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[00071 	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 seFV.  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 OF THE INVEN-TION 

10007al In one aspect, there is provided a fusion protein. comprising: 

(a) a first polvpeptide segment comprising a heavy chain constant region domain. 

(b) a second polvpeptide segment comprising the transmembrane domain of a vaccinia 

extracellular enveloped virus fEEVIs,pecific membrane protein,. 

(c) a third polypeptide segment comprising an immunoglobulin heavy chain variable region or 

fragment thereof, and 

(d) a signal peptide for facilitating expression of the fusionmiypsptides on the surface of EEV, 

wherein the fusion protein is expressed on the surface of a vaccinia virus and/or on a host cell 

surface, and 

wherein the fusion protein when combined with a light chain variable domain forms a functional 

antibody. 

[0008] 	In certain aspectsembodirnents, 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. 

[00091 

	

	In some embodiments, the fusion protein further comprising a third pol.ypeptide 

segment comprising an immunoglobulin heavy chain variable region or fragment 

thereof. 	In another embodiment, 	the vaccinia EEV-specific membrane protein is 

A56R. 

[0Q09a1 In one aspect, there is 

	

	a poly-nucleotide encoding the fusion protein as described herein. _provided 

[0010] 	in certain emboCiimentsaspeets, 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 polynucicotidc 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:11 . 

10010a( in one aspect. thci-c is provided 	',/].:1.i7-  comprisina the polynooleotide as 3eicrii:7 ..1 lwrein 

[00111 In certain einhodimclli ,:r:.pect.a, the disclosure is directed to a vector comprising a polynueleotid.e 

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 dom.ain of a vaccinia extracellular enveloped virus 

membrane protein. 	 . 

(EEV)-specific 
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J0011.4 	In 	one aspect. 	there is provided a recombinant vaccinia virus comprising the 

polynucleotide as described herein. 

[0012] In certain embodimentsaspects, the disclosure is directed to a recombinant vaccinia virus 

comprising a polynucleotide encoding a fusion protein comprising (a) a first polypeptid.e 

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, th-e---(3--1-::1-÷--siE,e--i-s-- di :1.- 	4i li:it 	cre is provided 

a host cell infected with the recombinant vaccinia virus  as d..:seri hod herein. 

TO0i2;1 	In eime 	sir- et 	there is provided 	ree!.:rrhirmin -vau,.te.- 	iihim - cornirrisiia! 	a 	iirst library of 

pckil'.:,',.,Hles 	oc,istii-_-,ited 	in 	a vaccinia 	,iti.is 	,, eetc5, 	encoding 	oli_ii. -,- i,y 	-H' 	i.rallunoatol-mi:ii 	fusion 

polypoiJes,_whercir 	:le vaccinia virus 	,A,i,.)i-  r-2,mi-B,Q i.scs (a) 	a 	!'T.-1 	: - H ,,,n.,.:;2i:otide 	ciaco..iin 	a 	H.-::. 

polyp otide segment comprising an entire or partial heavy ehlin ci.71:at region CI'll domain (b) a 

second polynucleotide encoding a second pol.ypeptide se.gment colnprisii ' a the tran.smembrane domain of 

a vaccinia virus EEV-specific membrane protein situated downs[rt!ain of the Gill domain. and (c) a third 

polynucleotide _encoding an imirinioL-H7.,Hill heavy chain v:, ;titLlereg-ion or frrlillent 'llere';' 1 :...5 0.11 41  

upsmorriots:i-ieCtIl 	i.1,.iiiiii. 

[0013] In another t. ,1 	•,- ' 	:-.4, 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 1D NO: 1 1 , which is the polypeptide 

sequence amino acids 108 to 314 of A.56R from Western Reserve Vaccinia virus strain. 

[0013a1 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 comprising a first library of polynucleotides 

constructed in a vaccinia virus vector encoding a plurality of immunoglobulin fusion polypeptides as 

described herein into a 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 said 	immunoglobulin fusion polvpeptides are capable of combining with an 

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

1c) 	permitting release of extracellular enveloped virus (EEV) from the host cells; 

(d) 	collecting the released EEV from the supernatant: 

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

CO 	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. 

in 	 the disclosure is directed to 	for [0014] 	 another astaeetembodiment, 	 methods 	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; (c) 

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. 

[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 immun.oglobulin 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 	im.munoglobulin 	fusion 

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

[0016] In certain embodiments steps (g)-(1) 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 ernhciclim*.,,:i,.:I.,:eat:, the disclosure is directed to a method for selecting 

polynuel.eotides 	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 immunoglobul.in light chain, 
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WHAT IS CLAIMED IS: 

1. A fusion protein comprising: 

(a) a first polypeptide segment comprising a heavy chain constant region 

domain,_an-el 

(b) a second polypeptide segment comprising the transmembrane domain of a 

vaccinia extracellular enveloped virus (EEV)-specific membrane protein, 

(c) a third polypeptide segment comprising an immunoglobulin heavy chain 

variable region or fragment thereof, and 

(d) a signal peptide for facilitating expression of the fusion polypeptides on the 

surface of EEV, 

wherein the fusion protein is expressed on the surface of a vaccinia virus and/or 

on a host cell surface, and 

wherein the fusion protein when combined with a light chain variable domain 

forms a functional antibody. 

2. The fusion 	tem 	- 	 third e-empr-.45i-ag-a 	polypeptide segtn-ent 

. Ala • 	• - - 

3. The 	fusion 	 claim 	 • a 	 tide for protein 	of 	• 	40 

focititating-e3p- 

24. The fusion protein of claim 1, wherein the vaccinia EEV-specific membrane 

protein is A56R. 

3-5. The fusion protein of claim 1, wherein the second polypeptide segment 

further comprises the extracellular domain of the EEV-specific membrane protein, or a 

portion thereof. 

4. The fusion protein of claim 1, wherein the second polypeptide segment 

further comprises the intracellular domain of the EEV-specific membrane protein, or a 

portion thereof. 

57. The fusion protein of claim 1, wherein the constant region comprises a CII1 

domain, or a portion thereof. 
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68. The fusion protein of claim 1, wherein the constant region comprises a IgG-

gamma heavy chain. 

79-. The fusion protein of claim 1, wherein the fusion protein comprises amino 

acids 215 to 421 of SEQ ID NO: 11. 

84-0. A 	 the fusion 	 1. polynucleotide encoding 	protein of claims 

944. The 	 84-0- 	 the 	 SEQ ID NO: polynucleotide of claim 	comprising 	nucleotides of 

10 which encodes amino acids 108 to 314 of A56R from Western Reserve Vaccinia virus 

strain or amino acids 215 to 421 of SEQ ID NO:11. 

1.04-2. A vector comprising the polynucleotide of claim 84-g. 

114-3. A recombinant vaccinia virus comprising the polynucleotide of claim 84-0 

the or 	vector of-c--1-a-i. 

124-4. A host cell infected with the recombinant vaccinia virus of claim 114-3. 

1348. 	A 	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—an entire or 

partial heavy chain constant region CH1 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 CH1 domain, and (c) a third 

polynucleotide 
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encoding an immunoglobulin heavy chain variable region or fragment thereof situated 

upstream of the CH1 domain. 

1416. The first library of claim 13-15, comprising a signal peptide for facilitating 

expression of the fusion polypeptides on the surface of EEV. 

154-7. The first library of claim 1315, wherein the EEV-specific membrane 

protein is A56R. 

164-g. 	The 	first 	library 	of claim 	134-5, 	wherein 	the 	vaccinia. 	EEV-specific 

membrane protein is AS6R. 

1749. The first library of claim 1315, wherein the second polypeptide segment 

further comprises the extracellular domain of the EEV-specific membrane protein, or a 

portion thereof. 

182-0. The first library of claim 1315, wherein the second polypeptide segment 

further comprises the intracellular domain of the EEV-specific membrane protein, or a 

portion thereof. 

1924. The first library of claim 134-5, wherein the the constant region comprises 

CHI domain, 	 thereof. a 	 or a portion 

202-Z. The first library of claim 13,1-5, wherein the the constant region comprises 

a full length IgG. 

2123. The fusion protein of claim 1 or first library of claim 1315, wherein the 

first polypeptide segment comprises amino acids 215 to 421 of SEQ ID NO:11. 
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222-4. The fusion protein of claim 1 or first library of claim 1345, wherein the 

second polypeptide segment comprises amino acids 215 to 421 of SEQ ID NO:11. 

232. 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 comprising a ',I: : first library 

of polynucleotides constructed in a vaccinia virus vector of claim 15 encoding a plurality 

of immunoglobulin fusion proteins polypeptides as in claim 1 into a 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 said an immunoglobulin fusion polypeptides are  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 

CO 	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. 

242,6. The method of claim Z:1-:-L5, further comprising: 

(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; 
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collecting the released EEV from the supernatant; 

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

(I) 	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. 

7 ,7,7. The method of claim ,7, ' -:-.. 	further comprising repeating steps (g)-(l) 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. 

%__2?. 	The 	method 	of 	claim 	232, 	further 	comprising 	isolating 	the 

polynucleotides recovered from the first library. 


