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FUSION PROTEINS TO FACILITATE SELECTION OF CELLS INFECTED 
WITH SPECIFIC IMMUNOGLOBULIN GENE RECOMBINANT VACCINIA 

VIRUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This application claims priority benefit to U.S. Provisional Appl. No. 61/639,046, 

filed on April 26, 2012, U.S. Provisional Appl. No. 61/732,776, filed on December 3, 2012, 

and U.S. Nonprovisional Appl. No. 13/844,388, filed March 15, 2013, the content of each 

are hereby incorporated by reference in their entirety. 

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY 

[00 02] 	The content of the electronically submitted sequence listing in ASCII text file 

(Name: "1843_071PCO2_SequenceListing ascii.txt"; Size: 30,863 bytes; and Date of 

Creation: April 25, 2013) filed herewith is incorporated herein by reference in its 

entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0003] 	The present invention relates to 	a high efficiency method of expressing 

immunoglobulin molecules on vaccinia virus particles, e.g., EEV virions, and/or on host 

cells, a method of producing immunoglobulin heavy and light chain libraries for 

expression in vaccinia virus particles, e.g., EEV virions, and/or eukaryotic cells, 

methods 	of 	isolating 	immunoglobulins 	which 	bind 	specific 	antigens, 	and 

immunoglobulins produced by any of these methods. 	The invention also relates to 

fusion proteins used for expressing immunoglobulin molecules on vaccinia virus 

particles, e.g., EEV virions, or on Lost cells. 
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Related Art 

Immunoglobulin Production 

[0004] Antibodies of defined specificity are being employed in an increasing number of 

diverse therapeutic applications. 	A number of methods have been used to obtain useful 

antibodies for human therapeutic use. 	These include chimeric and humanized 

antibodies, and fully human antibodies selected from libraries, e.g., phage display 

libraries, or from transgenic animals. 	Immunoglobulin libraries constructed in 

bacteriophage can derive from antibody producing cells of naive or specifically 

immunized individuals and could, in principle, include new and diverse pairings of 

human immunoglobulin heavy and light chains. 	Although this strategy does not suffer 

from an intrinsic repertoire limitation, it requires that complementarity determining 

regions (CDRs) of the expressed immunoglobulin fragment be synthesized and fold 

properly in bacterial cells. 	Many antigen binding regions, however, are difficult to 

assemble correctly as a fusion protein in bacterial cells. 	In addition, the protein will not 

undergo normal eukaryotic post-translational modifications. 	As a result, this method 

imposes a different selective filter on the antibody specificities that can be obtained. 

Alternatively, fully human antibodies can be isolated from libraries in eukaryotic 

systems, e.g., yeast display, retroviral display, or expression in DNA viruses such as 

poxviruses. 	See, e.g., U.S. Patent No. 7,858,559, which is incorporated herein by 

reference in its entirety. 

[0005] The present invention enables efficient expression of a library of fully human 

antibodies on the surface of vaccinia virus, an enveloped mammalian virus. 	Similar to 

phage display, conditions are utilized wherein each vaccinia virion expresses a single 

immunoglobulin, e.g., an antibody or scFV, on its surface. 

[0006] However, in the current invention, various panning and magnetic bead based 

methods have been developed to screen libraries of vaccinia-MAb virions to select 

recombinant virus encoding specific antibodies. 	Upon infection of mammalian cells, 

the antibody is not only incorporated into newly produced virus, it is also displayed on 

the surface of the host cell. This enables efficient selection str ategies that combine the 

benefits of selection of vaccinia-M At virions in a cell free panning system, followed by 

cell based screening for high specificity and antibody optimization. 
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[0007] This is different from other technologies in the field which express a single scFV 
but do not express a library. Moreover, other technologies are designed to re-direct 
vaccinia infection through the scFV for gene therapy and are not used for antibody 
discovery. Additionally, the current technology differs from the previous technology by 
using EEV instead of the IMV, and also by using different fusion proteins (e.g., A56R), 

SUMMARY 

[0007a] In one aspect, there is provided a fusion protein comprising an immunoglobulin heavy 
chain variable region domain fused to the N-terminus of (a) a polypeptide segment consisting 
ofamino acids 117 to 421 of SEQ ID NO: 11, which is the CHI domain of human IgGl fused to 
the stalk region, the transmembrane domain, and the intracellular domain of the vaccinia virus 
A56R protein, or (b) a polypeptide segment consisting of amino acids 117 to 653 of SEQ ID 
NO: 30, which is the full constant region of human IgGl fused to the stalk region, the 
transmembrane domain, and the intracellular domain of a vaccinia virus A56R protein; wherein 
the fusion protein can be expressed on the surface of a vaccinia extracellular enveloped virus 
(EEV) virus particle, and wherein the fusion protein when combined with a light chain variable 
domain can form a functional antibody or antigen binding fragment thereof. 

[0008] In certain embodiments, the disclosure is directed to fusion protein comprising (a) a first 
polypeptide segment comprising a heavy chain CHI domain and (b) a second 
polypeptide segment comprising the transmembrane domain of a vaccinia extracellular 
enveloped virus (EEV)-specific membrane protein. 

[0009] In some embodiments, the fusion protein further eomprising a third polypeptide 
segment comprising an immunoglobulin heavy chain variable region or fragment 
thereof. In another embodiment, the vaccinia EEV-specific membrane protein is 
A56R. 

[0009a] In one aspect, there is provided a polynucleotide encoding the fusion protein as described herein, 

[0010] In certain embodiments, the disclosure is directed to a polynucleotide encoding a fusion protein 
comprising (a) a first polypeptide segment comprising the human heavy chain CHI 
domain and (b) a second polypeptide segment comprising the transmembrane domain of 
a vaccinia extracellular enveloped virus (EEV)-specific membrane protein. 
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In certain embodiments, the polynucleotide comprises nucleotides of SEQ ID NO: 10 which 

encodes amino acids 108 to 314 of A56R from Western Reserve Vaccinia virus strain. In certain 

embodiments, the polynucleotide encodes amino acids 215 to 421 of SEQ ID NO: 11. In certain 

embodiments, the polynucleotide comprises the nucleotides of SEQ ID NO: 10 which encode 

amino acids 215 to 421 of SEQ ID NO: l l .  

[0010a] In one aspect, there is provided a vector comprising the polynucleotide as described herein. 

[0011]   In certain embodiments, the disclosure is directed to a vector comprising a polynucleotide 

encoding a fusion protein comprising (a) a first polypeptide segment comprising the 

human heavy chain CHI domain and (b) a second polypeptide segment comprising the 

transmembrane domain of a vaccinia extracellular enveloped virus (EEV)-specific 

membrane protein. 
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[0011a] In one aspect, there is provided a recombinant vaccinia virus comprising the polynucleotide 
as described herein. 

[0012] In certain embodiments, the disclosure is directed to a recombinant vaccinia virus comprising 
a polynucleotide encoding a fusion protein comprising (a) a first polypeptide segment 
comprising the human heavy chain CHI domain and (b) a second polypeptide segment 
comprising 	the 	transmembrane 	domain 	of 	a 	vaccinia 	extracellular 	enveloped 

virus 	(EEV)-specific 	membrane 	protein. 	In 	another 	aspect, 	there 	is 	provided 
a host cell infected with the recombinant vaccinia virus as described herein. 

[0012a] In one aspect, there is provided recombinant vaccinia library comprising a library of 
polynucleotides encoding a plurality of immunoglobulin fusion polypeptides comprising different 
immunoglobulin heavy chain variable regions„ each immunoglobulin fusion polypeptide comprising, in 
N- to C-terminal order, a heavy chain variable domain fused to a CH1 constant domain fused to a 
polypeptide segment comprising the transmembrane domain of an EEV-specific membrane protein, 
wherein the library of polynucleotides is constructed in a vaccinia virus vector, and wherein each 
polynucleotide in the library comprises the following elements: 

(a) a first polynucleotide encoding a first polypeptide segment comprising a heavy chain IgG CH1 
domain; 

(b) a second polynucleotide encoding a second polypeptide segment comprising the stalk region, the 
transmembrane domain, and the intracellular domain of vaccinia virus A56R EEV-specific membrane 
protein, situated downstream of the first polynucleotide encoding the first polypeptide segment; and 

(c) a third polynucleotide encoding an immunoglobulin heavy chain variable region (VH) or fragment 
thereof situated upstream of the first polynucleotide encoding the first polypeptide segment; wherein the 
immunoglobulin fusion protein can be expressed on the surface of a vaccinia EEV particle, and wherein 
the fusion protein can combine with an immunoglobulin light chain to form an antigen-binding domain of 
an immunoglobulin molecule. 

[0013] 	 In another embodiment, the disclosure is directed to recombinant vaccinia 
library comprising a first library of polynucleotides constructed in a vaccinia virus vector 
encoding a plurality of immunoglobulin fusion polypeptides, wherein the vaccinia virus 
vector comprises (a) a first polynucleotide encoding a first polypeptide segment 
comprising a heavy chain CHI domain (b) a second polynucleotide encoding a second 
polypeptide segment comprising the transmembrane domain of a vaccinia virus 
EEV-specific membrane protein situated downstream of the CHI domain, and (c) a third 
polynucleotide encoding an immunoglobulin heavy chain variable region or fragment 
thereof situated upstream of the CHI domain. In one embodiment, the first library 
further comprising a signal peptide for facilitating expression of the fusion polypeptides 
on the surface of EEV. In another embodment, the EEV-specific membrane protein is 
A56R. In another embodment, the vaccinia EEV-specific membrane protein is A56R. 
In another embodiment, the second polypeptide segment further comprises the 
extracellular domain of the EEV-specific membrane protein, or a portion thereof. In 
another embodiment, the second polypeptide segment further comprises the intracellular 
domain of the EEV-specific membrane protein, or a portion thereof. In certain 
embodiments, the fusion protein comprises amino acids of SEQ ID NO: 11 which 
correspond to the polypeptide sequence amino acids 108 to 314 of A56R from Western 
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Reserve Vaccinia virus strain. In certain embodiments, the fusion protein comprises amino acids 

215 to 421 of SEQ ID NO: 11. In certain embodiments, the fusion protein comprises amino acids 

215 to 421 of SEQ ID NO: 1 1 , which is the polypeptide sequence amino acids 108 to 314 of 

A56R from Western Reserve Vaccinia virus strain.  

 

[0013a] In one aspect, there is provided a method for selecting polynucleotides which encode an 

antigen-specific immunoglobulin heavy chain variable region or antigen-binding fragment 

thereof, comprising: 

(a) introducing a recombinant vaccinia library encoding immunoglobulin fusion polypeptides 

into a population of host cells permissive for vaccinia virus infectivity, the recombinant vaccinia 

library comprising a first library of polynucleotides constructed in a vaccinia virus vector 

encoding a plurality of immunoglobulin fusion polypeptides, wherein the vaccinia virus vector 

comprises (1) a first polynucleotide encoding a first polypeptide segment comprising a heavy 

chain CH1 domain (2) a second polynucleotide encoding a second polypeptide segment 

comprising the transmembrane domain of a vaccinia virus extracellular enveloped virus (EEV)-

specific membrane protein situated downstream of the CH1 domain, and (3) a third 

polynucleotide encoding an immunoglobulin heavy chain variable region or fragment thereof 

situated upstream of the CH1 domain; 

(b) introducing one or more polynucleotides encoding an immunoglobulin light chain into the 

population of host cells, 

wherein an immunoglobulin fusion protein is capable of combining with an immunoglobulin 

light chain to form an antigen-binding domain of an immunoglobulin molecule; 

(c) permitting release of EEV from the host cells; 

(d) collecting the released EEV from the supernatant; 

(e) contacting the released EEV with an antigen; and 

(f) recovering the polynucleotides of the first library which encode the immunoglobulin fusion 

polypeptides expressed on the membrane surface of EEV and specific for the antigen. 
 

 

[0014]    In another embodiment, the disclosure is directed to methods for selecting 

polynucleotides which encode an antigen-specific immunoglobulin heavy chain variable 

region or antigen-binding fragment thereof, comprising: (a) introducing the first  

library of any one of claims 13 to 18 encoding immunoglobulin fusion proteins into a 
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population of host cells permissive for vaccinia virus infectivity; (b) introducing  

one or more polynucleotides encoding an immunoglobulin light chain into the  

population of host cells, wherein an immunoglobulin fusion protein is capable of 

combining with an immunoglobulin light chain to form an antigen-binding domain of an 

immunoglobulin molecule; (c) permitting release of extracellular enveloped virus  

(EEV) from the host cells; (d) collecting the released EEV from the supernatant; (e) 

contacting the released EEV with an antigen; and (f) recovering the polynucleotides of 

the first library which encode the immunoglobulin fusion polypeptides expressed on the 

membrane surface of EEV and specific for the antigen.  

[0015]    In one embodiment, to methods for selecting polynucleotides which encode an 

antigen-specific immunoglobulin heavy chain variable region or antigen-binding 

fragment thereof further comprises: (g) introducing the polynucleotides recovered in 

(f) into a second population of host cells permissive for vaccinia virus infectivity; (h) 

introducing one or more polynucleotides encoding an immunoglobulin light chain  

into the population of host cells; (i) permitting release of extracellular enveloped virus 

(EEV) from the host cells; (j) collecting the released EEV from the supernatant; (k) 

contacting the released EEV with an antigen; and (1) recovering the  

polynucleotides of the first library which encode the immunoglobulin fusion 

polypeptides expressed on the membrane surface of EEV and specific for the antigen.  

[0016]    In certain embodiments steps (g)-(l) are repeated one or more times, thereby 

enriching for polynucleotides of the first library which encode immunoglobulin heavy 

chain variable regions or antigen-specific fragments thereof, as part of an 

immunoglobulin fusion polypeptide that specifically binds the antigen.  

[0017]    In certain embodiments, the polynucleotides recovered from the first library are 

isolated.  

[0018]    In another embodiment, the disclosure is directed to a method for selecting 

polynucleotides which encode an antigen-specific immunoglobulin molecule or  

antigen-specific fragment thereof, comprising: (a) introducing the first library into a 

population of host cells permissive for vaccinia virus infectivity; (b) introducing a  

second library into the population of host cells, where in the second library comprises a 

plurality of polynucleotides encoding an immunoglobulin light chain,  
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[0019] Wherein the immunoglobulin fusion polypeptide is capable of combining with the 

immunoglobulin light chain to form an immunoglobulin molecule or antigen-specific 

fragment thereof; (c) permitting expression of the immunoglobulin fusion polypeptide 

from the host cells; (d) collecting the immunoglobulin fusion polypeptide from the host 

cells; (e) contacting the collected 	immunoglobulin fusion polypeptide with an antigen; 

and (1) recovering the 	polynucleotides of the 	first library which encode the 

immunoglobulin fusion polypeptides that are specific for the antigen. 

[0020] In one embodiment, the method for selecting polynucleotides which encode an 

antigen-specific immunoglobulin molecule or antigen-specific fragment thereof further 

comprises: (g) introducing the polynucleotides recovered in (f) into a second population 

of host cells permissive for vaccinia virus infectivity; (h) introducing into the second 

population of host cells the second library of polynucleotides; (i) permitting expression 

of the immunoglobulin fusion polypeptide from the host cells; (j) collecting the 

immunoglobulin fusion polypeptide from the host cells; (k) contacting the collected 

immunoglobulin 	fusion polypeptide 	with 	an 	antigen; 	and 	(1) 	recovering the 

polynucleotides of the 	first library which encode the immunoglobulin fusion 

polypeptides that are specific for the antigen. 

[0021] In certain embodiments steps steps (g)-(I) are repeated one or more times, thereby 

enriching for polynucleotides of the first library which encode immunoglobulin heavy 

chain 	variable 	regions 	or 	antigen-specific 	fragments 	thereof, 	as 	part 	of an 

immunoglobulin fusion polypeptide that specifically binds the antigen. 

[0022] In one embodiment, the a method for selecting polynucleotides which encode an 

antigen-specific immunoglobulin molecule or antigen-specific fragment thereof further 

comprises isolating the third poly nucleotides recovered from the first library. 

BRIEF DESCRIPTION OF THE FIGURES 

[0023] FIG. 1. 	Shows the pJEM1 plasmid elements and their respective sequences (SEQ 

ID NO:1). 

[0024] FIG. 2. Shows an illustration of the general strategy for library selection using 

recombinant vaccinia virus, 
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100251 FIG. 3A-C. 	Show Fluorescence Activated Cell Sorting (FACS) analysis data for 

C35 staining and CD100 staining of HeLa cells infected with EEV recombinant vaccinia 

virus expressing H2124-A56R + L517 (B) or 2408-A56R-scFV (C) compared to wild-type 

(WT) infected cells (A). 

[0026] FIG. 4A-B. 	Show ELISA binding results for EEV containing the C35 specific 

fusion protein (labeled "A56R EEV"), a control ("L517+G7000-A56R EEV"), and C35 

specific antibody in standard membrane bound IgG1 	format ("mbg EEV") with 

C35/Anti-Vac HRP (A) and C35/Anti-Fab (B). 

[0027] FIG. 5A-D. 	Show plaque assay plate results for C35 binding after 2 hours (A) and 

overnight (B), and VEGF binding after 2 hours (C) and overnight (D). 

[0028] FIG. 6. 	Shows an illustration of the CD100 antibody selection strategy. 

[0029] FIG. 7. 	Shows an alignment of the VH sequence of CD100 clone C20 (SEQ ID 

NO:19) and an identical VH clone identified by the recombinant vaccinia library selection. 

[0030] FIG. 8. 	Shows flow cytometry C35 and Her2 staining results for Her2.3.2 and 

Her2.3.3 selection with light chains L48, L116, and L9021. 

[0031] FIG. 9. 	Shows an illustration of the Her2 antibody selection strategy. 

[0032] FIG. 10. 	Shows flow cytometry results for C35 + anti-His and Her2 + anti-His for 

for Her2.3.2 and Her2.3.3 selection. 

[0033] FIG. 11. Shows an alignment of the VH sequence of Her2 clone B10 (SEQ ID 

NO:20) and an identical VH clone identified by the recombinant vaccinia library selection. 

[0034] FIG.12. 	Shows a diagram of "Fab", "TR", and "IgG-gamma heavy chain" 

constructs. 

[0035] FIG. 13. Shows Fluorescence Activated Cell Sorting (FACS) analysis data for C35 

staining and Her2 staining of HeLa cells infected with EEV recombinant vaccinia virus 

expressing 8000-Fab L8000. 
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[0036] FIG. 14. 	Shows Fluorescence Activated Cell Sorting (FACS) analysis data for 

C35 staining and Her2 staining of HeLa cells infected with EEV recombinant vaccinia 

virus expressing (A) 8000-IgG L8000 and (B) 8000-TR L8000. 

100371 	FIG. 15. 	Shows Fluorescence Activated Cell Sorting (FACS) analysis data for 

C35 staining and Her2 staining of HeLa cells infected with EEV recombinant vaccinia 

virus expressing (A) H2124-IgG and (B) H2124-TR L517. 

[0038] FIG. 16. 	Shows controls for CD100 Lib 10.3 FLOW analysis. 	Fluorescence 

Activated Cell Sorting (FACS) analysis data for Her2 staining and CD100 staining of HeLa 

cells infected with EEV recombinant vaccinia virus expressing (A) 2368 and (B) 8000. 

[0039] FIG. 17. 	Shows results for Tosyl selected CD100 Lib 10.3 FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Her2 staining and CD100 

staining of HeLa cells infected with EEV recombinant vaccinia virus expressing (A) L223, 

(B) L151, and (C) L9021. 

[NA NG. 18. 	Shows results for "-rosy]. selected CD100 Lib 10.3 FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data fo3 I ler2 staining and CD100 

staining of I lel ,a cells infected with EEV recombinant vaccinia virus expressing (A) L48, 

(B) L7110, and (C) L122. 

[0041] FIG. 19. 	Shows results for Tosyl selected CD100 Lib 10.3 FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Her2 staining and CD100 

staining of HeLa cells infected with EEV recombinant vaccinia virus expressing (A) L116, 

(B) L214, and (C) L3-1 

[0042] FIG. 20. 	Shows results for ProG selected CD100 Lib 10.3 FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Her2 staining and CD100 

staining of HeLa cells infected with EEV recombinant vaccinia virus expressing (A) L223, 

(B) L151, and (C) L9021. 

[0043] FIG. 21. 	Shows results for ProG selected CD100 Lib 10.3 FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Her2 staining and CD100 

staining of HeLa cells infected with EEV recombinant vaccinia virus expressing (A) L48, 

(B) L7110, and (C) L122. 
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[0044] FIG. 22. 	Shows results for ProG selected CD100 Lib 10.3 FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Her2 staining and CD100 

staining of HeLa cells infected with EEV recombinant vaccinia virus expressing (A) L116, 

(B) L214, and (C) L3-1. 

[0045] FIG. 	23. 	Shows 	controls 	for 	CD100 	Lib 	10.3/L3-1 	FLOW 	analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Precomplex Her2 staining, 2 

steps CD100 staining, and Precomplex CD100 staining of HeLa cells infected with EEV 

recombinant vaccinia virus expressing (A) 8000 and (B) 2368. 

[0046] FIG. 24. 	Shows results for CD100 Lib 	10.3Tosyl/L3-1 	FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Precomplex Her2 

staining, 2 steps CD100 staining, and Precomplex CD100 staining of HeLa cells 

infected with EEV recombinant vaccinia virus expressing (A) CD100 Lib 10.3 

pre-sorted Tosyl selected and (B) CD100 Lib 10.3 sorted Tosyl selected. 

[0047] FIG. 25. 	Shows results for CD100 Lib 10.3ProtG/L3-1 	FLOW analysis. 

Fluorescence Activated Cell Sorting (FACS) analysis data for Precomplex Her2 

staining, 2 steps CD100 staining, and Precomplex CD100 staining of HeLa cells 

infected with EEV recombinant vaccinia virus expressing (A) CD100 Lib 10.3 

pre-sorted ProtG selected and (B) CD100 Lib 10.3 	sorted ProtG selected. 

[0048] FIG. 26. 	Shows flow cytometry results showing specificity to CD100 on Jurkat 

cells (CD100+) and BxPC3 cells for mAbs 2050, 2063, and 2110. 

[0049] FIG. 27. 	Shows ELISA results on (A) huCD100-His coated and (B) Hemoglobin 

coated plates with three CD100 specific antibodies (Mab2050, MabC2063, and 

MabC2110) compared to positive and negative controls. 

[0050] FIG. 28. 	Shows a schematic for identification of specific Ig-H/Ig-L following 

vaccinia display methods. 

[0051] FIG. 29. 	Fluorescence Activated Cell Sorting (FACS) analysis data for C35 and 

Her2 staining of HeLa cells infected with EEV recombinant vaccinia virus expressing 

Her2 specific clones (A) D5, (B) D8, and (C) H2. 
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[0052] FIG. 30. 	Shows ELISA results for three Her2 specific antibodies (Mab8287, 

Mab8290, and Mab9298). 

[0053] FIG. 31. Shows flow cytometry results showing specificity to Her2 on SKBR3 cells 

(Her2+++) for Mab8289, Mab8293, and Mab8297. 

DETAILED DESCRIPTION 

[0054] The present invention is broadly directed to methods of identifying and/or 

producing functional, antigen-specific immunoglobulin molecules, or antigen-specific 

fragments (i.e., antigen-binding fragments) thereof, in a eukaryotic system displayed on 

the surface of extracellular enveloped vaccinia virus (EEV), as a fusion with a 

polypeptide segment comprising the transmembrane domain of an EEV-specific 

membrane protein. 	In addition, the invention is directed to methods of identifying 

polynucleotides which encode an antigen-specific immunoglobulin molecule, or an 

antigen-specific fragment thereof, from complex expression libraries of polynucleotides 

encoding such immunoglobulin molecules or fragments, where the libraries are 

constructed and screened in a eukaryotic system displayed on the surface of extracellular 

enveloped vaccinia virus (EEV), as a fusion with a polypeptide segment comprising the 

transmembrane domain of an EEV-specific membrane protein. 	Further embodiments 

include a fusion protein comprising (a) a first polypeptide segment comprising the 

human heavy chain CH1 domain (b) a second polypeptide segment comprising the 

extracellular and transmembrane domains of a vaccinia extracellular enveloped virus 

(EEV)-specific membrane protein. 	In further embodiments a fusion protein as 

disclosed herein can include a binding molecule, e.g., an antigen-specific portion of an 

immunoglobulin or portion thereof, e.g., a heavy chain variable region, which, when 

paired with a suitable immunoglobulin light chain, binds to an antigen of interest. 

[0055] One aspect of the present invention is the construction of complex immunoglobulin 

libraries in a eukaryotic system displayed on the surface of extracellular enveloped 

vaccinia virus (EEV), as a fusion with a polypeptide segment comprising the 

transmembrane domain of an EEV-specific membrane protein, 
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[0056] It is to be noted that the term "a" or "an" entity, refers to one or more of that entity; 

for example, "an immunoglobulin molecule," is understood to represent one or more 

immunoglobulin molecules. 	As such, the terms "a" (or "an"), "one or more," and "at 

least one" can be used interchangeably herein. 

[0057] The term "eukaryote" or "eukaryotic organism" is intended to encompass all 

organisms in the animal, plant, and protist kingdoms, including protozoa, fungi, yeasts, 

green algae, single celled plants, multi celled plants, and all animals, both vertebrates 

and invertebrates. 	The term does not encompass bacteria or viruses. 	A "eukaryotic 

cell" is intended to encompass a singular "eukaryotic cell" as well as plural "eukaryotic 

cells," and comprises cells derived from a eukaryote. 

[0058] The term "vertebrate" is intended to encompass a singular "vertebrate" as well as 

plural "vertebrates," and comprises mammals and birds, as well as fish, reptiles, and 

amphibians. 

[0059] The term "mammal" is intended to encompass a singular "mammal" and plural 

"mammals," and includes, but is not limited to humans; primates such as apes, monkeys, 

orangutans, and chimpanzees; canids such as dogs and wolves; felids such as cats, lions, 

and tigers; equids such as horses, donkeys, and zebras, food animals such as cows, pigs, 

and sheep; ungulates such as deer and giraffes; rodents such as mice, rats, hamsters and 

guinea pigs; and bears. 	In certain embodiments, the mammal is a human subject. 

[0060] The terms "tissue culture" or "cell culture" or "culture" or "culturing" refer to the 

maintenance or growth of plant or animal tissue or cells in vitro under conditions that 

allow 	preservation 	of cell 	architecture, 	preservation 	of cell 	function, 	further 

differentiation, or all three. "Primary tissue cells" are those taken directly from tissue, 

i.e., a population of cells of the same kind performing the same function in an organism. 

Treating such tissue cells with the proteolytic enzyme trypsin, for example, dissociates 

them into individual primary tissue cells that grow or maintain cell architecture when 

seeded onto culture plates. 

[0061] The term "polynucleotide" refers to any one or more nucleic acid segments, or 

nucleic acid molecules, e.g., DNA or RNA fragments, present in a nucleic acid or 

construct. 	A "polynucleotide encoding an immunoglobulin subunit polypeptide" refers 
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to a polynucleotide which comprises the coding region for such a polypeptide. In 

addition, a polynucleotide can encode a regulatory element such as a promoter or a 

transcription terminator, or can encode a specific element of a polypeptide or protein, 

such as a secretory signal peptide or a functional domain. 

[0062] As used herein, the term "identify" refers to methods in which desired molecules, 

e.g., polynucleotides encoding immunoglobulin molecules with a desired specificity or 

function, are differentiated from a plurality or library of such molecules. 	Identification 

methods include "selection" and "screening." 	As used herein, "selection" methods are 

those in which the desired molecules can be directly separated from the library. 	For 

example, in one selection method described herein, host cells comprising the desired 

polynucleotides are directly separated from the host cells comprising the remainder of 

the library by undergoing a lytic event and thereby being released from the substrate to 

which the remainder of the host cells are attached. 	As used herein, "screening" 

methods are those in which pools comprising the desired molecules are subjected to an 

assay in which the desired molecule can be detected. 	Aliquots of the pools in which the 

molecule is detected are then divided into successively smaller pools which are likewise 

assayed, until a pool which is highly enriched from the desired molecule is achieved. 

[0063] Immunoglobulins. 	As used herein, an "immunoglobulin molecule" is defined as a 

complete, bi-molecular immunoglobulin, i.e., generally comprising four "subunit 

polypeptides," i.e., two identical heavy chains and two identical light chains. 	In some 

instances, e.g., immunoglobulin molecules derived from camelid species or engineered 

based on camelid immunglobulins, a complete immunoglobulin molecule can consist of 

heavy chains only, with no light chains. 	See, e.g., Hamers-Casterman et al., Nature 

363:446-448 (1993). 	Thus, by an "immunoglobulin subunit polypeptide" is meant a 

single heavy chain polypeptide or a single light chain polypeptide. 	Immunoglobulin 

molecules are also referred to as "antibodies," and the terms are used interchangeably 

herein. 	An "isolated immunoglobulin" refers to an immunoglobulin molecule, or two 

or more immunoglobulin molecules, which are substantially removed from the milieu of 

proteins and other substances, and which bind a specific antigen. 

[0064] The heavy chain, which determines the "class" of the immunoglobulin molecule, is 

the larger of the two subunit polypeptides, and comprises a variable region and a 
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constant region. 	By "heavy chain" is meant either a full-length secreted heavy chain 

form, i.e., one that is released from the cell, or a membrane bound heavy chain form, i.e., 

comprising a membrane spanning domain, e.g., fusions with a polypeptide segment 

comprising the transmembrane domain of an EEV-specific membrane protein. 

Immunoglobulin "classes" refer to the broad groups of immunoglobulins which serve 

different functions in the host. 	For example, human immunoglobulins are divided into 

five classes, i.e., IgG, comprising a y heavy chain, IgM, comprising a ir, heavy chain, 

IgA, comprising an a heavy chain, IgE, comprising an s heavy chain, and IgD, 

comprising a 8 heavy chain. 

[0065] By "light chain" is meant the smaller immunoglobulin subunit which associates 

with the amino terminal region of a heavy chain. 	As with a heavy chain, a light chain 

comprises a variable region and a constant region. 	There are two different kinds of 

light chains, K and X, and a pair of these can associate with a pair of any of the various 

heavy chains to form an immunoglobulin molecule. 

[0066] Immunoglobulin subunit polypeptides typically comprise a constant region and a 

variable region. 	In most species, the heavy chain variable region, or VH domain, and 

the light chain variable region, or VL  domain, combine to form a "complementarity 

determining region" or CDR, the portion of an immunoglobulin molecule which 

specifically recognizes an antigenic epitope. 	A large repertoire of variable regions 

associated with heavy and light chain constant regions are produced upon differentiation 

of antibody-producing cells in an animal through rearrangements of a series of germ line 

DNA segments which results in the formation of a gene which encodes a given variable 

region. 	Further variations of heavy and light chain variable regions take place through 

somatic mutations in differentiated cells. 	The structure and in vivo formation of 

immunoglobulin molecules is well understood by those of ordinary skill in the art of 

immunology. 	Concise reviews of the generation of immunoglobulin diversity can be 

found, e.g., in Harlow and Lane, Antibodies, A Laboratory Manual Cold Spring Harbor 

Laboratory, Cold Spring Harbor, N.Y. (1988) (hereinafter, "Harlow"); and Roitt, et al., 

Immunology Gower Medical Publishing, Ltd., London (1985) (hereinafter, "Roitt"). 

Harlow and Roitt are incorporated herein by reference in their entireties. 
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[0067] As used herein, an "antigen-specific fragment" of an immunoglobulin molecule is 

any fragment or variant of an immunoglobulin molecule which remains capable of 

binding an antigen. 	Antigen-specific fragments include, but are not limited to, Fab, 

Fab' and F(a131)2, Fd, single-chain Fvs (scFv), single-chain immunoglobulins (e.g., 

wherein a heavy chain, or portion thereof, and light chain, or portion thereof, are fused), 

disulfide-linked Fvs (sdFv), diabodies, triAodies, tetrabodies, scFv minibodies, Fab 

minibodies, and dimeric scFv and any other fragments comprising a VL  and a VH 

domain in a conformation such that a specific CDR is formed. 

[0068] Antigen-specific immunoglobulin fragments can comprise the variable region(s) 

alone or in combination with the entire or partial constant region, e.g., a CH1, CH2, CH3 

domain on the heavy chaiii, and a light chain constant domain, e.g., a C,, or C)  domain, or 

portion thereof on the light chain. 	In certain aspects a fusion protein as disclosed herein 

comprises a heavy chain variable domain fused to a CH1 constant domain fused to a 

polypeptide segment comprising the transmembrane domain of an EEV-specific 

membrane protein, e.g., A56R. 

[0069] In certain embodiments, the present invention is drawn to methods to identify, i.e., 

select or alternatively screen for, polynucleotides which singly or collectively encode 

antigen-specific immunoglobulin molecules or antigen-specific fragments thereof. 	In 

certain embodiments a method of selecting an immunoglobulin molecule with an 

antigen specificity of interest is provided, where the immunoglobulin or antibody is 

displayed on the surface of an EEV, the EEV is isolated, and the polynucleotide 

encoding a portion of the immunoglobulin, e.g., the VH region, is isolated. 

[0070] In certain aspects, a method for selecting polynucleotides which encode an 

antigen-specific immunoglobulin molecule is provided, where the method comprises: 

(1) introducing a first library of polynucleotides into a population of host cells 

permissive for vaccinia virus infectivity. 	The library can be constructed in a vaccinia 

virus vector, e.g., an EEV vector, encoding a plurality of immunoglobulin fusion 

polypeptides, where the vaccinia virus vector comprises (a) a first polynucleotide 

encoding a first polypeptide segment comprising the human heavy chain CH1 domain, 

e.g., a CH1 -gamma domain, (b) a second polynucleotide encoding a second polypeptide 

segment comprising the extracellular and transmembrane domains of a vaccinia 
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membrane protein, e.g., a polypeptide segment comprising the transmembrane domain 

of an EEV-specific membrane protein, e.g., A56R, and (c) a third polynucleotide 

encoding an immunoglobulin heavy chain variable region or fragment thereof 	The 

method further comprises (2) introducing into the population of host cells a 

polynucleotide encoding a light chain, e.g., a known light chain or a second library 

comprising a plurality of polynucleotides each encoding an immunoglobulin light chain. 

Once introduced into the population of host cells, the immunoglobulin fusion 

polypeptide 	can 	combine 	with the 	immunoglobulin 	light chain to 	form 	an 

antigen-binding portion of an immunoglobulin molecule, where the molecule can be 

expressed or "displayed" on the surface of a selectable particle, e.g., an EEV virion 

produced and released by the host cells into the surrounding medium. 	The method 

further provides selecting EEV released from the host cells that bind to an antigen of 

interest, e.g., by antigen-specific attachment to a plate or to beads, e.g., protein G beads, 

streptavidin beads, or tosylated beads. 	EEV expressing the antigen-binding domain of 

interest can then be recovered, and used to reinfect new host cells, thereby enriching for 

EEV containing polynucleotides which encode the heavy chain of immunoglobulin 

binding to the antigen of interest. 	The polynucleotides can then be recovered. 	The 

method can be repeated thereby enriching for polynucleotides encoding heavy chain 

fusion proteins of interest. 

[0071] Isolated polynucleotides encoding the immunoglobulin heavy chain polypeptide 

fusion proteins binding to an antigen of interest can then be transferred into and 

expressed in host cells (either as an EEV fusion protein or not) in which a library of 

polynucleotides encoding immunoglobulin light chain variable regions fused to a 

polypeptide segment comprising the transmembrane domain of an EEV-specific 

membrane protein, thereby allowing identification of a polynucleotide encoding a light 

chain variable region which, when combined with the heavy chain variable region 

identified in the first step, forms a functional immunoglobulin molecule, or fragment 

thereof, which recognizes a specific antigen. 

[0072] As used herein, a "library" is a representative genus of polynucleotides, i.e. , a group 

of polynucleotides related through, for example, their origin from a single animal 

species, tissue type, organ, or cell type, where the library collectively comprises at least 

two different species within a given genus of polynucleotides. 	A library of 
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polynucleotides can comprise at least 10 	100, 103, 104, 105, 106, 10', 108, or 109  

different species within a given genus of polynucleotides. 	The genus can be related 

molecules, e.g., immunoglobulin variable regions, e.g., human immunoglobulin V11 

domains or VL domains. 	The VII and VL domains can represent an entire repertoire of 

variable domains, or can already be antigen-specific, e.g., specific for the same antigen. 

More specifically, a library can encode a plurality of a immunoglobulin subunit 

polypeptides, i.e., either heavy chain subunit polypeptides or light chain subunit 

In this context, a "library" can comprise polynucleotides of a common polypeptides. 

genus, 	the 	genus being polynucleotides encoding an immunoglobulin subunit 

polypeptide of a certain type and class e.g., a library might encode a human u, 7-1, y-2, 

y-3, y-4, a-1, a-2, s, or 6 heavy chain, or a human K or ? light chain. 	Although each 

member of any one library can encode the same heavy or light chain constant region, the 

library can collectively comprise at least two, or at least 10, 100, 103, 104, 105, 106, 107, 

108, or 109  different variable regions i.e., a "plurality" of variable regions associated with 

the common constant region. 

[0073] In other embodiments, the library can encode a plurality of immunoglobulin 

single-chain fragments which comprise a variable region, such as a light chain variable 

region or a heavy chain variable region, or can comprise both a light chain variable 

region and a heavy chain variable region. 

[0074] In one aspect, provided herein is a method to produce libraries of polynucleotides 

encoding immunoglobulin subunit polypeptides. 	Further provided are libraries of 

immunoglobulin subunit polypeptides constructed as fusion proteins in eukaryotic 

expression vectors, e.g., EEV, where the immunoglobulin subunit polypeptide is fused 

to a polypeptide segment comprising the transmembrane domain of an EEV-specific 

membrane protein, e.g., A56R. 

[0075] By "recipient cell" or "host cell" or "cell" is meant a cell or population of cells into 

which polynucleotide libraries as described herein are introduced. 	Suitable host cells 

for libraries described herein are eukaryotic cells permissive for vaccinia virus infection. 

Suitable cell lines can be vertebrate, mammalian, rodent, mouse, primate, or human cell 

or cell lines. 
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[0076] By "a population of host cells" is meant a group of cultured cells into which a 

"library" as provided herein can be introduced and expressed. 	Host cells for EEV 

libraries as described herein can be permissive for vaccinia virus infection. 	Host cells 

of the present invention can be adherent, i.e., host cells which grow attached to a solid 

substrate, or, alternatively, the host cells can be in suspension. 

[0077] As noted above, certain methods to identify immunoglobulin molecules comprise 

the introduction of a "first" library of polynucleotides (encoding, e.g., a VH-CH1-A56R 

fusion protein) into a population of host cells, as well as a "second" library of 

polynucleotides (e.g., encoding a VL region) into the same population of host cells. 

The first and second libraries are complementary, i.e., if the "first" library encodes 

immunoglobulin heavy chain variable domains, the "second" library will encode 

immunoglobulin 	light 	chain 	variable 	domains, 	thereby 	allowing 	assembly 	of 

immunoglobulin molecules, or antigen-specific fragments thereof, in the population of 

host cells, such that the immunoglobulins are expressed, or displayed, on the surface of 

EEV. 

[0078] Polynucleotides 	contained 	in 	libraries 	described 	herein 	can 	encode 

immunoglobulin 	subunit 	polypeptides 	through 	"operable 	association 	with 	a 

transcriptional control region." 	One or more nucleic acid molecules in a given 

polynucleotide are "operably associated" when they are placed into a functional 

relationship. 	This relationship can be between a coding region for a polypeptide and a 

regulatory sequence(s) which are connected in such a way as to permit expression of the 

coding region when the appropriate molecules (e.g., transcriptional activator proteins, 

polymerases, etc.) are bound to the regulatory sequences(s). "Transcriptional control 

regions" 	include, but are not limited to promoters, 	enhancers, 	operators, 	and 

transcription termination signals, and are included with the polynucleotide to direct its 

transcription. For example, a promoter would be operably associated with a nucleic acid 

molecule encoding an immunoglobulin subunit polypeptide if the promoter was capable 

of effecting transcription of that nucleic acid molecule. 	Generally, 	"operably 

associated" means that the DNA sequences are contiguous or closely connected in a 

polynucleotide. However, some transcription control regions, e.g., enhancers, do not 

have to be contiguous. 
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100791 By "control sequences" or "control regions" is meant DNA sequences necessary for 

the expression of an operably associated coding sequence in a particular host organism. 

Eukaryotic cells are known to utilize promoters, polyadenylation signals, and/or 

enhancers. 

[0080] A variety of transcriptional control regions are known to those skilled in the art. 

As will be discussed in more detail below, suitable transcriptional control regions 

include promoters capable of functioning in the cytoplasm of poxvirus-infected cells. 

[0081] In certain embodiments, a fusion protein as described herein can comprise a linker, 

e.g., connecting the immunoglobulin variable domain to a constant domain, e.g., a CH1, 

C-kappa, or C-lambda domain, and/or connecting the constant domain to a polypeptide 

segment comprising the transmembrane domain of an EEV-specific membrane protein, 

e.g., A56R. 	A linker can comprise, e.g., at least about5, at least about 10, or at least 

about 15 amino acids. 	Suitable linkers can be identified by a person of ordinary skill in 

the art. 

[0082] Where a fusion protein described herein comprises a heavy chain constant region, 

e.g., a CH1 domain, any heavy chain constant region can be utilized, including, but not 

limited to immunoglobulin heavy chains from vertebrates such as birds, fish, or 

mammals, e.g.,, human immunoglobulin heavy chains. 	For example, a human 

immunoglobulin heavy chains or portion thereof, e.g., a CH1 domain can be a la heavy 

chain or fragment thereof, i.e., the heavy chain of an IgM immunoglobulin, a y-1 heavy 

chain or fragment thereof, i.e., the heavy chain of an IgG1 immunoglobulin, a y-2 heavy 

chain or fragment thereof, i.e., the heavy chain of an IgG2 immunoglobulin, a y-3 heavy 

chain or fragment thereof, i.e., the heavy chain of an IgG3 immunoglobulin, a y-4 heavy 

chain or fragment thereof, i.e., the heavy chain of an IgG4 immunoglobulin, an a-1 

heavy chain or fragment thereof, i.e., the heavy chain of an IgAl immunoglobulin, an 

a-2 heavy chain or fragment thereof, i.e., the heavy chain of an IgA2 immunoglobulin, 

an c heavy chain or fragment thereof, i.e., the heavy chain of an IgE immunoglobulin, or 

a 5 heavy chain or fragment thereof, i.e., the heavy chain of an IgD immunoglobulin. 

[0083] Membrane bound fusion proteins as described herein can be anchored to the surface 

of a particle, e.g., a vaccinia virus particle (or virion), e.g., an EEV particle (or virion) by 

a transmembrane domain fused to the heavy chain polypeptide. 	In certain 
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embodiments the transmembrane domain is part of a polypeptide segment comprising 

the transmembrane domain of an EEV-specific membrane protein, i.e., a protein which 

is expressed on the surface of an extracellular enveloped vaccinia virus, but NOT on 

intracellular vaccinia virus particles. 	In certain embodiments, the EEV-specific 

membrane protein, is A56R, the vaccinia HA protein. 	By "intracellular domain," 

"cytoplasmic 	domain," 	"cytosolic 	region," 	or 	related 	terms, 	which 	are 	used 

interchangeably herein, is meant the portion of the fusion polypeptide which is inside the 

cell. 

100841 In those embodiments where a fusion protein or other library protein comprises an 

immunoglobulin light chain or fragment thereof, any immunoglobulin light chain, from 

any animal species, can be used, e.g., immunoglobulin light chains from vertebrates 

such as birds, fish, or mammals e.g., human light chains, e.g., human k and ) light 

chains. 	A light chain can associate with a heavy chain to produce an antigen-binding 

protein of an immunoglobulin molecule. 

[0085] Each member of a library of polynucleotides encoding heavy chain fusion proteins 

as described herein can comprise (a) a first nucleic acid molecule encoding a first 

polypeptide segment comprising an immunoglobulin constant region common to all 

members of the library, e.g., a CH1 domain, e.g., a gamma or mu CH1 domain, (b) a 

second nucleic acid molecule encoding a second polypeptide segment comprising the 

extracellular and transmembrane domains of a vaccinia extracellular enveloped virus 

(EEV)-specific membrane protein (e.g., A56R), where the second nucleic acid molecule 

is directly downstream and in-frame with the first nucleic acid molecule (either directly 

fused or connected by a linker), and (c) an a third nucleic acid molecule encoding a third 

polypeptide segment comprising an immunoglobulin heavy chain variable region, 

where the third nucleic acid molecule is directly upstream of and in-frame with the first 

nucleic acid molecule (either directly fused or connected by a linker). 

[00861 Each member of a library of polynucleotides encoding light chain fusion proteins as 

described herein can comprise (a) a first nucleic acid molecule encoding a first 

polypeptide segment comprising an immunoglobulin constant region common to all 

members of the library, e.g., a C-kappa or C-lambda domain, (b) a second nucleic acid 

molecule encoding a second polypeptide segment comprising the extracellular and 
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transmembrane domains of a vaccinia extracellular enveloped virus (EEV)-specific 

membrane protein (e.g., A56R), where the second nucleic acid molecule is directly 

downstream and in-frame with the first nucleic acid molecule (either directly fused or 

connected by a linker), and (c) an a third nucleic acid molecule encoding a third 

polypeptide segment comprising an immunoglobulin light chain variable region, where 

the third nucleic acid molecule is directly upstream of and in-frame with the first nucleic 

acid molecule (either directly fused or connected by a linker). 

[0087] Libraries of immunoglobulin heavy chains or light chains that are not fused to a 

polypeptide segment comprising the transmembrane domain of an EEV-specific 

membrane protein can be used to coinfect host cells to provide the "complementary" 

immunoglobulin chain to produce a functional antigen-binding immunoglobulin 

fragment. 	Such libraries are described in detail in, e.g., U.S. Patent No. 7,858,559. 

[0088] Libraries of polynucleotides encoding heavy or light chain variable regions can 

contain a plurality, i.e., at least two, or at least 10, 100, 103, 104, 105, 106, 107, 108, or 109  

different variable regions. As is well known by those of ordinary skill in the art, a light 

chain variable region is encoded by rearranged nucleic acid molecules, each comprising 

a light chain VL  region, specifically a Vic region or a VX region, and a light chain J 

region, specifically a Jic region or a JX region. 	Similarly, a heavy chain variable region 

is encoded by rearranged nucleic acid molecules, each comprising a heavy chain VH 

region, a D region and J region. 	These rearrangements take place at the DNA level 

upon cellular differentiation. 	Nucleic acid molecules encoding heavy and light chain 

variable regions can be derived, for example, by PCR from mature B cells and plasma 

cells which have terminally differentiated to express an antibody with specificity for a 

particular epitope. 	Furthermore, if antibodies to a specific antigen are desired, variable 

regions can be isolated from mature B cells and plasma cells of an animal who has been 

immunized with that antigen, and has thereby produced an expanded repertoire of 

antibody variable regions which interact with the antigen. 	Alternatively, if a more 

diverse library is desired, variable regions can be isolated from precursor cells, e.g., 

pre-B cells and immature B cells, which have undergone rearrangement of the 

immunoglobulin genes, but have not been exposed to antigen, either self or non-self 

For example, variable regions can be isolated by RT-PCR from normal human bone 

marrow pooled from multiple donors. Alternatively, variable regions can be synthetic, 
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for example, made in the laboratory through generation of synthetic oligonucleotides, or 

can be derived through in vitro manipulations of germ line DNA resulting in 

rearrangements of the immunoglobulin genes. 

[0089] In addition to first and second nucleic acid molecules encoding immunoglobulin 

constant regions and variable regions, respectively, each member of a library of 

polynucleotides of the present invention as described above can further comprise an 

additional nucleic acid molecule encoding a signal peptide directly upstream of and in 

flame with the nucleic acid molecule encoding the variable region. 

[0090] By "signal peptide" is meant a polypeptide sequence which, for example, directs 

transport of nascent immunoglobulin polypeptide subunit to the surface of the host cells. 

Signal peptides are also referred to in the art as "signal sequences," "leader sequences," 

"secretory signal peptides," or "secretory signal sequences." 	Signal peptides are 

normally expressed as part of a complete or "immature" polypeptide, and are normally 

situated at the N-terminus. 

[0091] All cells, including host cells of the present invention, possess a constitutive 

secretory pathway, 	where proteins, 	including 	secreted immunoglobulin subunit 

polypeptides destined for export, are secreted from the cell. These proteins pass through 

the ER-Golgi processing pathway where modifications can occur. If no further signals 

are detected on the protein it is directed to the cell's surface for secretion or insertion as 

an integral membrane component expressed on the surface of the host cell or virus 

particle, e.g., EEV virion. Membrane-bound forms of immunoglobulin subunit 

polypeptides initially follow the same pathway as the secreted forms, passing through to 

the ER lumen, except that they are retained in the ER membrane by the presence of 

stop-transfer signals, or "transmembrane domains." Transmembrane domains are 

hydrophobic stretches of about 20 amino acid residues that adopt an alpha-helical 

conformation as they transverse the membrane. Membrane embedded proteins are 

anchored in the phospholipid bilayer of the plasma membrane. As with secreted 

proteins, the N-terminal region of transmembrane proteins have a signal peptide that 

passes through the membrane and is cleaved upon exiting into the lumen of the ER. 

[0092] Newly synthesized immunoglobulin heavy chains are held in residence in the ER 

by a chaperone protein called BiP (a member of the 1-Isp70 molecular chaperone family). 
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Pairing of the heavy chain CH1 domain with the CL domain of its partner light chain 

induces dissociation of BiP, final folding and disulfide bond formation, and egress of the 

assembled antibody from the ER. 	The antibody then utilizes the normal secretion 

pathway of the cell, and traffics through the golgi to the cell surface, where it is either 

secreted, or retained on the surface (if the antibody has a transmembrane domain). 	See 

Daniel et al., Molecular Cell 34:635-36 (2009). 

[0093] Suitable signal peptides provided herein can be either a naturally-occurring 

immunoglobulin signal peptides, i.e., encoded by a sequence which is part of a naturally 

occurring heavy or light chain transcript, or a functional derivative of that sequence that 

retains the ability to direct the secretion of the immunoglobulin subunit polypeptide that 

is operably associated with it. 	Alternatively, a heterologous signal peptide, or a 

functional derivative thereof, can be used. 	In certain aspects, the signal peptide can be 

that of the vaccinia virus A56R protein, or a functional derivative thereof. 

[0094] In other aspects, members of a library of polynucleotides as described herein can 

further comprise additional nucleic acid molecules encoding heterologous polypeptides. 

Such additional nucleic acid molecules encoding heterologous polypeptides can be 

upstream 	of or 	downstream 	from the 	nucleic 	acid 	molecules 	encoding 	an 

immunoglobulin variable or constant domain, or the EEV-specific membrane protein. 

[0095] A heterologous polypeptide encoded by an additional nucleic acid molecule can be 

a rescue sequence. 	A rescue sequence is a sequence which can be used to purify or 

isolate either the immunoglobulin or fragment thereof or the polynucleotide encoding it. 

Thus, for example, peptide rescue sequences include put' fication sequences such as the 

6-His tag 	for use with Ni 	affinity 	columns 	and 	epitope tags 	for detection, 

immunoprecipitation, or FACS (fluorescence-activated cell sorting). 	Suitable epitope 

tags include myc (for use with commercially available 9E10 antibody), the BSP 

biotinylation target sequence of the bacterial enzyme BirA, flu tags, LacZ, and GST. 

The additional nucleic acid molecule can also encode a peptide linker. 

[0096] The polynucleotides comprised in various libraries described herein can be 

introduced into suitable host cells. 	Suitable host cells can be characterized by, e.g., 

being capable of expressing immunoglobulin molecules attached to their surface or by 

being permissive for vaccinia virus infectivity. 	Polynucleotides can be introduced into 
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host cells by methods which are well known to those of ordinary skill in the art. 	Where 

the polynucleotide is part of a virus vector, e.g., a vaccinia virus, introduction into host 

cells is conveniently carried out by standard infection. 

[0097] The first and second libraries of polynucleotides can be introduced into host cells in 

any order, or simultaneously. 	For example, if both the first and second libraries of 

polynucleotides are constructed in vaccinia virus vectors, whether infectious or 

inactivated, the vectors can be introduced by simultaneous infection as a mixture, or can 

be introduced in consecutive infections. 	If one library is constructed in a vaccinia virus 

vector, and the other is constructed in a plasmid vector, introduction can be carried out 

by introduction of one library before the other. 

[0098] Following introduction into the host cells of the first and second libraries of 

polynucleotides, 	expression 	of 	immunoglobulin 	molecules, 	or 	antigen-specific 

fragments thereof on the surface of EEV, is permitted to occur. 	By "permitting 

expression" is meant allowing the vectors which have been introduced into the host cells 

to undergo transcription and translation of the immunoglobulin subunit polypeptides, 

allowing the host cells to transport fully assembled immunoglobulin molecules, or 

antigen-specific fragments thereof, to the membrane surface as a fusion with a 

polypeptide segment comprising the transmembrane domain of an EEV-specific 

membrane protein. 	Typically, permitting expression requires incubating the host cells 

into which the polynucleotides have been introduced under suitable conditions to allow 

expression. 	Those conditions, and the time required to allow expression will vary 

based on the choice of host cell and the choice of vectors, as is well known by those of 

ordinary skill in the art. 

[0099] In certain embodiments, host cells and/or vaccinia virions which have been allowed 

to express immunoglobulin molecules on their surface, or soluble immunoglobulin 

molecules secreted into the cell medium are then contacted with an antigen. 	As used 

herein, an "antigen" is any molecule that can specifically bind to an antibody, 

immunoglobulin molecule, or antigen-specific fragment thereof. 	By "specifically 

bind" is meant that the antigen binds to the CDR of the antibody. 	The portion of the 

antigen which specifically interacts with the CDR is an "epitope," or an "antigenic 

determinant." 	An antigen can comprise a single epitope, but typically, an antigen 
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comprises at least two epitopes, and can include any number of epitopes, depending on 

the size, conformation, and type of antigen. 

[0100] 	Antigens are typically peptides or polypeptides, but can be any molecule or 

compound. 	For example, an organic compound, e.g., dinitrophenol or DNP, a nucleic 

acid, a carbohydrate, or a mixture of any of these compounds either with or without a 

peptide or polypeptide can be a suitable antigen. 	The minimum size of a peptide or 

polypeptide epitope is thought to be about four to five amino acids. 	Peptide or polypeptide 

epitopes can contain at least seven, at least nine, or between at least about 15 to about 30 

amino acids. 	Since a CDR can recognize an antigenic peptide or polypeptide in its tertiary 

form, the amino acids comprising an epitope need not be contiguous, and in some cases, 

may not even be on the same peptide chain. 	In the present invention, peptide or 

polypeptide antigens can contain a sequence of at least 4, at least 5, at least 6, at least 7, at 

least 8, at least 9, at least 10, at least 15, at least 20, at least 25, and between about 15 to 

about 30 amino acids. 	In certain embodiments, peptides or polypeptides comprising, or 

alternatively consisting of, antigenic epitopes are at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 

55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acid residues in length. 	The antigen can be 

in any form and can be free, for example dissolved in a solution, or can be attached to any 

substrate. 	Suitable substrates are disclosed herein. 	In certain embodiments, an antigen 

can be part of an antigen-expressing vaccinia virus, e.g., EEV virion as described in more 

detail below. 

[0101] 	Immunoglobulin molecules specific for any antigen can be produced according to 

the methods disclosed herein. 	In certain embodiments, antigens are "self' antigens, i.e., 

antigens derived from the same species as the immunoglobulin molecules produced. 	As 

an example, it might be desired to produce human antibodies directed to human tumor 

antigens. 	Other desired "self' antigens include, but are not limited to, cytokines, 

receptors, ligands, glycoproteins, and hormones. 

[0102] 	Antibodies directed to antigens on infectious agents can also be identified and 

selected by the disclosed methods. 	Examples of such antigens include, but are not limited 

to, bacterial antigens, viral antigens, parasite antigens, and fungal antigens. 

[0103] 	In certain selection and screening schemes in which immunoglobulin molecules are 

expressed on the surface of EEV, the recombinant EEV virions produced as described are 
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"contacted" with antigen by a method which will allow an antigen, which specifically 

recognizes a CDR of an immunoglobulin molecule expressed on the surface of the EEV, to 

bind to the CDR, thereby allowing recombinant EEV virions which specifically bind the 

antigen to be distinguished from those EEV virions which do not bind the antigen. 	Any 

method which allows recombinant EEV virions expressing an antigen-specific binding 

domain of an antibody to interact with the antigen is included. 	For example, if the EEV 

virions are in suspension, and the antigen is attached to a solid substrate, recombinant EEV 

virions which specifically bind to the antigen will be trapped on the solid substrate, 

allowing those virions which do not bind the antigen to be washed away, and the bound 

recombinant EEV virions to be subsequently recovered. 	Methods by which to allow 

recombinant EEV virions to contact antigen, are disclosed herein. 

[0104] After recovery of recombinant EEV virions which specifically bind antigen, 

polynucleotides of the first library can be recovered from those EEV virions. 	By 

"recovery" is meant a crude separation of a desired component from those components 

which are not desired. 	For example, recombinant EEV virions which bind antigen can be 

"recovered" based on their attachment to antigen-coated solid substrates, e.g., magnetic 

beads, which can then be separated with a magnet. 

[0105] Recovery of polynucleotides can be accomplished by any standard method known 

to those of ordinary skill in the art. In certain embodiments, the polynucleotides are 

recovered by harvesting infectious EEV virions which bound antigen. 

[0106] As will be readily appreciated by those of ordinary skill in the art, identification of 

polynucleotides encoding immunoglobulin fusion polypeptides can require two or more 

rounds of selection as described above, and will necessarily require two or more rounds of 

screening as described above. 	A single round of selection may not necessarily result in 

isolation of a pure set of polynucleotides encoding the desired first immunoglobulin fusion 

polypeptides; the mixture obtained after a first round can be enriched for the desired 

polynucleotides but may also be contaminated with non-target insert sequences. 

Accordingly, the first selection step, as described, can, or must be repeated one or more 

times, thereby enriching for the polynucleotides encoding the desired immunoglobulin 

fusion polypeptides. 	In order to repeat the first step of this embodiment, EEV comprising 

those polynucleotides recovered as described above, can be introduced via infection into a 
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population of host cells. 	The second library of polynucleotides are also introduced into 

these 	host cells, e.g, by infection with vaccinia 	virus capable of expressing the 

complementary 	immunoglobulin 	molecules 	(e.g., 	light 	chains) 	encoded 	by 	the 

polynucleotides 	in the 	library, 	and expression of immunoglobulin 	molecules, 	or 

antigen-specific fragments thereof; on the membrane surface of the recombinant EEV 

virions, is permitted. 	The recombinant EEV virions are similarly contacted with antigen, 

and polynucleotides of the first library are again recovered from EEV virions, which 

express an immunoglobulin molecule that specifically binds antigen. 	These steps can be 

repeated one or more times, resulting in enrichment for polynucleotides derived from the 

first library which encode an immunoglobulin fusion polypeptide which, as part of an 

immunoglobulin molecule, or antigen-specific fragment thereof, specifically binds the 

antigen and/or has a desired functional characteristic. 

[0107] 	Following suitable enrichment for the desired polynucleotides from the first library 

as described above, those polynucleotides which have been recovered are "isolated," i.e., 

they are substantially removed from their native environment and are largely separated 

from polynucleotides in the library which do not encode antigen-specific immunoglobulin 

fusion polypeptides. 	For example, cloned polynucleotides contained in a vector are 

considered isolated. 	It is understood that two or more different immunoglobulin fusion 

polypeptides which, when combined with, e.g., a light chain, specifically bind the same 

antigen can be recovered by the methods described herein. 	Accordingly, a mixture of 

polynucleotides which encode polypeptides binding to the same antigen is also considered 

to be "isolated." 	Further examples of isolated polynucleotides include those maintained in 

heterologous host cells, in recombinant vaccinia, e.g., EEV virions, or purified (partially or 

substantially) DNA molecules in solution. 	However, a polynucleotide contained in a 

clone that is a member of a mixed library and that has not been isolated from other clones of 

the library, e.g., by virtue of encoding an antigen-specific immunoglobulin fusion 

polypeptide, is not "isolated" for the purposes of this invention. For example, a 

polynucleotide contained in a virus vector is "isolated" after it has been recovered, and 

optionally plaque purified. 

[0108] 	Given that an antigen can comprise two or more epitopes, and several different 

immunoglobulin molecules can bind to any given epitope, it is contemplated that several 

suitable polynucleotides, e.g., two, three, four, five, ten, 100 or more polynucleotides, can 
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be recovered from the first step of this embodiment, all of which can encode an 

immunoglobulin 	fusion 	polypeptide 	which, 	when 	combined 	with 	a 	suitable 

immunoglobulin subunit polypeptide encoded by a preselected polynucleotide or a 

polynucleotide of the second library, will form an immunoglobulin molecule, or antigen 

binding fragment thereof, capable of specifically binding the antigen of interest. 	It is 

contemplated that each different polynucleotide recovered from the first library would be 

separately isolated. 

[0109] 	Once one or more suitable polynucleotides from the first library are isolated, in the 

second step of this embodiment, one or more polynucleotides are identified in the second 

library which encode immunoglobulin subunit polypeptides which are capable of 

associating with the immunoglobulin fusion polypeptide(s) encoded by the polynucleotides 

isolated from the first library to form an immunoglobulin molecule, or antigen-binding 

fragment thereof, which specifically binds an antigen of interest. 

[0110] 	Provided herein are vaccinia virus vectors for expression of antigen-binding 

molecules, where the antigen binding molecule, e.g., an immunoglobulin heavy chain 

variable region and CH1, is expressed as a fusion with an EEV-specific membrane protein. 

In certain embodiments, heavy chains can be recovered as EEV fusion proteins, and 

libraries of light chains, or individual pre-selected light chains can be expressed as soluble 

proteins in vaccinia virus, or other vectors, e.g., plasmid vectors. 

[0111] 	In certain aspects, inactivation of viruses expressing a soluble complementary 

chain, e.g., a light chain, can be carried out with 4'-aminomethyl-trioxsalen (psoralen) and 

then exposing the virus vector to ultraviolet (UV) light. 	Psoralen and UV inactivation of 

viruses is well known to those of ordinary skill in the art. 	See, e.g., Tsung, K., et al., J 

Viral. 70:165-171 (1996), which is incorporated herein by reference in its entirety. 

[0112] 	The ability to assemble and express immunoglobulin molecules or antigen-specific 

fragments thereof in eukaryotic cells from two libraries of polynucleotides encoding 

immunoglobulin subunit polypeptides, where one subunit is expressed as a fusion with an 

EEV-specific membrane protein provides a significant improvement over the methods of 

producing single-chain antibodies in bacterial systems, in that the two-step selection 

process can be the basis for selection of immunoglobulin molecules or antigen-specific 

fragments thereof with a variety of specificities. 
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[0113] 	Vaccinia EEV vectors. 	Poxviruses are unique among DNA viruses because they 

replicate only in the cytoplasm of the host cell, outside of the nucleus. During its replication 

cycle, vaccinia virus produces four infectious forms which differ in their outer membranes: 

intracellular 	mature 	virion 	(IMV), 	the 	intracellular 	enveloped 	virion 	(IEV), 	the 

cell-associated enveloped virion (CEV) and the extracellular enveloped virion (F,EV). 

The prevailing view is that the IMV consists of a single lipoprotein membrane, while the 

CEV and EEV are both surrounded by two membrane layers and the IEV has three 

envelopes. 	EEV is shed from the plasma membrane of the host cell and the EEV 

membrane is derived from the trans-Golgi. 

[0114] 	After infection, the virus loses its membrane(s) and the DNA/protein core is 

transported along microtubules into the cell. 	The proteins encoded by early vaccinia 

mRNAs ("early" is defined as pre-DNA replication) lead to uncoating of the vaccinia core 

and subsequent DNA replication. This replication occurs in what are termed "viral 

factories" which are located essentially on top of the ER. 	Within the viral factory, 

immature virions (IV) assemble and are processed to form IMV (Intracellular Mature 

Virus). 	IMVs contain a membrane that is derived from the ER. The majority of IMVs are 

released from the cell by cell lysis. 	Some IMVs are transported on microtubules to sites of 

wrapping by membranes of the trans-Golgi network or early endosomes. The wrapping of 

the IMV particles by a double membrane creates a form of vaccinia called IEVs 

(Intracellular Enveloped Virus). 	The IEVs are then transported to the cell surface on 

microtubules. The outer IEV membrane fuses with the plasma membrane to expose a CEV 

(Cell Associated Enveloped Virus) at the cell surface. Actin polymerization from the host 

cell can drive the CEV to infect neighboring cells, or the virus can be released as an EEV. 

See, e.g., Kim L. Roberts and Geoffrey L. Smith. 	Trends in Microbiology 16(10):472-479 

(2008); Geoffrey L. Smith, et al., 	Journal of General Virology 83:2915-2931 (2002). 

[0115] 	At least six virus-encoded proteins have been reported as components of the EEV 

envelope. Of these, four proteins (A33R, A34R, A56R, and B5R) are glycoproteins, one 

(A36R) is a nonglycosylated transmernbrane protein, and one (F13L) is a palmitylated 

peripheral membrane protein. 	See, e.g., Lorenzo et al., Journal of Virology 74(22):10535 

(2000). 	During infection, these proteins localize to the Golgi complex, where they are 

incorporated into infectious virus that is then transported and released into the extracellular 

medium. 	As provided herein, immunoglobulin fusion polypeptides, e.g., variable heavy 
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chains are bound to the EEV membrane, e.g., as a fusion protein with an EEV-specific 

itembrane protein, e.g., A56R. 

[0116] EEV fusion proteins as provided herein can be expressed in any suitable vaccinia 

virus. 	In certain embodiments, the DNA encoding an EEV fusion protein can be inserted 

into a region of the vaccinia virus genome which is non-essential for growth and replication 

of the vector so that infectious viruses are produced. 	Although a variety of non-essential 

regions of the vaccinia virus genome have been characterized, the most widely used locus 

for insertion of foreign genes is the thymidine kinase locus, located in the HindIII J 

fragment in the genome. 

[0117] Libraries of polynucleotides encoding immunoglobulin fusion polypeptides are 

inserted into vaccinia virus vectors, under operable association with a transcriptional 

control region which functions in the cytoplasm of a poxvirus-infected cell. 

[0118] Poxvirus transcriptional control regions comprise a promoter and a transcription 

termination signal. 	Gene expression in poxviruses is temporally regulated, and promoters 

for early, intermediate, and late genes possess varying structures. 	Certain poxvirus genes 

are expressed constitutively, and promoters for these "early-late" genes bear hybrid 

structures. 	Synthetic early-late promoters have also been developed. 	See Hammond 

J.M., et al., J 	Virol. Methods 66:135-8 (1997); Chakrabarti S., et al., Biotechniques 

23:1094-7 (1997). 	For embodiments disclosed herein, any poxvirus promoter can be used, 

but use of early, late, or constitutive promoters can be desirable based on the host cell 

and/or selection scheme chosen. 	In certain embodiments, a constitutive promoters is used. 

A suitable promoter for use in the methods described herein is the early/late 7.5-kD 

promoter, or the early/late H5 promoter (or variants thereof). 

[0119] The Tri-Molecular Recombination Method. 	Traditionally, poxvirus vectors such 

as v.acciriia .yir4 have not been used to identify.-previonsly unknoivn.gehes of interest frpili. 

a complex libraries because a high efficiency, high titer-producing method of constructing 

and :screening libraries did not exist for vaccinia; 	The standard. methods of heterologous 

protein• expression in vaccinia virus involve in vivo homologous recombination and irt vitro 

direct ligation. 	Using homologous recombination, th.e efficiency.,  of recombinant virus: 

production is in the range of approximately 0.1% or less. 	Although efficiency of 

recombinant virus production using direct ligation is higher, the resulting titer is relatively 
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low. 	Thus, the use of vaccinia virus vector has been limited to the cloning of previously 

isolated DNA for the purposes of protein expression and vaccine development. 

[0120] 	Tri-molecular recombination, as disclosed in Zauderer, PCT Publication No. WO 

00/028016 and in US Patent No. 7,858,559, is a high efficiency, high titer-producing 

method for producing libraries in vaccinia virus. 	Using the tri-molecular recombination 

method, the present inventor has achieved generation of recombinant viruses at efficiencies 

of at least 90%, and titers at least at least 2 orders of magnitude higher than those obtained 

by direct ligation. 

[0121] 	In certain embodiments, libraries of polynucleotides capable of expressing 

immunoglobulin fusion polypeptides as described herein can be constructed in poxvirus 

vectors, e.g., vaccinia virus vectors, by tri-molecular recombination. 

[0122] 	In certain embodiments, a transfer plasmid for producing libraries of fusion 

polypeptides is provided, which comprises a polynucleotide encoding an immunoglobulin 

heavy chain CH1 and at least the transmembrane portion of a vaccinia virus A56R protein 

through operable association with a vaccinia virus H5 promoter. 	An exemplary vector is 

promoter is pJEM1, which comprises the sequence: 

AAAAAATGAAAATAAATACAAAGGTTCTTGAGGGT T GT GT TAAAT TGAAAGCGAGAAAT CAT  

AAATTCCATGGGATGGAGCTGTATCATCCICTTCTTGGTAGCAACAGCTACAGGCGCGCACTCCG 

AGTCCAGCTGGTGCAGAGCGGCCCTGAGCTGAAGCAGCCTGGCGAGACCGTGAGGATCAGCTGC 

AAGGCCAGCGGCTACCCTTCACCAACTACGGCATGAACTGGGTGAAGCAGGCCCCTGGCAAGGG 

CCTGAAGIGGATGGGCTGGATCAACACCTACACCGGCGAGCCTACCTACGCCGCCGACTTCAAGA 

GGAGGTTCACCTTCAGCCTGGAGACCAGCGCCAGCACCGCCTACCTGCAGATCAGCAACCTGAAG 

AACGACGACACCGCCACCTACTICTGCGCCAAGTACCCTCACTACTACGGCAGCAGCCACTGGTA 

CTTCGACGTGTGGGGGGCCGGCACCACGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGG  

TCTTCGCCOTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTC 

AAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCA 

CACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCT 

CCAGCAGCTIGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTG 

GACAAGAAAGTTAGATGAACTACAAATGACACTGATAAAGTAGATTATGAAGAATACTCCACAGA 

GTTGATTGTAAATACAGATAGT GAATCGACTATAGACATAATACTATCTGGATCTACACATTCAC 

CGGAAACTAGTICTAAGAAACCTGATTATATAGATAATTCTAATTGCTCGTOGG9. ATTCGAAATC 

GCGACTCOGGAACCAATTACTGATAATGTAGAAGATCATACAGACACCGTCACATACACTAGTGA 

TAGCATTAATACAGTAAGTGCATCATCT GGAGAATCCACAACAGACGAGACT CCGGAACCAATTA 

CTGATAAAGAAGATCATACAGTTACAGACACTGTCTCATACACTACAGTAAGTACATCATCTGGA 
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ATTGTCACTACTAAATCAACCACCGATGATGCGGATCTTTATGATACGTACAATGATAATGATAC 

AGTACCACCAACTACTGTAGGCGGTAGTACAACCTCTATTAGCAATTATAAAACCAAGGACTTTG 

TAGAAATATTTGGTATTACCGCATTAATTATATTGTCGGCCGTGGCAATTTTCTGTATTACATAT 

TATATATATAATAAACGTTCACGTAAATACAAAACAGAGAACAAAGTCTAG 

Double underline - H5 promoter 
Single underline - Leader peptide 
4gy4sIg4,y_Rp4x4x49 - Representative Heavy Variable region 
Bold underline - IgG CH1 domain 
No underline - Vaccinia A56R 
Bold italics - BssHII and BstEII variable gene cloning site 

designated herein as SEQ ID NO:1. 	Various different PCR-amplified heavy chain 

variable regions can be inserted in-frame into unique BssHII and BstEII sites, which are 

indicated above in bold italics. 

[0123] 	Plasmid plEM1 is a derivative of p7.5/tk described in US Patent No. 7,858,559. 

pJEM1 retains the flanking regions of homology to the vaccinia genome which enables 

recombination as is described in U.S. Patent No. 7,858,559. 	However, in place of the 

expression cassette in p7.5/tk (promoter and expressed sequences), pJEM1 contains the 

following elements: 

Vaccina Virus H5 promoter 

Leader peptide 

5' BssHII Cloning site for cloning variable heavy chains 

Heavy Variable region 

3' BstEII Cloning site for cloning variable heavy chains 

IgG CH1 domain 

Vaccinia A56R 

[0124] 	These elements are listed in Figure 1 and SEQ ID NO:1. 	This cassette can be 

created synthetically. 
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[0125] In another embodiment, the transfer plasmid of the present invention which 

comprises a polynucleotide encoding an immunoglobulin kappa light chain polypeptide 

through operable association with a vaccinia virus p7.5 promoter is pVKE, which 

comprises the sequence: 

GGCCAAAAATTGAAAAACTAGATCTATTTATTGCACGCGGCCGCCCATGGGA 
TGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGC GTGCA CTTGAC 
TCGA GATCAAACGAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT 
GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTT 
CTATC C CAGAGAGGC CAAAGTACAGTGGAAGGTGGATAAC GC C CTC CAATC G 
GGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTAC 
AGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAA 
GTCTAC GC C TGC GAAGTCACC CATCAGGGC CTGAGCTC GC C C GTCACAAAGA 
GCTTCAACAGGGGAGAGTGTTAGGTCGAC 

designated herein as SEQ ID NO:2. 	PCR-amplified kappa light chain variable regions can 

be inserted in-frame into unique ApaLI), and XhoI sites, which are indicated above in bold. 

[0126] Furthermore, pVKE can be used in those embodiments where it is desired to have 

polynucleotides of the second library in a plasmid vector during the selection of 

polynucleotides of the first library as described above. 

[0127] In another embodiment, the transfer plasmid of the present invention which 

comprises a polynucleotide encoding an immunoglobulin lambda light chain polypeptide 

through operable association with a vaccinia virus p7.5 promoter is pVLE, which 

comprises the sequence: 

GGCCAAAAATTGAAAAACTAGATCTATTTATTGCACGCGGCCGCCCATGGGA 
TGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGCGTG CAC TTGA 
CTCGAGAAGCTTACCGTCCTACGAACTGTGGCTGCACCATCTGTCTTCATCTT 
C C C GC CATC TGATGAGCAGTTGAAATCTGGAACTGC CTCTGTTGTGTGC C TGC 
TGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGC 
CCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 
AGCAC CTACAGC C TCAGCAGCAC C CTGAC GCTGAGCAAAGCAGACTAC GAGA 
AACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGT 
CACAAAGAGCTTCAACAGGGGAGAGTGTTAGGTCGAC 

designated herein as SEQ ID NO:3. 	PCR-amplified lambda light chain variable regions 

can be inserted in-frame into unique ApaLI and HindIII sites, which are indicated above in 

bold. 
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[0128] 	Furthermore, pVLE can be used in those embodiments where it is desired to have 

polynucleotides of the second library in a plasmid vector during the selection of 

polynucleotides of the first library as described above. 

[0129] 	The practice of the present invention will employ, unless otherwise indicated, 

conventional techniques of cell biology, cell culture, molecular biology, transgenic 

biology, microbiology, recombinant DNA, and immunology, which are within the skill of 

the art. Such techniques are explained fully in the literature. See, for example, Molecular 

Cloning A Laboratory Manual, 2nd Ed., Sambrook et al., ed., Cold Spring Harbor 

Laboratory Press: (1989); Molecular Cloning: A Laboratory Manual, Sambrook et al., ed., 

Cold Springs Harbor Laboratory, New York (1992), DNA Cloning, Volumes I and II (D. 

N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al. U.S. 

Pat. No: 4,683,195; Nucleic Acid Hybridization (B. D. flames & S. J. Higgins eds. 1984); 

Transcription And Translation (B. D. Names & S. J. Higgins eds. 1984); Culture Of Animal 

Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL 

Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise, 

Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For 

Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor 

Laboratory); 	Methods 	In 	Enzymology, 	Vols. 	154 	and 	155 	(Wu 	et 	al. 	eds.), 

Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds., 

Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-IV 

(D. M. Weir and C. C. Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold 

Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986); and in Ausubel et al., 

Current Protocols in Molecular Biology, John Wiley and Sons, Baltimore, Maryland 

(1989). 

[0130] 	General principles of antibody engineering are set forth in Antibody Engineering, 

2nd edition, C.A.K. Borrebaeck, Ed., Oxford Univ. Press (1995). 	General principles of 

protein engineering are set forth in Protein Engineering, A Practical Approach, Rickwood, 

D., et al., Eds., IRL Press at Oxford Univ. 	Press, Oxford, Eng. (1995). 	General 

principles of antibodies and antibody-hapten binding are set forth in: Nisonoff, A., 

Molecular Immunology, 2nd ed., Sinauer Associates, Sunderland, MA (1984); and 

Steward, M.W., Antibodies, Their Structure and Function, Chapman and Hall, New York, 

NY (1984). 	Additionally, standard methods in immunology known in the art and not 
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specifically described are generally followed as in Current Protocols in Immunology, John 

Wiley & Sons, New York; Stites et al. (eds) , Basic and Clinical -Immunology (8th ed.), 

Appleton & Lange, Norwalk, CT (1994) and Mishell and Shiigi (eds), Selected Methods in 

Cellular Immunology, W.H. Freeman and Co., New York (1980). 

[0131] 	Standard reference works setting forth general principles of immunology include 

Current Protocols in Immunology, John Wiley & Sons, New York; Klein, J., Immunology: 

The Science of Self-Nonself Discrimination, John Wiley & Sons, New York (1982); 

Kennett, R., et al., eds., Monoclonal Antibodies, Hybridoma: A New Dimension in 

Biological Analyses, Plenum Press, New York (1980); Campbell, A., "Monoclonal 

Antibody Technology" in Burden, R., et al., eds., Laboratory Techniques in Biochemistry 

and Molecular Biology, Vol. 13, Elsevere, Amsterdam (1984). 

EXAMPLES 

EXAMPLE 1 

Preparation of CH1-A56R Fusion Protein 

[0132] 	Heavy Chain fusion proteins were constructed to facilitate selection of specific 

immunoglobulin segments expressed on the cell surface: of recombinant vaceinia-virus, 

[0133] 	An expression vector encoding a fusion protein including the human heavy chain 

CH1 domain of C gamma fused to the extracellular and transmembrane domains of A56R 

from Western. Reserve Vaccinia virus, designated herein as CH1-A56R, as well as a 

C35-specific VH (H2124) was constructed by the following method. 

[0134] 	pjEM-I 	An expression-vectortomprisihg a pol:s/nucleotide'sequence encoding the 

human„garnma immunoglobulin constant region (CH1), a fragment of VaCcitila A56R, and 

a cassette: fbr insertion of a human healq. chain variable region (a,-, -g 	82124); designated 

herein as "NEM1" was constructed, In short; p7.5/tk, produced as described in PCT 

Publication No. WO 00/028016, incorporated herein by reference in its entirety, was 

converted into pJEM1 by the following method. 

101351 	IgG CH1. 	A cDNA coding for the human IgG heavy chain was isolated from bone 

marrow RNA using SMARTTM RACE cDNA Amplification Kit available from Clontech, 
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Palo Alto, CA. 	The PCR was carried out using the 5' primer huCy1-5B: 	5' 

ATTAGGATCC GGTCACCGTC TCCTCAGCC 3' (SEQ ID NO:4), and 3' primer 

huCyl-3S: 	5' ATTAGTCGAC TCATTTACCC GGAGACAGGG AGAG 3' (SEQ ID 

NO:5). 	The PCR product comprised the following elements: BamHI-BstEII-(nucleotides 

encoding amino acids 111-113 of VH)-(nucleotides encoding amino acids 114-478 of 

Cy1)-TGA-SalI. This product was subcloned into pBluescriptII/KS at BamHI and Sall 

sites, and a second BstEII site corresponding to amino acids 191 and 192 within the CH1 

domain of Cyl was removed by site-directed mutagenesis without change to the amino acid 

sequence. 	Plasmid pBluescriptII/KS was digested with BstEII and Sall and the smaller 

DNA fragment of about 1 Kb was gel purified. 	This smaller fragment was then used as a 

template 	in 	a 	PCR 	reaction 	using 	forward 	primer 

CH1(F)-5'-CAAGGGACCCTGGTC'ACCGTCTCCTCAGCCTCC-3' (SEQ ID NO:6) 

(BstEII 	restriction 	site 	in 	italics 	and 	underlined) 	and 	reverse 	primer 	CH1(R) 

5'-AACTTTCTTGTCCACCTTGGTGTTG-3' (SEQ ID NO:7). The resulting PCR product 

of about 320 base pairs was gel purified. 

[0136] 	Full Length IgG. A cDNA coding for the human IgG heavy chain was isolated from 

bone marrow RNA using SMARTTM RACE cDNA Amplification Kit available from 

Clontech, Palo Alto, CA. 	The PCR was carried out using the 5' primer huCy1-5B: (SEQ 

ID NO:4), and 3' primer huCyl-3S: (SEQ ID NO:5). 	The PCR product comprised the 

following elements: 	BamHI-BstEII-(nucleotides 	encoding amino acids 	111-113 	of 

VH)-(nucleotides encoding amino acids 114-478 of Cyl)-TGA-SalI. This product was 

subcloned into pBluescriptII/KS at BamHI and Sall sites, and a second BstEII site 

corresponding to amino acids 191 and 192 within the CH1 domain of Cyl was removed by 

site-directed mutagenesis without change to the amino acid sequence. 	Plasmid 

pBluescriptII/KS was digested with BstEII and Sall and the 993 base pair DNA fragment 

corresponding to full length IgG1 was gel purified. 

[0137] 	A56R (longer form). 	A DNA fragment encoding amino acids 108 to 314 of the 

A56R hemmagglutinin protein from vaccinia virus (Western Reserve), which comprises 

the stalk, transmembrane, and intracellular domains (Genbank accession No. YP_233063) 

was amplified from isolated Western Reserve Vaccinia Virus DNA with forward primer 

A56R(F) 

5'-CAACACCAAGGTGGACAAGAAAGTTACATCAACTACAAATGACACTGATA 
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G-3' 	(SEQ 	ID 	NO:8) 	and 	reverse 	primer 	A56R(R) 

5'-TATAGTCGACCTAGACTTTGTTCTCTGTTTTGTATTTACG-3' (SEQ ID NO:9) 

(Sall restriction site in italics and underlined). 	The resulting PCR product of about 660 

base pairs was gel purified. 

[0138] A56R (shorter form). 	A DNA fragment encoding amino acids 240 to 314 of the 

A56R hemagglutinin protein from vaccinia virus (Western Reserve), which comprises the 

stalk, transmembrane, and intracellular domains (Genbank accession No. YP 233063) was 

amplified from isolated Western Reserve Vaccinia Virus DNA with forward primer 

A56R(F2): 

5'-CAACACCAAGGTGGACAAGAAAGTTAC CAC C GATGATGC GGATCTTTATG 

A-3' (SEQ ID NO:21) and reverse primer A56R(R): 	(SEQ ID NO:9) The resulting PCR 

product of about 263 base pairs was gel purified. 

[0139] The Fab construct (IgG CH1 with A56R longer form). 	The 320 and 660-base pair 

fragments were then combined by SOE PCR using forward primer CH1(F) (SEQ ID NO:6) 

and 	 reverse 	 primer 	 CHI 	 (R2): 

5' -ACAAAA GTATTGGTAATC GTGTCATAAC TTTC TTGTC CAC CTTGGTGTTG-3 ' 

(SEQ ID NO:22) for the 5' product and A56R (F) (SEQ ID NO:8) in combination with 

A56R(R) (SEQ ID NO:9) for the 3' product. 	These two products were then combined to 

produce a fusion fragment of about 980 base pairs. This fragment was digested with BstEII 

and Sall, and the resulting 934-base pair fragment was gel purified. 

[0140] The TR construct (Full Length IgG1 with A56R shorter form). The 993 and 

263-base pair fragments were combined by SOE PCR using forward primer CH1(F): (SEQ 

ID 	NO:6) 	and 	reverse 	primer 	A56R(R2): 

5' -TCATAAAGATCCGCATCATCGGTGG TTTTACCCGGAGACAGGGAGAGGCT 

C-3' 	(SEQ 	ID 	NO:23) 	for 	the 	5' 	product 	and 	A56R(F3): 

5'-GAGCCTCTCCCTGTCTCCGGGTAAAACCACCGATGATGCGGATCTTTATGA- 

3' (SEQ ID NO:24) in combination with A56R(R): (SEQ ID NO:9) for the 3' product. 

These two products were then combined to produce a fusion fragment of about 1256 base 

pairs. This fragment was digested with BstEII and Sall, and the resulting 1235-base pair 

fragment was gel purified. 



WO 2013/163602 	 PCT/US2013/038497 

-37- 

[0141] 	The FL construct (Full Length IgG1 with A56R longer form). 	The 993 and 

660-base pair fragments were combined by SOE PCR using forward primer CH1(F): (SEQ 

ID 	NO:6) 	and 	reverse 	primer 	A56R(R3): 

5' -TATCAGTGTCATTTGTAGTTGATGTTTTACCCGGAGACAGGGAGAGGCTC-3 

' 	(SEQ 	ID 	NO:25) 	for 	the 	5' 	product 	and 	A56R 	(F4): 	5' - 

GAGCCTCTCCCTGTCTCCGGGTAAAACATCAACTACAAATGACACTGATA-3' 

(SEQ ID NO:26) in combination with A56R(R) (SEQ ID NO:9) for the 3' product. 	These 

two products were then combined to produce a fusion fragment of about 1653-base pairs. 

This fragment was digested with BstEII and Sall, and the resulting 1632-base pair fragment 

was gel purified. 

[0142] 	Plasmid p7.5/tk was also digested with BstEII and San, and the larger resulting 

fragment of about 5.7 Kb was gel purified. These two BstEII/SalI fragments were then 

ligated to produce the pJEM1 plasmid. 

[0143] 	pJEM1 retains the flanking regions of homology to the vaccinia genome which 

enables recombination. 	However, in place of the expression cassette in p7.5/tk (promoter 

and expressed sequences), pJEM1 contains the following elements: Vaccina Virus H5 

promoter; Leader peptide; 5' BssHII Cloning site for cloning variable heavy chains; Heavy 

Variable region; 3' BstEII Cloning site for cloning variable heavy chains; IgG CH1 

domain; and Vaccinia A56R, the sequence for these elements of pJEM1 are shown in 

Figure 1 and SEQ ID NO:1. 

[0144] 	The heavy chain variable region (H2124), specific for C35, was inserted into the 

BssHII and BstEII sites of pJEM1 producing a VH (H2124)-CH1-A56R fusion construct. 

The nucleotide and amino acid sequences for the VH (H2124)-CH1-A56R fusion construct 

prepared in pJEM1 are shown below, respectively. 

[0145] 	Polynucleotide Sequence Encoding VH (H2124)-CH1-A56R Fab Product Fusion 

Protein (SEQ ID NO:10): 

[0146] 	CAGGTGCAGCTGCAGCAGTGGGGCGCAGGACTGCTGAAGCCTAGCGA 

GACCCTGTCCCTCACCTGCGCTGTCTATGGCTACTCCATCACCAGCGGCTATT 

TCTGGAACTGGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGIGGATTGGGTA  

CATC AG C TA C GAC G GC  AGCAGCAACTC  CAAC CCATC TCTCAAAAATAGGGTC  
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ACAATCAGCAGAGACACCTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTG 

TGACCGCCGCCGACACCGCTGTGTATTACTGTGCCAGAGGAACTACCGGGTTT  

GCTTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGG  

GCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA 

GCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGT  

CGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCT  

ACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCA  

GCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACAC 

CAAGGTGGACAAGAAAGTTACA.NAACTACAAATGAgACTQATAAAQTAGAT 

TATO_AAQMTAcTccAcAGAgrTgATIGTAAATAcAQATAQI.QAAT_C_QAcIA 

TAGACATAATACTATCTGGATCTACACATTCACCGGAAACTAGTTCTAAQAA 

ACCTGATTATATAGATAATTCTAAITGCTCGTCGGTATTCGAAATCGCGACTC 

CGGAACCAATTACTGATAAT,GIAGAAGATCATACAGACACCGTCACATACAC  

TAGTGAIMACATTAATACAGTAAGTGCATCATCTGGAGAATCCACAACAGAC  

GAGACTCCGGAACCAATTACTGATAAAGAAGAICATACAGITACAGACACTG 

TCTCATACACTACAGTAAGTACATCATCTGGAATTGICACTACTAAATCAACC 

ACCGATGATGCGGATCTTTATGATACGTACAATGATAATGATACAGTACCAC  

cAAcTACIGTAGGCGGTAGTACAACCTCTATTAGCAAITATAAAACCAAQQA  

CITTGTAGAAATA FFTGGTATTACCGCATTAATTATATTGTCGGCCGIWC AA 

ITITCTGTATTACATATIATATATATAATAAACQTTCACPJAAAJACAAAAKA 

GAGAACAAAGTCTAG  

[0147] 	The nucleotide sequence encoding the VH (H2124) and CH1 domain is underlined, 

and the nucleotide sequence encoding the A56R domain is double underlined. 

[0148] 	Amino Acid Sequence of VH (H2124)-CH1-A56R Fab Product Fusion Protein 

(SEQ ID NO:11): 

[0149] 	;?V( L:, 	rGAGLLI(PSETLSLTCAVYGYSITSGYFWNWIRQPPGKGLEWI  

GYIS YDGSSNSNP SI,KNRVTISRDTSKNQFSLKLSSVTAADTAVYYCARGITGFA  

YWGQGTL V TVS SASTK GP S  VFPLAPS  SKSTSGGTAALGCL VKDYFPE  PVTVSWNS  

GALTS GVHTFPAVL) S SGLYSLS SVVTVP SSSLGTQTYICNVNHKPSNTKVDKKV 

ISTTINDTDKVDYEEYSTELIVNIDSESTIDIILSGSTHSPETSSKKPDYIDNSNC,  SSV  

EpAqupgpNvEDLITaryTMLMITy$ASSQKmpzugutmEmiTyjx.  
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VSYTTVSTSSGIVTIKSTTDDADLYDT 	DNDIY_PPTTVGGSITSISNY _KIKDFVE 

IF QIIALIIL  SAVAIFCITYYIYNKRSRKYKTENKV  

[0150] 	The amino acid sequence for the VH (H2124) and CH1 domain is underlined, and 

the amino acid sequence for the A56R domain is double underlined. 

[0151] 	Polynucleotide Sequence Encoding VH (H2124)-IgG-A56R TR Construct Fusion 

Protein (SEQ ID NO:27): 

[0152] 	CAGGTGCAGCTGCAGCAGTGGGGCGCAGGACTGCTGAAGCCTAGCGA  

GACCCTGTCCCTCACCTGCGCTGTCTATGGCTACTCCATCACCAGCGGCTATT  

TCTGGAACTGGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGTA 

CATCAGCTACGACGGCAGCAGCAACTCCAACCCATCTCTCAAAAATAGGGTC  

ACAATCAGCAGAGACACCTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTG 

TGACCGCCGCCGACACCGCTGTGTATTACTGTGCCAGAGGAACTACCGGGTTT  

GCTTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGG  

GCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA  

GCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGT  

CGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCT 

ACAGI CCTCAGGACTCTAC TCCCTCAGCAGCGTCGTGACCGICiCGCTCCAGCA 

GCTTGGGC A CCCAGACCTACATC TGCAACGTGAATCAC  AAGCCCAG CAACAC  

CAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGC  

CCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCC 

CCCAAAACCCAAG GACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGC  

GTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACG 

TGGACGGCGTGGAGGTGCATAATGCCAA GACAAAGCCGCGGGAGGAGCAGT 

ACAACAGCACGTACCGTGTGGTCAGCGTCCTCACC  GTCCTGCACCAGGACTG 

GCTGAATGGCAAGGAGTACAAGTGC AAGGTCTCCAACAAAGCCCTCCCAGCC  

CCCATCGAGAAAACCATCTCCAAAGCCA AAGGGCAGCCCCGACiAACCACAG 

GTGTACACCCTGCCCCCATCCCGGGATGAGCTGAC CAAGAACCAGGTCAGCC  

TGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGA  

GAGCAATGGGCAGC CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGAC  

TCCGACGGCTCC TTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTG 

GCAGCAGGGGAACGTCTTCTCA  I CiCTCCGTGATGCATGAGGCTCTGCACAAC  
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CACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAACCACCGATGATO 

CGGATCTTTATGATACGTACAATGATAATGATACAGTACCACCAACIA _TQTA  

G_GcciOTAQTACAACCTCTAILLAGCAATIA_TAAAA ..0 	.0„0.ACTTIOTAGAAA  

TATTTGUTATTACCOCATTAATTATATTGTCGGCCGTGGCAATTTTCTGTATTA 

CATATTATATATATAATAAACGTTCA_C.G.TAAATACAAAACAGAGAACAAAGT 

CTAG 

[0153] 	The nucleotide sequence encoding the VH (H2124) and full length Ig domain is 

underlined, and the nucleotide sequence encoding the shorter form A56R domain is double 

underlined. 

[0154] 	Amino Acid Sequence of VI-1 (H2124)-IgG-A56R TR Construct Fusion Protein 

(SEQ ID NO:28): 

[0155] 	QV QL QQWGAGLLKP SETLSLTCAVYGY SIT S GYF WNWIRQPP GI(GLEWI 

GY1S YDGSSNSNP SLKNRVTISRDTSKNQF SLKLS SVTAADTAVYYCARGTTGFA 

YWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS 

GALTSGVHTFPAVLOS SGLYSLSSVVTVPSSSLGTQTYICNVNI-IKPSNTKVDKKV 

EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC VVVDVSHEDP 

EVICFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV 

SNKALPAP IEKTIS KAKGOPREPQVYTI ,PPSRDELTKNO VSL  IC I. VKGFYPSDIAV  

EWESN GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW QQGNVF SCSVMHEAL 

HNHYP)KSLSLSPGKITODADLYDTYNDNDTVPPTTVGGSTISISN.YKTKDFVEI 

FGITALIILSAVAIFCITYYIyNKRSRKYKTENKV. 

[0156] 	The amino acid sequence for the VH (H2124) and full length Ig domain is 

underlined, and the amino acid sequence for the shorter form A56R domain is double 

underlined. 

[0157] 	Polynucleotide Sequence Encoding VH (H2124)-IgG-A56R FL Construct Fusion 

Protein (SEQ ID NO:29): 

[0158] 	CAGGTGCAGCTGCAGCAGTGGGGCGCAGGACTGCTGAAGCCTAGCGA  

GACCCTGICCCTCACCIGCGCTGTCTATGGCTACTCCATCACCAGCGGCTATT 

TCTGGAACTGGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGTA 

CATCAGCTACGACGGCAGCAGCAACTCCAACCCATCTCTCAAAAATAGGGTC 
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ACAATCAGCAGAGACACCTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTG 

TGACCGCCGCCGACACCGCTGTGTATTACTGTGCCAGAGGAACTACCGGGTTT 

GCTTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGG 

GCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA 

GCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGT 

CGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCT 

ACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCA 

GCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACAC 

CAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGC 

CCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTICCC 

CCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGC  

GTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACG 

TGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGT 

ACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTG 

GCTGAATGGCAAGGAGTACAAGTGCAAGGFCTCCAACAAAGCCCTCCCAGCC 

CCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAG 

GTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCC 

TGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGA  

GAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGFGGACAAGAGCAGGTG 

GCAGCAGGGGAACGTCTICTCATGCTCCGTGATGCATGAGGCTCTGCACAAC  

CACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAACA1CAACTACAA 

ATQAQAQTWAAAGTAPATTAyGAAGAATACTCCACAgAGTTGATTGTAAA 

TAcAOATAQTQAATCQACTATAGACATAATAciATCTQQWTACAcATTCAc 
CGGAAACTAGTMAAGAAACCTGATTATATAGATAATTCIAATTGCTCGTCG 

OTATTCGAAATCOCOALIcCGOAACCAATTACTGATAAIGTAGAAGATCATA 

CAGACACCOTCAC TACACTAGTGATAG ATT 	TACAGTAAGTGCATCATC 

TGGAGAATCCACAACAGACGAGACTC_ 	MCCAATTACTGATAAAGAACAT ,,,,,,,,, 

CATACAGITACAGACACTOICTCATACACTAcAGIAAPTACAICANTWAAT 

TGTCAOACTAAATCAACCACCGATGATECOGATCTUATOATACCTACAATO 

ATAATGATACAGTACCACCAACTAC 	GCGGTAOTACAACCTCTATTAQ 

CAATTATAAAACCAAWACTTTGTAGAAATAYTTGGTATTACCGCATTAATIA 
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TATIGTCGGCCGTGGCAATTTTCTGTATTACATATTATATATATAATA ACGTT 

[0159] 

[0160] 

(SEQ 

[0161] 

CACCUMAT_AcAAAACAOAQAACAAA  

underlined, 

underlined. 

ICIAQ, 

The nucleotide sequence encoding the VH (112124) and full length Ig domain is 

and the nucleotide sequence encoding the longer form A56R domain is double 

Amino Acid Sequence of VH (H2124)-IgG-A56R FL Construct Fusion Protein 

ID NO:30): 

QVQLQQWGAGLLKPSETLSLTCAVYGYSITSGYFWNWIRQPPGKGLEWI 

GYISYDGSSNSNPSLKNRVTISRDTSKNQFSLKLSSVTAADTAVYYCARGTTGFA 

YWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS 

GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV 

EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDILMISRTPEVTCVVVDVSHEDP 

EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL TVLHQDWLNGKEYKCKV 

SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLICLVKGFYPSDIAV 

EWESNGQPENNYKTTPPVLDSDGSFITh  

IINHYTQKSLSLSYGKTSTTNDID 

YSKL TVDKSRWQQGNV F SC SVMHEAL  

KVDYEEYSTELIVNTDSESTIDIILSGSTHS PETS  

SKKPDYIDN SNCSSKRIATUPITDNVEDHIPIVIyISDSINTVSAS SGESIIDET 

PEPITDKEDHTVTDTVSYTIVSTSSGIVTIKSTIDDADL yjnyNIDNDIVPPITyc 

GSTTSISNYKTKD1 V EIF G HAL IILSAVAIFCITY  viyNKgylcTENp7„ 

[0162] 	The amino acid sequence for the VH (H2124) and full length Ig domain is 

underlined, and the amino acid sequence for the longer form A56R domain is double 

underlined. 

EXAMPLE 2 

Expression of A56R Fusion Protein on Surface of Hela Cells 

[0163] 	HeLa cells were infected or co-infected with recombinant EEV vaccinia virus 

expressing immunoglobulin fusion constructs, Variable Heavy (112124) CH1-A56R 

(described in the Example above) and Ig-K ("A56R H + L") or scFv-A56R ("A56R scFv"). 
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An illustration of the general strategy for infection of cells with recombinant EEV vaccinia 

virus and the subsequent library selection steps is shown in Figure 2. 	In the current 

example, instead of using libraries, the HeLa cells were co-infected with recombinant 

vaccinia virus expressing the VH (H2124) CH1-A56R Fusion and recombinant vaccinia 

virus expressing the Ig-K (A56R H + L) or infected with recombinant vaccinia virus 

expressing scFv-A56R. 	Fluorescence Activated Cell Sorting (FACS) analysis for C35 

staining and CD100 staining of cells infected with EEV recombinant vaccinia virus was 

performed. 	Briefly, 1 ug/m1CD100-His or 1 lag/m1C35-His were added to the samples and 

incubated for 30 minutes on ice. 	The cells were then washed and anti-his APC was added 

and the samples were incubated for 30 minutes on ice, and then the samples were washed, 

fixed and analyzed. 	The FACS data is shown in Figure 3A-C 	These results show that 

the A56R fusion proteins, were expressed on the cell surface. 

[01641 The clones in EEV format were alsoilested by ELISA. 	Purified C35 protein wa$ 

coated on a 96-well ELISA plate (Nuns ,MaxiSorp 96 well flat bottom immune plate Cat # 

439454) at 1 p,g/int, in carbonate buffer, 	The plate was washed and then blocked with 1 x 

PBS, 10% FBS. 	Psoralen-inactivated BEN was then added to the plate, diluted in I x 

PBS111)% FM/0.05% Tween-20, into designated wells and allowed to bind. 	Viral 

particles were detected using Rabbit anti-Vaecinia---IIRP conjugated.  antibody -(Ab.Carn 

Catalog # 28250), the antibody was diluted 1:2000 in 1XPBS/ 10%:FBS/0.05% "Tweed-20. 

TMB substrate (to detect horseradish peroxidase (HRP) activity) was then added to the 

plate; color was allowed to develop and then the reaction was terminated with an equal 

volume of 2N H2504. 	The plate was read on an ELISA plate reader and the results are 

shown in Figure 4A. A second ELISA was used to confirm binding by detecting FAb, 

using the same conditions as above, except the secondary antibody was Goat anti-human 

IgG F(ab')2-HRP conjugated (Jackson ImmunoResearch catalog# 109-036-097) used at a 

1:10,000 dilution of the stock antibody, with 1 X PBS/10% FBS/0.05% Tween-20 as 

dilution buffer. 	Results are shown in Figure 4B. 	Wells that were positive on both plates 

showed that the antibody construct was expressed in the presence of the vaccinia viral 

virion. 	As shown in Figure 3A-B, EEV containing the C35 specific fusion protein 

(labeled "A56R EEV") bound to C35, while a control ("L517+G7000-A56R EEV"), 

non-C35 binding EEV, did not bind, and C35 specific antibody in standard membrane 
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bound IgG1 format ("mbg EEV") also did not bind. 	The data demonstrated antigen 

specific binding of EEV when the antibody was expressed with A56R. 

EXAMPLE 3 

Plate Based and Solution Based Fusion Protein Selection 

[0165] 	Recombinant vaccinia virus expressing A56R fusions with known C35 and VEGF 

binding molecules were tested for binding to target molecules using a panning based assay. 

Recombinant EEV expressing immunoglobulin molecules known to be specific for C35 

(scFv2408-A56R, 	H2124-L517-A56R 	double 	gene, 	and 	L517 	+ 	H2124-A56R 

co-infection) or VEGF (L7000 + H7000-A56R) were produced in BSC1 cells (for about 24 

hours). 	H2124-L517-A56R double gene produced the same antibody as L517 + 

H2124-A56R, except the Ig-H and Ig-K genes were encoded by the same virus from the 

double gene and the Ig-H and Ig-K genes were encoded by separate viruses used for the 

H2124-A56R co-infection. 

[0166] 	The clones in EEV format were tested by plaque assay. 	Sterile 96-well ELISA 

plates were coated with 1µg/ml C35 or 1µg/ml VEGF). 	EEV containing supernatant 

"Neat" (undiluted) was diluted by serial dilution generating 1:10 to 1:106  dilutions. 	1000 

of the various virus constructs was added to designated wells and binding was allowed to 

proceed for 2 hours or overnight at room temperature. 	The cells were washed 10 times 

with PBS to remove unbound EEV and then approximately 25,000 BSC1 cells were added 

to each well, and the plates were incubated at 37° C overnight. 	Plaque formation was 

detected by staining the wells with crystal violet. 	Figures 5A-D show the plaque assay 

plate results for C35 binding after 2 hours and overnight, and VEGF binding after 2 hours 

and overnight, respectively. 	These results showed that the A56R fusion proteins were 

expressed at the surface of the vaccinia virions. 	Furthermore, the results showed that 

known binding segments produced using A56R fusions expressed on EEV were able to 

bind to their specific targets. 

[0167] 	Next, bead-based selection was performed using Streptavidin beads, Protein G 

beads or Tosylactivated beads. 
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[0168] 	Streptavidin  €:SAVE  bead selection. Magnetic bead-based selection was tested using 

recombinant EEV expressing MAb 2408 (H2124-A56R + L517 (C35-specific)) or MAb 

7000 (H7000-A56R + L7000 (VEGF-specific)). 	Hela cells were infected with the various 

virus constructs in two T175 flasks for 2 days, supernatant was collected, and cells were 

pelleted. 	The EEV was pelleted by spinning for 1 hour in a SA-600 rotor at 15,000 RPM. 

The EEV pellet was resuspended in 1 ml DMEM supplemented with 10% FBS. 	For each 

recombinant virus, 500111 supernatant (-10^7 pfu) was used. 	Next, 5000 DMEM 

containing 11.1g biotin-C35 was added to each sample (resulting in a solution of 1 ml 

volume at 1lig/m1 concentration). 	The solution was incubated in a cold room on a rotator 

for 2 hours. 	200111 M280 Streptavidin (SAV) magnetic beads were added to the EEV/C35 

solution (the SAV bead concentration was high enough to bind all of the biotin-C35 so no 

washing step was required). 	The solution was rotated at room temp for 20 minutes to 

allow the beads to bind to the biotin-C35. Virus constructs prepared as described above 

were added to the beads. 	The beads were collected using a magnet, and the unbound virus 

was collected separately. 	The beads were washed 5X with 1 ml. PBS. 	All of the washes 

with the unbound virus were pooled ("Unbound"). 	The beads were removed from the 

magnet. 1 ml of DMEM supplemented with 2.5% FBS was added and the solution was 

transferred to a fresh tube ("Bound"). 	"Unbound" and "Bound" were titered. 	The results 

are shown in Table 1. 	These results show that EEV expressing the 2408 antibody, 

C35-specific, bound to the beads while the EEV expressing the 7000 antibody, 

VEGF-specific, did not bind. 

Table 1: 	Selection of C35-specific mAb using Biotin-C35 and SAV magnetic beads 

Virus Titer % Bound 

MAb 7000 Unbound 1.45 x 10 

MAb 7000 Bound 1.2 x 10' I  0.1% 

MAb 2408 Unbound 7.6 x 10' 

MAb 2408 Bound 7.7 x 10' 50% 

[0169] Spiking experiments were performed where EEV expressing L517 was set at moi = 

1, and co-infected into Hela with a mix where EEV expressing H2124-A56R was diluted to 

1:10^4 and 1:10^5 with H7000-A56R (one T175 Hela per spiking condition). 	In short, 
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each spike. 	5041 DMEM containing liag Biotin-1/C35 was added to each sample (1 ml 

volume ( 	lug/m1 concentration). 	The Bound and Unbound solutions were collected 

using the SAV-bead (M280) selection method described above. 	Bound virus was 

amplified on BSC1 in T75 flasks. 

[0170] The collected Bound and Unbound samples for each spiking experiment were 

tested for enrichment by flow cytometry. 	The results from the spiking experiments 

showed a clear enrichment with beads10-4  and 10-5  and that bead selection was more 

efficient than the plate selection method (data not shown). 

[0171] Different beads were also tested, Protein G beads (Dynal) and tosylactivated beads 

(Dynal) using methods similar to those described above for SAV beads. 	The following 

previously identified antibodies were used during the selection assays: MAb 2408 

(C35-specific antibody, a humanized 1F2 antibody comprising H2124 + L517), MAb 2368 

(CD100-specific antibody, disclosed in U.S. Appl. No. 2010/0285036), mAb 7000 

(VEGF-specific parent antibody of bevacizumab), and mAb 8000 (Her2-specific parent 

antibody of trastuzumab). 

[0172] Protein G bead selection. 	EEV produced in small scale infections of Hela cells in 6 

well plates (titer - 5X10^5/m1) were used. 	Protein G bead selection was tested using EEV 

expressing 2368-A56R (H2090-A56R + L512, both VH and VL expressed in vaccinia): 1 

ml virus (5X10^5 pfu) and EEV expressing 2408-A56R (H2124-A56R + L517, both VH 

and VL expressed in vaccinia): 1 ml virus (5X10^5 pfu)). 	CD100 bound to Protein G 

beads was prepared as follows: 	3000 magnetic Protein G beads (2X standard 

amount/sample) were used and pull down was performed with a magnet. 	600i_t1 PBS + 

18µ1 CD100-Fc ( - 36 µg) was added to the beads, which were incubated at room temp for 

20 minutes (on rotator) to allow CD100-Fc to bind to Protein G beads. 	Beads were pulled 

down with a magnet and washed lx with 1 ml PBS. Next, the beads were resuspended in 

300111 DMEM supplemented with 10%. 	100111 CD100-Fc/Pro G beads were added to 

each virus sample (-2X the standard amount of Pro-G beads), which was about 1211g/m1 

CD100-Fc. 	The solution was incubated for 2 hours at room temperature. 	5500 (about 

50%) of the beads were removed and unbound was collected following standard 5 X 1 ml 

PBS washes. 	Beads were removed from the magnet, 1 ml DMEM supplemented with 
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2.5% was added, and the solution was transferred to a fresh tube ("Bound"). 	"Unbound" 

and "Bound" were titered., 	The: remaining 550111 was. allowed to continue incubating at 

room temp for another 1,5 hours (15 hours total) and then for 18 hours at 4 degrees before 

being harvested as described above. 

161:731 	Tosylactivated bead selection. 	ED/ expressing the same 2408 (C35-specific) and 

2368 (CD100-specific). antibodies used in the Protein 0 bead selection experiments above 

were used fer the tosylactivated magnetic bead selection. 	1.0Oug C35-His was coniugated 

to tosylactivated magnetic beads in PBS or HASA. coating buffer (CM. 	The solution was. 

incubated at 37 degrees overnight, and blocked for 1 hour at 3:7 with PBS, 10% FBS, 0.5%: 

BSA. 	The beads were washed 1X, res.u.spend in 160111 DMEM supplemented: witli. 10%. 

50111 of each bead sample Was added to each Virus sample and incubated at room temp for .5 

hours. 	Unbound was collected following standard 5 X lml PBS washes. 	Beads were 

removed from the magnet, 1 ml DMEM supplemented with 2.5% was added, and the beads 

were transferred to fresh tube ("Bound"). "Unbound" and "Bound" were titered. 

[0174] 	100ug CD100-His was conjugated to tosylactivated magnetic beads in PBS for the 

CD100 antibody selection assay with. 2368-A56R (1 ml virus (5X10^5 pfu)) and 

2408-A56R (1 ml virus (5X10^5 pfu)) using the same methods described above for the C35 

antibody selection assay. 

[0175] 	The results using the Protein G bead selection are shown in in Table 2 and the 

results using tosylactivated bead selection are shown in Tables 3 and 4. 

Table 2: 	Selection of CD100-specific mAb using CD100-Fe and Protein G beads 

Virus/Binding time Sample Titer % Bound 
	 --, 	 

MAb 2408 — 2 hours : Unbound 100,000 

MAb 2408 — 2 hours Bound 360 0.36% 

MAb 2368 — 2 hours Unbound 64,000 

MAb 2368 — 2 hours Bound 88,000 58% 

MAb 2368 — overnight Unbound 130,000 

MAb 2368 — overnight Bound 90,000 41% 

MAb 2408 — overnight 
, 	....... 

Unbound 320,000 
......„.., 	 

MAb 2408 — overnight Bound 160 0.05% 
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Table 3: 	Selection of C35-specific mAb using C35 Tosylactivated beads 

Virus Sample Titer % Bound 

MAb 2408 Unbound 96,000 

MAb 2408 Bound 160,000 61% 
.... •111%1111,,% 	  

MAb 2368 Unbound 240,000 

MAb 2368 Bound 1,600 0.6% 

MAb 2408 Unbound 97,000 

MAb 2408 Bound 140,000 59% 
	 N11111 	C • 	 , ,,,,,, 

Table 4: 	Selection of CD100-specific mAb using C1)100-His Tosylactivated beads 

Virus Sample Titer % Bound 

MAb 2408 Unbound 384,000 

MAb 2408 Bound 480 0.1% 

MAb 2368 Unbound 264,000 

MAb 2368 Bound 232,000 46.7% 

EXAMPLE 4 

CH1-A56R Fusion Protein Library Creation 

[0176] 	A library of polynucleotides encoding immunoglobulin segments was produced as 

follows. 	A recombinant vaccinia library referred to as "naïve heavy, A56R fusion" was 

created using bone marrow RNA that was purchased from a commercial supplier (Life 

Technologies) representing more than 100 donors. 	Reverse transcription was performed 

using antisense primers specific for the constant region of either human immunoglobulin 

gamma or mu. The resulting cDNA was used as template for PCR with one of two sense 

primers that bound to the beginning of human variable heavy framework region 1 and 

introduced a BssHII restriction site in combination with a pool of antisense primers that 
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bound to the various germline human J segments and introduced a BstEII restriction site. 

The sequences of these primers were as follows: 

[0177] 	Sense VH 3: AATATGCGCGCACTCCGAGGTGCAGCTGGTGGAGTCTGG 

(SEQ ID NO:12) 

[0178] 	Sense VH 3a: AATATGCGCGCACTCCGAGGTGCAGCTGTTGGAGTCTGG 

(SEQ ID NO:13) 

[0179] 	Antisense JH 1: GAGACGGTGACCAGGGTGCCCTGGCCCCA (SEQ ID 

NO:14)  

[0180] 	Antisense JH 2: GAGACGGTGACCAGGGTGCCACGGCCCCA (SEQ ID 

NO:15)  

[0181] 	Antisense JH 3: GAGACGGTGACCATTGTCCCTTGGCCCCA (SEQ ID NO:16) 

[0182] 	Antisense JH 4/5: GAGACGGTGACCAGGGTTCCCTGGCCCCA (SEQ ID 

NO:17)  

[0183] 	Antisense JH 6: GAGACGGTGACCGTGGTCCCTTGGCCCCA (SEQ ID 

NO:18)  

[0184] 	The resulting PCR products were cloned into the pJEM1 plasmid disclosed above 

for the purpose of creating recombinant vaccinia virus. 	In particular, the human 

immunoglobulin variable heavy expression cassette described herein was cloned in frame 

with human immunoglobulin constant domain region CH1 and vaccinia virus integral 

membrane protein A56R cDNA. 	The resulting proteins created from expression of the 

library were fusion proteins containing an immunoglobulin heavy chain variable segment, 

the heavy chain CH1, and a portion of the A56R protein expressed on the surface of 

vaccinia EEV. 

[0185] 	The naive heavy, A56R fusion library was used along with vaccinia expressing 

known Ig-L or a vaccinia virus expressed Ig-L library (as previously disclosed in U.S. 

Patent No. 7,858,559, which is incorporated herein by reference in its entirety) for vaccinia 

panning as illustrated in Figure 2. 
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EXAMPLE 5 

CH1-A56R Fusion Protein Library Screening for CD100 Antibody Selection 

[0186] Selection for new CD100 antibodies using the —1,200,000 clones from the naive 

heavy, A56R fusion library (also referred to as "library 3") described in the previous 

Example + light chain clones (L48, L116 and L9021) was performed. 

[0187] T-175 Hela cells were infected with EEV expressing the fusion library + Light 

chains described above for 2 days after which the supernatant was harvested, pelleted with 

low speed spins 2X, and the EEV pelleted at 15,000 RPM for 1 hour. 	EEV was 

resuspended in 3 ml DMEM supplemented with 10% FBS. 

[0188] Round 1 Selection. 	EEV expressing 2368-A56R (1 ml virus (5X10^5 pfu)) and 

EEV expressing 2408-A56R (1 ml virus (5X10^5 pfu)) were used as controls and library 3 

(1 ml virus (— 10^8pfu)) was used for the selection assay. 	First, 300111 Protein G beads 

(2X standard amount/sample) were pulled down with a magnet, and 600111 PBS + 181.11 

CD100-Fc ( = 36 lig) was added to the beads. 	The solution was incubated at room temp 

for 20 minutes (on rotator) to allow CD100-Fc to bind to Protein G beads. 	Beads were 

pulled down with magnet, washed 1X with 1 ml PBS, and resuspend in 3000 DMEM 

supplemented with 10%. 

[0189] Next, 100111 of the CD100-Fc/Pro G per sample (about 12ttg/m1 CD100-1-  c) was 

added to the EEV (2408 and 2368 controls, and library 3) and incubated for 2 hours at room 

temperature. 	550111 (about 50%) of the beads were removed and unbound virus was 

collected following standard 5 X lml PBS washes. 	Beads were removed from the magnet 

and 1 ml DMEM supplemented with 2.5% was added, and the solution was transferred to a 

fresh tube ("Bound"). 	"Unbound" and "Bound" were titered. 	These "2 hour incubation" 

samples were titered with methyl cellulose added after 45 minutes. 	Beads recovered from 

the bound library were amplified on BSC1 in T75 (This Round 1 2 hour selection was 

termed "CD100 3.1A"). 	The other 550111 (about 50%) of the beads was allowed to 

continue incubating at room temp for another 1.5 hours (3.5 hours total) and then for 18 

hours at 4° C degrees ("overnight"). 	The unbound virus was collected following standard 

5 X lml PBS washes. Beads were removed from the magnet, 1 ml DMEM supplemented 

with 2,5% was added and the solution was transferred to a fresh tube ("Bound"). 
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"Unbound" and "Bound" were titered. 	Bound library was amplified on BSC1 in T75 

(This Round 1 overnight selection was termed "CD100 3.1W). 	The results are shown in 

Table 5. 

Table 5: 	Round I Selection of CD100 Ab 

Virus/Binding time Sample Titer  

Bound 

2408-2 hours Unbound 100,000 

2408-2 hours Bound 360 0.36% 

2368-2 hours 	 Unbound 64,000 

2368-2 hours Bound 88,000 58% 

Library 3.1A-2 hours Unbound 22,000,000 

Library 3.1A-2 hours 	Bound 20,000 —0.1% 

2408-Overnight 	 Unbound 130,000 

2408-Overnight Bound 90,000 
- 

41% 

2368-Overnight Unbound 320,000 

2368-Overnight Bound 160 	 0.05% 

Library Unbound 56,000,000 

3.1B-Overnight 

Library Bound 17,000 	 0.03% 

3.1B-Overnight 

[0190] 	Library 3.1A and 3.1B 

(2X10^7/m1 each). 

gave good amplification on BSC1, harvest and titer 

[0191] 	Round 2 Selection. 	EEV produced in small scale infections of Hela in 6 well 

plates (titer — 5X10^5/m1) were used. 	Library 3.1A and 3.1B were pooled together into 

one sample. 	EEV expressing 2368-A56R (1 ml virus (5X10^5 pfu)), EEV expressing 

2408-A56R (1 ml virus (5X10A5 pfu)) and 3.1A/B library (1 ml virus (-- 5X10^5 pfu)) were 

each combined with 300µ1 Protein G beads (2X standard amount/sample). 	6000 PBS + 

18µ1 CD100-Fc ( = 36 lag) was added to the beads. 	The solution was incubated at room 

temp for 20 minutes (on rotator) to allow CD100-Fc to bind to Protein G beads, 	The beads 
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were washed and resuspended as described above for Round 1. 	1000 CD100-Fc/Pro G 

per sample (-12µg/ml CD100-Fc) was added to the virus samples and incubated for 4.5 

hours at room temperature. 	The "Unbound" and "Bound" were collected and titered. 

Bound library was amplified on BSC1 in T75 (Round 2 selection was termed "CD100 

3.2"). 	The results of the Round 2 selection are shown in Table 6. 

Table 6: 	Round 2 Selection for CD100 Ab 

Virus-Antigen Sample Titer % Bound 
	 1 

2408-CD100-Fc Unbound 	1 384,000 

2408- CD100-Fc Bound 780 0.2% 
....- 

2368- CD100-Fc Unbound 264,000 

2368- CD100-Fc Bound 224,000 46% 

Library Unbound 780,000 

3.2-CD100-Fc 

Library 	 i Bound 	 5,000 0.6% 

3.2-CD100-Fc 

[0192] 	Library 3.2 gave good amplification on BSC1, harvest and titer (3X10^7/m1), and 

resulted in a small population of positive cells. 	A third round of selection was performed. 

[0193] 	Round 3 Selection. 	A third round of selection was performed using the same 

methods described above using "library 3.2A" (Rounds 1 and 2 - CD100-Fc/Pro G). 

Bound library was amplified on BSC1 in T75 (Round 3 selection was termed "CD100 

3.3A"). 	The results of the Round 3A selection were tested by flow cytometry. 	A second 

Round 3 selection was performed with 100m CD100-His conjugated to tosylactivated 

magnetic beads in PBS using the methods disclosed above. 	50111per sample was added for 

selection using the same lot of virus that was used for CD100 3.3A (2368-A56R (1 ml virus 

(5X10^5 pfu)), 2408-A56R (1 ml virus (5X10^5 pfu)) and 3.2A (1 ml virus (- 5X10^5 

pfu)). 	The solutions were incubated at room temperature for 4 hours. 	The "Unbound" 

and "Bound" were collected and titered. 	Bound library was amplified on BSC1 in T75 

(Round 3 tosylaciivated selection was termed "CD100 3.3B"). 	The results of the round 3B 
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selection were tested by flow cytometry. 	A diagram summarizing the CD100 antibody 

selection strategy is illustrated in Figure 6. 

[0194] 	Flow cytometry staining suggested that there was probably a positive population in 

CD100 3.3A/B when paired with L116. 	Plaques from 3.3A (n=27) and 3.3B (n::30) were 

picked and amplified for 3 days on BSC1 in 24-well plate (1 plaque per well). 	Hela cells 

were infected in 24-well plates with 1/3 of each amplified plaque. The cells were 

co-infected with L116 at moi = 1 (controls: 2368, 2408 and uninfected Hela supernatant). 

EEV was produced for 2 days, harvested, and inactivated with psoralen and irradiation with 

long-wave UV light (PLWUV). 	The virus was bound to CD100 (2µg/m1) and C35 

(2µg/ml) coated plates 0/N using 50u1 EEV + 50 ul ELISA blocking buffer per well. 

[01951 	Antibody binding was detected by adding anti-Fab-HRP. 	Two clones (3.3.C20 

and 3.3C27) had good binding to CD100 and were sequenced. 	These clones were further 

characterized by flow cytometry for specificity and affinity. 	The clones were amplified on 

BSC1 in T75, and titered. 	The 3.3A/B (with L116) infected cells were CD100 sorted. 

The virus from sorted cells (150 cells) was amplified, titered and tested by flow (100pg/m1 

CD100-His: 30 minutes on ice, washed with 5m1, followed by anti-HIS-APC + 

anti-Fab-FITC: 30 minutes on ice). 	Both Clones 20 and 27 bound to CD100 as determined 

by flow cytometry. 

[0196] 	The sequences for two high affinity CD100 VH clones (3.3.C20 and 3.3C27) when 

paired with L116 were identical. 	The sequence alignment of the two clones is shown in 

Figure 7. 	The amino acid sequence for the variable heavy chain is as follows (VH 

CDR1-3 are underlined): 

[0197] 	EVQLVESGGGLVKPGGSLRLSCAASGFIFTDYYLSWIRQAPGKGPEWLSYI 

S S YSRYTNYADS VKGRFTISRDN TRNS IYLQMNNLRVED TAV YYCARAGSYYGY 

WGQGTLVT (SEQ ID N0:19). 

EXAMPLE 6 

CH1-A56R Fusion Protein Library Screenii,g, for Her2 Antibody Selection 

[0198] 	Selection for new Her2 antibodies using 1,200,000 clones from the naïve heavy, 

A56R fusion library (also referred to as "library 3") + light chain clones (L48, L116 and 
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L9021) was performed. 	The library is the same that was used for the CD100 selections 

discussed above. 

[0199] 	Round 1 Selection. 	Library 3 (1 ml virus (— 10^8pfu)) was used for this selection. 

First, 1001.11 PBS + 100111 Her2-Fc (R&D Systems) (= 10 pig) was added to the Protein G 

beads. 	The solution was incubated at room temp for 25 minutes (on rotator) to allow 

Her2-Fc to bind to Protein. G beads. 	Beads were pulled down with magnet, washed 1X 

with 1 ml PBS, and resuspend in 100111 DMEM supplemented with 10%. 

[0200] 	Next, 100µ1 Her2-Fc/Pro G (101.1g/m1Her2-Fc) was added to 1 ml of Library 3 and 

incubated for 4 hours at room temperature. 	Beads were removed and unbound virus was 

collected following standard 5 X lml PBS washes. 	Beads were removed from the magnet 

and 1 ml DMEM supplemented with 2.5% was added, and the solution was transferred to 

fresh tube ("Bound"). 	"Unbound" and "Bound" were titered. 	Beads recovered from the 

bound library were amplified on BSC1 in T75 (Round 1 selection was termed "Her2.3.1"). 

[0201] 	Round 2 Selection. 	Amplified Her2.3.1 was titered and amplified in 6 well plate 

format (co-infected with L48, L116 and L9021) and an additional cycle of Her2-Fc/ProG 

selection was performed using the methods described above. 	Bound library was amplified 

on BSC1 in T75 (Round 2 selection was termed "Her2.3.2"). 

[0202] 	Round 3 Selection. 	Amplified Her2.3.2 was titered and reamplified in 6 well plate 

format (co-infected with L48, L116 and L9021) and an additional cycle of Her2-Fc/ProG 

selection was performed using the methods described above. 	Bound library was amplified 

on BSC1 in T75 (Round 3 selection was termed "Her2.3.3"). 	The results of the Her2.3.2 

and Her2.3.3 selection were tested by flow cytorr etry. 	In this experiment, 3ptg/m1 

C35-His or 10gg/m1 Her2-His were incubated with anti-His-APC MAB for 30 minutes on 

ice to form complexes. 	Anti-Fab-FITC as then added and the Antigen-anti-His complexes 

were added to the cells for 30 minutes on ice. 	The cells 	were then 	washed with 2 ml 

PBS, 0.5% BSA, 2nM EDTA. Anti-his-APC and anti-Fab-FITC were then added for 30 

minutes on ice, the cells were then washed, fixed, and flow cytometry assay was run. As 

shown in Figure 8, all three light chains enriched for Her2 specific antibodies. 

[0203] 	Round 4 Selection. Hela cells in 6 well plate format 	were co-infected with 

Her2.3.3 and L116 only, EEV was isolated as described above and an additional cycle of 
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Her2-Fc/ProG selection was performed using the methods described above. 	Bound 

library was amplified on BSC1 in T75 (Round 4 selection was termed "Her2.3.4"). 	A 

diagram summarizing the Her2 antibody selection strategy is illustrated in Figure 9. 

[0204] 	The results of the Her2.3.3 and Her2.3.4 selection were tested by flow cytometry 

using the staining method described above. 	Control H8000-A56R + L8000 was used 

(8000 = chimeric 4D5; the mouse parent of trastuzumab). 

[0205] 	The flow cytometry results showed 2 populations in the 3.3 and 3.4 samples. The 

Her2 3.4 sample was co-infected into Hela cells and the sample stained for Her2 binding 

and positive cells sorted. 	Clones were picked from the sorted sample and screened 30 

plaques were picked from Her2.3.4/sort and amplified for 2 days on BSC1 in 24-well plate 

(1 plaque per well). 	Hela cells were infected in 24-well plates with 1/3 of each amplified 

plaque The cells were co-infected with L116 at moi = 1 (controls: 8000, 2368, 2408 and 

uninfected Hela supernatant). 	EEV was produced for 3 days, harvested, and inactivated 

with PLWUV. 	The virus was bound to CD100 (2µg/m1) and Her2 (2µg/m1) coated plates 

0/N using 50p1 EEV + 50 p.1 ELISA blocking buffer per well. 	The results are shown in 

Figure 10. 

[0206] 	Antibody binding was detected by adding anti-Fab-HRP. 	Five positive clones 

were identified with good binding to Her2 and were sequenced. 	All 5 clones had the same 

sequence (see Figure 11). 	The VH sequence of clone B10 is shown below. 

[0207] 	Her2 B10 clone Sequence: 

[0208] 	EVQI,I,ESGGOf VQPGGSLRLSCAASGFAFNNYALSWVRQAPG RGIKWVS 

AISPDGDYIY YAD S VICG RF IF SRDN SRNMI,Sil,QM TS IXIAED"f A LYYCARQNN VR 

DGAV AG PI D FIWG QG T INT (SEQ ID NO:20). 

EXAMPLE 7 

CH1-A56R Fusion Protein Library Screening for C35 Antibody Selection 

[0209] 	Selection for new C35 antibodies using —1,200,000 clones from the naive heavy, 

A56R fusion library (also referred to as "library 3") + light chain clones (L48, L116 and 
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L9021) was performed. 	The library is the same that was used for the CD100 and Her2 

selections discussed above. 

[0210] 	Round 1 Selection. 	100tig C35 was conjugated to tosylactivated magnetic beads 

in PBS or ELISA coating buffer (CB). 	The solution was incubated at 37° C overnight, and 

blocked for 1 hour at 37° C with PBS, 10% FBS, 0.5% BSA. 	The beads were washed 1X, 

resuspend in 160µl DMEM supplemented with 10%. 	50µ1 of each bead sample was added 

to each virus sample and incubated at room temp for 3.5 hours. 	Unbound was collected 

following standard 5 X 1 ml PBS washes. 	Beads were removed from the magnet, I rn1 

DMEM supplemented with 2.5% was added, and he beads were transferred to fresh tube 

("Bound"). "Unbound" and "Bound" were titered. 

[0211] 	Bound library was amplified on Hela in T75 (Round 1 selection was termed "C35 

3.1"). 	The results of the round C35 3.1 were tested by flow cytometry. 	C35 3.1 bound, 

but was low (data not shown). 

[0212] 	Round 2 Selection. 	Amplified C35 3.1 was titered and and used to produce 

recombinant EEV in 6 well plate format by co-infection of C35 3.1 with L48, L116 and 

L9021 (titer — 5X10^5/m1) and an additional cycle of tosylactivated C35 selection was 

performed using the methods described above. 	Solutions were incubated at room temp for 

3.0 hours instead of 3.5 as in Round 1. 	The titers of bound and unbound virus are shown in 

Table 7. 	Bound library was amplified on Hela in T75 (Round 2 selection was termed 

"C35 3.2") and binding was tested by flow cytometry as described above. 

Table 7: 	Round 2 C35-His/Tosylactivated Selection for C35 Ab 

Virus Sample Titer 	 1 % Bound 

2368 Unbound 684,000 

2368 Bound 1600 	 ' 0.2% 
	---- 

2408 Unbound 600,000 

2408 Bound 168,000 28% 

Library C35 3.2 Unbound 	972,000 

Library C35 3.2 Bound 	1 10,400 1% 
1.  



WO 2013/163602 
	

PCT/US2013/038497 

-57- 

[02131 	Round 3 Selection. 	Amplified C35 3.2 was titered and used to produce 

recombinant EEV in 6 well plate format by co-infecting with L48, L116 and L9021 (titer 

5X10^5/m1) and an additional cycle of tosylactivated C35 selection was performed using 

the methods described above for Round 2. 	The titers of bound and unbound virus are 

shown in Table 8. Bound library was amplified on Hela in T75 and tested for C35 binding 

by flow cytometry as above (Round 3 selection was termed "C35 3.3"). 

Table 8: 	Round 3 C35-His/Tosylactivated Selection for C35 Ab 

Virus Sample Titer % Bound 

2368 Unbound 400,000 

2368 Bound 480 0.1% 

2408 Unbound 228,000 

2408 Bound 108,000 47% 

Library C35 3.3 Unbound 540,000 
	 [ 

Library C35 3.3 Bound 2600 0.5% 

[02141 	Clones will be screened from C35 3.3 as well a possible fourth round selection. 

Positive clones will be characterized by flow cytometry and tested for specificity, affinity, 

and function. 

EXAMPLE 8 

Selective Amplification of Vaccinia Virus Expressing Heavy or Light Chains 

[0215] 	Combinatorial infection with separate recombinant vaccinia viruses harboring 

either heavy or light chain immunoglobulin is an effective way to express antibodies for 

selection. 	However, post-selection, during amplification and harvest, there is currently no 

mechanism for separating heavy and light chain-containing viruses. 	Therefore, it would 

be advantageous to be able to amplify heavy and light-containing vaccinia viruses 

separately as in the instance where both heavy and light chain infections are conducted at 

complexities of greater than one and where deconvolution post-selection is required. 	For 

this reason, recombinant vaccinia viruses expressing either heavy or light chain coupled to 

a drug selectable marker (heavy chain with neomycin resistance and light chain with 



WO 2013/163602 
	

PCT/US2013/038497 

-58- 

hygromycin resistance) have been produced. 	The following experiment demonstrates 

utility in selectively amplifying heavy or light chain-containing recombinant vaccinia 

viruses independently. 

[0216] 	BSC1 cells were seeded out into 15 wells of 6-well plates at 1.25x106  cells per well 

and at 2.5 ml per well. 	The next day, a series of dilutions of hygromycin or G418 for 

selection was created according to Table 9. 	DMEM-2.5 represents DMEM containing 

2.5% FBS. 

Table 9A: Preparation of hygromycin dilutions 

flygromycin Dilutions 

[stock] = 50 mg/ml 

._„„„„„„ 
5 

0.2 	0.1 0.08 0.04 0.02 0.01 

mg/ml 	mg/ml mg/ml 	mg/ml mg/ml 
mg/ml 

Culture vol. (ml) 
needed: 

6 6 12 	0.5 X 
serial 

0.5 X 
serial 

0.5 X 
serial 

Add Hygro (il): 24 12 19.2 ' 6m1 of 3 
	 into 6m1 

6m1 of zr 

into 6m1 

6m1 of 5 

into 6m1 
To DMEM-2.5 (ml): 5.976 5.988 5.9808 DMEM- DMEM- DMEM- 

2.5 2.5 2.5 

$ 	.... 	 
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Table 9B: Preparation of G418 dilutions 

G418 Dilutions 

[stock] — 100 mg/ml 

1 2 3 4 5 6 

2.0 1.0 0.5 	0.25 0.125 —0 

mg/ml mg/ml mg/ml 	1 	mg/ml mg/ml 
mg/ml 

Culture vol. (ml) 
needed: 

5 5 5 5 	5 5 

Add G418 (il): 200 5m1 of 1 
	 

5m1 of 2 5m1 of 3 5m1 of 4 5m1 of 

into 5m1 into 5m1 into 5m1 into 5m1 DMEM- 
C;To DMEM-2.5 (ml): , 	10 DMEM- 

2.5 

DMEM- 

2.5 

DMEM- 

2.5 

DMEM- 

2.5 

2.5 

[0217] On the third day, the BSC1 cells were infected with M01-3 of either wild-type 

vaccinia virus or vaccinia virus containing the respective selectable markers (VHE H5 

LX-IRES-HYGRO or VHE H5 HX-A56R NEO). Hygromycin and G418 dilutions were 

then applied to the plate wells at the same time. 	DMEM-2.5 containing no antibiotics was 

added to the control wells. 	The infection was carried out in a volume of 0.65 ml per well 

and the cells were incubated at 37°C. 	After 2 hours, the media volumes were brought up to 

2.65 ml per well and additional hygromycin or G418 was supplemented to maintain 

intended concentrations in the drug-containing wells. 	Meanwhile, new BSC1 cells were 

seeded into 12-well plates at 2x105  cells per well for post-infection titer determination. 

[0218] 	24 hours ip<st infection, all samples were harvested into 15 ml conical centrifuge 

tubes. freeze-thawed three times, vortexed, and resuspended by gentle ,,,,ortexing into lii 

ml DMEM-2.5. 	Samples were sonicated for 2 minutes at the maximum intensity and then 

transferred to a 2.0 ml Sarstedt tube. 	A series of dilutions was prepared for each sample in 

7.5 ml polypropylene tubes. 	First, 30 til of the original was withdrawn from each sample 

and combined with antibiotics-free DMEM-2.5 to a final volume of 3000 ill (1:102  

dilution). 	Next, 30 µI of the 1: 102  dilution was added to a second final volume of 3000 p.1 

to prepare a 1:104  dilution. 	A series of 1710 dilutions was then carried out to prepare the 
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1:105  to 1:109  dilutions. 	All the dilutions were vortexed in a biosafety cabinet using 5 ml 

tubes. 

[0219] 	The BSC1 cells in the titer plates were subsequently infected using six dilutions 

(1:104  to 1:109) from each sample by dispensing 0.333 ml of each titer dilution per assay 

well in duplicates. 	Therefore, the factor to calculate titer is equal to the total plaque 

number in 2 duplicate wells divided by 0.66 ml. 	The infection was incubated for at least 2 

hours at 37°C. 	An additional 1.0 ml of DMEM-2.5 was added to each well after the initial 

2 hours of adsorption and infection. 

[0220] 	48 hours post infection, Crystal Violet was added to the 12-well titer plates. 	Only 

plaques greater than 1 mm diameter were counted. 	Daughter plaques were excluded from 

counting. 

102211 	The results are shown in Table 10. 	In hygromycin resistance experiments, 0.01 to 

0.08 mg/ml of hygromycin significantly inhibited the amplification of vaccinia virus 

expressing heavy chain linked to a neomycin resistance marker, but had little or no 

inhibition effect (except for the 0.04 mg/ml data point) on the amplification of vaccinia 

virus expressing light chain linked to a hygromycin resistance marker until the hygromycin 

concentration was increased to 0.1 to 0.2 mg/ml. 	Similarly, in neomycin resistance 

experiments, 0.125 to 2 mg/ml of G418 significantly inhibited the amplification of 

wild-type vaccinia virus, but had no inhibition effect on the amplification of vaccinia virus 

expressing heavy chain linked to a neomycin resistance marker. 

Table 10A: Results of hygromycin resistance experiments 

,_. 	 
HYGRO RESISTANCE 

Sample ID 	 I. 	Titer 	' % Inhibition 

I Iygro 0.2mg/m1 VKE H5 LX-IRES-HYGRO 2.20E+07 53.0 

Hygro 0.1mg/m1 VKE H5 LX-IRES-HYGRO 1.70E+07 63.6 

Hygro 0.08mg/m1 VKE H5 LX-IRES-HYGRO 4.47E+07 4.5 

, 	  
Hygro 0.04mg/m1 VKE H5 LX-IRES-HYGRO 

	  ,--- 	 
2.77E+07 40.9 

Hygro 0.02mg/m1 VKE H5 LX-IRES-HYGRO 4.66E+07 OA 
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Hygro 0.01mg/m1 VKE 115 LX-IRES-HYGRO  5.98E+07 -27.9 

Hygro 0.08mg/m1 VHE H5 HX-A56R NEO  2.43E+06 89.1 

Hygro 0.04mg/m1 VHE H5 HX-A56R NEO  2.66E+06 88.1 

Hygro 0.02mg/m1 VHE H5 HX-A56R NEO  2.70E+06  87.9 

Hygro 0.01mg/m1 VHE H5 HX-A56R NEO 6.86E+06 64:3 

[no antibiotic] VKE H5 LX-IRES-HYGRO 3.86E+07 Hygro control #1 

[no antibiotic] VKE H5 LX-IRES-HYGRO 5.49E+07 Hygro control #2 

[no antibiotic] VHE H5 HX-A56R NEO 2.23E+07 Neo control 

Table 10B: Results of neomycin resistance experiments 

NEO RESISTANCE 

Sample ID 	 i Titer % Inhibition 

G418 0.125 mg/ml WT 	 --I 	1.58E+07 60.8 

G418 0.25 mg/ml WT 	 8.26E+06 79.4 
	„„...- 

G418 0.5 mg/ml WT 	 2.54E+06 	93.7 

G418 1 mg/m1 WT 	 1.36E+06 	96.6 

G418 2 mg/ml WT 	 1.59E+05 	99.6 

0418 0.125 mg/m1VHE I-II-1X:A5k NEO 	2.88E+07 -26.7 	---.1  

G418 0.25 mg/ ml VHE H5 HX-A56R NEO 	3.11E+07 -36.7 

G418 0.5 mg/ml VHE H5 HX-A56R NEO 	3.41E+07 -50.0 

G418 1 mg/ml VHE H5 HX-A56R NEO 	3.18E+07 -40.0 

G418 2 mg/ml VHE H5 HX-A56R NEO 	3.03E+07 -33.3 

G418 0 mg/m1 WT 	 4.02E+07 Neo control #1 

G418 0 mg/ml VHE H5 HX-A56R NEO 2.27E+07 Neo control #2 
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[0222] Therefore, recombinant vaccinia viruses expressing immunoglobulin and drug 

resistance markers linked via an Internal Ribosome Entry Site (IRES) provide for 

protection against death of the host cells under treatment with that drug. 	This allows for 

chain-specific propagation in virus as well as selection against wild-type vaccinia virus 

during recombination. 

EXAMPLE 9 

Expression of A56R Fusion Protein on Surface of Hela Cells 

[0223] HeLa cells were co-infected with recombinant EEV vaccinia virus expressing 

immunoglobulin fusion constructs, Variable Heavy (118000) CH1-A56R with L8000 Ig-K 

which together encode an Fab fragment of antibody ("Fab"), 	Variable Heavy (H8000) 

FL-A56R with L8000 Ig-K which together encode full length ("FL") IgG, Variable Heavy 

(H8000) FL-truncated-A56R with L8000 Ig-K which together encode full length IgG with 

a shorter A56R ("TR"), Variable Heavy (H2124) FL-A56R with L517 Ig-K (2408 "FL"), 

and Variable Heavy (H2124) FL-truncated-A56R with L517 Ig-K (2408 "TR") in 12-well 

plates. 	A diagram showing the "Fab", "TR" and "IgG" constructs is shown in Figure 12. 

Fluorescence Activated Cell Sorting (FACS) analysis for C35 staining and Her2 staining of 

cells infected with recombinant vaccinia virus was performed. 	After —18 hours cells were 

stained with C35-His/His-APC and Her2-His/His-APC, ar_d anti-Fab-FITC; and detected 

by FLOW analysis on Canto. 	Btiefly, cells were trypsonized and divided into two per 

samples; washed with 2 mL wash buffer; 1011g/m1Her2-His or 4µg/ml C35-His were added 

to one of the two samples and incubated for 30 minutes on ice. 	The cells were then 

washed and anti-His APC was added and the samples were incubated for 30 minutes on ice, 

stained with secondary detection reagent anti-Fab-FITC, and then the samples were 

washed, fixed (0.5% Paraformaldehyde with 1:100PI for 20 min on ice) and analyzed by 

FLOW by Canto. 	The FACS data is shown in Figure 13-15. 	These results show that 

the A56R fusion proteins, either= expressing an Fab or Full Length IgG were expressed on 

the cell surface, and that only the transmembrane and intracellular domains of A56R are 

necessary for surface expression of IgG, 
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EXAMPLE 10 

102241 

[0225] 

Solution Based Vac-Ig Selection 

Tosylactivated bead selection. 	EEV expressing 

"FL" and "TR" VH were co-infected along with L517 

EEV harvested from supernatant by spinning 1200rpm 

after approximately 48 hours of infection. 	As a control 

was produced the same way. 	For bead selection, 100ug 

tosylactivated magnetic beads in PBS. The solution was 

blocked for 1 hour at 37 °C with PBS, 10% FBS, 0.5% 

resuspended in 160u1 DMEM supplemented with 10%. 

added to each virus sample and incubated at room temperature 

was collected in standard 5 X lml PBS washes. 	Beads 

ml DMEM supplemented with 2.5% was added, and 

tube 	("Bound"). "Unbound" and "Bound" were titered. 

As shown in Table 11, Vaccinia virus expressing 

the Fab and FL fusion proteins were selected, while 

protein was not. 	This data suggests that some extracellular 

incorporation into EEV. 

Table 11: Results of Tosylactivated bead selection 

	_ — 
Virus 

the 

into Hela 

Her2 

BSA. 

50u1 

were 

the beads 

C35 

 	.... 	A 

and collecting 

incubated 

the construct 

C35-specific (H2124) 

cells in 6 well plates, 

supernatant 

specific H8000-Fab 

C35-His was conjugated 

at 37 °C overnight, 

The beads were washed 

of each bead sample 

for 2 hours. 	Unbound 

removed from the 

were transferred 

-specific constructs 

with the TR 

A56R sequence is needed 

% Bound 

"Fab", 

and 

(EEV) 

+ L8000 

to 

and 

1X, 

was 

EEV 

magnet, 1 

to fresh 

of both 

fusion 

for 

MAb 2408-Fab 24% 

18% 

2.3% 

Mab 2408-FL 

Mab 2408-TR 

Mab 8000-Fab 

 	,.... „ 	  

0.8% 

_ 
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EXAMPLE 11 

CH1-A56R Fusion Protein Library Screening for CD100 Antibody Selection 

[0226] 	Selection for new CD100 antibodies using a heavy chain library comprised of 

7,000,000 clones containing a combination of naive VH and synthetic VH sequences was 

produced in the A56R-Fab vector. 	To produce vaccinia expressing the library of Ig on the 

surface of EEV, the A56R fusion library (also referred to as "library 10") 	was co-infected 

into 1X10^9 Hela cells along with a cocktail of 9 light chain clones (Kappa Chains: L48, 

L116, L122, L7110, and L9021; and Lambda Chains: L3-1, L151, L214, and L223). The 

total moi of heavy chain virus was 1, and the total moi of light chain virus was 1, with each 

light chain comprising approximately 1/9th of the total light chain virus added. 

[0227] 	Hela-S cells growing in suspension were infected for 2 days, after which the 

supernatant was harvested, pelleted with low speed spins 2X, and the EEV pelleted at 

13,000 RPM for 1 hour in an F16/F250 rotor. 	EEV were resuspended in 3 ml DMEM 

supplemented with 10% FBS, and 1 ml was used to select CD100 specific antibodies. 

[0228] 	Round 1 Selection. 	EEV expressing 2368-A56R (1 ml virus with approximately 

5X10^5 pfu)) and EEV expressing 2408-A56R (1 ml virus with approximately 5X10^5 

pfu) were used as controls and library 10 (1 ml virus with approximately — 10^8pfu) was 

used for the selection assay. 	First, 3000 Protein G beads (2X standard amount/sample) 

were pulled down with a magnet, and 6000 PBS + 180 CD100-Fc ( = 36 lig) was added to 

the beads. 	The solution was incubated at room temp for 20 minutes (on a rotator) to allow 

CD100-Fc to bind to Protein G beads. 	Beads were pulled down with magnet, washed 1X 

with 1 ml PBS, and resuspend in 3000 DMEM supplemented with 10% FBS. 

[0229] 	Next, 1000 of the CD100-Fc/Pro G per sample (about 1211g/m1 CD100-Fc) was 

added to the EEV (2408 and 2368 controls, and library 10) 	and incubated for 2 hours at 

room temperature. 	Unbound virus was removed following standard 5 X lml PBS washes. 

Beads were removed from the magnet and 1 ml DMEM supplemented with 2.5% was 

added, and the solution was transferred to a fresh tube ("Bound"). 	"Unbound" and 

"Bound" were titered. 	The results are shown in Table 12. 	Bound virus was amplified on 

BSC1 cells in T175 flasks for 3 days. 
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Table 12: Results of Tosylactivated bead selection 

Virus Titer 
...-. 	...„,, 	 

Titer Selection Percent 

Unbound Bound Bound 

Li brary_10 CD100-Fc 1.5x10^8 2.2x10^6 0.15 

2368 CD100-Fc 72,000 37,000 
..... ,,,,,, 

34 

2408 CD100-Fc 338,400 80 0.12 

[0230] 	These results show that Library 10.1 gave good amplification on BSC1, harvest and 

titer. 

[0231] 	Round 2 Selection. 	EEV from 10.1 + a fresh aliquot of the 9 Light chains was 

produced by infecting Hela cells in a cell stacker at moi = 1 each for 2 days, and harvesting 

as described above. 	The harvested virus was split in half, with 50% being selected on 

ProG beads, and 50% being selected on CD100 coated Tosyl activated bead. 

[0232] 	Round 2 employing ProG bead selection. 	EEV expressing 2368-A56R (1 ml virus 

(5X10A5 pfu)), EEV expressing 2408-A56R (1 ml virus (5X10A5 pfu)) and 10.1 library (1 

ml virus (5X10A5 pfu)) were used for selection. 	600u1 PBS + 14L1 CD100-Fc ( = 36 gg) 

was added to the Pro-G beads. 	The solution was incubated at room temperature for 20 

minutes (on a rotator) to allow CD100-Fc to bind to Protein G beads. 	The beads were 

washed and resuspended as described above for Round 1. 	1000 CD100-Fc/Pro G per 

sample (12µg/ml CD100-Fc) was added to the virus samples and incubated for 2 hours at 

room temperature. 	The "Unbound" and "Bound" were collected and titered. 	Bound 

library was amplified on BSC1 in T75 (Round 2 selection was termed "CD100 

10.2/ProG"). 	The results of the Round 2 selection are shown in Table 13A. 	Bound virus 

was amplified on BSC1 in a T175 flask for 3 days. 

[0233] 	Round 2 employing Tosylactivated bead selection. 	EEV expressing the same 

2408 (C35-specific), 2368 (CD100-specific) and Library 10 antibodies used in the Protein 

G bead selection experiments above were used for the tosylactivated magnetic bead 

selection. 	10011g CD100-His was conjugated to tosylactivated magnetic beads in PBS. 

The solution was incubated at 37 °C overnight, and blocked for 1 hour at 37 with PBS 10% 
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FBS, 0.5% BSA. 

160111 DMEM 

virus sample and 

in standard 5 

supplemented 

("Bound"). "Unbound" 

a T175 flask for 

Table 13A: 

X lml 

with 

3 

Round 

supplemented 

incubated 

Selection 

CD100-Fc 

The beads were 

with 

at room 

PBS washes. 

2.5% was added, 

and "Bound" 

days. 	The results 

2 Selection 

washed 1X with DMEM, 

10% FBS. 	50µ1 of each 

temperature for 2 hours. 

Beads were removed 

and the beads 

were titered. 	Bound 

of the Round 2 selection 

for CD100 Ab (Protein 

Titer 

Unbound 

4.4x10A7 

104,400 

i 240,000 

10% FBS, resuspended in 

bead sample was added to each 

Unbound virus was collected 

from the magnet, 1 ml DMEM 

were transferred to a fresh tube 

virus was amplified on BSC1 in 

are shown in Table 13B. 

G Bead Selection) 
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Library_10.1 Protein G 

	 ---- 
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Bound 

67,000 

66,000 

80 

Percent 

Bound 

0.15 

38.7 2368 CD100-Fc 

2408 CD100-Fc 0.03 

Bead Selection) Table 13B: 	Round 

Virus 

Library_10 .1 Tosyl 

	...,„„... 	 
2368 

2 Selection for CD100 Ab (Tosylactivated 
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113,000 
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	— 
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.„,.: 
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EEV from 
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round of selection 
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[0234] 	These 

good amplification 

[0235] 	Round 

methods described 

round, and 10.2/Tosyl 



WO 2013/163602 
	

PCT/US2013/038497 

-67- 

10.2/ProG + a fresh aliquot of the 9 Light chains was produced by infecting Hela cells in a 

T175 at moi = 1 each for total heavy chain and total light chain recombinant virus for 2 

days, and harvesting as described above. 	EEV from 10.2/Tosyl + a fresh aliquot of the 9 

Light chains was produced by infecting Hela cells in a T175 flask at moi = 1 each for total 

heavy chain and total light chain recombinant virus for 2 days, and harvesting as described 

above. 	Titers are shown in Table 14A-B. 

Table 14A: 

Virus 

Round 3 Selection 

is Selection 

for CD100 Ab (Protein 

Titer 

G Bead Selection) 

Titer Percent 

Unbound Bound Bound 

	--i 
Libraty_10.2 CD100-Fc 2.5x10^7 364,000 1.44 

Protein G 

2368 CD100-Fc 84,000 58,000 48.5 

2408 CD100-Fc 99,600 

Table 13B: 	Round 3 Selection for CD100 Ab (Tosylactivated Bead Selection) 

Virus Selection Titer Titer Percent 

Unbound Bound Bound 

Libraty_10.2 Tosyl CD100-His 8.2x10^6 6,100 0.074 

„„„—„„ 	  

2368 CD100-His 69,600 108,000 60.8 

2408 CD100-His 121,000 0 0 	 is 

[02361 	Bound library was amplified on BSC1 in T75 (Round 3 selection was termed 

"CD100 10.3ProG and CD100 10.3/Tosyl"). 	The results of the Round 3 selection were 

tested by flow cytometry. 

[0237] 	In this experiment, an aliquot of the 10.3 selections were co-infected individually 

with each Light chain and then tested for binding to CD100 and Her2. 	Hela cells were 
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infected at moi = 1. 	After an overnight infection cells were harvested and stained for 

CD100 binding and Her2 binding as control. 	Cells were trypsinized, washed with ice cold 

Flow Buffer (FB 1XPBS, 0.5%BSA, 2mM EDTA) and detected with each of three 

different detection methods. 	In the first detection method (2step) cells were incubated for 

30min with 1 Oug/mL huCD100-His in FB on ice, then washed with 2mL of FB and 

incubated with 1:50 (2ug/mL) of Mouse anti 6XHis-APC mixed with 1:500 (2ug/mL) 

FITC labeled Goat-Fab anti-human-Fab on ice for 30min. 	In the second and third 

detection method (Pre-complexed) either lOug/mL of hu CD100-His or lOug/mL 

huHer2-His were preincubated with 1:50 (2ug/mL) of Mouse anti 6XHis-APC in FB on ice 

for 30 min, then the mix was added to cells with 1:500 (2ug/mL) GtFab anti huFab-FITC 

and incubated for 30min on ice. 	After the incubation with detection reagents cells were 

washed lx with 2mL FB, reconstituted in 0.5%paraformaldehyde and incubated on ice for 

20min. 	20,000 events were read on FACS Canto. 	Results are shown in Figures 16-22. 

[0238] 	Flow cytometry staining showed that there was a positive population of CD100 

binding cells in CD100 10.3/ProG and Tosyl when paired with most of the light chains. 	In 

particular, a stronly positive population was observed when co-infected with L3-1. 

[0239] 	In order to isolate the specific VH, Hela cells were separately infected with 

10.3/ProG or 10.3/tosyl, and co-infected with L3-1. 	After an overnight infection the cells 

were harvested and stained for CD100 binding with a precomplexed method as described 

above. Then the antigen binding cells were isolated by cell sorting. 	After sorting the virus 

was released from the cells by freeze/thaw, and then the virus was amplified on. BSC1 cells. 

The amplified sample of isolated EEV-VH chains was tested for enrichment by analytical 

flow assay. 	In this assay an aliquot of the amplified sorted CD100 10.3 sample was 

co-infected with L3-1 Light chain and then tested for binding to CD100 and Her2 with the 

2-step and precomplexed method described above. 	Results are shown in Figures 23-25. 

[0240] 	Following amplification the virus was harvested and DNA extracted from an 

aliquot of the virus using Qiagen DNA blood mini kit (cat# 51104). 	The purified DNA 

was 	PCR 	amplified 	with 	Heavy 	chain 	specific 	primers 	428; 

5' -GATATATTAAAGTCGAATAAAGTG-3' 	(SEQ 	ID 	NO:31) 	and 	430; 

5'-GACATCACATAGTTTAGTTGC-3' (SEQ ID NO:32). The resulting PCR product 

was cloned into plasmid vector containing secreted full length human IgG1 (EFVH) and 

then the V gene contained in the resulting colonies was sequenced. 	A summary of the 
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sequencing results is shown in Table 15. 	After sequencing 188 clones from 10.3/ProG, 44 

unique clones were identified, and after sequencing 188 clones from 10.3/toysl, 46 unique 

clones were identified. 

Table 15: 	Summary of Unique Clones 

Clones 	unique 	bound by 

Screen 	sequenced 	sequences 	ELBA 

10.3/ProG 188 44 56.8% 

10.3/tosyl 188 46 60.9% 

[02411 Plasmid DNA for each unique heavy chain was co-transfected along with a plasmid 

vector encoding VL3-1 into CHO cells using Lipofectamine 2000 for 3 days, and then the 

antibody contained in the media was tested for specificity for CD100 by flow cytometry on 

CD100+ Jurkat cells and by ELISA (Figures 26 and 27A-B, respectively). 	For the flow 

cytometry assay, the experimental antibody was pre-incubated at lug/mL with 1:400 or 

[2.5ug/mL]: Gt anti Hu Fc-Dylight 649 secondary in Flow Buffer (1XPBS, 0.5%BSA, 

2mM EDTA). 	Jurkat cells were seeded at 250,000/well in 96 well plate and incubated 

with preformed Ab complex for 30min on ice. 	The cells were then washed 2X with 200uL 

Flow Buffer and incubated for 20min with 0.5% Paraformaldehyde with 1X Propidium 

Iodide (PI). 	Cells were detected on FACS Canto reading 10.000 events gated on live cell 

population. 	In total, at least 75 unique antibodies were shown to be specific for CD100 by 

ELISA or Flow Cytometry. 

EXAMPLE 12 

CH1-A56R Fusion Protein Library Screening for Her2 Antibody Selection 

[0242] A bevy chain library (tOrnprised 01,3:, 000;000 elones:OOntaining a combination of 

naYve VH and synthetic VII sequence.s,wasTroduoe.0 in the A.51.'1R-17dh•vec',or as .:.,a fusion 

with IRES-Neoinyein. 	To produce -vac cinia expressing the library of• ig on Mlle surface of 

EEV, the A56R fusion library (also referred to as "library 9") was co-infected along with a 
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library of 1,000 Kappa Light chain clones containing a hygromycin resistance gene into 

5X10^9 Hela cells. 	The Light chain library was comprised of VK sequences isolated from 

human bone marrow (naïve). 	The total moi of heavy chain virus was 1, and the total moi 

of light chain virus was 1. 

[0243] Hela-S cells growing in suspension were infected for 2 days, after which the 

supernatant was harvested, pelleted with low speed spins 2X, and the EEV pelleted at 

13,000 RPM for 1 hour in a F16/F250 rotor. 	EEV was resuspended in 3 ml DMEM 

supplemented with 10% FBS, and 1 ml was used to select Her2/neu specific antibodies. 

[0244] Round 1 Selection. 	Library 9 was used for this selection. 	First, 1000 PBS + 

24ug Her2-Fc was added to 600u1 the Protein G beads. 	The solution was incubated at 

room temperature for 20 minutes (on rotator) to allow Her2-Fc to bind to Protein G beads. 

Beads were pulled down with magnet, washed 1X with 1 ml PBS, and resuspend in 400111 

DMEM supplemented with 10% FBS. 

[0245] Next, 1001.d. Her2-Fe/Pro ci- (.014g/m1Her2-Fc) was added to 1 ml of Library 9 and 

incubated for 2 hours at room temperature. 	A similar amount of beady were added to 

positive control MAb 8000 EEV and negative control MAb 2408 EEV. Beads were 

removed and unbound virus was collected in standard 5 X lml PBS washes. 	Beads were 

removed from the magnet and 1 ml DMEM supplemented with 2.5% FBS was added, and 

the solution was transferred to fresh tube ("Bound"). 	"Unbound" and "Bound" were 

titered (See Table 16). 	Beads recovered from the bound library were amplified on BSC1 

in three T175 flaks in the presence of lmg/m1 G418. This amplification selected for Heavy 

chain recombinant virus. (Round 1 selection was termed "Her.9.1"). 

Table 16: 	Round 1 Selection for Her2 Ab 

..-,.„... - 	 
I Virus Selection Titer Titer Percent 

Unbound Bound Bound 

Library 9 Her2-Fc 1.4x10A 9 4.6101\6 0.32 

2408 Her2-Fc 1.2x10A5 180 0.14 

8000 Hei2-Fc 	 3x10A5 1::7.2x10^4 i 	19.3 
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[0246] 	Round 2 Selection. 	Amplified Her.9.1 was titered and a second round of selection 

was performed by co-infecting the Her.9.1 VH and a fresh aluiquot of the VK1000 Library 

into Hela cells in 2 CellStackers for 2 days. 	Virus was harvested as described above and 

an additional cycle of Her2-Fc/ProG selection was performed using the methods described 

above. 	50% of the bound virus was amplified on BSC1 in two T175 flasks with lmg/ml 

G418 (to select for Heavy chains) and 50% of the bound virus was amplified on BSC1 in 

two T175 flasks with 0.030 mg/ml Hygro (to select for Light chains). 	The titer results are 

shown in Table 17. The amplified viruses were named Her.9.2/VH and Her 9.2/VK. 

Table 17: 	Round 2 Selection for Her2 Ab 

Virus Selection Titer Titer Percent 

Unbound Bound Bound 

	 , 	,,... 	 
1.76x10^8 1.910^5 Her2 9.Rdl +VK Her2-Fc 0.1 

2408 i Her2-Fc 1.4x10^5 80 0.1 

! 8000 Her2-Fc 3.3x10^5 6.2x10^4 16 

[0247] 	Round 3 Selection. 	Amplified Her.9.2/VH and Her 9.2/VK were titered, 

co-infected into Hela cells in a CellStacker for 2 days, EEV purified as described above, 

and an additional cycle of Her2-Fc/ProG selection was performed using the methods 

described above. 

[0248] 	50% of the bound virus was amplified on BSC1 in a T175 flask with lmg/m1 G418 

(to select for Heavy chains) and 50% of the bound virus was amplified on BSC1 in a T175 

flask with 0.030 mg/ml Hygro (to select for Light chains). 	The amplified viruses were 

named Her.9.3/VH and Her 9.3/VK. 

[0249] The selection for Her2 specific antibodies in Her.9.3/VH and Her 9.3/VK was 

tested by flow cytometry. 	Hela cells were co-infected at moi = 1 with Her9.3NH and 

Her9.3/VK overnight, and then stained for binding to Her2, with the absence of binding to 

a 	control antigen (C35). In this experiment, 3µg/ml C35-His or 6µg/ml Her2-His were 

incubated with anti-His-APC antibody for 30 minutes on ice to form complexes. 

Anti-Fab-FITC as then added and the Antigen-anti-His complexes were added to the cells 
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for 30 minutes on ice. 	The cells were then washed with 2 ml PBS, 0.5% BSA, 2nM 

EDTA. The cells were fixed and flow cytometry assay was run. The data showed 

enrichment of both VH and VK. 

[0250] To further enrich, fresh Hela cells were infected with the 9.3VH and VK at moi =1 

each, the cells were stained as above, and then the antigen binding cells were sorted. 

Virus was released from the sorted cells by three cycles of freeze/thaw and then 50% of the 

virus was amplified on BSC1 in a T75 flask with 1mg/m1 G418 (to select for Heavy chains) 

and 50% of the virus was amplified on BSC1 in a T75 flask with 0.030 mg/ml Hygro (To 

select for Light chains). 	The amplified viruses were titered and named Her.9.3/VH/Sort 

and Her 9.3/VK/sort. 

[02511 The selection for Her2 specific antibodies in Her.9.3/VH/sort and Her 9.3/VK/sort 

was tested by flow cytometry. 	Hela cells were co-infected at moi = 1 with Her9.3/VH/sort 

and Her9.3/VK/sort overnight, and then stained for binding to Her2, with the absence of 

binding to a control antigen (C35). In this experiment, 3µg/ml C35-His or 61.tg/m1Her2-His 

were incubated with anti-His-APC antibody for 30 minutes on ice to form complexes. 

Anti-Fab-FITC was then added and the Antigen-anti-His complexes were added to the cells 

for 30 minutes on ice. 	The cells were then washed with 2 ml PBS, 0.5% BSA, 2nM 

EDTA. The cells were then fixed and flow cytometry assay was run. The data in showed 

enrichment of both VH and VK. 

[0252] In order to fix the antigen specific pairing of VH and VK, Her.9.3/VH/sort and Her 

9.3/VK/sort were co-infected into Hela cells at moi = 0.1 each, and then stained as 

described for binding Her2 above. 	The cells were again sorted, but this time individual 

infected cells were sorted into individual wells of a 96 well plate. 	Each antigen binding 

sorted cell should contain a fixed antigen specific pairing of specific VH with specific VK. 

After sorting, the cells were subjected to freeze/thaw, and then the virus was amplified on 

BSC1 in a 96 well plate, with virus from one cell being amplified in one recipient well. 

After 5 days the plates were subjected to freeze/thaw, and then an aliquot of virus in each 

well was infected into Hela cells in 96 well plate. 	The virus in each well should contain a 

mix of VH and VK, and the infection of Hela cells should result in expression of surface 

IgG and antigen binding. 	After an overnight binding the cells were harvested and stained 

for Her2 binding as described above (Figure 28). 
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[0253] 	From screening ,1 plate, 26 specific clones were identified. 	Repeat testing of these 

clones demonstrated that they bind to Her2, but not C35 by flow cytometry. 	Three 

representative clones (D5, D8, and H2) are show in Figure 29A-C. 	DNA was then 

extracted from the viruses, and the VH and VK genes contained in these viruses was PCR 

amplified with VH and VK specific primers and cloned into mammalian expression vectors 

so that they would be expressed as full length IgG1 and full length Kappa. 	The sequences 

of the VH and VK genes were then determined. 	By sequencing, these 26 clones contained 

15 unique antibodies. 	These antibodies were then expressed in CHO cells by 

co-transfection of the IgG and Kappa expression plasmids, and antibody was harvested 

from the cell supernatant after 3 days. 	Antibody was quantitated by ELISA, and then 

tested for specificity by ELISA and flow cytometry on SKBR3 cells (Her2+++). 

Representative data for antibodies shown to have specificity by ELISA and flow cytometry 

is shown in Figures 30 and 31, respectively. 

[G234] 	Repeating the single cell sorting and screening additional clones according to the 

methods herein  resulted in the identification of additional novel anti-Her2 antibodies. 

*** 

[0255] 	The present invention is not to be limited in scope by the specific embodiments 

described which are intended as single illustrations of individual aspects of the invention, 

and any constructs, viruses or enzymes which are functionally equivalent are within the 

scope of this invention. 	Indeed, various modifications of the invention in addition to those 

shown and described herein will become apparent to those skilled in the art from the 

foregoing description and accompanying drawings. 	Such modifications are intended to 

fall within the scope of the appended claims. 

[0256] 	All publications and patent applications mentioned in this specification are herein 

incorporated by reference to the same extent as if each individual publication or patent 

application was specifically and individually indicated to be incorporated by reference. 

The disclosure and claims of U.S. Application No. 08/935,377, filed September 22,<< 1997 

and U.S. Application No. 60/192,586, filed March 28, 2000 are herein incorporated by 

reference. 
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WHAT IS CLAIMED IS: 

1. A method for selecting polynucleotides which encode an antigen-specific immunoglobulin 

heavy chain variable region or antigen-binding fragment thereof, comprising: 

(a) introducing a recombinant vaccinia library encoding immunoglobulin fusion polypeptides 

into a population of host cells permissive for vaccinia virus infectivity, the recombinant 

vaccinia library comprising a first library of polynucleotides constructed in a vaccinia virus 

vector encoding a plurality of immunoglobulin fusion polypeptides, wherein the vaccinia 

virus vector comprises (1) a first polynucleotide encoding a first polypeptide segment 

comprising a heavy chain CHI domain (2) a second polynucleotide encoding a second 

polypeptide segment comprising the transmembrane domain of a vaccinia virus extracellular 

enveloped virus (EEV)-specific membrane protein situated downstream of the CHI domain, 

and (3) a third polynucleotide encoding an immunoglobulin heavy chain variable region or 

fragment thereof situated upstream of the CHI domain; 

(b) introducing one or more polynucleotides encoding an immunoglobulin light chain into the 

population of host cells, 

wherein an immunoglobulin fusion protein is capable of combining with an immunoglobulin 

light chain to form an antigen-binding domain of an immunoglobulin molecule; 

(c) permitting release of EEV from the host cells; 

(d) collecting the released EEV from the supernatant; 

(e) contacting the released EEV with an antigen; and 

(0 recovering the polynucleotides of the first library which encode the immunoglobulin 

fusion polypeptides expressed on the membrane surface of EEV and specific for the antigen. 

2. The method of claim I, further comprising: 

(g) introducing the polynucleotides recovered in (1) into a second population of host cells 

permissive for vaccinia virus infectivity; 
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(h) introducing one or more polynucleotides encoding an immunoglobulin light chain into the 

population of host cells; 

(i) permitting release of extracellular enveloped virus (EEV) from the host cells; 

(j) collecting the released EEV from the supernatant; 

(k) contacting the released EEV with an antigen; and 

(1) recovering the polynucleotides of the first library which encode the immunoglobulin 

fusion polypeptides expressed on the membrane surface of EEV and specific for the antigen. 

3. The method of claim 2, further comprising repeating steps (g)-(I) one or more times, 

thereby enriching for polynucleotides of the first library which encode immunoglobulin 

heavy chain variable regions or antigen-specific fragments thereof, as part of an 

immunoglobulin fusion polypeptide that specifically binds the antigen. 

4. The method of claim 1, further comprising isolating the polynucleotides recovered from 

the first library. 

5. The method of any one of claims Ito 4, wherein the first polypeptide segment further 

comprises a heavy chain CH2 domain, a heavy chain CH3 domain, or a combination thereof. 

6. The method of claim 5, wherein the first polypeptide segment comprises a human IgG 

constant region, or portion thereof. 
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7. The method of any one of claims 1 to 4, wherein the second polypeptide segment 

comprises the transmembrane domain of the vaccinia EEV-specific membrane protein A33R, 

A34R, A56R, A36R, F13L, or B5R. 

8. The method of claim 7, wherein the vaccinia EEV-specific membrane protein is 

A56R. 

9. The method of claim 8, wherein the second polypeptide segment comprises the stalk 

region^ the transmembrane domain, and the intracellular domain of the A56R protein. 

10. The method of claim 9, wherein the third polypeptide segment comprises amino acids 

215 to 421 of SEQ ID NO: 11 or amino acids 447 to 653 of SEQ ID NO: 30. 

11. The method of any one of claims 1 to 4, wherein the one or more polynucleotides 
encoding an immunoglobulin light chain of (b) are each contained on a vaccinia virus vector. 

12. The method of any one of claims 1 to 4, wherein the one or more polynucleotides 
encoding an immunoglobulin light chain of (b) are contained on a plasmid vector. 

13. A fusion protein comprising an immunoglobulin heavy chain variable region domain 
fused to the N-terminus of (a) a polypeptide segment consisting of amino acids 117 to 421 of 
SEQ ID NO: 11, which is the CHI domain of human IgGl fused to the stalk region, the 
transmembrane domain, and the intracellular domain of the vaccinia virus A56R protein, or 
(b) a polypeptide segment consisting of amino acids 117 to 653 of SEQ ID NO: 30, which is 
the full constant region of human IgGl fused to the stalk region, the transmembrane domain, 
and the intracellular domain of a vaccinia virus A56R protein; wherein the fusion 
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protein can be expressed on the surface of a vaccinia extracellular enveloped virus (EEV) 
virus particle, and wherein the fusion protein when combined with a light chain variable 
domain can form a functional antibody or antigen binding fragment thereof. 

14. The fusion protein of claim 13, further comprising a signal peptide for facilitating 
expression of the fusion polypeptides on the surface of EEV. 

15. A polynucleotide encoding the fusion protein of claim 13 or claim 14. 

16. A vector comprising the polynucleotide of claim 15. 

17. A recombinant vaccinia virus comprising the polynucleotide of claim 15 or the vector of 
claim 16. 

18. A host cell infected with the recombinant vaccinia virus of claim 17. 

19. A recombinant vaccinia library comprising a library of polynucleotides encoding a 
plurality of immunoglobulin fusion polypeptides comprising different immunoglobulin heavy 
chain variable regions, each immunoglobulin fusion polypeptide comprising, in N- to C- 
teiniinal order, a heavy chain variable domain fused to a CH1 constant domain fused to a 
polypeptide segment comprising the transmembrane domain of an EEV-specific membrane 
protein, wherein the library of polynucleotides is constructed in a vaccinia virus vector, and 
wherein each polynucleotide in the library comprises the following elements: 
(a) a first polynucleotide encoding a first polypeptide segment comprising a heavy chain IgG 
CH1 domain; 
(b) a second polynucleotide encoding a second polypeptide segment comprising the stalk 
region, the transmembrane domain, and the intracellular domain of vaccinia virus A56R 
EEV-specific membrane protein, situated downstream of the first polynucleotide encoding 
the first polypeptide segment; and 
(c) a third polynucleotide encoding an immunoglobulin heavy chain variable region (VH) or 
fragment thereof situated upstream of the first polynucleotide encoding the first polypeptide 
segment; 
wherein the immunoglobulin fusion protein can be expressed on the surface of a vaccinia 
EEV particle, and wherein the fusion protein can combine with an immunoglobulin light 
chain to form an antigen-binding domain of an immunoglobulin molecule. 
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20. The recombinant vaccinia library of claim 19, wherein each immunoglobulin fusion 

polypeptide further comprises a signal peptide for facilitating expression of the plurality of 

immunoglobulin fusion polypeptides on the surface of EEV. 

21. The recombinant vaccinia library of claim 19 or claim 20, wherein the 

immunoglobulin fusion polypeptides each comprise a VH or fragment thereof fused to the N-

terminus of amino acids 117 to 421 of SEQ ID NO: 11. 

22. The recombinant vaccinia library of claim 19 or claim 20, wherein the first 
polynucleotide of (a) encodes a first polypeptide segment comprising a full-length human 
IgG constant region. 

23. The recombinant vaccinia library of claim 22, wherein the immunoglobulin fusion 
polypeptides each comprise a VH or fragment thereof fused to the N-terminus of amino acids 
117 to 653 of SEQ ID NO: 30. 


