T
A
C
A
G
G
T
G
T
A
C
A
C
A
G
C
G
A
A
G
T
G
G
A
G
A
A
G
A
C
A
G
C
C
T
G
T
C
C
T
T
 

C
A
G
G
C
A
A
G
A
A
G
G
C
C
C
G
C
G
A
G
A
T
A
G
A
C
G
A
G
A
G
C
C
T
C
A
T
C
T
T
C
 

T
A
C
A
A
G
A
A
G
T
G
G
G
A
G
C
T
G
G
A
A
G
C
C
T
G
C
G
T
G
G
A
T
G
C
G
G
C
C
C
T
 

G
C
T
G
G
C
C
A
C
C
C
A
G
A
T
G
G
A
C
C
G
C
G
T
G
A
A
C
G
C
C
A
T
C
C
C
C
T
T
C
A
 

C
C
T
A
C
G
A
G
C
A
G
C
T
G
G
A
C
G
T
C
C
T
A
A
A
G
C
A
T
A
A
A
C
T
G
G
A
T
G
A
G
 

C
T
C
T
A
C
C
C
A
C
A
A
G
G
T
T
A
C
C
C
C
G
A
G
T
C
T
G
T
G
A
T
C
C
A
G
C
A
C
C
T
 

G
G
G
C
T
A
C
C
T
C
T
T
C
C
T
C
A
A
G
A
T
G
A
G
C
C
C
T
G
A
G
G
A
C
A
T
T
C
G
C
A
 

A
G
T
G
G
A
A
T
G
T
G
A
C
G
T
C
C
C
T
G
G
A
G
A
C
C
C
T
G
A
A
G
G
C
T
T
T
G
C
T
T
 

G
A
A
G
T
C
A
A
C
A
A
A
G
G
G
C
A
C
G
A
A
A
T
G
A
G
T
C
C
T
C
A
G
G
T
G
G
C
C
A
C
 

C
C
T
G
A
T
C
G
A
C
C
G
C
T
T
T
G
T
G
A
A
G
G
G
A
A
G
G
G
G
C
C
A
G
C
T
A
G
A
C
A
 

A
A
G
A
C
A
C
C
C
T
A
G
A
C
A
C
C
C
T
G
A
C
C
G
C
C
T
T
C
T
A
C
C
C
T
G
G
G
T
A
C
 

C
T
G
T
G
C
T
C
C
C
T
C
A
G
C
C
C
C
G
A
G
G
A
G
C
T
G
A
G
C
T
C
C
G
T
G
C
C
C
C
C
 

C
A
G
C
A
G
C
A
T
C
T
G
G
G
C
G
G
T
C
A
G
G
C
C
C
C
A
G
G
A
C
C
T
G
G
A
C
A
C
G
T
 

G
T
G
A
C
C
C
A
A
G
G
C
A
G
C
T
G
G
A
C
G
T
C
C
T
C
T
A
T
C
C
C
A
A
G
G
C
C
C
G
C
 

C
T
T
G
C
T
T
T
C
C
A
G
A
A
C
A
T
G
A
A
C
G
G
G
T
C
C
G
A
A
T
A
C
T
T
C
G
T
G
A
A
 

G
A
T
C
C
A
G
T
C
C
T
T
C
C
T
G
G
G
T
G
G
G
G
C
C
C
C
C
A
C
G
G
A
G
G
A
T
T
T
G
A
 

A
G
G
C
G
C
T
C
A
G
T
C
A
G
C
A
G
A
A
T
G
T
G
A
G
C
A
T
G
G
A
C
T
T
G
G
C
C
A
C
G
 

T
T
C
A
T
G
A
A
G
C
T
G
C
G
G
A
C
G
G
A
T
G
C
G
G
T
G
C
T
G
C
C
G
T
T
G
A
C
T
G
T
 

G
G
C
T
G
A
G
G
T
G
C
A
G
A
A
A
C
T
T
C
T
G
G
G
A
C
C
C
C
A
C
G
T
G
G
A
G
G
G
C
C
 

T
G
A
A
G
G
C
G
G
A
G
G
A
G
C
G
G
C
A
C
C
G
C
C
C
G
G
T
G
C
G
G
G
A
C
T
G
G
A
T
C
 

C
T
A
C
G
G
C
A
G
C
G
G
C
A
G
G
A
C
G
A
C
C
T
G
G
A
C
A
C
G
C
T
G
G
G
G
C
T
G
G
G
 

G
C
T
A
C
A
G
G
G
C
G
G
C
A
T
C
C
C
C
A
A
C
G
G
C
T
A
C
C
T
G
G
T
C
C
T
A
G
A
C
C
 

T
C
A
G
C
A
T
G
C
A
A
G
A
G
G
C
C
C
T
C
T
C
G
G
G
G
A
C
G
C
C
C
T
G
C
C
T
C
C
T
A
 

G
G
A
C
C
T
G
G
A
C
C
T
G
T
T
C
T
C
A
C
C
G
T
C
C
T
G
G
C
A
C
T
G
C
T
C
C
T
A
G
C
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

E
V
E
K
T
A
C
P
S
G
K
K
A
R
E
I
D
E
S
 

L
I
F
Y
K
K
W
E
L
E
A
C
V
D
A
A
L
L
A
 

T
Q
M
D
R
V
N
A
I
P
F
T
Y
E
Q
L
D
V
L
 

K
H
K
L
D
E
L
Y
P
Q
G
Y
P
E
S
V
I
Q
H
 

L
G
Y
L
F
L
K
M
S
P
E
D
I
R
K
W
N
V
T
 

S
L
E
T
L
K
A
L
L
E
V
N
K
G
H
E
M
S
P
 

Q
V
A
T
L
I
D
R
F
V
K
G
R
G
Q
L
D
K
D
 

T
L
D
T
L
T
A
F
Y
P
G
Y
L
C
S
L
S
P
E
 

E
L
S
S
V
P
P
S
S
I
W
A
V
R
P
Q
D
L
D
 

T
C
D
P
R
Q
L
D
V
L
Y
P
K
A
R
L
A
F
Q
 

N
M
N
G
S
E
Y
F
V
K
I
Q
S
F
L
G
G
A
P
 

T
E
D
L
K
A
L
S
Q
Q
N
V
S
M
D
L
A
T
F
 

M
K
L
R
T
D
A
V
L
P
L
T
V
A
E
V
Q
K
L
 

L
G
P
H
V
E
G
L
K
A
E
E
R
H
R
P
V
R
D
 

W
I
L
R
Q
R
Q
D
D
L
D
T
L
G
L
G
L
Q
G
 

G
I
 
P
N
G
Y
L
V
L
D
L
S
M
Q
E
A
L
S
G
 

T
P
C
L
L
G
P
G
P
V
L
T
V
L
A
L
L
L
A
 

S
T
L
A
*
 

(
S
E
Q
 
I
D
 
N
O
:
5
0
)
 

1
-
5
7
 

N
A
 

N
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

C
T
C
C
A
C
C
C
T
G
G
C
C
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
4
9
)
 

x
i
1
5
5
D
5
H
C
 

(
r
a
b
b
i
t
 
V
h
-
 

h
u
m
a
n
 
I
g
G
l
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
C
A
G
T
C
G
G
T
G
A
A
G
G
A
G
T
C
C
G
G
G
G
G
T
C
 

G
C
C
T
G
G
T
C
A
C
G
C
C
T
G
G
G
A
C
A
C
C
C
C
T
G
A
C
A
C
T
C
A
C
C
T
G
C
A
C
A
 

G
T
C
T
C
T
G
G
A
T
T
C
T
C
C
C
T
C
A
A
T
A
G
C
T
A
T
G
C
G
A
T
G
A
T
C
T
G
G
G
T
 

C
C
G
C
C
A
G
G
C
T
C
C
A
G
G
G
G
A
G
G
G
G
C
T
G
G
A
A
T
A
C
A
T
C
G
G
A
T
T
C
A
 

T
T
A
C
T
A
C
T
G
G
T
G
G
T
A
C
C
A
C
A
T
A
C
T
A
C
G
C
G
A
G
C
T
G
G
G
C
A
A
A
A
 

G
G
C
C
G
A
T
T
C
A
C
C
A
T
C
T
C
C
A
G
A
A
C
C
T
C
G
A
C
C
A
C
G
G
T
G
G
A
T
C
T
 

G
A
A
G
C
T
C
A
C
C
C
G
T
C
C
G
A
C
A
A
C
C
G
A
G
G
A
C
A
C
G
G
C
C
A
C
C
T
A
T
T
 

T
C
T
G
T
G
C
C
A
G
A
G
A
T
C
G
G
G
T
T
A
A
A
A
G
C
T
A
C
G
A
T
G
A
C
T
A
T
G
G
T
 

G
A
T
T
T
A
G
A
T
G
C
T
T
T
C
G
A
G
C
C
C
T
G
G
G
G
C
C
C
A
G
G
C
A
C
C
C
T
G
G
T
 

C
A
C
C
A
T
C
T
C
C
T
C
A
G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
C
A
T
C
G
G
T
C
T
T
C
C
 

C
C
C
T
G
G
C
A
C
C
C
T
C
C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
G
G
G
G
G
C
A
C
A
G
C
G
 

G
C
C
C
T
G
G
G
C
T
G
C
C
T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
C
C
C
C
G
A
A
C
C
G
G
T
 

G
A
C
G
G
T
G
T
C
G
T
G
G
A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
C
C
A
G
C
G
G
C
G
T
G
C
 

A
C
A
C
C
T
T
C
C
C
G
G
C
T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
G
G
A
C
T
C
T
A
C
T
C
C
 

C
T
C
A
G
C
A
G
C
G
T
G
G
T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
C
A
G
C
T
T
G
G
G
C
A
C
 

C
C
A
G
A
C
C
T
A
C
A
T
C
T
G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
A
G
C
C
C
A
G
C
A
A
C
A
 

C
C
A
A
G
G
T
G
G
A
C
A
A
G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
T
C
T
T
G
T
G
A
C
A
A
A
 

A
C
T
C
A
C
A
C
A
T
G
C
C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
T
G
A
A
C
T
C
C
T
G
G
G
 

G
G
G
A
C
C
G
T
C
A
G
T
C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
A
A
C
C
C
A
A
G
G
A
C
A
 

C
C
C
T
C
A
T
G
A
T
C
T
C
C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
A
C
A
T
G
C
G
T
G
G
T
G
 

G
T
G
G
A
C
G
T
G
A
G
C
C
A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
C
A
A
G
T
T
C
A
A
C
T
G
 

G
T
A
C
G
T
G
G
A
C
G
G
C
G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
C
C
A
A
G
A
C
A
A
A
G
C
 

C
G
C
G
G
G
A
G
G
A
G
C
A
G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
C
G
T
G
T
G
G
T
C
A
G
C
 

G
T
C
C
T
C
A
C
C
G
T
C
C
T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
G
A
A
T
G
G
C
A
A
G
G
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

Q
S
V
K
E
S
G
G
R
L
V
T
P
G
T
P
L
T
L
 

T
C
T
V
S
G
F
S
L
N
S
Y
A
M
I
W
V
R
Q
 

A
P
G
E
G
L
E
Y
I
G
F
I
T
T
G
G
T
T
Y
 

Y
A
S
W
A
K
G
R
F
T
I
S
R
T
S
T
T
V
D
 

L
K
L
T
R
P
T
T
E
D
T
A
T
Y
F
C
A
R
D
 

R
V
K
S
Y
D
D
Y
G
D
L
D
A
F
E
P
W
G
P
 

G
T
L
V
T
I
S
S
A
S
T
K
G
P
S
V
F
P
L
 

A
P
S
S
K
S
T
S
G
G
T
A
A
L
G
C
L
V
K
 

D
Y
F
P
E
P
V
T
V
S
W
N
S
G
A
L
T
S
G
 

V
H
T
F
P
A
V
L
Q
S
S
G
L
Y
S
L
S
S
V
 

V
T
V
P
S
S
S
L
G
T
Q
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A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
C
A
C
 

V
V
S
V
L
T
V
L
H
Q
D
W
L
N
G
K
E
Y
K
 

A
C
A
T
G
C
C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
A
C
C
 

C
K
V
S
N
K
A
L
P
A
P
I
E
K
T
I
S
K
A
 

G
T
C
A
G
T
C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
T
C
A
 

K
G
Q
P
R
E
P
Q
V
Y
T
L
P
P
S
R
D
E
L
 

T
G
A
T
C
T
C
C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
A
C
A
T
G
C
G
T
G
G
T
G
G
T
G
G
A
C
 

T
K
N
Q
V
S
L
T
C
L
V
K
G
F
Y
P
S
D
I
 

G
T
G
A
G
C
C
A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
C
A
A
G
T
T
C
A
A
C
T
G
G
T
A
C
G
T
 
A
V
E
W
E
S
N
G
Q
P
E
N
N
Y
K
T
T
P
P
 

G
G
A
C
G
G
C
G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
C
C
A
A
G
A
C
A
A
A
G
C
C
G
C
G
G
G
 
V
L
D
S
D
G
S
F
F
L
Y
S
K
L
T
V
D
K
S
 

A
G
G
A
G
C
A
G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
C
G
T
G
T
G
G
T
C
A
G
C
G
T
C
C
T
C
 

R
W
Q
Q
G
N
V
F
S
C
S
V
M
H
E
A
L
H
N
 

A
C
C
G
T
C
C
T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
G
A
A
T
G
G
C
A
A
G
G
A
G
T
A
C
A
A
 

H
Y
T
Q
K
S
L
S
L
S
P
G
K
*
 

G
T
G
C
A
A
G
G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
T
C
C
C
A
G
C
C
C
C
C
A
T
C
G
A
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
5
6
)
 

A
A
A
C
C
A
T
C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
C
A
G
C
C
C
C
G
A
G
A
A
C
C
A
C
A
G
 

G
T
G
T
A
C
A
C
C
C
T
G
C
C
C
C
C
A
T
C
C
C
G
G
G
A
T
G
A
G
C
T
G
A
C
C
A
A
G
A
A
 

C
C
A
G
G
T
C
A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
T
C
A
A
A
G
G
C
T
T
C
T
A
T
C
C
C
A
 

G
C
G
A
C
A
T
C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
A
G
C
A
A
T
G
G
G
C
A
G
C
C
G
G
A
G
 

A
A
C
A
A
C
T
A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
C
G
T
G
C
T
G
G
A
C
T
C
C
G
A
C
G
G
 

C
T
C
C
T
T
C
T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
T
C
A
C
C
G
T
G
G
A
C
A
A
G
A
G
C
A
 

G
G
T
G
G
C
A
G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
T
C
A
T
G
C
T
C
C
G
T
G
A
T
G
C
A
T
 

G
A
G
G
C
T
C
T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
G
C
A
G
A
A
G
A
G
C
C
T
C
T
C
C
C
T
 

G
T
C
T
C
C
C
G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
5
5
)
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

x
i
1
E
4
H
C
 

(
r
a
b
b
i
t
 
V
h
-
 

h
u
m
a
n
 
I
g
G
1
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
C
A
G
T
C
G
G
T
G
G
A
G
G
A
G
T
C
C
A
G
G
G
G
T
C
 

G
C
C
T
G
G
T
C
A
C
G
C
C
T
G
G
G
A
C
A
C
C
C
C
T
G
A
C
A
C
T
C
A
C
C
T
G
C
A
C
A
 

G
T
C
T
C
T
G
G
A
A
T
C
G
A
C
C
T
C
A
G
T
A
A
T
T
A
T
G
C
A
A
T
G
A
C
C
T
G
G
G
T
 

C
C
G
C
C
A
G
G
C
T
C
C
A
G
G
G
A
A
G
G
G
G
C
T
G
G
A
A
T
G
G
A
T
C
G
G
A
A
T
C
A
 

T
T
A
G
T
A
G
T
A
A
T
G
A
T
A
A
G
A
C
A
T
G
G
T
A
C
G
C
G
A
G
C
T
G
G
G
T
G
A
A
A
 

G
G
C
C
G
G
T
T
C
A
C
C
A
T
C
T
C
A
A
A
A
A
C
C
T
C
G
T
C
G
A
C
C
A
C
G
G
T
G
G
A
 

T
C
T
G
A
A
A
A
T
G
A
C
C
A
G
T
C
T
G
A
C
A
A
C
C
G
A
G
G
A
C
A
C
G
G
C
C
A
C
C
T
 

A
T
T
T
C
T
G
T
G
C
C
A
G
A
G
C
T
G
C
T
A
T
G
C
C
T
G
G
T
G
G
T
T
T
A
A
A
G
A
A
T
 

G
C
T
T
T
C
G
A
T
C
C
C
T
G
G
G
G
C
C
C
A
G
G
C
A
C
C
C
T
G
G
T
C
A
C
C
G
T
C
T
C
 

T
T
C
A
G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
C
A
T
C
G
G
T
C
T
T
C
C
C
C
C
T
G
G
C
A
C
 

C
C
T
C
C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
G
G
G
G
G
C
A
C
A
G
C
G
G
C
C
C
T
G
G
G
C
 

T
G
C
C
T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
C
C
C
C
G
A
A
C
C
G
G
T
G
A
C
G
G
T
G
T
C
 

G
T
G
G
A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
C
C
A
G
C
G
G
C
G
T
G
C
A
C
A
C
C
T
T
C
C
 

C
G
G
C
T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
G
G
A
C
T
C
T
A
C
T
C
C
C
T
C
A
G
C
A
G
C
 

G
T
G
G
T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
C
A
G
C
T
T
G
G
G
C
A
C
C
C
A
G
A
C
C
T
A
 

C
A
T
C
T
G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
A
G
C
C
C
A
G
C
A
A
C
A
C
C
A
A
G
G
T
G
G
 

A
C
A
A
G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
C
A
C
A
C
A
 

T
G
C
C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
A
C
C
G
T
C
 

A
G
T
C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
T
C
A
T
G
A
 

T
C
T
C
C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
A
C
A
T
G
C
G
T
G
G
T
G
G
T
G
G
A
C
G
T
G
 

A
G
C
C
A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
C
A
A
G
T
T
C
A
A
C
T
G
G
T
A
C
G
T
G
G
A
 

C
G
G
C
G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
C
C
A
A
G
A
C
A
A
A
G
C
C
G
C
G
G
G
A
G
G
 

A
G
C
A
G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
C
G
T
G
T
G
G
T
C
A
G
C
G
T
C
C
T
C
A
C
C
 

G
T
C
C
T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
G
A
A
T
G
G
C
A
A
G
G
A
G
T
A
C
A
A
G
T
G
 

C
A
A
G
G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
T
C
C
C
A
G
C
C
C
C
C
A
T
C
G
A
G
A
A
A
A
 

C
C
A
T
C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
C
A
G
C
C
C
C
G
A
G
A
A
C
C
A
C
A
G
G
T
G
 

T
A
C
A
C
C
C
T
G
C
C
C
C
C
A
T
C
C
C
G
G
G
A
T
G
A
G
C
T
G
A
C
C
A
A
G
A
A
C
C
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

Q
S
V
E
E
S
R
G
R
L
V
T
P
G
T
P
L
T
L
 

T
C
T
V
S
G
I
D
L
S
N
Y
A
M
T
W
V
R
Q
 

A
P
G
K
G
L
E
W
I
G
I
I
S
S
N
D
K
T
W
 

Y
A
S
W
V
K
G
R
F
T
I
S
K
T
S
S
T
T
V
 

D
L
K
M
T
S
L
T
T
E
D
T
A
T
Y
F
C
A
R
 

A
A
M
P
G
G
L
K
N
A
F
D
P
W
G
P
G
T
L
 

V
T
V
S
S
A
S
T
K
G
P
S
V
F
P
L
A
P
S
 

S
K
S
T
S
G
G
T
A
A
L
G
C
L
V
K
D
Y
F
 

P
E
P
V
T
V
S
W
N
S
G
A
L
T
S
G
V
H
T
 

F
P
A
V
L
Q
S
S
G
L
Y
S
L
S
S
V
V
T
V
 

P
S
S
S
L
G
T
Q
T
Y
I
C
N
V
N
H
K
P
S
 

N
T
K
V
D
K
K
V
E
P
K
S
C
D
K
T
H
T
C
 

P
P
C
P
A
P
E
L
L
G
G
P
S
V
F
L
F
P
P
 

K
P
K
D
T
L
M
I
S
R
T
P
E
V
T
C
V
V
V
 

D
V
S
H
E
D
P
E
V
K
F
N
W
Y
V
D
G
V
E
 

V
H
N
A
K
T
K
P
R
E
E
Q
Y
N
S
T
Y
R
V
 

V
S
V
L
T
V
L
H
Q
D
W
L
N
G
K
E
Y
K
C
 

K
V
S
N
K
A
L
P
A
P
I
E
K
T
I
S
K
A
K
 

G
Q
P
R
E
P
Q
V
Y
T
L
P
P
S
R
D
E
L
T
 

K
N
Q
V
S
L
T
C
L
V
K
G
F
Y
P
S
D
I
A
 

V
E
W
E
S
N
G
Q
P
E
N
N
Y
K
T
T
P
P
V
 

L
D
S
D
G
S
F
F
L
Y
S
K
L
T
V
D
K
S
R
 

W
Q
Q
G
N
V
F
S
C
S
V
M
H
E
A
L
H
N
H
 

Y
T
Q
K
S
L
S
L
S
P
G
K
*
 

(
S
E
Q
 
I
D
 
N
O
:
5
8
)
 

1
-
5
7
 

5
8
-
4
1
4
 

4
1
5
-
1
4
0
7
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s
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t
y
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e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
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u
e
n
c
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cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

G
G
T
C
A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
T
C
A
A
A
G
G
C
T
T
C
T
A
T
C
C
C
A
G
C
G
 

A
C
A
T
C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
A
G
C
A
A
T
G
G
G
C
A
G
C
C
G
G
A
G
A
A
C
 

A
A
C
T
A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
C
G
T
G
C
T
G
G
A
C
T
C
C
G
A
C
G
G
C
T
C
 

C
T
T
C
T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
T
C
A
C
C
G
T
G
G
A
C
A
A
G
A
G
C
A
G
G
T
 

G
G
C
A
G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
T
C
A
T
G
C
T
C
C
G
T
G
A
T
G
C
A
T
G
A
G
 

G
C
T
C
T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
G
C
A
G
A
A
G
A
G
C
C
T
C
T
C
C
C
T
G
T
C
 

T
C
C
C
G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
5
7
)
 

z
u
1
E
4
H
C
 

(
h
u
m
a
n
 
V
h
-
 

h
u
m
a
n
 
I
g
G
1
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
G
G
T
C
C
A
G
C
T
G
C
T
G
G
A
A
T
C
A
G
G
G
G
 

G
A
G
G
A
C
T
G
G
T
G
C
A
G
C
C
C
G
G
A
G
G
G
T
C
A
C
T
G
C
G
A
C
T
G
T
C
T
T
G
T
 

G
C
C
G
C
T
T
C
A
G
G
C
A
T
T
G
A
T
C
T
G
T
C
T
A
A
C
T
A
C
G
C
T
A
T
G
A
C
T
T
G
 

G
G
T
G
A
G
G
C
A
G
G
C
A
C
C
C
G
G
C
A
A
G
G
G
A
C
T
G
G
A
G
T
G
G
G
T
C
G
G
A
A
 

T
C
A
T
T
A
G
C
T
C
C
A
A
T
G
A
C
A
A
G
A
C
C
T
G
G
T
A
C
G
C
C
G
A
T
T
C
A
G
T
G
 

A
A
A
G
G
C
C
G
G
T
T
C
A
C
C
A
T
C
T
C
T
A
G
A
G
A
C
A
A
C
A
G
T
A
A
G
A
A
T
A
C
 

A
C
T
G
T
A
T
C
T
G
C
A
G
A
T
G
A
A
C
A
G
C
C
T
G
C
G
G
G
C
A
G
A
A
G
A
T
A
C
A
G
 

C
C
G
T
C
T
A
C
T
A
T
T
G
C
G
C
T
A
A
A
G
C
C
G
C
T
A
T
G
C
C
T
G
G
C
G
G
A
C
T
G
 

A
A
G
A
A
C
G
C
A
T
T
T
G
A
T
C
C
T
T
G
G
G
G
A
C
A
G
G
G
A
A
C
T
C
T
G
G
T
C
A
C
 

C
G
T
C
T
C
A
T
C
T
G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
C
A
T
C
G
G
T
C
T
T
C
C
C
C
C
 

T
G
G
C
A
C
C
C
T
C
C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
G
G
G
G
G
C
A
C
A
G
C
G
G
C
C
 

C
T
G
G
G
C
T
G
C
C
T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
C
C
C
C
G
A
A
C
C
G
G
T
G
A
C
 

G
G
T
G
T
C
G
T
G
G
A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
C
C
A
G
C
G
G
C
G
T
G
C
A
C
A
 

C
C
T
T
C
C
C
G
G
C
T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
G
G
A
C
T
C
T
A
C
T
C
C
C
T
C
 

A
G
C
A
G
C
G
T
G
G
T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
C
A
G
C
T
T
G
G
G
C
A
C
C
C
A
 

G
A
C
C
T
A
C
A
T
C
T
G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
A
G
C
C
C
A
G
C
A
A
C
A
C
C
A
 

A
G
G
T
G
G
A
C
A
A
G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
 

C
A
C
A
C
A
T
G
C
C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
 

A
C
C
G
T
C
A
G
T
C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
 

M
G
W
S
C
I
I
L
F
L
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C
G
C
T
T
C
A
C
C
A
T
C
T
C
G
C
G
G
C
A
T
A
A
T
T
C
C
A
A
G
A
A
C
A
C
 
A
R
G
I
Q
H
G
G
G
N
S
D
Y
Y
Y
Y
G
M
D
 

T
C
T
G
T
A
C
T
T
G
C
A
A
A
T
G
A
A
C
T
C
C
C
T
G
A
G
G
G
C
C
G
A
G
G
A
C
A
C
C
G
 

L
W
G
Q
G
T
L
V
T
V
S
S
A
S
T
K
G
P
S
 

C
C
G
T
G
T
A
C
T
A
C
T
G
C
G
C
G
C
G
C
G
G
C
A
T
C
C
A
G
C
A
C
G
G
T
G
G
T
G
G
A
 
V
F
P
L
A
P
S
S
K
S
T
S
G
G
T
A
A
L
G
 

A
A
C
A
G
C
G
A
C
T
A
C
T
A
C
T
A
C
T
A
T
G
G
G
A
T
G
G
A
T
C
T
G
T
G
G
G
G
C
C
A
 

C
L
V
K
D
Y
F
P
E
P
V
T
V
S
W
N
S
G
A
 

G
G
G
A
A
C
T
C
T
T
G
T
G
A
C
C
G
T
G
T
C
G
T
C
A
G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
 

L
T
S
G
V
H
T
F
P
A
V
L
Q
S
S
G
L
Y
S
 

C
A
T
C
G
G
T
C
T
T
C
C
C
C
C
T
G
G
C
A
C
C
C
T
C
C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
 

L
S
S
V
V
T
V
P
S
S
S
L
G
T
Q
T
Y
I
C
 

G
G
G
G
G
C
A
C
A
G
C
G
G
C
C
C
T
G
G
G
C
T
G
C
C
T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
 

N
V
N
H
K
P
S
N
T
K
V
D
K
K
V
E
P
K
S
 

C
C
C
C
G
A
A
C
C
G
G
T
G
A
C
G
G
T
G
T
C
G
T
G
G
A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
 

C
D
K
T
H
T
C
P
P
C
P
A
P
E
L
L
G
G
P
 

C
C
A
G
C
G
G
C
G
T
G
C
A
C
A
C
C
T
T
C
C
C
G
G
C
T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
 

S
V
F
L
F
P
P
K
P
K
D
T
L
M
I
S
R
T
P
 

G
G
A
C
T
C
T
A
C
T
C
C
C
T
C
A
G
C
A
G
C
G
T
G
G
T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
 

E
V
T
C
V
V
V
D
V
S
H
E
D
P
E
V
K
F
N
 

C
A
G
C
T
T
G
G
G
C
A
C
C
C
A
G
A
C
C
T
A
C
A
T
C
T
G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
 
W
Y
V
D
G
V
E
V
H
N
A
K
T
K
P
R
E
E
Q
 

A
G
C
C
C
A
G
C
A
A
C
A
C
C
A
A
G
G
T
G
G
A
C
A
A
G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
 

Y
N
S
T
Y
R
V
V
S
V
L
T
V
L
H
Q
D
W
L
 

T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
C
A
C
A
C
A
T
G
C
C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
 

N
G
K
E
Y
K
C
K
V
S
N
K
A
L
P
A
P
I
E
 

T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
A
C
C
G
T
C
A
G
T
C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
 

K
T
I
S
K
A
K
G
Q
P
R
E
P
Q
V
Y
T
L
P
 

A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
T
C
A
T
G
A
T
C
T
C
C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
 

P
S
R
D
E
L
T
K
N
Q
V
S
L
T
C
L
V
K
G
 

A
C
A
T
G
C
G
T
G
G
T
G
G
T
G
G
A
C
G
T
G
A
G
C
C
A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
 

F
Y
P
S
D
I
A
V
E
W
E
S
N
G
Q
P
E
N
N
 

C
A
A
G
T
T
C
A
A
C
T
G
G
T
A
C
G
T
G
G
A
C
G
G
C
G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
 

Y
K
T
T
P
P
V
L
D
S
D
G
S
F
F
L
Y
S
K
 

C
C
A
A
G
A
C
A
A
A
G
C
C
G
C
G
G
G
A
G
G
A
G
C
A
G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
 

L
T
V
D
K
S
R
W
Q
Q
G
N
V
F
S
C
S
V
M
 

C
G
T
G
T
G
G
T
C
A
G
C
G
T
C
C
T
C
A
C
C
G
T
C
C
T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
 

H
E
A
L
H
N
H
Y
T
Q
K
S
L
S
L
S
P
G
K
 

G
A
A
T
G
G
C
A
A
G
G
A
G
T
A
C
A
A
G
T
G
C
A
A
G
G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
 

T
C
C
C
A
G
C
C
C
C
C
A
T
C
G
A
G
A
A
A
A
C
C
A
T
C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
 

(
S
E
Q
 
I
D
 
N
O
:
6
4
)
 

C
A
G
C
C
C
C
G
A
G
A
A
C
C
A
C
A
G
G
T
G
T
A
C
A
C
C
C
T
G
C
C
C
C
C
A
T
C
C
C
G
 

G
G
A
T
G
A
G
C
T
G
A
C
C
A
A
G
A
A
C
C
A
G
G
T
C
A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
 

T
C
A
A
A
G
G
C
T
T
C
T
A
T
C
C
C
A
G
C
G
A
C
A
T
C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
 

A
G
C
A
A
T
G
G
G
C
A
G
C
C
G
G
A
G
A
A
C
A
A
C
T
A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
 

C
G
T
G
C
T
G
G
A
C
T
C
C
G
A
C
G
G
C
T
C
C
T
T
C
T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
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C
l
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e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

T
C
A
C
C
G
T
G
G
A
C
A
A
G
A
G
C
A
G
G
T
G
G
C
A
G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
 

T
C
A
T
G
C
T
C
C
G
T
G
A
T
G
C
A
T
G
A
G
G
C
T
C
T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
 

G
C
A
G
A
A
G
A
G
C
C
T
C
T
C
C
C
T
G
T
C
T
C
C
C
G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
6
3
)
 

x
i
3
2
4
O
5
H
C
 

(
r
a
b
b
i
t
V
h
-
 

h
u
m
a
n
 
I
g
G
1
)
 

(
h
u
m
a
n
 
M
S
L
N
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
T
C
C
C
A
G
T
C
G
C
T
G
G
A
G
G
A
G
T
C
C
G
G
G
G
G
T
C
 

G
C
C
T
G
G
T
C
A
C
G
C
C
T
G
G
G
A
C
A
C
C
C
C
T
G
A
C
A
C
T
C
A
C
C
T
G
C
A
C
A
 

G
C
C
T
C
T
G
G
A
T
T
C
T
C
C
C
T
C
A
G
T
A
A
C
T
A
T
G
C
A
A
T
G
A
C
C
T
G
G
G
T
 

C
C
G
C
C
A
G
G
C
T
C
C
A
G
G
G
A
A
G
G
G
G
C
T
A
G
A
A
T
A
C
A
T
C
G
G
A
A
T
C
A
 

T
T
A
G
T
A
C
T
G
G
C
G
G
T
A
T
C
A
C
A
T
A
C
T
A
T
A
T
G
G
A
C
T
C
G
G
C
A
A
A
A
 

G
G
C
C
G
A
T
T
C
A
C
C
A
T
C
T
C
C
A
G
A
A
C
C
T
C
G
A
C
C
A
C
G
G
T
G
G
A
T
C
T
 

G
A
A
A
A
T
G
A
C
C
A
G
T
C
T
G
A
C
A
A
C
C
G
A
G
G
A
C
A
C
G
G
C
C
A
C
C
T
A
T
T
 

T
C
T
G
T
G
G
C
A
G
A
A
A
T
G
C
T
G
G
T
G
G
T
A
G
T
T
A
T
A
T
T
T
T
C
T
A
T
T
A
T
 

T
T
T
G
A
C
T
T
G
T
G
G
G
G
C
C
A
A
G
G
C
A
C
C
C
T
G
G
T
C
A
C
T
G
T
C
T
C
T
T
C
 

A
G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
C
A
T
C
G
G
T
C
T
T
C
C
C
C
C
T
G
G
C
A
C
C
C
T
 

C
C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
G
G
G
G
G
C
A
C
A
G
C
G
G
C
C
C
T
G
G
G
C
T
G
C
 

C
T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
C
C
C
C
G
A
A
C
C
G
G
T
G
A
C
G
G
T
G
T
C
G
T
G
 

G
A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
C
C
A
G
C
G
G
C
G
T
G
C
A
C
A
C
C
T
T
C
C
C
G
G
 

C
T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
G
G
A
C
T
C
T
A
C
T
C
C
C
T
C
A
G
C
A
G
C
G
T
G
 

G
T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
C
A
G
C
T
T
G
G
G
C
A
C
C
C
A
G
A
C
C
T
A
C
A
T
 

C
T
G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
A
G
C
C
C
A
G
C
A
A
C
A
C
C
A
A
G
G
T
G
G
A
C
A
 

A
G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
C
A
C
A
C
A
T
G
C
 

C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
A
C
C
G
T
C
A
G
T
 

C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
T
C
A
T
G
A
T
C
T
 

C
C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
A
C
A
T
G
C
G
T
G
G
T
G
G
T
G
G
A
C
G
T
G
A
G
C
 

C
A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
C
A
A
G
T
T
C
A
A
C
T
G
G
T
A
C
G
T
G
G
A
C
G
G
 

C
G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
C
C
A
A
G
A
C
A
A
A
G
C
C
G
C
G
G
G
A
G
G
A
G
C
 

A
G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
C
G
T
G
T
G
G
T
C
A
G
C
G
T
C
C
T
C
A
C
C
G
T
C
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

Q
S
L
E
E
S
G
G
R
L
V
T
P
G
T
P
L
T
L
 

T
C
T
A
S
G
F
S
L
S
N
Y
A
M
T
W
V
R
Q
 

A
P
G
K
G
L
E
Y
I
G
I
I
S
T
G
G
I
T
Y
 

Y
M
D
S
A
K
G
R
F
T
I
S
R
T
S
T
T
V
D
 

L
K
M
T
S
L
T
T
E
D
T
A
T
Y
F
C
G
R
N
 

A
G
G
S
Y
I
F
Y
Y
F
D
L
W
G
Q
G
T
L
V
 

T
V
S
S
A
S
T
K
G
P
S
V
F
P
L
A
P
S
S
 

K
S
T
S
G
G
T
A
A
L
G
C
L
V
K
D
Y
F
P
 

E
P
V
T
V
S
W
N
S
G
A
L
T
S
G
V
H
T
F
 

P
A
V
L
Q
S
S
G
L
Y
S
L
S
S
V
V
T
V
P
 

S
S
S
L
G
T
Q
T
Y
I
C
N
V
N
H
K
P
S
N
 

T
K
V
D
K
K
V
E
P
K
S
C
D
K
T
H
T
C
P
 

P
C
P
A
P
E
L
L
G
G
P
S
V
F
L
F
P
P
K
 

P
K
D
T
L
M
I
S
R
T
P
E
V
T
C
V
V
V
D
 

V
S
H
E
D
P
E
V
K
F
N
W
Y
V
D
G
V
E
V
 

H
N
A
K
T
K
P
R
E
E
Q
Y
N
S
T
Y
R
V
V
 

S
V
L
T
V
L
H
Q
D
W
L
N
G
K
E
Y
K
C
K
 

V
S
N
K
A
L
P
A
P
I
E
K
T
I
S
K
A
K
G
 

Q
P
R
E
P
Q
V
Y
T
L
P
P
S
R
D
E
L
T
K
 

N
Q
V
S
L
T
C
L
V
K
G
F
Y
P
S
D
I
A
V
 

E
W
E
S
N
G
Q
P
E
N
N
Y
K
T
T
P
P
V
L
 

D
S
D
G
S
F
F
L
Y
S
K
L
T
V
D
K
S
R
W
 

Q
Q
G
N
V
F
S
C
S
V
M
H
E
A
L
H
N
H
Y
 

1
-
5
7
 

5
8
-
4
1
1
 

4
1
2
-
1
4
0
4
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)
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n
)
 

D
N
A
 
S
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n
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A
c
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d
 
S
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cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

C
T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
G
A
A
T
G
G
C
A
A
G
G
A
G
T
A
C
A
A
G
T
G
C
A
A
 

G
G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
T
C
C
C
A
G
C
C
C
C
C
A
T
C
G
A
G
A
A
A
A
C
C
A
 

T
C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
C
A
G
C
C
C
C
G
A
G
A
A
C
C
A
C
A
G
G
T
G
T
A
C
 

A
C
C
 
C
T
G
C
C
C
C
C
A
T
C
C
C
G
G
G
A
T
G
A
G
C
T
G
A
C
C
A
A
G
A
A
C
C
A
G
G
T
 

C
A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
T
C
A
A
A
G
G
C
T
T
C
T
A
T
C
C
C
A
G
C
G
A
C
A
 

T
C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
A
G
C
A
A
T
G
G
G
C
A
G
C
C
G
G
A
G
A
A
C
A
A
C
 

T
A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
C
G
T
G
C
T
G
G
A
C
T
C
C
G
A
C
G
G
C
T
C
C
T
T
 

C
T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
T
C
A
C
C
G
T
G
G
A
C
A
A
G
A
G
C
A
G
G
T
G
G
C
 

A
G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
T
C
A
T
G
C
T
C
C
G
T
G
A
T
G
C
A
T
G
A
G
G
C
T
 

C
T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
G
C
A
G
A
A
G
A
G
C
C
T
C
T
C
C
C
T
G
T
C
T
C
C
 

C
G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
6
5
)
 

T
Q
K
S
L
S
L
S
P
G
K
*
 

(
S
E
Q
 
I
D
 
N
O
:
6
6
)
 

x
i
1
7
8
F
1
6
H
C
 

(
r
a
b
b
i
t
V
h
-
 

h
u
m
a
n
 
I
g
G
1
)
 

(
h
u
m
a
n
 
M
S
L
N
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
T
C
C
C
A
G
T
C
G
T
T
G
G
A
G
G
A
G
T
C
C
G
G
G
G
G
T
C
 

G
C
C
T
G
G
T
C
A
C
G
C
C
T
G
G
G
A
C
A
C
C
C
C
T
G
A
C
A
C
T
C
A
C
C
T
G
C
A
C
A
 

G
C
C
T
C
T
G
G
A
T
T
C
T
C
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C
A
G
G
A
C
T
G
G
C
T
G
A
A
T
G
G
C
A
A
 

G
G
A
G
T
A
C
A
A
G
T
G
C
A
A
G
G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
T
C
C
C
A
G
C
C
C
 

C
C
A
T
C
G
A
G
A
A
A
A
C
C
A
T
C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
C
A
G
C
C
C
C
G
A
 

G
A
A
C
C
A
C
A
G
G
T
G
T
A
C
A
C
C
C
T
G
C
C
C
C
C
A
T
C
C
C
G
G
G
A
T
G
A
G
C
T
 

G
A
C
C
A
A
G
A
A
C
C
A
G
G
T
C
A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
T
C
A
A
A
G
G
C
T
 

T
C
T
A
T
C
C
C
A
G
C
G
A
C
A
T
C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
A
G
C
A
A
T
G
G
G
 

C
A
G
C
C
G
G
A
G
A
A
C
A
A
C
T
A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
C
G
T
G
C
T
G
G
A
 

C
T
C
C
G
A
C
G
G
C
T
C
C
T
T
C
T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
T
C
A
C
C
G
T
G
G
 

A
C
A
A
G
A
G
C
A
G
G
T
G
G
C
A
G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
T
C
A
T
G
C
T
C
C
 

G
T
G
A
T
G
C
A
T
G
A
G
G
C
T
C
T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
G
C
A
G
A
A
G
A
G
 

C
C
T
C
T
C
C
C
T
G
T
C
T
C
C
C
G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
7
3
)
 

D
E
L
T
K
N
Q
V
S
L
T
C
L
V
K
G
F
Y
P
 

S
D
I
A
V
E
W
E
S
N
G
Q
P
E
N
N
Y
K
T
 

T
P
P
V
L
D
S
D
G
S
F
F
L
Y
S
K
L
T
V
 

D
K
S
R
W
Q
Q
G
N
V
F
S
C
S
V
M
H
E
A
 

L
H
N
H
Y
T
Q
K
S
L
S
L
S
P
G
K
*
 

(
S
E
Q
 
I
D
 
N
O
:
7
4
)
 

z
u
1
6
6
B
3
H
C
 

(
h
u
m
a
n
V
h
-
 

h
u
m
a
n
 
I
g
G
1
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
A
G
T
G
C
A
G
C
T
G
G
T
C
G
A
A
T
C
T
G
G
A
G
 

G
A
G
G
A
C
T
G
G
T
G
C
A
G
C
C
T
G
G
A
G
G
G
A
G
C
C
T
G
A
G
A
C
T
G
A
G
T
T
G
C
 

G
C
A
G
C
A
A
G
C
G
G
G
T
T
T
A
G
C
C
T
G
T
C
C
C
G
A
T
A
C
A
C
C
C
T
G
A
T
C
T
G
 

G
G
T
G
A
G
A
C
A
G
G
C
C
C
C
C
G
G
C
A
A
G
G
G
A
C
T
G
G
A
G
T
G
G
G
T
C
T
C
T
A
 

T
C
A
T
T
G
A
C
A
G
C
T
C
C
T
C
T
A
G
T
G
C
C
T
A
C
T
A
T
G
C
T
G
A
T
A
G
T
G
T
G
 

A
A
G
G
G
C
A
G
G
T
T
C
A
C
C
A
T
T
T
C
A
C
G
C
G
A
C
A
A
C
G
C
T
A
A
A
A
A
T
A
G
 

C
C
T
G
T
A
T
C
T
G
C
A
G
A
T
G
A
A
C
T
C
C
C
T
G
C
G
G
G
C
A
G
A
A
G
A
C
A
C
A
G
 

C
C
G
T
G
T
A
C
T
A
T
T
G
C
G
C
A
C
G
G
G
A
T
A
G
A
G
T
C
C
T
G
A
G
C
T
A
C
G
A
C
 

G
A
T
T
A
T
G
G
G
G
A
C
C
T
G
C
C
T
G
A
C
G
G
C
T
T
T
G
A
T
C
C
T
T
G
G
G
G
A
C
A
 

G
G
G
A
A
C
T
C
T
G
G
T
G
A
C
A
G
T
G
A
G
C
A
G
C
G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
 

C
A
T
C
G
G
T
C
T
T
C
C
C
C
C
T
G
G
C
A
C
C
C
T
C
C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

E
V
Q
L
V
E
S
G
G
G
L
V
Q
P
G
G
S
L
R
 

L
S
C
A
A
S
G
F
S
L
S
R
Y
T
L
I
W
V
R
 

Q
A
P
G
K
G
L
E
W
V
S
I
I
D
S
S
S
S
A
 

Y
Y
A
D
S
V
K
G
R
F
T
I
S
R
D
N
A
K
N
 

S
L
Y
L
Q
M
N
S
L
R
A
E
D
T
A
V
Y
Y
C
 

A
R
D
R
V
L
S
Y
D
D
Y
G
D
L
P
D
G
F
D
 

P
W
G
Q
G
T
L
V
T
V
S
S
A
S
T
K
G
P
S
 

V
F
P
L
A
P
S
S
K
S
T
S
G
G
T
A
A
L
G
 

C
L
V
K
D
Y
F
P
E
P
V
T
V
S
W
N
S
G
A
 

L
T
S
G
V
H
T
F
P
A
V
L
Q
S
S
G
L
Y
S
 

L
S
S
V
V
T
V
P
S
S
S
L
G
T
Q
T
Y
I
C
 

1
-
5
7
 

5
8
-
4
3
5
 

4
3
6
-
1
4
2
8
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

G
G
G
G
G
C
A
C
A
G
C
G
G
C
C
C
T
G
G
G
C
T
G
C
C
T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
 

C
C
C
C
G
A
A
C
C
G
G
T
G
A
C
G
G
T
G
T
C
G
T
G
G
A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
 

C
C
A
G
C
G
G
C
G
T
G
C
A
C
A
C
C
T
T
C
C
C
G
G
C
T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
 

G
G
A
C
T
C
T
A
C
T
C
C
C
T
C
A
G
C
A
G
C
G
T
G
G
T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
 

C
A
G
C
T
T
G
G
G
C
A
C
C
C
A
G
A
C
C
T
A
C
A
T
C
T
G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
 

A
G
C
C
C
A
G
C
A
A
C
A
C
C
A
A
G
G
T
G
G
A
C
A
A
G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
 

T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
C
A
C
A
C
A
T
G
C
C
C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
 

T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
A
C
C
G
T
C
A
G
T
C
T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
 

A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
T
C
A
T
G
A
T
C
T
C
C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
 

A
C
A
T
G
C
G
T
G
G
T
G
G
T
G
G
A
C
G
T
G
A
G
C
C
A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
 

C
A
A
G
T
T
C
A
A
C
T
G
G
T
A
C
G
T
G
G
A
C
G
G
C
G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
 

C
C
A
A
G
A
C
A
A
A
G
C
C
G
C
G
G
G
A
G
G
A
G
C
A
G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
 

C
G
T
G
T
G
G
T
C
A
G
C
G
T
C
C
T
C
A
C
C
G
T
C
C
T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
 

G
A
A
T
G
G
C
A
A
G
G
A
G
T
A
C
A
A
G
T
G
C
A
A
G
G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
 

T
C
C
C
A
G
C
C
C
C
C
A
T
C
G
A
G
A
A
A
A
C
C
A
T
C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
 

C
A
G
C
C
C
C
G
A
G
A
A
C
C
A
C
A
G
G
T
G
T
A
C
A
C
C
C
T
G
C
C
C
C
C
A
T
C
C
C
G
 

G
G
A
T
G
A
G
C
T
G
A
C
C
A
A
G
A
A
C
C
A
G
G
T
C
A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
 

T
C
A
A
A
G
G
C
T
T
C
T
A
T
C
C
C
A
G
C
G
A
C
A
T
C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
 

A
G
C
A
A
T
G
G
G
C
A
G
C
C
G
G
A
G
A
A
C
A
A
C
T
A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
 

C
G
T
G
C
T
G
G
A
C
T
C
C
G
A
C
G
G
C
T
C
C
T
T
C
T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
 

T
C
A
C
C
G
T
G
G
A
C
A
A
G
A
G
C
A
G
G
T
G
G
C
A
G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
 

T
C
A
T
G
C
T
C
C
G
T
G
A
T
G
C
A
T
G
A
G
G
C
T
C
T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
 

G
C
A
G
A
A
G
A
G
C
C
T
C
T
C
C
C
T
G
T
C
T
C
C
C
G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
7
5
)
 

N
V
N
H
K
P
S
N
T
K
V
D
K
K
V
E
P
K
S
 

C
D
K
T
H
T
C
P
P
C
P
A
P
E
L
L
G
G
P
 

S
V
F
L
F
P
P
K
P
K
D
T
L
M
I
S
R
T
P
 

E
V
T
C
V
V
V
D
V
S
H
E
D
P
E
V
K
F
N
 

W
Y
V
D
G
V
E
V
H
N
A
K
T
K
P
R
E
E
Q
 

Y
N
S
T
Y
R
V
V
S
V
L
T
V
L
H
Q
D
W
L
 

N
G
K
E
Y
K
C
K
V
S
N
K
A
L
P
A
P
I
E
 

K
T
I
S
K
A
K
G
Q
P
R
E
P
Q
V
Y
T
L
P
 

P
S
R
D
E
L
T
K
N
Q
V
S
L
T
C
L
V
K
G
 

F
Y
P
S
D
I
A
V
E
W
E
S
N
G
Q
P
E
N
N
 

Y
K
T
T
P
P
V
L
D
S
D
G
S
F
F
L
Y
S
K
 

L
T
V
D
K
S
R
W
Q
Q
G
N
V
F
S
C
S
V
M
 

H
E
A
L
H
N
H
Y
T
Q
K
S
L
S
L
S
P
G
K
 

(
S
E
Q
 
I
D
 
N
O
:
7
6
)
 

x
i
1
5
5
D
5
L
C
 

(
r
a
b
b
i
t
V
k
-
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
G
C
T
C
G
T
G
A
T
G
A
C
C
C
A
G
A
C
T
C
C
A
T
 

C
C
T
C
C
G
T
G
T
C
T
G
C
A
G
C
T
G
T
G
G
G
A
G
G
C
A
C
A
G
T
C
A
C
C
A
T
C
A
A
T
 

T
G
C
C
A
G
G
C
C
A
G
T
C
A
G
A
G
C
A
T
T
A
G
T
A
G
C
T
A
C
T
T
A
G
C
C
T
G
G
T
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

E
L
V
M
T
Q
T
P
S
S
V
S
A
A
V
G
G
T
V
 

T
I
N
C
Q
A
S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
G
Q
P
P
K
L
L
I
Y
Y
A
S
T
L
A
S
G
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
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cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

T
C
A
G
C
A
G
A
A
A
C
C
A
G
G
G
C
A
G
C
C
T
C
C
C
A
A
G
C
T
C
C
T
G
A
T
C
T
A
T
T
 

A
T
G
C
A
T
C
C
A
C
T
C
T
G
G
C
G
T
C
T
G
G
G
G
T
C
C
C
A
T
C
G
C
G
G
T
T
C
A
A
A
 

G
G
C
A
G
T
G
G
C
T
C
T
G
G
G
A
C
A
G
A
G
T
T
C
A
C
T
C
T
C
A
C
C
A
T
C
A
C
C
G
G
 

C
G
T
G
C
A
G
T
G
T
G
A
C
G
A
T
G
C
T
G
C
C
A
C
T
T
A
C
T
A
C
T
G
T
C
T
A
G
G
T
G
 

T
T
T
A
T
G
G
T
T
A
T
A
G
T
T
T
T
G
A
T
G
A
T
G
G
T
A
T
T
G
C
T
T
T
C
G
G
C
G
G
A
 

G
G
G
A
C
C
G
A
G
C
T
G
G
A
G
A
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
7
7
)
 

V
P
S
R
F
K
G
S
G
S
G
T
E
F
T
L
T
I
T
 

G
V
Q
C
D
D
A
A
T
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
G
G
T
E
L
E
I
K
R
T
V
 

 
A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

 
A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
7
8
)
 

z
u
1
5
5
D
5
L
C
-
1
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 

A
T
G
G
G
G
T
G
G
T
C
T
T
G
C
A
T
C
A
T
T
C
T
G
T
T
C
C
T
G
G
T
G
G
C
A
A
C
C
G
C
 

C
A
C
A
G
G
T
G
T
G
C
A
C
T
C
C
G
A
C
A
T
C
C
A
G
A
T
G
A
C
T
C
A
G
A
G
T
C
C
A
T
 

C
A
A
C
C
C
T
G
T
C
C
G
C
T
A
G
C
G
T
G
G
G
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G
A
G
A
T
T
A
A
G
A
G
G
A
C
T
G
T
G
G
C
C
G
C
T
C
C
C
A
G
 

T
G
T
G
T
T
C
A
T
T
T
T
T
C
C
C
C
C
T
A
G
C
G
A
C
G
A
A
C
A
G
C
T
G
A
A
A
A
G
C
G
 

G
G
A
C
A
G
C
C
T
C
T
G
T
G
G
T
G
T
G
T
C
T
G
C
T
G
A
A
C
A
A
T
T
T
T
T
A
C
C
C
T
 

C
G
G
G
A
G
G
C
C
A
A
A
G
T
G
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
T
C
T
G
C
A
 

G
T
C
T
G
G
C
A
A
T
A
G
T
C
A
G
G
A
G
T
C
A
G
T
G
A
C
C
G
A
A
C
A
G
G
A
C
T
C
C
A
 

A
A
G
A
T
A
G
C
A
C
A
T
A
T
T
C
T
C
T
G
T
C
A
T
C
C
A
C
C
C
T
G
A
C
A
C
T
G
T
C
C
 

A
A
G
G
C
A
G
A
C
T
A
C
G
A
G
A
A
G
C
A
C
A
A
A
G
T
G
T
A
T
G
C
C
T
G
C
G
A
A
G
T
 

G
A
C
T
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
T
C
C
C
G
T
G
A
C
C
A
A
G
A
G
C
T
T
T
A
 

A
C
A
G
G
G
G
A
G
A
A
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
8
5
)
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
8
6
)
 

z
u
1
5
5
D
5
L
C
-
5
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
G
T
G
G
T
C
T
T
G
C
A
T
C
A
T
T
C
T
G
T
T
C
C
T
G
G
T
G
G
C
A
A
C
C
G
C
 

C
A
C
A
G
G
T
G
T
G
C
A
C
T
C
C
G
A
C
A
T
C
C
A
G
A
T
G
A
C
T
C
A
G
A
G
T
C
C
A
T
 

C
A
A
C
C
C
T
G
T
C
C
G
C
T
A
G
C
G
T
G
G
G
A
G
A
T
A
G
A
G
T
G
A
C
T
A
T
C
A
C
C
 

T
G
T
C
A
G
G
C
C
T
C
T
C
A
G
A
G
T
A
T
T
T
C
C
A
G
C
T
A
C
C
T
G
G
C
T
T
G
G
T
A
 

T
C
A
G
C
A
G
A
A
G
C
C
A
G
G
C
A
A
A
G
C
A
C
C
C
A
A
G
C
T
G
C
T
G
A
T
C
T
A
C
T
 

A
T
G
C
T
A
G
T
A
C
A
C
T
G
G
C
A
T
C
A
G
G
A
G
T
G
C
C
T
T
C
C
C
G
C
T
T
C
A
A
A
 

G
G
T
T
C
C
G
G
C
A
G
C
G
G
A
A
C
T
G
A
G
T
T
T
A
C
A
C
T
G
A
C
T
A
T
T
A
C
T
G
G
 

T
G
T
G
C
A
G
T
G
C
G
A
C
G
A
T
G
C
C
G
C
T
A
C
C
T
A
C
T
A
T
T
G
C
C
T
G
G
G
G
G
 

T
G
T
A
C
G
G
T
T
A
T
T
C
T
T
T
C
G
A
C
G
A
T
G
G
C
A
T
C
G
C
A
T
T
T
G
G
C
G
G
A
 

G
G
G
A
C
A
A
A
A
G
T
G
G
A
G
A
T
T
A
A
G
A
G
G
A
C
T
G
T
G
G
C
C
G
C
T
C
C
C
A
G
 

T
G
T
G
T
T
C
A
T
T
T
T
T
C
C
C
C
C
T
A
G
C
G
A
C
G
A
A
C
A
G
C
T
G
A
A
A
A
G
C
G
 

G
G
A
C
A
G
C
C
T
C
T
G
T
G
G
T
G
T
G
T
C
T
G
C
T
G
A
A
C
A
A
T
T
T
T
T
A
C
C
C
T
 

C
G
G
G
A
G
G
C
C
A
A
A
G
T
G
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
T
C
T
G
C
A
 

G
T
C
T
G
G
C
A
A
T
A
G
T
C
A
G
G
A
G
T
C
A
G
T
G
A
C
C
G
A
A
C
A
G
G
A
C
T
C
C
A
 

A
A
G
A
T
A
G
C
A
C
A
T
A
T
T
C
T
C
T
G
T
C
A
T
C
C
A
C
C
C
T
G
A
C
A
C
T
G
T
C
C
 

A
A
G
G
C
A
G
A
C
T
A
C
G
A
G
A
A
G
C
A
C
A
A
A
G
T
G
T
A
T
G
C
C
T
G
C
G
A
A
G
T
 

G
A
C
T
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
T
C
C
C
G
T
G
A
C
C
A
A
G
A
G
C
T
T
T
A
 

A
C
A
G
G
G
G
A
G
A
A
T
G
T
T
G
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

D
I
Q
M
T
Q
S
P
S
T
L
S
A
S
V
G
D
R
V
 

T
I
T
C
Q
A
S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
G
K
A
P
K
L
L
I
Y
Y
A
S
T
L
A
S
G
 

V
P
S
R
F
K
G
S
G
S
G
T
E
F
T
L
T
I
T
 

G
V
Q
C
D
D
A
A
T
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
G
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 	
I
D
 
N
O
:
8
8
)
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

(
S
E
Q
 	
I
D
 
N
O
:
8
7
)
 

z
u
1
5
5
D
5
L
C
-
6
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
G
T
G
G
T
C
T
T
G
C
A
T
C
A
T
T
C
T
G
T
T
C
C
T
G
G
T
G
G
C
A
A
C
C
G
C
 

C
A
C
A
G
G
T
G
T
G
C
A
C
T
C
C
G
A
C
A
T
C
C
A
G
A
T
G
A
C
T
C
A
G
A
G
T
C
C
A
T
 

C
A
A
C
C
G
T
G
T
C
C
G
C
T
G
C
A
G
T
G
G
G
A
G
G
T
A
C
A
G
T
G
A
C
T
A
T
C
A
C
C
 

T
G
T
C
A
G
G
C
C
T
C
T
C
A
G
A
G
T
A
T
T
T
C
C
A
G
C
T
A
C
C
T
G
G
C
T
T
G
G
T
A
 

T
C
A
G
C
A
G
A
A
G
C
C
A
G
G
C
A
A
A
G
C
A
C
C
C
A
A
G
C
T
G
C
T
G
A
T
C
T
A
C
T
 

A
T
G
C
T
A
G
T
A
C
A
C
T
G
G
C
A
T
C
A
G
G
A
G
T
G
C
C
T
T
C
C
C
G
C
T
T
C
T
C
A
 

G
G
T
T
C
C
G
G
C
A
G
C
G
G
A
A
C
T
G
A
G
T
T
T
A
C
A
C
T
G
A
C
T
A
T
T
A
C
T
G
G
 

T
G
T
G
C
A
G
T
G
C
G
A
C
G
A
T
G
C
C
G
C
T
A
C
C
T
A
C
T
A
T
T
G
C
C
T
G
G
G
G
G
 

T
G
T
A
C
G
G
T
T
A
T
T
C
T
T
T
C
G
A
C
G
A
T
G
G
C
A
T
C
G
C
A
T
T
T
G
G
C
G
G
A
 

G
G
G
A
C
A
A
A
A
G
T
G
G
A
G
A
T
T
A
A
G
A
G
G
A
C
T
G
T
G
G
C
C
G
C
T
C
C
C
A
G
 

T
G
T
G
T
T
C
A
T
T
T
T
T
C
C
C
C
C
T
A
G
C
G
A
C
G
A
A
C
A
G
C
T
G
A
A
A
A
G
C
G
 

G
G
A
C
A
G
C
C
T
C
T
G
T
G
G
T
G
T
G
T
C
T
G
C
T
G
A
A
C
A
A
T
T
T
T
T
A
C
C
C
T
 

C
G
G
G
A
G
G
C
C
A
A
A
G
T
G
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
T
C
T
G
C
A
 

G
T
C
T
G
G
C
A
A
T
A
G
T
C
A
G
G
A
G
T
C
A
G
T
G
A
C
C
G
A
A
C
A
G
G
A
C
T
C
C
A
 

A
A
G
A
T
A
G
C
A
C
A
T
A
T
T
C
T
C
T
G
T
C
A
T
C
C
A
C
C
C
T
G
A
C
A
C
T
G
T
C
C
 

A
A
G
G
C
A
G
A
C
T
A
C
G
A
G
A
A
G
C
A
C
A
A
A
G
T
G
T
A
T
G
C
C
T
G
C
G
A
A
G
T
 

G
A
C
T
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
T
C
C
C
G
T
G
A
C
C
A
A
G
A
G
C
T
T
T
A
 

A
C
A
G
G
G
G
A
G
A
A
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
8
9
)
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

D
I
Q
M
T
Q
S
P
S
T
V
S
A
A
V
G
G
T
V
 

T
I
T
C
Q
A
S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
G
K
A
P
K
L
L
I
Y
Y
A
S
T
L
A
S
G
 

V
P
S
R
F
S
G
S
G
S
G
T
E
F
T
L
T
I
T
 

G
V
Q
C
D
D
A
A
T
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
G
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
9
0
)
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
 

z
u
1
5
5
D
5
L
C
-
7
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
G
T
G
G
T
C
T
T
G
C
A
T
C
A
T
T
C
T
G
T
T
C
C
T
G
G
T
G
G
C
A
A
C
C
G
C
 

C
A
C
A
G
G
T
G
T
G
C
A
C
T
C
C
G
A
C
A
T
C
C
A
G
A
T
G
A
C
T
C
A
G
A
G
T
C
C
A
T
 

C
A
A
C
C
C
T
G
T
C
C
G
C
T
A
G
C
G
T
G
G
G
A
G
A
T
A
G
A
G
T
G
A
C
T
A
T
C
A
C
C
 

T
G
T
C
A
G
G
C
C
T
C
T
C
A
G
A
G
T
A
T
T
T
C
C
A
G
C
T
A
C
C
T
G
G
C
T
T
G
G
T
A
 

T
C
A
G
C
A
G
A
A
G
C
C
A
G
G
C
A
A
A
G
C
A
C
C
C
A
A
G
C
T
G
C
T
G
A
T
C
T
A
C
T
 

A
T
G
C
T
A
G
T
A
C
A
C
T
G
G
C
A
T
C
A
G
G
A
G
T
G
C
C
T
T
C
C
C
G
C
T
T
C
T
C
A
 

G
G
T
T
C
C
G
G
C
A
G
C
G
G
A
A
C
T
G
A
G
T
T
T
A
C
A
C
T
G
A
C
T
A
T
T
A
C
T
G
G
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

D
I
Q
M
T
Q
S
P
S
T
L
S
A
S
V
G
D
R
V
 

T
I
T
C
Q
A
S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
G
K
A
P
K
L
L
I
Y
Y
A
S
T
L
A
S
G
 

V
P
S
R
F
S
G
S
G
S
G
T
E
F
T
L
T
I
T
 

G
V
Q
C
D
D
A
A
T
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
G
G
T
E
L
E
I
K
R
T
V
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
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(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

T
G
T
G
C
A
G
T
G
C
G
A
C
G
A
T
G
C
C
G
C
T
A
C
C
T
A
C
T
A
T
T
G
C
C
T
G
G
G
G
G
 

T
G
T
A
C
G
G
T
T
A
T
T
C
T
T
T
C
G
A
C
G
A
T
G
G
C
A
T
C
G
C
A
T
T
T
G
G
C
G
G
A
 

G
G
G
A
C
A
G
A
G
C
T
G
G
A
G
A
T
T
A
A
G
A
G
G
A
C
T
G
T
G
G
C
C
G
C
T
C
C
C
A
G
 

T
G
T
G
T
T
C
A
T
T
T
T
T
C
C
C
C
C
T
A
G
C
G
A
C
G
A
A
C
A
G
C
T
G
A
A
A
A
G
C
G
 

G
G
A
C
A
G
C
C
T
C
T
G
T
G
G
T
G
T
G
T
C
T
G
C
T
G
A
A
C
A
A
T
T
T
T
T
A
C
C
C
T
 

C
G
G
G
A
G
G
C
C
A
A
A
G
T
G
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
T
C
T
G
C
A
 

G
T
C
T
G
G
C
A
A
T
A
G
T
C
A
G
G
A
G
T
C
A
G
T
G
A
C
C
G
A
A
C
A
G
G
A
C
T
C
C
A
 

A
A
G
A
T
A
G
C
A
C
A
T
A
T
T
C
T
C
T
G
T
C
A
T
C
C
A
C
C
C
T
G
A
C
A
C
T
G
T
C
C
 

A
A
G
G
C
A
G
A
C
T
A
C
G
A
G
A
A
G
C
A
C
A
A
A
G
T
G
T
A
T
G
C
C
T
G
C
G
A
A
G
T
 

G
A
C
T
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
T
C
C
C
G
T
G
A
C
C
A
A
G
A
G
C
T
T
T
A
 

A
C
A
G
G
G
G
A
G
A
A
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
9
1
)
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
9
2
)
 

z
u
1
5
5
D
5
L
C
-
 

h
u
V
K
1
-
3
9
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
C
A
T
T
C
A
G
A
T
G
A
C
T
C
A
G
T
C
C
C
C
C
T
 

C
C
T
C
C
C
T
T
T
C
G
G
C
C
T
C
C
G
T
C
G
G
C
G
A
C
C
G
C
G
T
G
A
C
C
A
T
T
A
C
C
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G
Y
S
 

F
D
D
G
I
A
F
G
S
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
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:
1
0
0
)
 

1
-
5
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3
9
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9
1
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I
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t
y
p
e
)
 

(
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t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
9
9
)
 

z
u
1
5
5
D
5
L
C
-
 

h
u
V
K
6
-
2
1
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
A
A
T
C
G
T
C
T
T
G
A
C
C
C
A
A
A
G
C
C
C
T
G
 

A
C
T
T
C
C
A
A
T
C
C
G
T
G
A
C
C
C
C
C
A
A
G
G
A
A
A
A
G
G
T
C
A
C
C
A
T
C
A
C
G
 

T
G
T
C
A
G
G
C
C
T
C
C
C
A
G
T
C
A
A
T
T
T
C
C
T
C
G
T
A
C
C
T
T
G
C
G
T
G
G
T
A
 

C
C
A
G
C
A
G
A
A
G
C
C
A
G
A
C
C
A
G
T
C
C
C
C
G
A
A
G
C
T
C
C
T
G
A
T
T
A
A
G
T
 

A
C
G
C
A
T
C
C
A
C
C
C
T
G
G
C
T
A
G
C
G
G
A
G
T
G
C
C
G
A
G
C
C
G
G
T
T
C
T
C
G
 

G
G
A
T
C
C
G
G
C
T
C
T
G
G
A
A
C
T
G
A
C
T
T
C
A
C
T
C
T
G
A
C
C
A
T
C
A
A
C
T
C
 

G
C
T
C
G
A
G
T
G
C
G
A
A
G
A
T
G
C
C
G
C
C
A
C
T
T
A
C
T
A
T
T
G
C
C
T
G
G
G
G
G
 

T
G
T
A
C
G
G
G
T
A
C
T
C
A
T
T
T
G
A
C
G
A
T
G
G
C
A
T
C
G
C
C
T
T
C
G
G
C
T
C
C
 

G
G
T
A
C
C
A
A
A
G
T
G
G
A
G
A
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
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A
C
G
C
T
G
A
G
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A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
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G
G
C
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C
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C
C
C
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G
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G
C
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T
C
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A
G
T
G
T
T
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I
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T
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T
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V
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S
 

E
I
V
L
T
Q
S
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D
F
Q
S
V
T
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K
E
K
V
 

T
I
T
C
Q
A
S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
D
Q
S
P
K
L
L
I
K
Y
A
S
T
L
A
S
G
 

V
P
S
R
F
S
G
S
G
S
G
T
D
F
T
L
T
I
N
 

S
L
E
C
E
D
A
A
T
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
S
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
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S
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D
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1
0
2
)
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
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1
5
5
D
5
L
C
-
 

h
u
V
K
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D
-
4
1
 

(
h
u
m
a
n
V
k
-
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
C
G
T
C
G
T
G
A
T
G
A
C
T
C
A
A
A
G
C
C
C
C
G
 

C
A
T
T
C
C
T
T
T
C
C
G
T
G
A
C
T
C
C
T
G
G
A
G
A
A
A
A
G
G
T
C
A
C
C
A
T
C
A
C
C
 

T
G
T
C
A
A
G
C
C
A
G
C
C
A
G
T
C
C
A
T
T
T
C
G
T
C
C
T
A
C
T
T
G
G
C
C
T
G
G
T
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

D
V
V
M
T
Q
S
P
A
F
L
S
V
T
P
G
E
K
V
 

T
I
T
C
Q
A
S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
D
Q
A
P
K
L
L
I
K
Y
A
S
T
L
A
S
G
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
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e
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m
i
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A
c
i
d
 
S
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u
e
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c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

T
C
A
G
C
A
G
A
A
G
C
C
A
G
A
C
C
A
G
G
C
C
C
C
G
A
A
G
C
T
G
C
T
G
A
T
T
A
A
G
T
 

A
C
G
C
C
T
C
C
A
C
C
C
T
G
G
C
C
A
G
C
G
G
A
G
T
G
C
C
G
T
C
A
C
G
G
T
T
C
T
C
C
 

G
G
G
T
C
C
G
G
C
T
C
A
G
G
A
A
C
C
G
A
C
T
T
C
A
C
G
T
T
C
A
C
C
A
T
C
T
C
G
T
C
 

C
C
T
C
G
A
G
T
G
C
G
A
A
G
A
T
G
C
T
G
C
G
A
C
T
T
A
C
T
A
C
T
G
C
C
T
G
G
G
C
G
 

T
G
T
A
C
G
G
T
T
A
C
T
C
G
T
T
T
G
A
T
G
A
C
G
G
C
A
T
C
G
C
G
T
T
C
G
G
G
T
C
T
 

G
G
A
A
C
C
A
A
A
G
T
G
G
A
G
A
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
1
0
3
)
 

V
P
S
R
F
S
G
S
G
S
G
T
D
F
T
F
T
I
S
 

S
L
E
C
E
D
A
A
T
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
S
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
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S
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I
D
 
N
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1
0
4
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u
1
5
5
D
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L
C
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V
K
7
-
3
-
 

G
1
u
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(
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m
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V
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m
a
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k
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(
h
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m
a
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C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
T
A
T
C
G
T
C
C
T
C
A
C
T
C
A
A
T
C
C
C
C
C
G
 

C
T
T
C
A
C
T
C
G
C
C
G
T
G
T
C
C
C
C
T
G
G
T
C
A
A
C
G
C
G
C
C
A
C
C
A
T
T
A
C
G
 

T
G
T
C
A
G
G
C
G
T
C
C
C
A
G
T
C
C
A
T
T
T
C
G
A
G
C
T
A
C
C
T
T
G
C
A
T
G
G
T
A
 

C
C
A
G
C
A
G
A
A
G
C
C
T
G
G
A
C
A
G
C
C
C
C
C
G
A
A
A
C
T
G
C
T
G
A
T
C
T
A
T
T
 

A
C
G
C
C
T
C
C
A
C
C
T
T
G
G
C
C
T
C
G
G
G
A
G
T
G
C
C
A
G
C
G
C
G
G
T
T
T
A
G
C
 

G
G
T
T
C
G
G
G
C
T
C
C
G
G
C
A
C
T
G
A
C
T
T
C
A
C
T
C
T
G
A
C
C
A
T
C
A
A
C
C
C
 

G
G
T
G
G
A
G
T
G
C
G
A
A
G
A
T
A
C
C
G
C
C
A
A
C
T
A
C
T
A
C
T
G
C
C
T
G
G
G
G
G
 

T
G
T
A
C
G
G
A
T
A
C
T
C
A
T
T
C
G
A
C
G
A
C
G
G
G
A
T
C
G
C
C
T
T
C
G
G
A
A
G
C
 

G
G
C
A
C
C
A
A
G
G
T
C
G
A
A
A
T
C
A
A
A
C
G
A
A
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T
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T
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G
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T
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C
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C
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A
T
C
T
G
A
T
G
A
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C
A
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T
G
A
A
A
T
C
T
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C
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T
C
T
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T
T
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T
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T
G
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T
G
A
A
T
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T
C
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A
T
C
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C
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S
 

D
I
V
L
T
Q
S
P
A
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Q
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A
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S
Q
S
I
S
S
Y
L
A
W
Y
Q
Q
 

K
P
G
Q
P
P
K
L
L
I
Y
Y
A
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T
L
A
S
G
 

V
P
A
R
F
S
G
S
G
S
G
T
D
F
T
L
T
I
N
 

P
V
E
C
E
D
T
A
N
Y
Y
C
L
G
V
Y
G
Y
S
 

F
D
D
G
I
A
F
G
S
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
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L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
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S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
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V
 

T
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-
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3
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)
 

(
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i
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n
)
 

D
N
A
 
S
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A
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n
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S
e
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e
n
c
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cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
1
0
5
)
 

(
S
E
Q
 
I
D
 
N
O
:
1
0
6
)
 

x
i
1
-
5
5
-
2
L
C
 

(
r
a
b
b
i
t
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
T
E
M
1
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
T
C
C
G
A
G
C
T
C
G
T
G
A
T
G
A
C
C
C
A
G
A
C
T
C
C
A
G
 

C
C
T
C
T
G
T
G
G
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G
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G
G
G
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A
C
T
C
T
G
G
C
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G
G
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G
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T
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T
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G
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T
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A
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T
G
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C
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T
G
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T
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G
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T
G
A
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T
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A
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T
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T
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T
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T
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T
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C
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T
G
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T
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T
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A
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G
A
G
G
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A
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A
G
T
A
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A
G
T
G
G
A
A
G
G
T
G
G
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C
G
C
C
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T
C
C
A
A
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C
 

G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
A
G
G
 

A
C
A
G
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C
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A
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G
C
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T
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A
G
C
A
G
C
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C
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A
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A
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G
A
G
A
A
A
C
A
C
A
A
A
G
T
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G
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T
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G
A
A
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T
C
A
C
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C
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T
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G
G
C
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T
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G
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T
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G
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S
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D
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1
0
7
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M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

E
L
V
M
T
Q
T
P
A
S
V
E
V
A
V
G
G
T
V
 

T
I
 
K
C
Q
A
S
Q
S
I
N
T
Y
L
A
W
Y
Q
Q
 

K
P
G
Q
P
P
K
L
L
I
Y
R
A
S
T
L
A
S
G
 

V
P
S
R
F
K
G
S
G
S
G
T
E
F
T
L
T
I
S
 

D
L
E
C
A
D
A
A
T
Y
Y
C
Q
Q
S
V
R
V
I
 

D
V
D
N
T
F
G
G
G
T
E
V
V
V
K
R
T
V
A
 

A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
A
 

S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
K
 

V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
S
 

K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
E
 

K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
T
 

K
S
F
N
R
G
E
C
*
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S
E
Q
 
I
D
 
N
O
:
1
0
8
)
 

1
-
5
7
 

5
8
-
3
8
7
 

3
8
8
-
7
1
1
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n
)
 

D
N
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S
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e
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A
m
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n
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A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

x
i
l
E
4
L
C
 

(
r
a
b
b
i
t
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
G
C
T
C
G
T
G
A
T
G
A
C
C
C
A
G
A
C
T
C
C
A
T
 

C
C
T
A
C
A
C
G
T
C
T
G
C
A
G
C
T
G
T
G
G
G
A
G
A
C
A
C
A
G
T
C
A
C
C
A
T
C
A
A
G
 

T
G
C
C
A
G
G
C
C
A
G
T
C
A
G
A
C
C
A
T
T
G
G
T
G
G
T
A
G
C
G
A
C
T
T
A
T
C
C
T
G
 

G
T
A
T
C
A
G
C
A
G
A
A
A
C
C
A
G
G
G
C
A
G
C
C
T
C
C
C
A
A
A
C
T
C
C
T
G
A
T
C
T
 

G
G
T
A
T
G
C
A
A
C
C
A
A
T
C
T
G
C
C
A
T
C
T
G
G
G
G
T
C
C
C
A
T
C
G
C
G
G
T
T
C
 

A
G
T
G
G
C
A
G
T
A
G
A
T
C
T
G
G
G
A
C
A
G
A
G
T
A
C
A
C
T
C
T
C
A
C
C
A
T
C
A
G
 

C
G
G
C
G
T
G
C
A
G
T
G
T
G
A
G
G
A
T
G
C
T
G
C
C
A
C
C
T
A
C
T
A
C
T
G
T
C
T
A
G
 

G
T
G
G
T
T
A
T
G
C
T
G
C
T
G
C
T
T
C
T
T
A
C
A
G
A
A
C
T
G
C
T
T
T
C
G
G
C
G
G
A
 

G
G
G
A
C
C
G
A
G
G
T
G
G
T
C
G
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
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A
C
G
C
C
T
G
C
G
A
A
G
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P
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L
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S
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T
Y
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Y
A
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T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
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W
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T
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T
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G
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G
G
C
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A
T
G
C
C
G
C
C
G
C
A
A
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C
T
A
C
C
G
C
A
C
C
G
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G
G
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G
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M
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W
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L
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V
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D
R
V
 

T
I
T
C
Q
A
S
Q
T
I
G
G
S
D
L
S
W
Y
Q
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K
P
G
K
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P
K
L
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I
Y
Y
A
T
N
L
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S
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V
P
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F
S
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G
S
G
T
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E
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T
Y
Y
C
L
G
G
Y
A
A
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S
Y
R
T
A
F
G
G
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
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R
E
A
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V
Q
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-
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cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

G
G
A
A
C
T
A
A
A
G
T
G
G
A
A
A
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
1
1
1
)
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
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S
E
Q
 
I
D
 
N
O
:
1
1
2
)
 

z
u
1
E
4
L
C
-
C
X
X
A
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
T
A
T
T
C
A
G
A
T
G
A
C
T
C
A
G
A
G
C
C
C
T
T
 

C
C
T
T
C
C
T
G
T
C
C
G
C
T
T
C
C
G
T
C
G
G
G
G
A
T
C
G
G
G
T
C
A
C
A
A
T
C
A
C
T
 

T
G
C
C
A
G
G
C
C
T
C
A
C
A
G
A
C
T
A
T
T
G
G
C
G
G
G
A
G
C
G
A
C
C
T
G
T
C
C
T
G
 

G
T
A
C
C
A
G
C
A
G
A
A
G
C
C
C
G
G
A
A
A
A
G
C
A
C
C
T
A
A
G
C
T
G
C
T
G
A
T
C
T
 

A
C
T
A
T
G
C
C
A
C
A
A
A
C
C
T
G
C
C
A
T
C
T
G
G
C
G
T
G
C
C
C
A
G
C
C
G
G
T
T
C
 

T
C
T
G
G
A
A
G
T
G
G
C
T
C
A
G
G
G
A
C
T
G
A
C
T
T
T
A
C
C
C
T
G
A
C
A
A
T
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A
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T
C
C
C
T
G
C
A
G
T
G
C
G
A
G
G
A
T
G
C
C
G
C
T
A
C
C
T
A
C
T
A
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T
G
T
C
T
G
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G
G
G
C
T
A
C
G
C
C
G
C
C
G
C
T
T
C
A
T
A
C
A
G
G
A
C
C
G
C
C
T
T
C
G
G
A
G
G
A
 

G
G
A
A
C
T
A
A
A
G
T
G
G
A
A
A
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
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A
A
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T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
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A
G
A
A
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C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
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G
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G
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C
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C
C
A
T
C
A
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G
G
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G
V
H
S
 

A
F
E
L
T
Q
T
P
S
S
V
E
A
A
V
G
G
T
V
 

T
I
K
C
Q
A
S
Q
S
I
Y
S
Y
L
A
W
Y
Q
Q
 

K
P
G
Q
P
P
K
L
L
I
Y
S
A
S
T
L
A
S
G
 

V
S
S
R
F
R
G
S
G
S
G
T
E
Y
I
L
T
I
S
 

D
L
E
C
A
D
A
A
T
Y
Y
C
Q
T
Y
Y
D
I
V
 

T
S
T
F
G
G
G
T
E
V
V
V
K
R
T
V
A
A
P
 

S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
A
S
V
 

V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
K
V
D
 

N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
S
K
D
 

S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
E
K
H
 

K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
T
K
S
 

F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
1
2
6
)
 

1
-
5
7
 

5
8
-
3
8
1
 

3
8
2
-
7
0
5
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
A
A
A
G
C
A
G
A
C
 

T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
C
A
C
C
C
A
T
C
A
 

G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
A
C
A
G
G
G
G
A
G
 

A
G
T
G
T
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
1
2
5
)
 

x
i
2
3
7
N
1
8
L
C
 

(
r
a
b
b
i
t
V
k
-

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
M
S
L
N
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
T
C
C
G
C
C
G
T
C
G
T
G
C
T
G
A
C
C
C
A
G
A
C
T
G
C
A
T
 

C
C
C
C
C
G
T
G
T
C
T
G
G
A
G
T
T
G
T
G
G
G
A
G
G
C
A
C
A
G
T
C
A
C
C
A
T
C
A
A
G
 

T
G
C
C
A
G
G
C
C
A
G
T
C
A
G
A
A
C
A
T
T
T
A
C
A
G
C
A
A
T
T
T
A
G
C
C
T
G
G
T
A
 

T
C
A
G
C
A
G
A
A
A
C
C
A
G
G
G
C
A
G
C
G
T
C
C
C
A
A
G
C
T
C
C
T
G
A
T
G
T
A
T
G
 

A
T
G
C
A
T
C
C
A
C
T
C
T
G
G
C
A
T
C
T
G
G
G
G
T
C
C
C
A
T
C
G
C
G
G
T
T
C
A
A
A
 

G
G
C
A
G
T
G
G
A
T
C
T
G
G
G
A
C
A
C
A
G
T
T
C
A
C
T
C
T
C
A
C
C
A
T
C
A
G
C
G
A
 

C
C
T
G
G
A
G
T
G
T
G
C
C
G
A
T
G
C
T
G
C
C
A
C
T
T
A
C
T
A
C
T
G
T
C
A
A
A
G
T
A
 

T
T
A
G
T
A
G
T
G
T
T
G
A
C
A
A
T
A
A
T
G
T
T
T
T
C
G
G
C
G
G
A
G
G
G
A
C
C
G
A
G
 

G
T
G
G
T
G
G
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
T
G
T
C
T
T
C
A
T
 

C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
G
A
A
C
T
G
C
C
T
 

C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
A
G
A
G
A
G
G
C
C
 

A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
A
T
C
G
G
G
T
A
A
 

C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
A
G
G
A
C
A
G
C
A
 

C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
A
A
A
G
C
A
G
A
C
 

T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
C
A
C
C
C
A
T
C
A
 

G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
A
C
A
G
G
G
G
A
G
 

A
G
T
G
T
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
1
2
7
)
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

A
V
V
L
T
Q
T
A
S
P
V
S
G
V
V
G
G
T
V
 

T
I
 
K
C
Q
A
S
Q
N
I
Y
S
N
L
A
W
Y
Q
Q
 

K
P
G
Q
R
P
K
L
L
M
Y
D
A
S
T
L
A
S
G
 

V
P
S
R
F
K
G
S
G
S
G
T
Q
F
T
L
T
I
S
 

D
L
E
C
A
D
A
A
T
Y
Y
C
Q
S
I
S
S
V
D
 

N
N
V
F
G
G
G
T
E
V
V
V
K
R
T
V
A
A
P
 

S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
A
S
V
 

V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
K
V
D
 

N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
S
K
D
 

S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
E
K
H
 

K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
T
K
S
 

F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
1
2
8
)
 

1
-
5
7
 

5
8
-
3
8
1
 

3
8
2
-
7
0
5
 

x
i
3
8
3
1
1
8
L
C
 

(
r
a
b
b
i
t
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
T
C
C
G
T
A
T
T
C
G
A
A
T
T
G
A
C
C
C
A
G
A
C
T
C
C
A
T
 

C
C
C
C
C
G
T
G
T
C
T
G
C
A
G
C
T
G
T
G
G
G
A
G
G
C
A
C
A
G
T
C
A
C
C
A
T
C
A
G
G
 

T
G
C
C
A
G
G
C
C
A
G
T
C
A
G
A
A
C
A
T
T
A
A
G
A
G
C
T
A
C
T
T
A
G
C
C
T
G
G
T
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

V
F
E
L
T
Q
T
P
S
P
V
S
A
A
V
G
G
T
V
 

T
I
R
C
Q
A
S
Q
N
I
K
S
Y
L
A
W
Y
Q
Q
 

K
P
G
Q
P
P
K
L
L
I
Y
E
A
S
I
L
A
S
G
 

1
-
5
7
 

5
8
-
3
8
1
 

3
8
2
-
7
0
5
 

819SOZ/910Z OM It08£0/9IOZSIVIDd 



C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

(
h
u
m
a
n
 
M
S
L
N
)
 

T
C
A
G
C
A
G
A
A
A
C
C
A
G
G
G
C
A
G
C
C
T
C
C
C
A
A
A
C
T
C
C
T
G
A
T
C
T
A
T
G
 

A
A
G
C
A
T
C
C
A
T
T
C
T
G
G
C
A
T
C
T
G
G
G
G
T
C
T
C
A
T
C
G
C
G
G
T
T
C
A
A
A
 

G
G
C
A
G
T
G
G
A
T
C
T
G
G
G
A
C
A
G
A
G
T
T
C
A
C
T
C
T
C
A
C
C
A
T
C
A
G
C
G
A
 

C
C
T
G
G
A
G
T
G
T
G
C
C
G
A
T
G
C
T
G
C
C
A
C
T
T
A
C
T
A
C
T
G
T
C
A
A
A
G
C
T
 

A
T
T
A
T
G
C
T
G
C
T
A
G
T
A
G
T
A
A
T
G
C
T
T
T
C
G
G
C
G
G
A
G
G
G
A
C
C
G
A
G
 

G
T
G
G
T
G
G
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
T
G
T
C
T
T
C
A
T
 

C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
G
A
A
C
T
G
C
C
T
 

C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
A
G
A
G
A
G
G
C
C
 

A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
A
T
C
G
G
G
T
A
A
 

C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
A
G
G
A
C
A
G
C
A
 

C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
A
A
A
G
C
A
G
A
C
 

T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
C
A
C
C
C
A
T
C
A
 

G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
A
C
A
G
G
G
G
A
G
 

A
G
T
G
T
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
1
2
9
)
 

V
S
S
R
F
K
G
S
G
S
G
T
E
F
T
L
T
I
S
 

D
L
E
C
A
D
A
A
T
Y
Y
C
Q
S
Y
Y
A
A
S
 

S
N
A
F
G
G
G
T
E
V
V
V
K
R
T
V
A
A
P
 

S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
A
S
V
 

V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
K
V
D
 

N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
S
K
D
 

S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
E
K
H
 

K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
T
K
S
 

F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
0
)
 

x
i
1
6
6
B
3
L
C
 

(
r
a
b
b
i
t
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
G
C
T
C
G
T
G
A
T
G
A
C
C
C
A
G
A
C
T
C
C
A
T
 

C
C
T
C
C
G
T
G
T
C
T
G
C
A
G
C
T
G
T
G
G
G
A
G
G
C
A
C
A
G
T
C
A
C
C
A
T
C
A
A
T
 

T
G
C
C
A
G
G
C
C
A
G
T
C
A
G
A
G
C
A
T
T
A
G
T
A
A
C
T
A
C
T
T
A
T
C
C
T
G
G
T
A
 

T
C
A
G
C
A
G
A
A
A
C
C
A
G
G
A
C
A
G
C
C
T
C
C
C
A
A
G
C
T
C
C
T
G
A
T
C
T
T
T
G
 

C
T
G
C
A
T
C
C
A
A
A
C
T
G
G
C
A
T
C
T
T
G
G
G
T
C
C
C
A
A
A
G
C
G
G
T
T
C
A
G
T
 

G
G
C
A
G
C
A
G
A
T
C
T
G
G
G
A
T
A
G
A
A
T
A
C
A
C
T
C
T
C
A
C
C
A
T
T
A
G
C
G
G
 

C
G
T
G
C
A
G
T
G
T
G
A
C
G
A
T
G
C
T
G
C
C
A
C
T
T
A
C
T
T
C
T
G
T
C
T
A
G
G
A
G
 

T
T
T
A
T
A
G
T
A
T
T
A
G
T
A
C
T
G
A
T
G
A
T
G
G
A
G
C
T
G
C
T
T
T
C
G
G
C
G
G
A
 

G
G
G
A
C
C
G
A
G
G
T
G
G
T
C
G
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

E
L
V
M
T
Q
T
P
S
S
V
S
A
A
V
G
G
T
V
 

T
I
N
C
Q
A
S
Q
S
I
S
N
Y
L
S
W
Y
Q
Q
 

K
P
G
Q
P
P
K
L
L
I
F
A
A
S
K
L
A
S
W
 

V
P
K
R
F
S
G
S
R
S
G
I
E
Y
T
L
T
I
S
 

G
V
Q
C
D
D
A
A
T
Y
F
C
L
G
V
Y
S
I
S
 

T
D
D
G
A
A
F
G
G
G
T
E
V
V
V
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
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C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
1
)
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
2
)
 

z
u
1
6
6
B
3
L
C
-
 

C
X
X
F
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
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A
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T
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C
A
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C
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A
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A
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T
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A
A
A
C
T
G
G
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A
A
G
C
G
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A
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T
G
C
C
A
A
G
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T
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T
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T
G
G
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T
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A
G
G
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T
G
A
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T
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A
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C
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T
G
A
C
A
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T
A
G
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T
C
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G
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A
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T
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C
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A
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G
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T
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T
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T
A
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T
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T
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T
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G
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T
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T
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G
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A
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T
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T
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T
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T
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T
G
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T
G
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T
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A
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T
T
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T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
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T
G
A
C
G
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T
G
A
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C
 

A
A
A
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A
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A
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T
A
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G
A
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A
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C
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T
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A
A
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T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
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C
G
C
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T
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A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
3
)
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

D
I
Q
M
T
Q
S
P
S
S
L
S
A
S
V
G
D
R
V
 

T
I
T
C
Q
A
S
Q
S
I
S
N
Y
L
S
W
Y
Q
Q
 

K
P
G
K
A
P
K
L
L
I
Y
A
A
S
K
L
A
S
G
 

V
P
S
R
F
S
G
S
G
S
G
T
D
F
T
L
T
I
S
 

S
L
Q
C
E
D
F
A
T
Y
Y
C
L
G
V
Y
S
I
S
 

T
D
D
G
A
A
F
G
G
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
4
)
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
 

819SOZ/910Z OM It08£0/9IOZSIVIDd 



C
l
o
n
e
 
N
a
m
e
 

(
S
p
e
c
i
e
s
-

I
s
o
t
y
p
e
)
 

(
a
n
t
i
g
e
n
)
 

D
N
A
 
S
e
q
u
e
n
c
e
 

A
m
i
n
o
 
A
c
i
d
 
S
e
q
u
e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

z
u
1
6
6
B
3
L
C
-
 

C
X
X
A
 

(
h
u
m
a
n
V
k
-
 

h
u
m
a
n
 
k
a
p
p
a
)
 

(
h
u
m
a
n
 
C
A
9
)
 

A
T
G
G
G
C
T
G
G
T
C
C
T
G
C
A
T
C
A
T
C
C
T
G
T
T
T
C
T
G
G
T
G
G
C
C
A
C
C
G
C
 

C
A
C
C
G
G
C
G
T
G
C
A
C
A
G
C
G
A
T
A
T
T
C
A
G
A
T
G
A
C
C
C
A
G
A
G
C
C
C
T
T
 

C
C
T
C
C
C
T
G
T
C
C
G
C
T
A
G
T
G
T
C
G
G
G
G
A
T
A
G
A
G
T
G
A
C
C
A
T
T
A
C
T
 

T
G
C
C
A
G
G
C
C
A
G
C
C
A
G
A
G
C
A
T
T
A
G
C
A
A
C
T
A
C
C
T
G
T
C
C
T
G
G
T
A
 

T
C
A
G
C
A
G
A
A
G
C
C
C
G
G
C
A
A
A
G
C
T
C
C
T
A
A
G
C
T
G
C
T
G
A
T
C
T
A
C
G
 

C
C
G
C
T
T
C
T
A
A
A
C
T
G
G
C
A
A
G
C
G
G
A
G
T
G
C
C
A
A
G
C
C
G
G
T
T
C
T
C
T
 

G
G
A
A
G
T
G
G
G
T
C
A
G
G
A
A
C
T
G
A
C
T
T
T
A
C
C
C
T
G
A
C
A
A
T
T
A
G
C
T
C
 

C
C
T
G
C
A
G
T
G
C
G
A
G
G
A
T
G
C
A
G
C
C
A
C
C
T
A
C
T
A
T
T
G
T
C
T
G
G
G
C
G
 

T
C
T
A
C
T
C
A
A
T
C
T
C
A
A
C
C
G
A
C
G
A
C
G
G
A
G
C
T
G
C
T
T
T
T
G
G
A
G
G
G
 

G
G
C
A
C
T
A
A
G
G
T
G
G
A
A
A
T
C
A
A
A
C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
 

T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
 

G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
 

A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
 

A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
 

A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
 

A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
 

C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
G
C
C
C
G
T
C
A
C
A
A
A
G
A
G
C
T
T
C
A
 

A
C
A
G
G
G
G
A
G
A
G
T
G
T
T
G
A
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
5
)
 

M
G
W
S
C
I
I
L
F
L
V
A
T
A
T
G
V
H
S
 

D
I
Q
M
T
Q
S
P
S
S
L
S
A
S
V
G
D
R
V
 

T
I
T
C
Q
A
S
Q
S
I
S
N
Y
L
S
W
Y
Q
Q
 

K
P
G
K
A
P
K
L
L
I
Y
A
A
S
K
L
A
S
G
 

V
P
S
R
F
S
G
S
G
S
G
T
D
F
T
L
T
I
S
 

S
L
Q
C
E
D
A
A
T
Y
Y
C
L
G
V
Y
S
I
S
 

T
D
D
G
A
A
F
G
G
G
T
K
V
E
I
K
R
T
V
 

A
A
P
S
V
F
I
F
P
P
S
D
E
Q
L
K
S
G
T
 

A
S
V
V
C
L
L
N
N
F
Y
P
R
E
A
K
V
Q
W
 

K
V
D
N
A
L
Q
S
G
N
S
Q
E
S
V
T
E
Q
D
 

S
K
D
S
T
Y
S
L
S
S
T
L
T
L
S
K
A
D
Y
 

E
K
H
K
V
Y
A
C
E
V
T
H
Q
G
L
S
S
P
V
 

T
K
S
F
N
R
G
E
C
*
 

(
S
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I
D
 
N
O
:
1
3
6
)
 

1
-
5
7
 

5
8
-
3
9
0
 

3
9
1
-
7
1
4
 

h
u
m
a
n
 
g
a
m
m
a
 

c
h
a
i
n
 

c
o
n
s
t
a
n
t
 

r
e
g
i
o
n
 

G
C
A
T
C
C
A
C
C
A
A
G
G
G
C
C
C
A
T
C
G
G
T
C
T
T
C
C
C
C
C
T
G
G
C
A
C
C
C
T
C
 

C
T
C
C
A
A
G
A
G
C
A
C
C
T
C
T
G
G
G
G
G
C
A
C
A
G
C
G
G
C
C
C
T
G
G
G
C
T
G
C
C
 

T
G
G
T
C
A
A
G
G
A
C
T
A
C
T
T
C
C
C
C
G
A
A
C
C
G
G
T
G
A
C
G
G
T
G
T
C
G
T
G
G
 

A
A
C
T
C
A
G
G
C
G
C
C
C
T
G
A
C
C
A
G
C
G
G
C
G
T
G
C
A
C
A
C
C
T
T
C
C
C
G
G
C
 

T
G
T
C
C
T
A
C
A
G
T
C
C
T
C
A
G
G
A
C
T
C
T
A
C
T
C
C
C
T
C
A
G
C
A
G
C
G
T
G
G
 

T
G
A
C
C
G
T
G
C
C
C
T
C
C
A
G
C
A
G
C
T
T
G
G
G
C
A
C
C
C
A
G
A
C
C
T
A
C
A
T
C
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G
C
A
A
C
G
T
G
A
A
T
C
A
C
A
A
G
C
C
C
A
G
C
A
A
C
A
C
C
A
A
G
G
T
G
G
A
C
A
A
 

G
A
A
A
G
T
T
G
A
G
C
C
C
A
A
A
T
C
T
T
G
T
G
A
C
A
A
A
A
C
T
C
A
C
A
C
A
T
G
C
C
 

C
A
C
C
G
T
G
C
C
C
A
G
C
A
C
C
T
G
A
A
C
T
C
C
T
G
G
G
G
G
G
A
C
C
G
T
C
A
G
T
C
 

A
S
T
K
G
P
S
V
F
P
L
A
P
S
S
K
S
T
S
 

G
G
T
A
A
L
G
C
L
V
K
D
Y
F
P
E
P
V
T
 

V
S
W
N
S
G
A
L
T
S
G
V
H
T
F
P
A
V
L
 

Q
S
S
G
L
Y
S
L
S
S
V
V
T
V
P
S
S
S
L
 

G
T
Q
T
Y
I
C
N
V
N
H
K
P
S
N
T
K
V
D
 

K
K
V
E
P
K
S
C
D
K
T
H
T
C
P
P
C
P
A
 

P
E
L
L
G
G
P
S
V
F
L
F
P
P
K
P
K
D
T
 

L
M
I
S
R
T
P
E
V
T
C
V
V
V
D
V
S
H
E
 

D
P
E
V
K
F
N
W
Y
V
D
G
V
E
V
H
N
A
K
 

N
A
 

N
A
 

1
-
9
9
3
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(
S
p
e
c
i
e
s
-
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s
o
t
y
p
e
)
 

(
a
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t
i
g
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n
)
 

D
N
A
 
S
e
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u
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n
c
e
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m
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n
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A
c
i
d
 
S
e
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e
n
c
e
 

cDNA 

Position  

Leader  

cDNA 

Position  

Variable  

Domain  

cDNA 

Position  

Constant 

Domain  

T
T
C
C
T
C
T
T
C
C
C
C
C
C
A
A
A
A
C
C
C
A
A
G
G
A
C
A
C
C
C
T
C
A
T
G
A
T
C
T
C
 

C
C
G
G
A
C
C
C
C
T
G
A
G
G
T
C
A
C
A
T
G
C
G
T
G
G
T
G
G
T
G
G
A
C
G
T
G
A
G
C
C
 

A
C
G
A
A
G
A
C
C
C
T
G
A
G
G
T
C
A
A
G
T
T
C
A
A
C
T
G
G
T
A
C
G
T
G
G
A
C
G
G
C
 

G
T
G
G
A
G
G
T
G
C
A
T
A
A
T
G
C
C
A
A
G
A
C
A
A
A
G
C
C
G
C
G
G
G
A
G
G
A
G
C
A
 

G
T
A
C
A
A
C
A
G
C
A
C
G
T
A
C
C
G
T
G
T
G
G
T
C
A
G
C
G
T
C
C
T
C
A
C
C
G
T
C
C
 

T
G
C
A
C
C
A
G
G
A
C
T
G
G
C
T
G
A
A
T
G
G
C
A
A
G
G
A
G
T
A
C
A
A
G
T
G
C
A
A
G
 

G
T
C
T
C
C
A
A
C
A
A
A
G
C
C
C
T
C
C
C
A
G
C
C
C
C
C
A
T
C
G
A
G
A
A
A
A
C
C
A
T
 

C
T
C
C
A
A
A
G
C
C
A
A
A
G
G
G
C
A
G
C
C
C
C
G
A
G
A
A
C
C
A
C
A
G
G
T
G
T
A
C
A
 

C
C
C
T
G
C
C
C
C
C
A
T
C
C
C
G
G
G
A
T
G
A
G
C
T
G
A
C
C
A
A
G
A
A
C
C
A
G
G
T
C
 

A
G
C
C
T
G
A
C
C
T
G
C
C
T
G
G
T
C
A
A
A
G
G
C
T
T
C
T
A
T
C
C
C
A
G
C
G
A
C
A
T
 

C
G
C
C
G
T
G
G
A
G
T
G
G
G
A
G
A
G
C
A
A
T
G
G
G
C
A
G
C
C
G
G
A
G
A
A
C
A
A
C
T
 

A
C
A
A
G
A
C
C
A
C
G
C
C
T
C
C
C
G
T
G
C
T
G
G
A
C
T
C
C
G
A
C
G
G
C
T
C
C
T
T
C
 

T
T
C
T
T
A
T
A
T
T
C
A
A
A
G
C
T
C
A
C
C
G
T
G
G
A
C
A
A
G
A
G
C
A
G
G
T
G
G
C
A
 

G
C
A
G
G
G
G
A
A
C
G
T
C
T
T
C
T
C
A
T
G
C
T
C
C
G
T
G
A
T
G
C
A
T
G
A
G
G
C
T
C
 

T
G
C
A
C
A
A
C
C
A
C
T
A
C
A
C
G
C
A
G
A
A
G
A
G
C
C
T
C
T
C
C
C
T
G
T
C
T
C
C
C
 

G
G
G
A
A
A
T
G
A
 

(
S
E
Q
 	
I
D
 
N
O
:
1
3
7
)
 

T
K
P
R
E
E
Q
Y
N
S
T
Y
R
V
V
S
V
L
T
 

V
L
H
Q
D
W
L
N
G
K
E
Y
K
C
K
V
S
N
K
 

A
L
P
A
P
I
E
K
T
I
S
K
A
K
G
Q
P
R
E
 

P
Q
V
Y
T
L
P
P
S
R
D
E
L
T
K
N
Q
V
S
 

L
T
C
L
V
K
G
F
Y
P
S
D
I
A
V
E
W
E
S
 

N
G
Q
P
E
N
N
Y
K
T
T
P
P
V
L
D
S
D
G
 

S
F
F
L
Y
S
K
L
T
V
D
K
S
R
W
Q
Q
G
N
 

V
F
S
C
S
V
M
H
E
A
L
H
N
H
Y
T
Q
K
S
 

L
S
L
S
P
G
K
*
 

(
S
E
Q
 
I
D
 
N
O
:
1
3
8
)
 

h
u
m
a
n
 
k
a
p
p
a
 

c
h
a
i
n
 

c
o
n
s
t
a
n
t
 

r
e
g
i
o
n
 

C
G
A
A
C
T
G
T
G
G
C
T
G
C
A
C
C
A
T
C
T
G
T
C
T
T
C
A
T
C
T
T
C
C
C
G
C
C
A
T
C
 

T
G
A
T
G
A
G
C
A
G
T
T
G
A
A
A
T
C
T
G
G
A
A
C
T
G
C
C
T
C
T
G
T
T
G
T
G
T
G
C
C
 

T
G
C
T
G
A
A
T
A
A
C
T
T
C
T
A
T
C
C
C
A
G
A
G
A
G
G
C
C
A
A
A
G
T
A
C
A
G
T
G
G
 

A
A
G
G
T
G
G
A
T
A
A
C
G
C
C
C
T
C
C
A
A
T
C
G
G
G
T
A
A
C
T
C
C
C
A
G
G
A
G
A
G
 

T
G
T
C
A
C
A
G
A
G
C
A
G
G
A
C
A
G
C
A
A
G
G
A
C
A
G
C
A
C
C
T
A
C
A
G
C
C
T
C
A
 

G
C
A
G
C
A
C
C
C
T
G
A
C
G
C
T
G
A
G
C
A
A
A
G
C
A
G
A
C
T
A
C
G
A
G
A
A
A
C
A
C
 

A
A
A
G
T
C
T
A
C
G
C
C
T
G
C
G
A
A
G
T
C
A
C
C
C
A
T
C
A
G
G
G
C
C
T
G
A
G
C
T
C
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[0328] Those skilled in the art will appreciate that numerous changes and modifications 

can be made to the preferred embodiments of the invention and that such changes and 

modifications can be made without departing from the spirit of the invention. It is, therefore, 

intended that the appended claims cover all such equivalent variations as fall within the true 

spirit and scope of the invention. 
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EMBODIMENTS 

The following list of embodiments is intended to complement, rather than displace or 

supersede, the previous descriptions. 

Embodiment 1. 	A method for generating a conjugated immunoglobulin, the method 

comprising: 

decapping a cysteine at amino acid position 80 ("Cys80") in a light chain variable 

region of an immunoglobulin derived from rabbit, wherein the immunoglobulin 

comprises a heavy chain variable region and the light chain variable region; and 

conjugating a thiol-reactive compound to the Cys80, wherein the thiol-reactive 

compound comprises a thiol-reactive group. 

Embodiment 2. 	The method of embodiment 1, wherein the light chain variable region is a 

kappa light chain variable region. 

Embodiment 3. 	The method of embodiment 1 or 2, wherein the light chain variable region 

is derived from Oryctolagus cuniculus. 

Embodiment 4. 	The method of embodiment 1 or 2, wherein the light chain variable region 

is a human kappa light chain variable region of family IGKV-1. 

Embodiment 5. 	The method of any one of the previous embodiments, wherein the 

decapping comprises incubating the immunoglobulin with a reducing buffer followed 

by incubating the immunoglobulin with an oxidizing buffer. 

Embodiment 6. 	The method of embodiment 5, further comprising immobilizing the 

immunoglobulin on a matrix prior to the incubating with the reducing buffer and 

eluting the immunoglobulin from the matrix following the incubating with the 

oxidizing buffer. 

Embodiment 7. 	The method of embodiment 6, wherein the matrix comprises Protein A. 

Embodiment 8. 	The method of any one of the previous embodiments, wherein the thiol-

reactive group is maleimide or haloacetyl. 
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Embodiment 9. 	The method of any one of the previous embodiments, wherein the thiol-

reactive group is appended to a linker. 

Embodiment 10. 	The method of embodiment 9, wherein the linker is a non-cleavable linker 

or a cleavable linker. 

Embodiment 11. 	The method of embodiment 10, wherein the linker is a disulfide-

containing linker, an acetal-based linker or a ketal-based linker. 

Embodiment 12. 	The method of any one of the previous embodiments, wherein the thiol-

reactive compound is attached to a functional agent. 

Embodiment 13. 	The method of embodiment 12, wherein the functional agent comprises a 

fluorophore, fluorescent dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, 

radionuclide, chemical linker, small molecule, chelator, lipid, or drug. 

Embodiment 14. 	The method of any one of the previous embodiments, wherein the thiol-

reactive compound is bound to a second thiol-reactive compound, the second thiol-

reactive compound being bound to a second immunoglobulin having a second heavy 

chain variable region and a second light chain variable region, the second light chain 

variable region having a cysteine at amino acid position 80 ("Cys802"), wherein the 

second thiol-reactive compound comprises a second thiol-reactive group bound to the 

Cys802. 

Embodiment 15. 	The method of embodiment 14, wherein the thiol-reactive compound is 

bound to the second thiol-reactive compound by click chemistry. 

Embodiment 16. 	The method of any one of the previous embodiments, wherein Cys80 is 

unpaired. 

Embodiment 17. 	The method of any one of the previous embodiments, wherein the 

immunoglobulin is a chimerized immunoglobulin. 

Embodiment 18. 	The method of any one of embodiments 1-16, further comprising 

chimerizing the immunoglobulin prior to the decapping. 
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Embodiment 19. 	The method of any one of embodiments 1-16, wherein the 

immunoglobulin is a humanized immunoglobulin. 

Embodiment 20. 	The method of any one of embodiments 1-16, further comprising 

humanizing the immunoglobulin. 

Embodiment 21. 	The method of any one of the previous embodiments, further comprising 

substituting an amino acid at position 83 with an amino acid residue other than Phe, 

Lys, or Cys. 

Embodiment 22. 	The method of embodiment 21, wherein the amino acid residue other than 

Phe, Lys, or Cys is a polar or hydrophobic residue. 

Embodiment 23. 	A method for generating an antigen-binding molecule, the method 

comprising incubating a first conjugated immunoglobulin with a second conjugated 

immunoglobulin to generate the antigen-binding molecule, wherein: 

the first conjugated immunoglobulin comprises a first heavy chain variable region 

and a first light chain variable region, the first light chain variable region having a 

cysteine at position 80 ("Cys801") wherein the Cys801  is conjugated to a first thiol-

reactive compound comprising a first thiol-reactive group; and 

the second conjugated immunoglobulin comprises a second heavy chain variable 

region and a second light chain variable region, the second light chain variable region 

having a cysteine at position 80 ("Cys802") wherein the Cys802  is conjugated to a second 

thiol-reactive compound comprising a second thiol-reactive group. 

Embodiment 24. 	The method of embodiment 23, wherein the Cys801, the Cys802, or both, 

is unpaired. 

Embodiment 25. 	The method of embodiment 23 or 24, further comprising, prior to the 

incubating step, 

decapping the Cys801, Cys802, or both; and 

conjugating a first thiol-reactive compound to the Cys801, a second thiol-reactive 

compound to the Cys802, or both, wherein the first thiol-reactive compound comprises a 
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first thiol-reactive group and the second thiol-reactive compound comprises a second 

thiol-reactive group. 

Embodiment 26. 	The method of any one of embodiments 23-25, wherein the decapping 

comprises incubating the first immunoglobulin, the second immunoglobulin, or both, 

with a reducing buffer followed by incubating the first immunoglobulin, the second 

immunoglobulin, or both, with an oxidizing buffer. 

Embodiment 27. 	The method of embodiment 26, further comprising immobilizing the first 

immunoglobulin, the second immunoglobulin, or both on a matrix prior to the 

incubating with the reducing buffer and eluting the first immunoglobulin, the second 

immunoglobulin, or both from the matrix following the incubating with the oxidizing 

buffer. 

Embodiment 28. 	The method of embodiment 27, wherein the matrix comprises Protein A. 

Embodiment 29. 	The method of any one of embodiments 23-28, wherein the first 

immunoglobulin, the second immunoglobulin, or both, is chimerized. 

Embodiment 30. 	The method of any one of embodiments 23-28, further comprising 

chimerizing the first immunoglobulin, the second immunoglobulin, or both, prior to 

the decapping. 

Embodiment 31. 	The method of any one of embodiments 23-28, wherein the first 

immunoglobulin, the second immunoglobulin, or both, is humanized. 

Embodiment 32. 	The method of any one of embodiments 23-28, further comprising 

humanizing the first immunoglobulin, the second immunoglobulin, or both. 

Embodiment 33. 	The method of any one of embodiments 23-32, wherein the first thiol-

reactive group, the second thiol-reactive group, or both, is maleimide or haloacetyl. 

Embodiment 34. 	The method of any one of embodiments 23-33, wherein the first thiol-

reactive compound is appended to a first linker, the second thiol-reactive compound 

is appended to a second linker, or both. 
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Embodiment 35. 	The method of embodiment 34, wherein the first linker, the second linker, 

or both, is a non-cleavable linker or a cleavable linker. 

Embodiment 36. 	The method of embodiment 35, wherein the first linker, the second linker, 

or both, is a disulfide-containing linker, an acetal-based linker or a ketal-based linker. 

Embodiment 37. 	The method of any one of embodiments 23-36, wherein the first thiol-

reactive compound further comprises a first functional agent, the second thiol- 

reactive compound further comprises a second functional agent, or both. 

Embodiment 38. 	The method of embodiment 37, wherein the first functional agent, the 

second functional agent, or both, is a chemical linker. 

Embodiment 39. 	The method of embodiment 38, wherein the first thiol-reactive compound 

is maleimido-PEG4-azide or maleimido-PEG4-dibenzocyclooctyne. 

Embodiment 40. 	The method of embodiment 38 or 39, wherein the second thiol-reactive 

compound is maleimido-PEG4-dibenzocyclooctyne or maleimido-PEG4-azide. 

Embodiment 41. 	The method of any one of embodiments 23-40, wherein the first 

immunoglobulin and the second immunoglobulin are conjugated to each other by 

click chemistry. 

Embodiment 42. 	The method of any one of embodiments 23-41, wherein the first 

immunoglobulin is a first Fab, the second immunoglobulin is a second Fab, or both. 

Embodiment 43. 	The method of any one of embodiments 23-42, further comprising 

substituting an amino acid at position 83 of the first light chain variable region with 

an amino acid residue other than Phe, Lys, or Cys, substituting an amino acid at 

position 83 of the second light chain variable region with an amino acid residue other 

than Phe, Lys, or Cys, or both. 

Embodiment 44. 	The method of embodiment 43, wherein amino acid residue other than 

Phe, Lys, or Cys is a polar or hydrophobic residue. 
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Embodiment 45. 	The method of any one of embodiments 23-44, wherein the first light 

chain variable region, the second light chain variable region, or both, is derived from 

Oryctolagus cuniculus. 

Embodiment 46. 	The antigen-binding molecule produced according to the method of any 

one of embodiments 23-45. 

Embodiment 47. 	An immunoglobulin comprising a heavy chain variable region and a light 

chain variable region, the light chain variable region having a cysteine at position 80 

("Cys80") and an amino acid other than Phe, Lys, or Cys at position 83. 

Embodiment 48. 	The immunoglobulin of embodiment 47, wherein the light chain variable 

region is a kappa light chain variable region. 

Embodiment 49. 	The immunoglobulin of embodiment 47 or 48, wherein the light chain 

variable region is derived from Oryctolagus cuniculus. 

Embodiment 50. 	The immunoglobulin of any one of embodiments 47-49, wherein the 

amino acid other than Phe, Lys, or Cys is a polar or hydrophobic amino acid. 

Embodiment 51. 	The immunoglobulin of any one of embodiments 47-50, wherein the 

Cys80 is unpaired. 

Embodiment 52. 	The immunoglobulin of any one of embodiments 47-51, wherein the 

Cys80 is decapped. 

Embodiment 53. 	The immunoglobulin of any one of embodiments 47-52, wherein the 

immunoglobulin is chimerized. 

Embodiment 54. 	The immunoglobulin of any one of embodiments 47-53, wherein the 

immunoglobulin is humanized. 

Embodiment 55. 	The immunoglobulin of any one of embodiments 47-54, wherein the 

immunoglobulin immunospecifically binds to human CA9. 

Embodiment 56. 	The immunoglobulin of embodiment 55, comprising: 
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a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-141 of xi155D5HC (SEQ ID NO:52) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-144 of zu155D5HC (SEQ ID NO:54) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-138 of xilE4HC (SEQ ID NO:58) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xilE4LC (SEQ ID NO:110); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-140 of zulE4HC (SEQ ID NO:60) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi166B3HC (SEQ ID NO:74) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu166B3HC (SEQ ID NO:76) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136). 

Embodiment 57. 	The immunoglobulin of embodiment 56, comprising: 

a. 	a heavy chain CDR1, CDR2, and CDR3 of xi155D5HC as set forth as SEQ ID 

NO:146, 148, and 150, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi155D5LC as set forth as SEQ ID NO:224, 226, and 228, respectively; 
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b. a heavy chain CDR1, CDR2, and CDR3 of zu155D5HC as set forth as SEQ ID 

NO:152, 154, and 156, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu155D5LC-3 as set forth as SEQ ID NO:242, 244, and 246, respectively, 

zu155D5LC-4 as set forth as SEQ ID NO:248, 250, and 252, respectively, 

zu155D5LC-5 as set forth as SEQ ID NO:254, 256, and 258, respectively, 

zu155D5LC-6 as set forth as SEQ ID NO:260, 262, and 264, respectively, 

zu155D5LC-7 as set forth as SEQ ID NO:266, 268, and 270, respectively, 

zu155D5LC-huVK2-40 as set forth as SEQ ID NO 278, 280, and 282, respectively, 

zu155D5LC-huVK4-1 as set forth as SEQ ID NO 290, 292, and 294, respectively, 

zu155D5LC-huVK6-21 as set forth as SEQ ID NO 296, 298, and 300, respectively, 

zu155D5LC-huVK6D-41 as set forth as SEQ ID NO 302, 304, and 306, respectively; 

or zu155D5LC-huVK7-3-G1u81 as set forth as SEQ ID NO 308, 310, and 312, 

respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xilE4HC as set forth as SEQ ID NO:164, 

166, and 168, respectively, and a light chain CDR1, CDR2, and CDR3 of xilE4LC as 

set forth as SEQ ID NO:320, 322, and 324, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of zulE4HC as set forth as SEQ ID NO:170, 

172, and 174, respectively, and a light chain CDR1, CDR2, and CDR3 of zulE4LC-

CXXA as set forth as SEQ ID NO:332, 334, and 336, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi166B3HC as set forth as SEQ ID 

NO:212, 214, and 216, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi166B3LC as set forth as SEQ ID NO:386, 388, and 390, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of zu166B3HC as set forth as SEQ ID 

NO:218, 220, and 222, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu166B3LC-CXXA as set forth as SEQ ID NO:398, 400, and 402, respectively. 

Embodiment 58. 	The immunoglobulin of any one of embodiments 46-54, wherein the 

immunoglobulin immunospecifically binds to human TEM1. 

Embodiment 59. 	The immunoglobulin of embodiment 58, comprising: 

a heavy chain variable region having an amino acid sequence at least 90% 

identical to amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain 
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variable region having an amino acid sequence at least 90% identical to amino acids 20-

129 of xi1-55-2LC (SEQ ID NO:108). 

Embodiment 60. 	The immunoglobulin of embodiment 59, comprising: 

a heavy chain CDR1, CDR2, and CDR3 of xi1-55-2HC as set forth as SEQ ID 

NO:158, 160, and 162, respectively, and a light chain CDR1, CDR2, and CDR3 of xil-

55-2LC as set forth as SEQ ID NO:314, 316, and 318, respectively. 

Embodiment 61. 	The immunoglobulin of any one of embodiments 46-54, wherein the 

immunoglobulin immunospecifically binds to human mesothelin. 

Embodiment 62. 	The immunoglobulin of embodiment 61, comprising: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); or 
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f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

Embodiment 63. 	The immunoglobulin of embodiment 62, comprising: 

a. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth in SEQ ID NO:338, 340, and 342, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively, or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xi32405HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi32405LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

Embodiment 64. 	A conjugated immunoglobulin comprising: 

the immunoglobulin of any one of embodiments 46-63, wherein the cysteine at 

position 80 is conjugated to a thiol-reactive compound, the thiol-reactive compound 

comprising a thiol-reactive group. 

Embodiment 65. 	The conjugated immunoglobulin of embodiment 64, wherein the thiol-

reactive group is maleimide or haloacetyl. 
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Embodiment 66. 	The conjugated immunoglobulin of embodiment 64 or 65, wherein the 

thiol-reactive group is appended to a linker. 

Embodiment 67. 	The conjugated immunoglobulin of embodiment 66, wherein the linker is 

a non-cleavable linker or a cleavable linker. 

Embodiment 68. 	The conjugated immunoglobulin of embodiment 67, wherein the linker is 

a disulfide containing linker, an acetal-based linker or a ketal-based linker. 

Embodiment 69. 	The conjugated immunoglobulin of any one of embodiments 64-68, 

wherein the thiol-reactive compound further comprises a functional agent. 

Embodiment 70. 	The conjugated immunoglobulin of embodiment 69, wherein the 

functional agent comprises a fluorophore, fluorescent dye, polypeptide, 

immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, small 

molecule, chelator, lipid, or drug. 

Embodiment 71. 	The conjugated immunoglobulin of embodiment 70, wherein the 

functional agent is auristatin F. 

Embodiment 72. 	The conjugated immunoglobulin of any one of embodiments 69-71, 

wherein the conjugated immunoglobulin has an immunoglobulin:functional agent 

ratio of 2:1. 

Embodiment 73. 	A method of treating cancer in a subject comprising administering to the 

subject a pharmaceutically effective amount of a conjugated mesothelin 

immunoglobulin, wherein the conjugated mesothelin immunoglobulin comprises: 

the immunoglobulin of any one of embodiments 61-63, and 

a thiol-reactive compound comprising a thiol-reactive group, a linker, and a functional 

agent. 

Embodiment 74. 	The method of embodiment 73, wherein the functional agent is auristatin 

F. 
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Embodiment 75. 	The method of embodiment 73 or 74, wherein the cancer is a mesothelin-

expressing cancer. 

Embodiment 76. 	A antigen-binding molecule comprising: 

a first conjugated immunoglobulin comprising a first heavy chain variable region 

and a first light chain variable region, the first light chain variable region having a 

cysteine at position 80 ("Cys801"), wherein the Cys801  is conjugated to a first thiol-

reactive compound comprising a first thiol-reactive group, and 

a second conjugated immunoglobulin comprising a second heavy chain variable 

region and a second light chain variable region, the second light chain variable region 

having a cysteine at position 80 ("Cys802") wherein the Cys802  is conjugated to a second 

thiol-reactive compound comprising a second thiol-reactive group. 

Embodiment 77. 	The antigen-binding molecule of embodiment 76, wherein the first light 

chain variable region, the second light chain variable region, or both, is derived from 

Oryctolagus cuniculus. 

Embodiment 78. 	The antigen-binding molecule of embodiment 76 or 77, wherein Cys801, 

Cys802, or both, is unpaired. 

Embodiment 79. 	The antigen-binding molecule of any one of embodiments 76-78, wherein 

the first immunoglobulin, the second immunoglobulin, or both, is chimerized. 

Embodiment 80. 	The antigen-binding molecule of any one of embodiments 76-78, wherein 

the first immunoglobulin, the second immunoglobulin, or both, is humanized. 

Embodiment 81. 	The antigen-binding molecule of any one of embodiments 76-80, wherein 

the amino acid at position 83 of the first immunoglobulin, the amino acid at position 

83 of the second immunoglobulin, or both, is an amino acid residue other than Phe, 

Lys, or Cys. 

Embodiment 82. 	The antigen-binding molecule of embodiment 81, wherein the amino acid 

residue other than Phe, Lys, or Cys is a polar or hydrophobic residue. 
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Embodiment 83. 	The antigen-binding molecule of any one of embodiments 76-82, wherein 

the first immunoglobulin and the second immunoglobulin bind to different antigens. 

Embodiment 84. 	The antigen-binding molecule of any one of embodiments 76-83, wherein 

the first thiol-reactive group, the second thiol-reactive group, or both, is maleimide or 

haloacetyl. 

Embodiment 85. 	The antigen-binding molecule of any one of embodiments 76-84, wherein 

the first thiol-reactive compound further comprises a first linker, the second thiol-

reactive compound further comprises a second linker, or both. 

Embodiment 86. 	The antigen-binding molecule of embodiment 85, wherein the first linker, 

the second linker, or both, is a cleavable linker or a non-cleavable linker. 

Embodiment 87. 	The antigen-binding molecule of embodiment 86, wherein the first linker, 

the second linker, or both, is a disulfide containing linker, an acetal-based linker or a 

ketal-based linker. 

Embodiment 88. 	The antigen-binding molecule of any one of embodiments 76-87, wherein 

the first thiol-reactive compound further comprises a first functional agent, the second 

thiol-reactive compound further comprises a second functional agent, or both. 

Embodiment 89. 	The antigen-binding molecule of embodiment 88, wherein the first 

functional agent, the second functional agent, or both, is a chemical linker. 

Embodiment 90. 	The antigen-binding molecule of any one of embodiments 76-89, wherein 

the first thiol-reactive compound, the second thiol-reactive compound, or both, is 

maleimido-PEG4-azide or maleimido-PEG4-dibenzocyclooctyne. 

Embodiment 91. 	The antigen-binding molecule of any one of embodiments 76-90, wherein 

the first thiol-reactive compound differs from the second thiol-reactive compound. 

Embodiment 92. 	The antigen-binding molecule of any one of embodiments 76-91, wherein 

the first immunoglobulin, second immunoglobulin, or both is a Fab. 
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Embodiment 93. 	A light chain variable region for use in a conjugated immunoglobulin, the 

light chain variable region having a cysteine at amino acid position 80 ("Cys80") and 

an amino acid residue other than Phe, Lys, or Cys at amino acid position 83, wherein 

the Cys80 is unpaired. 

Embodiment 94. 	The light chain variable region of embodiment 93, wherein the light chain 

variable region has a Cys80-Xaai-Xaa2-Xaa3  motif, wherein Xaa3  is any amino acid 

other than Phe, Lys, or Cys. 

Embodiment 95. 	The light chain variable region of embodiment 93 or 94, wherein the light 

chain variable region is derived from Oryctolagus cuniculus. 

Embodiment 96. 	The light chain variable region of any one of embodiments 93-95, wherein 

the light chain variable region is chimerized. 

Embodiment 97. 	The light chain variable region of any one of embodiments 93-95, wherein 

the light chain variable region is humanized. 

Embodiment 98. 	A nucleic acid molecule encoding the immunoglobulin of any one of 

embodiments 47-63. 

Embodiment 99. 	A host cell comprising the nucleic acid molecule of embodiment 98. 
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What is Claimed: 

1. A method for generating a conjugated immunoglobulin, the method comprising: 

decapping a cysteine at amino acid position 80 ("Cys80") in a light chain variable 

region of an immunoglobulin derived from rabbit, wherein the immunoglobulin 

comprises a heavy chain variable region and the light chain variable region; and 

conjugating a thiol-reactive compound to the Cys80, wherein the thiol-reactive 

compound comprises a thiol-reactive group. 

2. The method of claim 1, wherein the decapping comprises incubating the immunoglobulin 

with a reducing buffer followed by incubating the immunoglobulin with an oxidizing 

buffer. 

3. The method of claim 2, further comprising immobilizing the immunoglobulin on a matrix 

prior to the incubating with the reducing buffer and eluting the immunoglobulin from the 

matrix following the incubating with the oxidizing buffer. 

4. The method of any one of the previous claims, wherein the thiol-reactive compound is 

attached to a functional agent. 

5. The method of claim 4, wherein the functional agent comprises a fluorophore, fluorescent 

dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, radionuclide, chemical linker, 

small molecule, chelator, lipid, or drug. 

6. The method of any one of the previous claims, wherein the thiol-reactive compound is 

bound to a second thiol-reactive compound, the second thiol-reactive compound being 

bound to a second immunoglobulin having a second heavy chain variable region and a 

second light chain variable region, the second light chain variable region having a 

cysteine at amino acid position 80 ("Cys802"), wherein the second thiol-reactive 

compound comprises a second thiol-reactive group bound to the Cys802. 

7. The method of any one of the previous claims, wherein the Cys80 is unpaired. 

8. The method of any one of the previous claims, further comprising substituting an amino 

acid at position 83 with an amino acid residue other than Phe, Lys, or Cys. 
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9. A method for generating an antigen-binding molecule, the method comprising incubating 

a first conjugated immunoglobulin with a second conjugated immunoglobulin to generate 

the antigen-binding molecule, wherein: 

the first conjugated immunoglobulin comprises a first heavy chain variable region 

and a first light chain variable region, the first light chain variable region having a 

cysteine at position 80 ("Cys801") wherein the Cys801  is conjugated to a first thiol-

reactive compound comprising a first thiol-reactive group; and 

the second conjugated immunoglobulin comprises a second heavy chain variable 

region and a second light chain variable region, the second light chain variable region 

having a cysteine at position 80 ("Cys802") wherein the Cys802  is conjugated to a second 

thiol-reactive compound comprising a second thiol-reactive group. 

10. The method of claim 9, wherein the Cys801, the Cys802, or both, is unpaired. 

11. The method of claim 9 or 10, further comprising, prior to the incubating step, 

decapping the Cys801, Cys802, or both; and 

conjugating a first thiol-reactive compound to the Cys801, a second thiol-reactive 

compound to the Cys802, or both, wherein the first thiol-reactive compound comprises a 

first thiol-reactive group and the second thiol-reactive compound comprises a second 

thiol-reactive group. 

12. The method of any one of claims 9-11, wherein the first thiol-reactive compound further 

comprises a first functional agent, the second thiol-reactive compound further comprises 

a second functional agent, or both. 

13. The method of any one of claims 9-12, wherein the first immunoglobulin is a first Fab, 

the second immunoglobulin is a second Fab, or both. 

14. The method of any one of claims 9-13, further comprising substituting an amino acid at 

position 83 of the first light chain variable region with an amino acid residue other than 

Phe, Lys, or Cys, substituting an amino acid at position 83 of the second light chain 

variable region with an amino acid residue other than Phe, Lys, or Cys, or both. 
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15. The antigen-binding molecule produced according to the method of any one of claims 9-

14. 

16. An immunoglobulin comprising a heavy chain variable region and a light chain variable 

region, the light chain variable region having a cysteine at position 80 ("Cys80") and an 

amino acid other than Phe, Lys, or Cys at position 83. 

17. The immunoglobulin of claim 16, wherein the Cys80 is unpaired. 

18. The immunoglobulin of claim 16 or 17, wherein the Cys80 is decapped. 

19. The immunoglobulin of any one of claims 16-18, comprising: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-141 of xi155D5HC (SEQ ID NO:52) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi155D5LC (SEQ ID NO:78); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-144 of zu155D5HC (SEQ ID NO:54) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu155D5LC-3 (SEQ ID NO:84), zu155D5LC-4 (SEQ ID NO:86), zu155D5LC-5 

(SEQ ID NO:88), zu155D5LC-6 (SEQ ID NO:90), zu155D5LC-7 (SEQ ID NO:92), 

zu155D5LC-huVK2-40 (SEQ ID NO:96), zu155D5LC-huVK4-1 (SEQ ID NO:100), 

zu155D5LC-huVK6-21 (SEQ ID NO:102), zu155D5LC-huVK6D-41 (SEQ ID 

NO:104); or zu155D5LC-huVK7-3-G1u81 (SEQ ID NO:106); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-138 of xilE4HC (SEQ ID NO:58) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xilE4LC (SEQ ID NO:110); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-140 of zulE4HC (SEQ ID NO:60) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zulE4LC-CXXA (SEQ ID NO:114); 
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e. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi166B3HC (SEQ ID NO:74) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

xi166B3LC (SEQ ID NO:132); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu166B3HC (SEQ ID NO:76) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-130 of 

zu166B3LC-CXXA (SEQ ID NO:136). 

20. The immunoglobulin of claim 19, comprising: 

a. a heavy chain CDR1, CDR2, and CDR3 of xi155D5HC as set forth as SEQ ID 

NO:146, 148, and 150, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi155D5LC as set forth as SEQ ID NO:224, 226, and 228, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu155D5HC as set forth as SEQ ID 

NO:152, 154, and 156, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu155D5LC-3 as set forth as SEQ ID NO:242, 244, and 246, respectively, 

zu155D5LC-4 as set forth as SEQ ID NO:248, 250, and 252, respectively, 

zu155D5LC-5 as set forth as SEQ ID NO:254, 256, and 258, respectively, 

zu155D5LC-6 as set forth as SEQ ID NO:260, 262, and 264, respectively, 

zu155D5LC-7 as set forth as SEQ ID NO:266, 268, and 270, respectively, 

zu155D5LC-huVK2-40 as set forth as SEQ ID NO 278, 280, and 282, respectively, 

zu155D5LC-huVK4-1 as set forth as SEQ ID NO 290, 292, and 294, respectively, 

zu155D5LC-huVK6-21 as set forth as SEQ ID NO 296, 298, and 300, respectively, 

zu155D5LC-huVK6D-41 as set forth as SEQ ID NO 302, 304, and 306, respectively; 

or zu155D5LC-huVK7-3-G1u81 as set forth as SEQ ID NO 308, 310, and 312, 

respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xilE4HC as set forth as SEQ ID NO:164, 

166, and 168, respectively, and a light chain CDR1, CDR2, and CDR3 of xilE4LC as 

set forth as SEQ ID NO:320, 322, and 324, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of zulE4HC as set forth as SEQ ID NO:170, 

172, and 174, respectively, and a light chain CDR1, CDR2, and CDR3 of zulE4LC-

CXXA as set forth as SEQ ID NO:332, 334, and 336, respectively; 
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e. a heavy chain CDR1, CDR2, and CDR3 of xi166B3HC as set forth as SEQ ID 

NO:212, 214, and 216, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi166B3LC as set forth as SEQ ID NO:386, 388, and 390, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of zu166B3HC as set forth as SEQ ID 

NO:218, 220, and 222, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu166B3LC-CXXA as set forth as SEQ ID NO:398, 400, and 402, respectively. 

21. The immunoglobulin of any one of claims 16-18, comprising: 

a heavy chain variable region having an amino acid sequence at least 90% 

identical to amino acids 20-139 of xi1-55-2HC (SEQ ID NO:56) and a light chain 

variable region having an amino acid sequence at least 90% identical to amino acids 20-

129 of xi1-55-2LC (SEQ ID NO:108). 

22. The immunoglobulin of claim 21, comprising: 

a heavy chain CDR1, CDR2, and CDR3 of xi1-55-2HC as set forth as SEQ ID 

NO:158, 160, and 162, respectively, and a light chain CDR1, CDR2, and CDR3 of xil-

55-2LC as set forth as SEQ ID NO:314, 316, and 318, respectively. 

23. The immunoglobulin of any one of claims 16-18, comprising: 

a. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-142 of xi33011HC (SEQ ID NO:62) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-131 of 

xi33011LC (SEQ ID NO:116); 

b. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-145 of zu33011HC (SEQ ID NO:64) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-131 of 

zu33011LC-CXXA (SEQ ID NO:120) or zu33011LC-CXXI (SEQ ID NO:122); 

c. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi32405HC (SEQ ID NO:66) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi32405LC (SEQ ID NO:124); 

d. a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi178F16HC (SEQ ID NO:68) and a light chain variable 
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region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi178F16LC (SEQ ID NO:126); 

e. 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-132 of xi237N18HC (SEQ ID NO:70) and a light chain variable 

region having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi237N18LC (SEQ ID NO:128); or 

f 	a heavy chain variable region having an amino acid sequence at least 90% identical to 

amino acids 20-137 of xi383I18HC (SEQ ID NO:72) and a light chain variable region 

having an amino acid sequence at least 90% identical to amino acids 20-127 of 

xi383I18LC (SEQ ID NO:130). 

24. The immunoglobulin of claim 23, comprising: 

a. a heavy chain CDR1, CDR2, and CDR3 of xi33011HC as set forth as SEQ ID NO: 

176, 178, and 180, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi33011LC as set forth in SEQ ID NO:338, 340, and 342, respectively; 

b. a heavy chain CDR1, CDR2, and CDR3 of zu33011HC as set forth as SEQ ID 

NO:182, 184, and 186, respectively, and a light chain CDR1, CDR2, and CDR3 of 

zu33011LC-CXXA as set forth as SEQ ID NO:350, 352, and 354, respectively, or 

zu33011LC-CXXI as set forth as SEQ ID NO:356, 358, and 360, respectively; 

c. a heavy chain CDR1, CDR2, and CDR3 of xi32405HC as set forth as SEQ ID 

NO:188, 190, and 192, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi32405LC as set forth as SEQ ID NO:362, 364, and 366, respectively; 

d. a heavy chain CDR1, CDR2, and CDR3 of xi178F16HC as set forth as SEQ ID 

NO:194, 196, and 198, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi178F16LC as set forth as SEQ ID NO:368, 370, and 372, respectively; 

e. a heavy chain CDR1, CDR2, and CDR3 of xi237N18HC as set forth as SEQ ID 

NO:200, 202, and 204, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi237N18LC as set forth as SEQ ID NO:374, 376, and 378, respectively; or 

f 	a heavy chain CDR1, CDR2, and CDR3 of xi383I18HC as set forth as SEQ ID 

NO:206, 208, and 210, respectively, and a light chain CDR1, CDR2, and CDR3 of 

xi383I18LC as set forth as SEQ ID NO:380, 382, and 384, respectively. 

25. A conjugated immunoglobulin comprising: 
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the immunoglobulin of any one of claims 16-24, wherein the cysteine at position 

80 is conjugated to a thiol-reactive compound, the thiol-reactive compound comprising a 

thiol-reactive group. 

26. The conjugated immunoglobulin of claim 25, wherein the thiol-reactive compound 

further comprises a functional agent. 

27. The conjugated immunoglobulin of claim 26, wherein the functional agent comprises a 

fluorophore, fluorescent dye, polypeptide, immunoglobulin, antibiotic, nucleic acid, 

radionuclide, chemical linker, small molecule, chelator, lipid, or drug. 

28. A method of treating cancer in a subject comprising administering to the subject a 

pharmaceutically effective amount of a conjugated mesothelin immunoglobulin, wherein 

the conjugated mesothelin immunoglobulin comprises: 

the immunoglobulin of any one of claims 23-24, and 

a thiol-reactive compound comprising a thiol-reactive group, a linker, and a functional 

agent. 

29. The method of claim 28, wherein the functional agent is auristatin F. 

30. A antigen-binding molecule comprising: 

a first conjugated immunoglobulin comprising a first heavy chain variable region 

and a first light chain variable region, the first light chain variable region having a 

cysteine at position 80 ("Cys801"), wherein the Cys801  is conjugated to a first thiol-

reactive compound comprising a first thiol-reactive group, and 

a second conjugated immunoglobulin comprising a second heavy chain variable 

region and a second light chain variable region, the second light chain variable region 

having a cysteine at position 80 ("Cys802") wherein the Cys802  is conjugated to a second 

thiol-reactive compound comprising a second thiol-reactive group. 

31. The antigen-binding molecule of claim 30, wherein Cys801, Cys802, or both, is unpaired. 
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32. The antigen-binding molecule of claim 30 or 31, wherein the amino acid at position 83 of 

the first immunoglobulin, the amino acid at position 83 of the second immunoglobulin, or 

both, is an amino acid residue other than Phe, Lys, or Cys. 

33. The antigen-binding molecule of any one of claims 30-32, wherein the first thiol-reactive 

compound further comprises a first functional agent, the second thiol-reactive compound 

further comprises a second functional agent, or both. 

34. The antigen-binding molecule of any one of claims 30-33, wherein the first 

immunoglobulin, second immunoglobulin, or both is a Fab. 

35. A light chain variable region for use in a conjugated immunoglobulin, the light chain 

variable region having a cysteine at amino acid position 80 ("Cys80") and an amino acid 

residue other than Phe, Lys, or Cys at amino acid position 83, wherein the Cys80 is 

unpaired. 

36. The light chain variable region of claim 35, wherein the light chain variable region has a 

Cys80-Xaaj-Xaa2-Xaa3  motif, wherein Xaa3  is any amino acid other than Phe, Lys, or 

Cys. 

37. A nucleic acid molecule encoding the immunoglobulin of any one of claims 16-24. 

38. A host cell comprising the nucleic acid molecule of claim 37. 
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FIG. 3 
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	FWRI 	 
ADAITQTPSPVSAAVGGTVTISC 
AQVLTQTESPVSAPVGGTVTINC 
AQVLTQTESPVSAPVGGTVTINC 
AQVICIPASVSAAVGGTVTINC 
AQV7,1 —.:MPASVSAAVGGTVTIIC 
AI -;7,1 —(TPASVEAAVGGTITINC 
DPV7T ,,-.TPSSTSAAVGGTVTINC 
DGV7,1 — cTPAPVSAAVGGTVTINC 
DVV:T_,;TPSPVSANVGGTVTINC 
DPMT —.:TASPVSAAVGSTVTISC 
AAVT —.:TPSPVSVAVGGTVTINC 
DV‘i,r.:TPSSKSAAVGDTVTIKC 
DPMI —.:TASPVSAAVGSTVTISC 
DPVI — c.ITASPVSAAVGGTVTISC 
ALVT-QTPSPVSAAVGSTVTISC 
DPMLTQTASPVSAAVGSTVTISC 
AQGPTQTPSSVSAAVGGTVTINC 
DPMLTQTASPVSAAVGSTVTISC 
ADAMQTPASVEAAVGGTVTIKC 
AAVLTQTPSPVSVAVGGTVTINC 
AAVLTQTPSPVSAAVGGTVTIKC 
DPM171ASPVSAAVGSTVTISC 
YVMNTC1PSSVSEAVGGTVTIYC 
DPM171ASPVSAAVGSTVTISC 
DVV,171PSPVSAAVGGTVTINC 
DPMITCIASPVSAAVGSTVTISC 
DPMP ,,-.TASPVSAAVGSTVTISC 
DPM1 — cTASPVSAAVGGTVTINC 
YVMN — cTPSSVSEAVGGTVTIYC 
DPML:c.TASPVSANVGGTVTINC 
DVVM—.:TPSPVSAAVGGTVTINC 
DPMI —(TASPVSAAVGSTVTISC 
DIVLTQTASPVSAAVGSTVTISC 
AVVLTQTASPVSAAVGGTVTINC 
DPMICIASPVSAAVGSTVTISC 
DVV7T ,:IPSPVSAAVGGTVTINC 
DVV7T ,:IPSPVSAAVGGTVTINC 
DVV71 ,:TPSPVSAAVGGTVTINC 
DVV7,r(TPSPVSAAVGGTVTINC 
DVVV,-.IPSPVSAAVGGTVTINC 
DPVLTQTASPVSAAVGGTVTISC 
AAVLTQTPSPVSVAVGGTVTINC 
DPMLTQTPSPVSAAVGGTVTINC 
AAVLTQTPSPVSVAVGGTVTINC 
DPMLTQTASPVSAAVGSTVTISC 
DPVLTQTASPVSAAVGGTVTISC 
AIKINTQTPSSVSAAVGGTVTINC 
DPMLTQTASPVSAAVGSTVTISC 
DPVLTQTPSSACEPVGGTVTIKC 
DPMLTQTPSPVSAAVGGTVTINC 
YVMMTQTPSSVSEAVGGTVTIYC 
DPMLTQTASPVSAAVGGTVTISC 
YVMMTQTPSSVSEAVGGTVTISC 
DVVMTQTPSPVSAAVGSTVTISC 
DPMLTQTASPVSAAVGSTVTISC 
DPVLTCMASPVSAAVGGTVTISC 
DPMLTQTASPVSAAVGSTVTISC 
DVVMTQTPSPVSAAVGGTVTINC 
AAVLTQTPSPVSVAVGGTVTISC 
DPVLTQTPSPVSVAVGGTVTINC 
AIMMTQTPSSTSENGGTVTINC 
DVVMTQTASPVSAAVGSTVTISC 
AAVLTQTPSPVSVAVGGTVTINC 
DPVLTQTASPVSAAVGGTVTISC 
YVMMTQTPSSVSEAVGGTVTIYC 
DPMLTQTASPVSAAVGSTVTISC 
DVVINTQTPSSKSAAVGDTVTIKC 
AAVLTQTPSPVSVAVGGTVTINC  

	FWR2— —> 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKLGQPPKLLIY 
WYQQKLGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQ*KPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQRPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY 
WYQQKPGQPPKLLIY 
WFQQKPGQPPKLLIY  

	 FWR3— —; 	 
GVPSRFKGSGSGTQFTLTISGVECDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTEYTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTEYTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFSGSGSGKQFTLTISGVQCDDAATYYC 
GVPSRFNGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISDLECADAATYYC 
GVPSRFKGSGSGTQFTLTINGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGFGTQFTLTISGAQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISDVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVSSRFKGSGSGTEYTLTISGVQCADAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPDRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFRGSGSGTQFTLTISGMKAEDVATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTEYTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTINGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTEFTLTISDLECADAATYYC 
GVPSRFRGSGSGTQFTLTISGMKAEDVATYYC 
GVPSRFKGSRSGTEFTLTISDLECADAATYYC 
GVPSRFKGSGSGTQFTLTISDLECADAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPPRFKGSGSGTEFTLTISDLECADAATYYC 
GVSSRFKGSGSGTQFTLTISGVQPGDAATYYC 
GVPSRFSGSGSGTEYTLTISGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTEYTLTISDLECADAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTINGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSWVSSSGSGTEFTLTISGVQPGDAATYYC 
GVPSRFSGSGSGTQFTLTISGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVSSRFKGSGSGTQFTLTISGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFKGSGSGTQFTLTIKGVQCDDAATYYC 
GVPSRFRGSGSGTQFTLTIKGVQCDDAATYYC 
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