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=Abstract=

Construction and Characterization of Recombinant Poliovirus that
Delivers T-cell epitope

Seong-Pil Cho, Bum-Young Lee, Soo-Il Chung and Mi-Kyung Min

Eukaryotic Gene Expression Lab, Mogam Biotechnology Research Institute,
Youngin 449-910, Korea

Recombinant polioviruses have been developed by many research groups for use as vaccine
vector because poliovirus induces mucosal immunity as well as humoral immunity through oral
uptake.

We assessed the potential use of poliovirus as a T-cell epitope carrier. Recombinant poliovirus
V129 5L was constructed to have a substituted T-helper epitope from the core protein of
Hepatitis B virus at neutralization antigenic site 1 on its VP1 capsid protein. The recombinant
virus replicated less efficiently than type 1 poliovirus Mahoney strain. The V129 5L formed a
little smaller plaques than the Mahoney strain and showed some 1.25 log unit lower titer at the
peak in the one-step growth kinetics though it had similar growth profile to that of the Mahoney
strain.

Since V129 5L recombinant virus was genetically stable even after 24 successive passages in
HeLa cells, the antigenic site 1 on VP1 capsid protein was confirmed for its ability of carrying T
cell epitope. The genetic stability of V129 5L also indicated that recombinant poliovirus can be
successfully utilized for the development of the multivalent vaccines.
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VP4 W) 7HA] @A g2 A HolA & ol & i
& F3FA7 FEHE Ao g4 Ut F
8399 1 (antigenic site 1)& VP19] 93-104%
A ofrji=itel] ofste] FAJEH & B-AIE epitope
£ E33le linear loop T2 EA, UdFd& B-
sheet 77} 2|3l Aot [45] F3AFLHA
1& o] Fnlo] 2] 2] antigenic epitope .2 X] &4
A G7b S AL @ Az AxE o
2|7} A 2 gutolel 2o RaE ).

Jekins 52 F3}9 9 A 1L human papillo-
mavirus type 169] capsid@te2Ql 1o 2 B o]
167) o}mjxAto 2 9 antigenic domain© & x| 8
g Axgulolg 22 E7E HYES 1 LI
GRS Fold oz AR st A/ YRS
B 135t} [6] £ Evan S& HIV-1 gpdl 22
E] 9] antigenic epitopeZ W¥ 3} Al Z3tulo] g
28 AFFHHA o] HlolH AR HWAE Ezjol
Al HIV-19] 0@ S8 g7 =8-S Hass
o} [7).

Hepatitis B virus (HBV)ol] 2] 3t A9l 7h<d gkx}
o] BF2~10% B e AFEHA Reta Azt
deog dolg e, ol HANFEAAANE
HBVd il Eo]/d& 2t cytotoxic T lym-
phocyte (CTL)o} %tAl =S = FAlo] ¢eiA
At} [8,9,10]. =3 HBV genomeS L& 8+ tra-
nsgenic moused]] HBVo] 50]4]-& Ho]= CTLS
A FAetd FU3AE W FYue] HBV
RNAo] ZHadte] BnH ot [11,12] o] AF
E2 HAT o AT i ARHA o
CTL3} 2A3HA #dso] AeS AlATget o
2hx ojd Wl diste] CTLo| 23lA #%
Ho] AW Z2d AAE AF3H7] Y3
CTLE Z3HA f=A7) & Zo] $ 83}

CTL# ¢ & T-helper lymphocyte = ¥ & 2§
o oA Fad &L FPsed FAYA
% CTLY] /=€ E9FE Ao 434
ojspzko] AW e HH7] el 1o]A humoral
immunity ¥ 7t ol g} T-helper lymphocyte} cy-
totoxic T lymphocyte7} #o] & & cell-mediated im-
munity] 4% E£F v ¢ F2387] W Wil
o o B AFHE S3sEr] At Tlym-
phocyteE EHA O 2 F =& 4 glojof g} &
AT e Aolululuto]H AE T Iymphocyte
epitopes ZRIEE PIAAE ALEE 4 ASA
E dotEna F3FA AR 19 HBV cored

7 (HBc)2] T-helper epitope p129-140 {1315 =] &
A7) Az Gokol) 28 Az B4 EALS)

ek
Mz W
1. 8jol2{A X SEMHE B2

npo) 2| ~F 4 o] o] &3 Hela cell> DMEM
(10% FBS, penicillin-streptomycin, kanamycin)©]
£ 0] 3] polystyrene tissue culture flaskel] 3 Z3}

o 37CoA wjekst . ¢4 & monolayerE ¥

gt oAl Adiv] Feta o

Z 43| 2t HeLa monolayerc]] vloj A& 7
g A]7} 1 cytopathic effect (CPE)YE B w]7}=]
vl Fatdch MFd g $2 7 A & 33 vt
Ealo] NS 4383 2000go A 10237 94
st MEZAHE AAs} 2 ASAnS &8
3] -70Col N Bt

2. DNA =%

2513} 2.9 12 HBc T helper epitope . 2 %]
85 AzFuloly 22 Az Y3t po-
liovirus type 1 (Mahoney) cDNAE 1Y 19f] e}l
A ule} o] &3] HFZ S FE VP1 coding
sequence®] Sphl3} Hindlll siteE )| 78} 3. HBc T
helper epitope sequence® 3| 33t 2| Z3IDNAE
A Z8lF] th. X 8 7] = oligomerE annealing 3+ F
ligationdlo] THEUD ALEE oligomerE-S Th
7 Zr.

A; CCCTCCTGCTTATAGGCCT

a; TGGAGGCCTATAAGCAGGAGGGCATG

B; CCAAATGCCCCTATCCTAA

b; AGCTTTAGGATAGGGGCATT

Oligomer A%} a, B9} bE annealingd}o] Aa, Bb
£ 951 A 2 ligationd} F T}

Linker 5Lo} A &) Al4-¥ oligomere Tha3
2.

51L-A; CGTGACCATTATGACCGTGGATGCA-
GCAGCATG

5L-B; CTGCTGCATCCACGGTCATAATGGT-
CACGCATG

3. In vitro transcription % RNA transfection

H}o) 2] A cDNA2] 3' poly A tail5] o] $]x]3] 3}
£ EcoRI site® A3l 3 T7 RNA polymerase

-140 -



(Boehringer Mannheim)E A}-&3}a] RNAZ 4]
s ot

In vitroo| A §4J ¥ RNAZEE ulo]Z 2 & A
71 913t oh-2-3 2ol &3t} 35mm dishol] A
70~80% = A} HeLa monolayerS Opti-MEM
(GibcoBRL)2. 2 23] A &3} 20ug lipofectamin
(GibcoBRL), 3~5ug viral RNAE ¥ &3l Opti-
MEME 423 F 37004 wokstsict. 4~sA)
F woke & PBSE 23 A& 3l 2ml DMEMS
YolE F 37Tl A vidsHA #wH o2 virus
particle A ol ©] gt CPEE 231 o}

4. gjo|{ A EHAH

Minor [14]<) W] whe} chew} o] Salsh
At} 2.07g2} cesium chloride (CsCHE v}o]a] 2
W& ¥ ¢33 8314121 o Nonidet P-
405 45ud 31 PBSE 45ml 52 3t} 4T
Al 14,000g2 20713 2 A EE e @2 CsCl
gradient®] ¥8 F vlo|HAE ¥l £YT
< EolA Centriprep-100 (Amicon)& A}&-3}od
ZAF3he CsCE A As w3

5. Plaque assay Y one-step growth curve

upol2| 2 ArME ZAMEEZ] 93te] plaque assay
W& A28} T} 60mm disholl A 70~80% B =
7} Hela celle] who]l8j 28 HF3she] A 2oA
30% A3t FAAIF) 2 PBSE 23] A 3l
F&HA Fe& dloldAE A ANHNL Hela
monolayer 9]¢ overlay medium< % 11 agarose7}
GH3] 22 7R Aol A3} Overlay
medium-& DMEMo| 1.5% SeaPlaque agarose (FMC),
5% FBS, penicillin-streptomycin, kanamycin-< 3 7}
3ta] AL2-3A k. Agarose7t 93] 2o dish
£ AR o] 37T plaqueo) FAIE w7tz uj
XA . YA H plaque-2 0.2% crystal violet &Y
o2 gAste e

One-step growth kinetics® ¢olR 7] €3lo
35mm dish®] 80~90% #}& Hela cellol] 10 m.o.i.
(multiplicity of infection)’s =2 nvio)|Z A5 HZE
83 A 2ol A 3087 WAl st wlolH AE cell
of FANRT. PBST 23] At »Hs)A
2 ulolg|~E A As i DMEM (10% FBS)
L5ml& ¥ F X9 At 37Tl Wi
sttt T2 AW (A L 38 iR NEE
Bt X A& violy & J71E pl-

aque assayy] 2 2 ZA}sl ).
6. Reverse transcription PCR (RT-PCR)

vpojg] 422 ZHd ¥ Hela cell2 7 E A RNA
E E83}7] Y93t Trizol reagent (GibcoBRL)<
Abgstgdtt. wlolgl A2 ZAg¥ 35mm dishe)
Hela cell2 %€l #2]€ A RNAE DEPC-water
50ple] ®etA)7] 1 10ul RNAS cDNA 34 ol o]
83t th. First strand cDNAZE §A4 3517 951
Superscript preamplification system (GibcoBRL)S
o] 88} 11 primerZ+ oligo-dT primerE A}-&
st

Agd 292 237 99 PCRAA Sou
Bk ohof} i3} cDNA 3ulE template 2 A}-&3}
R VP F9)o] suwtst 3dcke] i@ oli-
gomer (Z} 50pmol)Z primer= ©]-&3}gt}. PCR
S 94 oA 1% denaturation, 55CA 1% an-
nealing, 72°CollA] 3% primer extensionZ 0 2
3t 30 cycle ¥HE-51 1 o}

2
1. = gfeto|2{ A2 H=

2l 2] T celi epitopeE & 3} viral vector 7§
g st Aofwiunlo]2{ A typel Mahoney
strain®] Z3}3H 59 12 HBV core G A 9
mouse T-helper epitope (p129-140)2. 2 X]2A]Z]
A ZFuto) gl A V129 SL2 Az A2
vlole} 2 9] A ZHH I} genomed] FTERE 1Y
19 e wbeh 2ok Zojubulubel 2 e
cDNAd = 74z}t 570, 370 2] Sphl=} Hindlll site7}
A7l o] dA FAFAFY 1& EF3te
DNA A ¥ -2 pBluescript II SK(+)Z subcloning 3¢

S Sphl¥} Hindlll siteE A 33} 1 T-helper ep-
itopeS coding3lE polynucleotide2 %] 8515 ).
T-helper epitopeS 2+ Milich 5 [13]9] <&t
B 9% HBc9 129-140 ojnm|y=Atoz FTAHH
12-mer peptideE AF8-3IH Tt X $E HAE £
3l Nheld} SngBlo.2 Aotd DNA fragmentE
pT7PVME]| Nhel, SnaBI site 9} ] 83l pW1295
A z3kA

pW1202 55 345 RNAE Hela cellol] tra-
nsfection3} & of HlelgiAE & F AT
53} F-9) 12 VP19] 93-104 A ofnj =it
2 7= ed A8 AHR-E VPl f321e] Sphl
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P1 P2 P3

SUTR vpd vp2 vp3 vpl 24 2B 2C 3A 3B 3C 3D 3UIR
(+) 7.5 kb C 1T 1 // l| lﬂ{\ 1CT |l IC T 1T 1 )
BamHI  Sphl HindIII Xhol
BamHI Xhol

BamHI+Xhol digestion g BamHI

BamHI >/\

pBluescript 11
SK(+)

Xhol
BlueB
Stul pBlueBX
Xhol
Stul+Xhol digestion and ligation
BamHI —
pBlueBS
Stul” polylinker(T-cell epitope) A ~ B
44— —
Sphl+HindlIlI digestion a b
BamHI A
Nhel — linker 5L
Sphl Sphl B
HindIi —| pB120 Nhel
SnaBI Sphl
Stul” pB1205L  |}— Sphl
HindllI
Nhel+SnaBI digestion Nhel SnaBI SnaBI

Nhel+SnaBI
p%l;\}gvl digestion

Fig. 1. Construction scheme for pW129 and pW129 SL. [ represents neutralization antigenic site 1. Stul*
indicates this site is no longer available.
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VP4 VP2 VP3 VP1
87 93 104
PVM RGAGVTIMTVDNPASTTNKDEEFA
Spht Hind I
GCATGC AAGCTT

V129 5L
Sphl

RGALVTIMTVDgggisppayrppnapilKiFA

Sphl Hind il

Fig. 2. Genomic organization of polioviral vectors. Amino acid sequences surrounding substitution points are
indicated. Lowercase amino acids mark exogenous sequences. Amino acids within box represent T-helper epitope

from HBV.
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Fig. 3. Plaque formation by Mahoney strain (left)
and V129 SL (right). Hel.a monolayer cells were in-
fected with viral stocks and stained with 0.2% crystal
violet at 72 hr postinfection.

2} Hindlll sitex= 72+ 85, 1039 4] o}n] =4+ codon
of s Fect. whekx] Sphl siteo] Abgol o sted
FTEIAFH 19 NT ko] 770 ofn|iate)
245 Hed o] #9e -T2 st
PWI20Z ] F4Jd RNAZTE A 2§ vto]e
28 92 F AW o7t B2 &dom
VPL o] vpol2) 251} Ao o 44
¢ FHE AFA Retvl MED Ao 5

=k wEbd £ " ol AbS JEAAHF
2.} polynucleotide linker SL-2- Sphl siteol] At] A)
7] pW129 5L& A 28+l c}. Linker SLoj 3= B-7%
£ #4357 98 otv] =4t codon (VTIMTVD)
2} ol 3742} glycine codons 3 7}8led B-FFAle]
o YA EA H+ o-helix F22] Th epitopeol
flexibility & #-o 3} 22} 3} o}

pW129 SLE FE o g dlo A E RNAE
HeLa cellol] transfectiond}$] & ©) CPEE #3g
T AQ 1 transfection ©. Z HE] G- supernatant2)
2 H-Z Hela monolayeroll X 2]% Fo|% CPEZ
#2% 5 AU} 22 CPEE transfectionol] A 1}
Eb vt CPEZ} npol g 28440 o3t A& oA
stk A EA A28 AZFFAolvbu)uto) 2 A9
A A Y RS 93t VP fA A o
3ty RT-PCRE #3331 A E PCR DNA9)
StulE A 2jste] Th epitopeo] FAHIL Y&
gelslt . 2 8ol AR&3} polynucleotide2] Th
epitope sequence®]| = Sad site7} 9l 7] @& vlo|
#] 2~ genome©| Th epitopeE 1HE F2|5t1 Q]
th® Smlol o}atod PCR DNAE 27§ fragment
2 dAdsed AridEste] 243 o 27
o] fragmentE #AY ¢ U1 BF F8 2
71E B FAn. AREHNE 3] AT
Z} RT-PCRZHE do]# DNAZ pBluescriptllol
subcloning3t 3-of} sequencingdle] X590
71 gol ¥igyx GRS FAsid o
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Fig. 4. One-step growth curves of Mahoney strain and V129 SL. HeLa cells were infected with diluted viral
stocks at a multlpllcny of infection of 10, harvested at the time indicated, and lysed by repeated freezing and
thawing. And then virus titers of cell lysates were determined.

L

Fig. 5. Genetic stability of V129 5L. Viruses
from single plaque was serially passaged on HeLa
cells. RT-PCR was performed to amplify VP1 gene
comprising the substituted sites on viral genomes
from passage No. 4, 9, 14, 19, and 24. Products
were digested with Stul and analyzed by elec-
trophoresis on a 1.2% agarose gel. VP1 region was
also amplified from plasmids pT7PVM (C1) and
pW129 5L (C2) and treated with Stul as control. P;
passage No, U; PCR DNA uncut, S; Swd-digested,
M; 123 ladder.

2. RMiz=gtutole{ Ao MAZAL

SEFAT-H 19 ATl 93t ) xguto)
20 BAFdo] Wgle s A& Lolrr] 9
3to] plaque assay2} one-step growth kineticsS <=
e e

A &3 vke) 2] 2 & HeLa monolayerol] 7+<3 A} A
A & plaque2 poliovirus type 1 strainol] 2] 3}od &
4 ¥ plaqueBt}h 2F7F Zkr} (2 3). One-step
growth curveol| A} &= type 1 strain?} V129 5L 2%
postinfection 6A] ZFoll A FH ] D7}ol =@ty
ojmjo] &= V129 5Lo] type 1 strain= T} oF
125 log unit 3 = St} (1 4).
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3. R =Ftoj2{ A 2] genomeQt™ A A}

Poliovirusi= point mutation®] .} deletiond 2 &
AR el de Ao THA U7 WEol
V129 5L genomeol| A x| ZHH-9] o] ot A& FA}
stn Al 3t o}

Genome?] SHIA S FAlstux vlolg) 2~
Hel.a monolayerol] A At o ¥t ol Al ohuf <F
o 2HE dojzl ulo)al A genomed VPl §H
2}ol] thabe] RT-PCR3HY 31, Qo] DNAo) Sl
& A elsle M= DNAS o 2 genome?
HHAA S BASAT (18 5). 244 vl 7HA] Wk
3 Zo 4,9, 14, 19, 24Ath 2 K] 9] vlolg ~
genomes FALSIE v 212 AR plasmid
pW129 5L2] PCR DNA9| SmlS A @)sly <
s 2AFsh T,

e

il

oululwlole) 20 & FFFe] of3ho]
humoral immunity®} mucosal immunityE 8- %38}
7l W] Aolupulole~% o] 3] T

Aol datde WU & 2A=S sl o
7} Al (multivalent vaccine)2 7|2& A% 7| &
Ao FAARA T} WARE By
2 Aok =3 B&3} (killed)nlo) 2 &
A} 881 ¢k 9F=3F (attenuated)Hlo) 3 A
LSS i Ee] a%esE Y8 AHE &
< T Utk
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= o g Bddo) N F334H 2 {3
Enddch a2y o)g g Azl rs e
HBVel| o] g AW 7} o] A} 5o T-cello] #d s
= cell-mediated immunity7} 83 8L a=
A g BX 5] 9% B o= A getx] gt

B AT 12 linear loop T2 FFol B-
TE7F A FA YoM A BE 5 e oy
dol wf-¢ A Aot Wt B AT e 4
ofutrvlo] 8 A7} T-cell epitopeS $utel 4 9]
© vector2A ALEE ¢ RS Lolr ] 93}
o F3&AH9 15 T-helper epitope 0. 2 ] §+A]
A AzFuHoly 2S5 Mzstna sh. VP
FA 2] Sphla} Hindlll site A}o] = Th epitope 2.
2 X $A)7) DNA pWI29Z 2 E] = njolg A2
BE F AR T o) FE A F3aA R
18] N-ZgZ o] 77) ofnjiibo] AdE 4 g
0 2= Q8 -7 Iy &AEn A=
VP1 o] ol el 2343 4ol o] 81 4 9)
= AT HEYE 22 5 0D Aoz Ay
At ZAE ofu|ab-S B Eet 3 B-FRA o] o)
AA8HA =& ochelixol] flexibility S $-of 3} 112}
glycine 37§ 3713 polynucleotide linkerZ Sphl
sitec]] AFisle] THE pW129 SLERE A=
RNAZRHE Azgute]fiAs 38 5 3w
8ANARA = genomeo] tAFEA KA HA
o} polynucleotide linkerol] ©]dted HEH o}n)
=4ko] VPIo] A3 Pl & 2F 22 g ee
ol gt} Plaque assayoll A ) o) g 2~ 9]
plaqueo] Mahoney straino]] ¢} 3}e] d A= plaque
B} o7k 29k one-step growth curved A % 7}
4 %e 9742 Bole NS @sbaol st
1.25 log unit© 2 B+ z}o)E H Yt} ole} e
A& AolSL VP Buo] o} ¢ bgaln 4
29 3ue 23 USS Ao A

HBVE] core ©¥ & 2 HE 9] T-helper epitope
& LAJEE Azd A2 Lolupu)uolg A
V129 5L2 genomeo| A X| &H H9J7} A 51 A
FAHDL 23 EAA 5 94r71E Y
o] & Ao}mjH]uto] 2} 27} B-cell epitopeiTholL]
2} T-cell epitoped] SV ZE A}8E & 9=
7He A& AlALgh)

@A CTL epitope2 Rt 29] Al27154 S A
7 Folv] )8 Balad 71 AFH WAle] 3
Gl =8 dolnhutol2) 28 e 2
o o] &% & A E Aot}
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