10607] This is different from other technologies i the field which express a single scFV Vs
but do not express a library. Moreover, other technologies are designed to re-direct f
zﬁf
vaccima infection through the scFV for gene therapy and are not used for antibody ,;«f

discovery. Additionally, the current technology differs from the previous technology bf

using EEV nstead of the IMV, and also by using different fusion proteins (e.g., AS@%’J)
4

SUMMARY

{0007a] In one aspect, there is provided a fusion protein comprising:

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

smain of a vaccinia

{b) a second polypeptide segment comprising the transmembrane

extracellular enveloped viras (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 pélypeptides on the surface of EEV,
7

wherein the fusion protein is expressed on the surface656f 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.

[6008] In certain embodiments, the disclosure’is directed to fusion protein comprising (a) a first

polypeptide segment comprising heavy chamn CHI domamm and {(b) a second

polypeptide segment comprising the transmembrane domain of a vaceima extracellular

enveloped virus (EEV-specific membrane protein.

FHE In some embodi

segment comprising san immunoglobulin heavy chain vanable region or fragment

ents, the fusion protein further comprising a third polypeptide

thereof., In anothe
AS6R.

embodiment, the vaccimia EEV-specific membrane protein is

{0069a] In one aspect, there is provided a pelynucleotide encoding the fusion protein as described herein.

[0010] In certain embodiments, the disclosure is directed to a polynuclestide encoding a fusion protein
camprlc;mﬂ {a) a first polypeptide segment comprising the human heavy chain CHI
d@ﬁn&m and {b) a second polypeptide segment comprising the ransmembrane domain of

/2 vaccinia extracellular enveloped wirus (EEV)-specific membrane profein




AN

[0611a] In one aspect, there is provided a recombinant vaccinia virus comprising the S/

polynucleotide as described herein. S
Vs
{00612] In certain embodiments, the disclosure is directed to a recombinani vaccinia virg{‘g
comprising a polynucleotide encoding a fusion protein comprising (a) a first p(}ly‘}‘}%ptid&
segment comprising the human heavy chain CHI domain and (b) a second polypeptlde
segment comprising the transmembrane domain of a vaccinia exéﬁmceliuimigénveiepecé
virus  (EEV)-specific  membrane  protein. In  another  aspect, ihgﬁ‘é is  provided

3 host cell infected with the recombinant vaccinia virus as described herein.

0012a] In one aspect, there is provided a recombinant vaccinia library comp;%ing a first library of
polynucleotides constructed in a vaccinia virus vector encoding a plurality ¢f " immunogiobulin fusion
polypeptides, wherein the vaceinia virus vector comprises (a) a first quﬁucleotide encoding a first
polypeptide segment comprising an entire or partial heavy chain congt’é{nt region CHL domain (b) a
second polynucleotide encoding a second polypeptide segment comp{;ggfﬁg the transmembrane domain of
a vaccinia virus EEV-specific membrane protein situated downstmf;sf; of the CH1 domain, and {c) a third
polynucleotide encoding an immunoglobulin heavy chain varigﬁie region or fragment thereof situated

upstream of the CH1 domain.

[0013] In another embodiment, the disclosure isfdirected to recombinant vaccima hbrary

comprising a first library of polynucleo ides constructed in a vaccinia virus vector
encodmg a plurality of immumﬂg‘mhui}x{ fuston polveeptides, wherein the vaccinta virus

vector comprises {a) a first polyfiucleotide encoding a first polypeptide segment

comprising a heavy chain CHI démain (b} a second polynucleotide encoding a second

polypeptide segment compri. ng the transmembrane domain of a vaccima virus
EEV-gpecific membrane pmtezn sitwated downgiream of the CHI domain, and (¢} 2 third

polynucleotide encoding 4 immunoglobulin heavy chain variable region or fragment

thereof situsted upsirgam of the CHI domain. In one embodiment, the first Iibrary
further compr'zséncr # signal peptide for facilitating expression of the fusion polypeptides
on the surface - EE‘J In another embodment, the EEV-specific membrane protein 15
ASGR. In an@ﬁm; embodment, the vaccimia BEEV-specific membrane protein is AS6R.

In anoth & 'enﬂzbodlmem, the second polypeptide segment further comprises the

cxtmc,alluia‘e domain of the EEV-specific membrane protein, or a portion thereof. In

dnoﬂ}er embodiment, the second polypeptide segment further comprises the intracellular

dophain of the EFV-specific membrane protein, or a portion thereof In certam

#mbodiments, the fusion protein comprises amino acids of SE(Q ID NO: 11 which

correspond 1o the polypeptide sequence amine acids 108 to 314 of A36R from Western




o B I

Reserve Vaccinia virus strain, In certain embodiments, the fusion protein comprises
amino acids 215 to 421 of SEQ ID WO: 11, In certain embodiments, the fusion protein
comprises amino acids 213 o 421 of S8EQ ID NO: 1 I, which 1s the polypeptide

sequence amino acids 108 to 314 of A36R from Western Reserve Yaccinia virus strain.
&

£

[0013a] In one aspect, there is provided a method for selecting polynucieotides which encode an an?g’ﬁn—

specific immunoglobulin heavy chain variable region or antigen-binding fragment thereof, compus‘zng

,,_

{a) introducing a recombinant vaccinia library comprising a first iibrary of pol nucleotides

constructed in a vaccinia virus vector encoding a plurality of immunoglobulin fusmn polypeptldes as

described herein into a population of host cells permissive for vaccinia virus infectivit

e
i

) introducing one or more polynucleotides encoding an immunogﬁbulin light chain into

the population of host cells, 7

wherein said  immunoglobulin fusion polypeptides are capa‘i;le of combining with an

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

{c) permitting release of extracellular enveloped virus 'EEV) from the host cells;
{d) collecting the released EEV from the supema}tént;
.
(e) contacting the released EEV with an antigéi; and
() recovering the polynucleotides of thc: first library which encode the immunoglobulin

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

-!‘

0014} In another embodimént, the disclosure is directed to methods for selecting
polynucieotides which endode an antigen-specific immunoglobulin heavy chain vanable
34{?'.

region or antigen-bindling fragment thereof, comprising: {(a} introducing the first

. ray - . . e . .
library of any one of claims 13 to 18 encoding immunoglobulin fusion proteins mto a
P 3

Xf
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[3047] This 1s 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
vsing EEV instead of the IMV, and also by using different fusion proteins (e.g., AS6R).

SUMMARY

[00607a] In one aspect, there 1s provided a fusion protein comprising an immunoglobulin heavy
chain variable region domain fused to the N-terminus of (a) a polypeptide segment consisting of
the CHI domain of human IgG1 fused to amino acids 215 to 421 of SEQ ID NO: 1}, or (b) a
polypeptide segment consisting of the full-length constant region of human IgG1 fused to amino
acids 215 to 421 of SEQ ID NO: 11; wherein amino acids 215 to 421 of SEQ ID NO: 11 is
identical to amino acids 108 to 314 of AS6R from the Western Reserve Vaccinia virus strain;
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.

[B008] In cermain embodiments, the disclosure is directed to fusion proteln comprising (a) a first
polypeptide segment comprising & heavy chain CHI domain and (b) a second
polypeptide segment comprisimg the transmembrane domain of a vaccinia extracetular
enveloped virus (EEV)-specific membrane protein.

904 In some embodiments, the fusion protein further comprising a third polypeptide
segment comprising an mmmunogiobulin heavy chain variable region or fragment
thereof. In another embodiment, the vaccinia EEV-specific membrane protemn is
ASGR.

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

{0018} In certain embodiments, the disclosure is directed to a polynucieotide encoding 2 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 extraceiiular enveloped virns (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.

[8012] In certamn embodiments, the disclosure 1s dizecied o & recombinani vaccimia virus
comprising a polynucleotide encoding a fusion protein comprising (a) a first polypeptide
segment comprising the human heavy chamm CHI domamn and (b) a second polypeptide
segment comprising the fransmembrane domain of a vaccinia extracellular enveloped

virus  {(EEV)specific membrane protein. In  another aspect, there is provided

a host cell infected with the recombinant vacceima virus as described herein,

[0012a] In one aspect, there is provided recombinant vaccinia library comprising a library of
polynucleotides constructed in a vaccinia virus vector encoding a plurality of immunoglobulin fusion
polypeptides, wherein the vaccinia viros vector comprises (&) a first polynucleotide encoding a first
polypeptide segment comprising a heavy chain CH! domain (b) a second polynucieotide 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 CH1 domain.

[0013] In another embodiment, the disclosure is directed to recombinant vaceinia
library comprising a first library of polynucleotides construcied in a vaccmia virus vector
encoding 2 plurality of immunoglobulin fusion polypeptides, wherein the vaccinia virus
vector comprises (a} a first polynucieotide encoding a first polypeptide segment
comprising a heavy chain CHI domain (b} a second polynucleotide encoding a second
polypeptide  segiment comprising the transmembrane domam of a vacciya wvirus
EEV-specific membrane protein situated downstream of the CHI domain, and (¢) a third
polynucleotide encoding an immunoglobulin heavy chain variable region or fragment
thereof snuated upstream of the CHI domain. In one embodiment, the first library
further comprising a signal peptide for facilitating expression of the fusion polypeplides
on the surface of EEV. In another embodment, the EEV-specific membrane protein 18
AS6R. In another embodment, the vaccinia EEV-specific membrane protemn is A5S6IL
Inn another embodiment, the second polypeptide scgment further comprises the
extracellular domain of the BEEV-specific membrane protein, or a portion thereof. In
another embodiment, the second polvpeplide segment further comprises the mtraceliular
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 AS0R from Western



Ha-

Reserve Vaccinia virus strain. In ceriain embodiments, the fusion protein comprises
ammo acids 215 1o 421 of SEQ ID NO: 11 In certain embodiments, the fusion protein
comprises amino acids 215 to 421 of SEQ I NG 1 1, which is the polypeptide
sequence amino acids 108 to 314 of AS6R from Western Reserve Vaccinia virus strain.

[06613a] 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
mto a population of host cells permissive {or vaccinia virus infectivity, the recombinant vaccinia
library comprising a first library of polynucleotides constructed in a vaccinia virus vector
encading a plurality of immunoglobulin fusion polypeptides, wherein the vaccinia virus vector
comprises (1) a first polynucieotide encoding a first polypeptide segment comprising a heavy
chain CH1 domam (2} a second polynucleotide encoding a second polypeptide segment
comprising the transmembrane domain of a vaccinia virus extracellutar 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
sttuated upstream of the CH1 domain;

(b) mtroducing one or more polynucleotides encoding an immunoglobulin light chain into the
population of host cells,

wherein an mmmunoglobulin fusion protein is capable of combining with an immunoglobulin
hight cham to form an antigen-binding domain of an immunoglobulin molecule;

{c) permitting reiease of EEV from the host cells;

(dj 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.

[ E4 In another embodiment, the disclosure is directed to methods for selecting
polynucleotides which encode an antigen-specific immunogiobulin heavy chain variable
region or anbtigen-binding fragment thereof, comprising: (1) introducing the first
library of any one of claims 13 to 18 encoding immunogiobulin fusion proteins inte a
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WHAT IS CLAIMED IS:

1. A fusion protein comprising:

7

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

#
o

domain,

(b) a second polypeptide segment comprising the transmembrane domainﬁf a

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

(/
(¢) a third polypeptide segment comprising an immunoglobulin heavy chain

&
variable region or fragment thereof, and S

(d) a signal peptide for facilitating expression of the fusion poiy{;eptldes on the
surface of EEV, w

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

on a host cell surface, and f_,f’
wherein the fusion protein when combined with af”hght chain variable domain
P
forms a functional antibody. _,f

2. The fusion protein of claim 1, wherein the vaccinia EEV-specific membrane
protein is A56R. /

/

#

.-,ff

3. The fusion protein of claim 1, Wh/e?éin the second polypeptide segment further

comprises the extracellular domain offt}{efa EEV-specific membrane protein, or a portion
wf{
thereof. v

#
7

4. The fusion protein 9f’éaim 1, wherein the second polypeptide segment further

comprises the intraceiluigf”’ydomain of the EEV-specific membrane protein, or a portion

%
thereof. &
7

5. The fuﬁi”bn protein of claim 1, wherein the constant region comprises a CH1

, i
domain, or a Jportion thereof,
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6. The fusion protein of claim 1, wherein the constant region comprises a IgG-

gamma heavy chain.

7. The fusion protein of claim 1, wherein the fusion protein comprises ami 0
acids 215to 421 of SEQ ID NO: 11.

8. A polynucleotide encoding the fusion protein of claim 1.

9. The polynucleotide of claim 8 comprising the nucleotides gf""fSEQ ID NO: 10
which encodes amino acids 108 to 314 of A56R from Western Rqs-é:fve Vaccinia virus
strain or amino acids 215 to 421 of SEQ ID NO:11. ‘

10. A vector comprising the polynucleotide of ciaiq}%{
11. A recombinant vaccinia virus comprisingﬁ;ﬁe polynucleotide of claim 8.

F g

12. A host cell infected with the recombinant vaceinia virus of ¢laim 11,

13. A recombinant vaccinia iibg_a’?y comprising a first library of polynucleotides
constructed in a vaccinia virus vect"gr encoding a plurality of immunoglobulin fusion
polypeptides, wherein the vaccmla virus vector comprises {a) a first polynucleotide
encoding a first polypeptlde segment comprising an entire or partial heavy chain
constant region CH1 domam (b) a second polynucleotide encoding a second polypeptide
segment compnsmgﬁt.he transmembrane domain of a vaccinia virus EEV-specific

membrane protein/ situated downstream of the CH1 domain, and {c) a third

ra
7

polynucleotide /




R

encoding an immunoglobulin heavy chain variable region or fragment thereof situated

upstream of the CH1 domain.

14. The first library of claim 13, comprising a signal peptide for faahtatmg*”

expression of the fusion polypeptides on the surface of EEV.

4

15. The first library of claim 13, wherein the EEV-specific membraqgfi#otein is

A56R.

i
e
7

16. The first library of claim 13, wherein the vaccinia EE}}P@;}@@MC membrane
protein is A56R.
17. The first library of ciaim 13, wherein the second polypeptlde segment further

comprises the extracellular domain of the EEV- Sp@CIﬁC membrane protein, or a portion

thereof. ﬁ;‘f

#
b

7

18. The first library of claim 13, Wherem the second polypeptide segment further
comprises the intracellular domain of the ”EEV—spemﬁc membrane protein, or a portion
thereof. g

19. The first library of clalm 13, wherein the constant region comprises a CHI

domain.

20. The first nga”;ary of claim 13, wherein the constant region comprises a full

length IgG. ﬁf//

21 The fusion protein of claim 1 or first library of claim 13, wherein the first

polypepgidé segment comprises amino acids 215 to 421 of SEQ 1D NO:11.




22. The fusion protein of claim 1 or first library of claim 13, wherein the second

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

23. A method for selecting polynucleotides which encode an antigen-specific
immunoglobulin heavy chain variable region or antigen-binding fragment theregfff
comprising: ; /

(a) introducing a recombinant vaccinia library comprising a first hbrary of
polynucleotides constructed in a vaccinia virus vector encoding a E}tf;ality of
immunoglobulin fusion polypeptides as in claim 1 into a popuiationfgf host cells
permissive for vaccinia virus infectivity; J/

(b)  introducing one or more polynucleotides encodingﬁa”g immunoglobulin
light chain into the population of host cells, ;

wherein said immunoglobulin fusion polypeptides are, ‘,e"?;pabie of combining with
an immunoglobulin light chain to form an antigégmbinding domain of an
immunoglobulin molecule; ,ﬁf

(¢}  permitting release of extracellular egxférloped virus (EEV) from the host
cells; /)

(d)  collecting the released EEV fron}efie supernatant;

(e)  contacting the released EEV w;th an antigen; and

3] recovering the polynucl"geditides of the first library which encode the
immunoglobulin fusion polypepticiefs-*“‘gxpressed on the membrane surface of EEV and
specific for the antigen. /’

24. The method of clalm 23, further comprising:

(g) introduch}g";ithe polynucleotides recovered in {f) into a second population
of host cells permiss&y‘éifor vaccinia virus infectivity;

(h) intk_‘pfagucing one or more polynucleotides encoding an immunoglobulin
light chain int%ffﬁe population of host cells;

(i) ?J«‘/ permitting release of extracellular enveloped virus (EEV) from the host

cells; / g




() collecting the released EEV from the supernatant;

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

N recovering the polynucleotides of the first library which encode the 4
immunoglobulin fusion polypeptides expressed on the membrane surface of EEV afr/adf

S

specific for the antigen. .

25. The method of claim 24, further comprising repeating steps [g);@{‘!) one or
more times, thereby enriching for polynucleotides of the first library yyhlch encode
immunoglobulin heavy chain variable regions or antigen-specific fragg;fgnts thereof, as

part of an immunoglobulin fusion polypeptide that specifically binds j:%”iye antigen.

26. The method of claim 23, further comprising isolgﬁ%g the polynucleotides

recovered from the first library.
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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 anfigen-binding fragment thereof, comprising:

(a) introducing a recombinant vaccinia library encoding immunoglobulin fusion polypeptides
mto 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 polynucleottde encoding an immuncglobulin heavy chain variable region or

fragment thereof situated upstream of the CH1 domain;

(b) mntroducing 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

Jight 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 superatant;

(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.

2. The method of claim 1, further comprising:

(g) introducing the polynucleotides recovered in (f) 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;

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

(1) collecting the released EEV from the supematant;

(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)-(1) one or more times,
thereby enriching for polynucleotides of the first library which encode immunoglobuiin
heavy chain variable regions or antigen-specific fragments thereof, as part of an

mmmunoglobulin 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 1 to 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 [gG

constant region, or portion thereof.
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7. The method of any one of claims 1 to 4, wherein the second pelypeptide segment
comprises the transmembrane domain of the vaccinia EEV-specific membrane protein A33R,

A34R, A56R, A36R, F13L, or BSR.

8. The method of claim 7, wherein the vaccinia EEV-specific membrane protein is
AS6R.
9. The method of claim 8, wherein the second polypeptide segment comprises the stalk

region, the transmembrane domain, and the intracellular domain of the AS6R 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 SEG 1D NO: 30.

1. 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 the CH1 domain of human
IgGi fused to amino acids 215 to 421 of SEQ ID NO: 11, or {b) a polypeptide segment
consisting of the full-length constant region of human IgG1 fused to amino acids 215 to 421
of SEQ ID NO: 11; wherein amino acids 215 to 421 of SEQ ID NO: 11 is identical to amino

acids 108 to 314 of A56R [rom the Western Reserve Vaccinia virus strain; wherein the fusion
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protein can be expressed on the surface of a vaccinia extracellular enveloped virus (BEV)
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 clamm 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 clamm 15.

17. A recombinant vaccinia virus comprising the polynucleotide of claim 15 or the vector of

claim 16.

18. A host cell mfected with the recombinant vaccinia virus of ¢laim 17.

19. A recombinant vaccinia library comprising a 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 CH1 domain (b} a second polynucleotide encoding a
second polypeptide segment comprising the transmembrane domain of a vaccima virus EEV-
specific membrane protein situated downstream of the CH1 domain, and (¢} a third
polynucleotide encoding an immunoglobulin heavy chain variable region or fragment thereof

situated upstream of the CHI domain.
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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 first
polypeptide segment further comprises a heavy chain CH2 domain, a heavy chain CH3

domain, or a combination thereof.

22.  The recombinant vaccinia library of claim 21, wherein the first polypeptide segment

comprises a human IgG constant region, or portion thereof.

23.  The recombinant vaccinia library of claim 19 or claim 20, wherein the second
polypeptide segment comprises the transmembrane domain of the vaccinia EEV-specific

membrane protein A33R, A34R, AS6R, A36R, F13L, or B5R.

24,  The recombinant vaccinia library of claim 23, wherein the vaccinia EEV-specific

membrane protein is AS6R.

25. The recombinant vaccinia library of claim 24, wherein the second polypeptide
segment comprises the stalk region, the transmembrane domain, and the intracellular domain

of the AS6R protein,

26.  The recombinant vaccinia library of claim 25, 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,



