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Cloning and Expression of NS5 Region of Korean Type Hepatitis C Virus
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Three ¢cDNA fragments located within NS5 region of HCV were synthesized by RT using
viral RNA extracted from blood sample of Korean patient as a template. The cDNAs were

amplified by PCR, cloned into the T-vecto

r, and the nucleotide sequences were determined.

Comparative analysis of the nucleotide and amino acid sequence of NS5 cDNAs showed that it
is closely related with HCV type 1b. The cloned NS5 cDNA showed 91-94% homology at the
nucleotide sequence level and 96-98% homology at the amino acid sequence level with several
strains of the HCV type 1b. The NS5 ¢cDNAs were subcloned into E. coli expression vectors to
construct pRSETAS5-1, pTHANS-1, pRSETCS-2, pRSETBBI1, pRESTCB1 and pRSETB-H3.
Expression of the NS5 proteins was achieved by inducing the promoter with isopropyl-thio-B-D-
galactoside (IPTG) and confirmed by SDS-polyacrylamide gel electrophoresis. The NS5 proteins
were immunoreactive against sera from Korean hepatitis C patients in Western blot analysis.
Among the recombinant NS5 proteins, pRSETAS-1 plasmid derived protein, coded from aa2022

to aa2521 of HCV polyprotein, showed the s
hepatitis C patients in immunoblot analysis.
useful as an antigen for detection of antibody
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A% A FARA, 4HRA, QA LW

o,
= L5
A A7t @3] A Folrt.
1989 1] 2] ChooS [11]0) 9)3) HCVe A
A Aw F27F AS WH7 o)F o2 FHo
HCV A9 g71Mge] At cq 31 ut
ol 2ol 9 Z7)E 3070 mmz 93] e
el glow [12] X)L oF 320~340 nt Zo]e]
-5 T 27~55 mt Hol9) 3 kel o3 3lE| R
%= ¥ (untranslated region, UTR)S ¥ 3-3}q]
o 9.4 kbe] (+) TU7tet RNAR = o] it} [13~
15]. HCV A A& 3] 71 open reading frame
(ORF)S 2 7453 o] 23 E oF 3010 7§} o}
H=4to R o] Fojzl thkulA  (polyprotein)o)
et Ao opp| st Y-S vw B
M ol52 A Fx DA v T2 o
22 FAH AU {14, 16, 17]. 7+ dejzg e
cores} 95 Pl & b3 3}sl= E13 E2/NS
1o8 Wrojx)s ¥z dhald e NS2, NS3,
NS4A, NS4B, NS5A, NS5BZ o] =ojz Slo}
(Fig. 1). 3o} 71 ORFZ ¥ A E chhwz
% TZEMAQA C, E13 E2& 439 signal
peptidaseol] €3] Ay v FxgWA S v}
ol2i 9] ZZEjobAld] s Axtdo] ztz}e)
e e 9NAER Bedn (18~22)
HCV SUTR 9] ¢17] A g & nlejai~ 25
opth B Eo] & o] glo] o] Yt F.3 v
& AYIL Y& Aeolga F2Hgon 24
2 o] T F&] 2nlo] 2 2o 9} 7o) int-
ernal ribosome entry site (IRES)7} ¢lo] nlo]z] A
9 a5 A 2-d BT Aoz BuHAY
[14, 23]. -2 ¥ A2l corex= HCV RNA X2
AA B3t capsidelvi 93] gehwlm e py-
cleocapsid® #3 3= ¥ o ZAets Fay
Aolth. NS2i= NS39] N #thal 37 metal-de-
pendent autoprotease®] 7]%-& ztm glo] NS2/NS
39 AARSE Adsle Aow g8 Yy
[22, 24]. NS3= N @90 A& Lz gl ol
9 71%€ 22 glo] Yeix v rzuNAse
RHEo]l Wie A o= B a [25 26) ®F C T
@29l = RNA helicase?] 7|58 2+= Ao
el A oF [14, 22, 27, 28]. NS4AE 3 ZE] o}z o]
cofactor= Z+-&3h= Tl 24 NS3 ZZE
ofAle] &4 F2% 715 e Aoz vy
ATk [29, 30]. NSSBE= wpole] 2 %o W3
RNASRE LS 715 2te Aoz gaA gl

b
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o [22, 31] 24}+2] NS4BS} NS5A9] 7] 5-& o}

2 g4s] WA YA skt

HCV= vpol 2] 2upt} x| 59] G714 ¥o]7}
Al d7IAE FEdE 122 HCVE 67)9)
doz BFstn Ja dA & P9 HCV7L A
& WAL v (15, 321 W=, /7 SR A
€ type la7} 2 SAH S 23 JBEF T2
ofAobell A = type 167} F2 TAIT YA W
(33] A Fel wet 2 £X Fdo] g2} o)t
o] HCV A5 g71M 4o A7 ol 2R 0
Aste 9ide] FAHE HIAAA, typeE
Abol# ohf 2} subtype Ato]ol M= gHAAd el X}
o7k & 5 7] W&ol Ay vkebe N F2 o
H ¥ HCV &9 e AH8ste] 74 ghxbel Hdo)
ol &5 1 3t
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Aol 4" HCVe tig gAE &A%
= AAMeheE A4W9E% o] (Enzyme-linked
immunosorbent assay, EIA)o] Yu¥ba o & dg] A}
€51 3t o] BT HCV Ao R & #ad
& e Wole HCV 3 9AAE AZste
¥ % HCV RNA fAHAE HEde WY S0
Jeu HCV &4 HEL o EAste
HCV &4 E9 Fxrt 2o} & HZo of2l%
o] Jow A AE YU A B2 A7}
Z1gY o] glo] EIA Bt 27] 31 %] 71estn
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4 obA e AAHozy Neden o
AL E dubd oz dz Alg37]de o] Fr).
A HCV o ®-8 298 4 e EA W
W AR o] TR ol mhat 1 Ay, 2 A
023 AR AdE e Ut F, Ae e
1 At EIAE 19894 Kuo 5 [34]0] ER.ojA] A
AFgE HCV ¥ 7z o o] NS3¢} NS4 a4 39
2 1003 F9 & o] &3ho] HOV FA T 243
oy CY EIARAE o) AEsl=d A7)
A3 w3 AP &o] £ etz Rusg
o} [35]. o] & Re38l7] 9isla) 2 AT EIA A &
¢100-3 o} £] 9] core x] Qo] 31 (c22-3)3} NS3 ]

2 of ﬂlm

£ B R

fuu

- 116 -



Table 1. Primers used for RT-PCR

Primers Polarity Sequences (5' to 3" Position of 5' nucleotide®
S1 + GGGTACAAGGGAGTCTGGCG 6381
= GCTGGATAGGTTCCGGACGT 7937
A3 =+ CCAATACCACCTCCACGGAG 7308
- GGAGTAACAAGCCCCGTAGA 8957
S5 + CCAATGTTGTGACTTGGCCC 8318
Ab ~ TGGCCTATTGGCCTGGAGTG 9407

* Nucleotide position was numbered by a system starting from the first base of the HCV-BK.

99 P9 (330)& o e e 9 Eoln
S FAZ 31 [36, 37] 3 At EIAC] A= ¢33c o
€33cE cl00-3742] AAA A Wad 200 3
AHE-3EEL NSS 92 | A gz 2 Ag
2o dx 8 Solxg v A [37, 38].
NS5 %]« ¢] epitopec] Q1% 1 NS5 z]<lo)

o > i

ez

RNA EAjeh st wpolf 2 Zalo) FAR
68 4 g Ao JURA W ojoh= A
° it AeR HRnFAT) a3 Ahe)A o
AR 2 e

o~

T Atk Aol A ElAGIA Aol e 4 gl 3
deoz gzt & AFodME g9 HCV |
TAke] B ol A F2]gF HCVE] NS5 2} 92 RT-
PCR W& o] &ete] 2243 5 GriNdg7
opr A NE-E gelet L, AT BE W
g F AT LA e,
Western blot -8 E3lo] &g NS5 Tz o]
Vg oz AL 7H5A & 2418 ok

9 subcloning

Ol dbud

e oA

1]

1. HCV RNA =&

CE 214 violgi 2ol G E =9 d3 200
o] RNAzol™B &9 (Cinna/Biotecx, Friendswood,
TX) 800 WE ¥ 1 2 ¥ E<F 784 votexingdt o}
2 chloroform 80 W& Hrlely & e & 158
EQt dgoll HX AT 12,000 xgollA] 15 #
7

jaas
o AaEed 4FAe 2o ¥ sad

isopropanol& ¥ i1 & 412 g AL 1S B F
oF A3k Th 12,000 goll A 15 2 E9F 94
Eelste] A E| 75% ethanol €9 0.8 mlE
3 7,500x g A 8 & Bt dalEel et A2 s}
10 & AT Axdte] AL B (reverse
transcriptase; RT) ¥+-2-0) A} 8 2 A}8-51 A 1) o A
i Aol A Bt

2. ¢cDNA &M

A lM F5 Hlo]2{ = RNA A ES TF7

4 6 wiol) ol 1 antisense A]2EA 1 pl (20 pmole)

S e F 00 10 ¥ 3 AT sk dg g
A5 ¥ 7b A SATH DNA B4 9hg9l 20 I

5 Z

oAl= F9 (template) RNAS} 1 pmole?] antisense
A2, 10 mM dithiothreitol (DTT), 1.5 mM<S)
dNTPs, RNasin 40 units, avian myeloblastosis virus
reverse transcriptase (AMV RT, Promega, Madison,
WI) 7 units, 1X AMV RT &3%-89 (50 mM Tris-
HCI, pH 8.3, 10 mM MgChL, 0.5 mM spermidine,
10 mM DTD)e] E£35o) glom o] whgolg
42l A 1 AZE ¥hg AjZ1 F 95TelA 5§ 7F
A el std RTE 243t Al Z

3. A|2tX| (Primers)

HHAL TA W3 2F B4 A wHgd A}
43 A2 A =2 type 1191 HCV-BK, HC-C2, HC-
JT', HCV-), 9 HCV-T 59| 97 A go] Ed
F9E Agsta Azt ALNEL] 97
Ad, "Ao], @ Y XE HCV-BK9 A= RNAZ
7)% 0.2 Fig. 13} Table 10 F A 3FA T}

4, 5 &4 Ad4f =2lE (polymerase chain
reaction, PCR)

Fig. 1ol HCV A5 724 <A £ &4 9+-g
of AHET ALAET YHE ANE TAHA
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ok ANA 93-S cDNA 429 20 plof| sense
AlEA] 1 ul (20 pmole), 2+ 5 mMQl dNTPs 2 pl,
100 mM DTT 2 pl, Tag DNA 2§ & 4 2 units 9
10xTag DNA S84 2389 (100 mM Tris-
HCl, pH 8.3, 400 mM KCI, 15 mM MgCl,, 10 mM
DTT, 500 pg/ml BSA) 10 pl& %718tz 284
#HF F971 100 prt HA 243 H Yo
g 9] 9)3) mineral oil 100 pi }
AAEAT. w2 957oA 2 B 7b dena-
turation, 55°C oA 1 ¥ 7t annealing, 72°C ol A 2
- 7t extention?- 35 3 AAI T nixeto g
T2CAA 7 E L WSAIZEY. BT 54 A v
S A2 08% ot AoA] A7 PE S
A A8t ©] & ethidium bromide (EtBr)® &3}
. UV transilluminator 2}oll A &-91sl¢ o).

o oo o

ol
82 o

BT o

il

v

5.85% A4l gt

7l ME &

2s
olo

Mugol Smdn o

0x pob

T 2 A s MAHES A7) B3y
o AE & 1.55 kb (NS5-1), 1.65 kb (NS5-2)9} 1.09
kb (NSS-3)) DNA o2 Sl ahy A 23e 72}
2] DNAE electroelutiondt ¥ pMOSBlue T ¥ E]
(Amersham, Buckinghamshire, England)dl] Al 23] A}
o) o] wheby 2mdeh) 27 Axy Ea)
21| = pTNS5-1, pTNS5-29} pTNS5-38 4] 251
o}. A3 &4 EcoRIF} HindlIE A )8t AFgd
B HCV cDNA Z2Z} (insert)2 Q& A %3 =
2}40] == dideoxy-mediate chain termination 2]
& ©] 83} Sequenase version 2.0-% AF&3te] FE
Al (Amersham)®] A& mel G7) HME &
A% 5t v}, Annealing W& H2- 65CA A 2 B
R FE U 20 F EOF 252 30T7HA U
YA AABFA AL labeling W82 2o 3 B
AN FR WS 37T S B 7t
AAatH Tt E7] A B& exonuclclease ME- 3] g
AU AYs A|LAE AFL3Fe] sense$}d an-
tisense strand FZoflA ARG, 2FE A7)
MEe B HCVS] ORFol| 2r3o] A oju] =4}
MEE 243 H 71F0 a8 & HCV g
Fote) 3543 & DNASIS™(Hitachi America, Ltd)
E2I9E AHestel 2T

6. W3 2E WE o =

NS5-17} NS5-2 cDNAS 24 HEo Szt
7] $j8te] FZ dke] Mz AdH A AlbA %

RS2 (5-GGCCGCCCATGGCCAATACCACCT
CCACGGAG -3)¢t RA2 (5-CGGCCGAAGCTT
ATCAGCTGGATAGGTTCCGGACGT -3)E 3
A 8hglth. RS19 3= Xhol3} Neol, RA19) & Hindill,
RS29) & Neol, RA20) = Hindlll A 742 AL S

k3
3

o] 77t pINSS-1%} pINS5-28 #3002 53
g whg-& APl ch pINS5-1& 8

2 AR BL XholHindIZ A3 o}
d g4z XQ‘,’}?} pTrcHisA (Invitrogen, San
Diego, CA)9| %i/% st} pTHANS-1& #| 23+
3 pTHANS-12 XhoUHindHIZ # 2] 3te] 441 €
NS5-1 cDNAZ thA] 223 0 59 5h2
A3} pRSETA (Invitrogen)oll F =23k} A 2%
Uy wE|Q) pRSETAS-12 #4231t} (Fig. 2).
pINS5-2& F8 o2 3t wh-s M 5L Neol/Hin-
dillZ A 3 59 g4 8 A3t pRSETCe
Z 23l pRSETC5-29] Ajx3 2@ 25 A
%3931, pRSETCS-2E T}A| BamHI®} Hindlll,
Pstl®} HindlIZ A whatal 1.46 kbt 1.2 kb cDNA
2 Zt7b Be)d T BamHIs} HindllZ A9
pRSETBS} Pstl#}t HindlllZ A g8k pRSETCo| &
24 38lo] pRSETBB1 #} pRSETCBI A 2% 2+&
e E A e ch E£3 Alubg 24 RS29F RA3
(5-CGGCCGAAGCTTATCAGCTGGATAGGT
TCCGGACGT -3)& A}&-3lo] pINS52E #3
o2 T a4 da) vhs-& A3t oF 630 bp
o] vhe PAHEL AL g BamHIz} HindllZ
AP To] 59 §42 Avdk pRSETBY] &
21 3}o] pRSETB-H3Z A 23} o).

7. M= Eef=ojz=29| ¢& 2! Western blot
A

HCV NS5 cDNAZ 233 A28 9 w g
Z WA BL21 (DE3)o]u} DHSaol ©A1A 2
d #FE vE I IPTG (isopropylthio-B-D-galac-
toside)E AM-8-8t] cDNAS] 2@ & =3ttt
e FEE 50 pg/ml ampicillineo] THE LB H)
kol o] x] ODgo=0.8~1.07}A] vfi<Fsla 1 M IPTG
2 HAF 27 1 mMo| HEE AU Fo 12
AZE Eoh wlekete] A& fFRat . v Fd
05 miE ¥4 Feste] 4 FAES 100 mM
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Fig. 1. Organization of the hepatitis C viral genome and position of primer pairs used for RT-PCR. The pu-
tative domains of the core (C), envelope (E), and nonstructural regions of the large open reading frame are box-
ed. Numbers above the box indicate the position of nucleotide and numbers below the box indicate the po-
sitions of amino acid. Three cDNA clones within NS5 region are described as a line with their primer pairs.

Tris-HC1 (pH 6.8), 200 mM dithiothreitol, 4% (wt/
vol) SDS, 20% glycerol, ¥ 0.2% bromphenol blue
ol x%E ¢F 9o ezl ¥ 100T
A 5 B E Astd £dAAT 48 A
EEE 4~20% Tris-glycine gel (Novex Co., San
Diego, CA)ol A #7194 E3F 3 Coomassie blue &
Gse] NS5 ThwlA g QY ni-
trocellulose (NC) membraneol] o] (transfer)A] A
Western blot2 2 A) 8151 th. NC membrane-& H| &
oA AgE 7] A3l 5% EA #-/= block-
ingslg @, PBS] 1: 20002 ¥ C¥ 7y
Sabel A 13 A2 ALAN 1A B
Hk2-A]7] 31 PBSE A A3 t}-S-, alkaline phos-
phatase-labeled goat anti-human antibody 1: 1000 &}
Mojolx ThA] 1 A% 59 M AT F /1A &
o (NBT-BCIP)E 3 7}5ko] uha) 4] 71 ok

4 1t
1. NS5 X|2 ¢DNA 2241 ¥4I |MY 24

HCVel ZHi g sh2Ql 2 ghxie] dygoz i
B} HCVS] RNAZ %-7]3lo] NS5 cDNA 3HA] 9]
9 (template) 2. 2 AL-83F ). NS5 7 A el
FEAQ A B‘iﬂg— AHESE A 34 vhg
Z3 F 4 w22 Agsla] HCVE] NS5 cDNAE
st o). Al “‘xﬂ’” S1/A3, S3/A5 % S5/A6 S
5083 T EA WSS A AT oF 155

kb (NS5-1), 1.65 kb (NS5-2) 2 1.09 kb (NS5-3) =

Table 2. Amino acid (nucleotide) sequence homology
of NS5 region of HCV obtained from Korean
carrier”

HCV

HCV type . -0 NS5-1 NS5-2 NS53
la HCV-1  89(77) 91(79) 93(83)
1b HCV-]  98(91) 96(91)  96(94)

HCV-BK  98(92) 96(92)  96(94)
HC-C2  98(92) 97(93) 96(92)
2a HCJ6  63(61)  69(62) 73(70)
2b HCJ8  62(61) 67(59)  73(70)
3a GB48 72(70)
3b Tb 72(69)
4a EG-7 71(67)
5a SA156 79(71)
6a HK-2 79(66)

*The followings are EMBL/GenBank accession
numbers for the sequence data. HCV-1, N62321;
HCV-J, D90208; HCV-BK, M58335; HC-C2, D
10934; HC-I6, D00944; HC-J8, D10988; GB4S,
1L29614; Tb, D10080; EG-7, L23468; SA156, L
23471; and HK-2, 1.23475.

719} whg A BS 7h2 A

NS5-1, NS5-2 2 NS5-32 pMOSBlue T-9E]
Z2sfa] A2 Zeb=n = pTINS5-1, pTNSS-2,
9l pTNS5-3& 47 Azt A2 =
vz A7) d-E 24 e H reading frames 2
013k o2 opn| it A S =T (Fig. 3).

-119 -



7937

6386
L

BamH |
7308 ¥

l8957

NS5-1

term

re

lact?

uyordiuy

ColE1
AND

PRSETB-H3
N§3-1

term

flori

PRSETAS-1

Y,
C‘///I/.)

PRSETBE1 PRSETCB1

Fig. 2. Location of cDNA in NS5 region and genetic map of recombinant plasmids for expression in E. coli.
pRSETA and pTrcHis plasmids containing the T, and the fr¢ promoter could be induced by IPTG. The expression
plasmid pRSETAS-1 or pTHANS-1 was constructed by ligating NS5-1 cDNA with the pRSETA or pTrcHisA. The
pRSETC5-2 was constructed by ligating NS5-2 ¢cDNA with the pRSETC, and the pRSETB-H3 was constructed by
ligating NS5-H3 with pRSETB. The pRSETBB1 and pRSETCB1 were constructed by ligating pRSETB5-2 with
NS5-2 fragments generated by digesting pRSETCS-2 with BamHI/Hindlll and Pstl/HindIIlL

NS5-19} 3' Wb}t NS5-29] 5 dheho] 625 bp (01-2)
9} NS5-29} 3" Teha NS5-39) 5 &ehe] 640 bp
(02:3)= Mz =29 B2 (Fig 1), 01-29
02-32] A7[ME & F ZE2E Alolo] vlwas
< o 7 7 (1.12%)8} 6 7N (0.94%)2] 7] 2ol 7}
2y YUz, = olulate 3 Jist 4 A2
Zpol 7} 2+2k S A T (Fig. 3).

Z 29 HCV NS5 cDNAS] @7] 8} olu]=at A
4§ e F7 HCV typeE} ABA S A= 1)
;eG4 1b typeo] £:3l= ~E#H AE3} NS5
A=Al et G719 obuimgl MY 91~94%2}
96~98%2] ¥ FE8 S A7 Bt (Table 2).

HL

=
NS5 A9 A weas] feiel wa
] pTHANS-17} =1 nnzg% DH50:8+ pRSETA
5-1, pRSETCB1, pRSETBB1 % pRSETB-H3¢| z}

7t =19 diaF BL21 (DE3)S LB =] ol A] ul|

CHOH K]
=

2. NS5 x|

lo

e

astHAd 1 M IPTGE AZ557 1 mMe] 5=
2 A7}k HCV NS5 cDNAS] 23 & F %3519
o} w3 WE pTHANS-1S #c ZH A3}l A 2
& o] Zé@_ih, lac operator® ¥ 33 glod
PTGl 9)3le] d&Ho] 8 55m 6 /49 His?} ¥
g oF 3 kDao) i dy g e @R
t}. pRSETA5-1, pRSETCB1, pRSETBB13}
pRSETB-H3 & W E = T7 X A&t A 2E o]
ZA 5|5 BL21 (DE3) &5 A sl g o]
1 IPTGel| 9J3le] #Hdo] FRHe T7 FPEL
of 2|3t 6 7}e] His7t LA <k 3 kDao] whil
Ao] & AE] = HCV cDNAZF 28 .
HCV thohel A o) aa20225E) oF 5007 9] o}n
29 }w pRSETAS-1 A3 I8 wlg o]

9 & 853 § SDS-PAGES A A3k 66 kDa
gzl Aol B E QS olag o
(Fig. 4A), EU 3 cDNAZ pTHANS-1 23l W
oA ML F 5319 S wl SDS-PAGE Aol A=



6386
2016

6466
2041

6556
2071

6646
2101

6736
2131

6826
2161

6916
2191

7006
2221

7096
2251

7186
2281

7276
2311

7366
2341

7456
2371

7546
2401

7636
2431

7726
2461

7816
2491

7906
2521

7996
2551

8086
2581

RS1

AAGGGAGTCTGGCGGEGEEACCECATCATGCAAACCACCTGCCCATGTGGAGCACAGATCACCGEACATGTCAAA
KG6GVWRGDGEIMAQTTCPCGAQITT®GHUVEK

AACGGTTCCATGAGGATCATTGGGCCAAAARCCTGCAGCAACACGTGGCATGGAACATTCCCCATCAACGCATACACCACGGGCCCATGC
NGSMRITIGPEKXKTCSNTWHGTTFPTINAMYTTGTPTC

ACGCCCTCCCCGGCGCCGAACTACTCTAGGGCGCTGTEECEAGTGGCTGCCEAGGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCCAC
TPSPAPNYSRALWERVYVAAEEVYVEVTHRVUVGDTFH

TACGTGACGGGCATGACCACTGACAACGTAAAATGCCCATGCCAGGTTCCGGCCCCTGAAI'I'CTI'CACGGAGGTGGACGGAGTGCGC'I'I'G‘
YVTGGMTTDNVKCPCQVPAPETFFTEVDSGVRL

CACAGGTACGCTCCGGCGTGCAGACCTCTCCTACGGGATGAGGTCGTATICCAGGTCGEGCTCAACCAATTCCCGET TGGGTCACAACTC
HRYAPACRPLLRDEVVFQVG6LNQFPUVGEG S QL

CCATGCGAGCCCGAACCGGATGTGGCAGTGCTCACTTCCATGCTCACCGACCCCTCCCACATTACAGCAGAGACGGCTAAGCGCAGGTTG
PCEPEPDVAVLTSMLTDZPSHTITA AETATI KT RTRIL

GCCAGBGGGTCTCCCCCTTCCTTGGCCAGCTCTTCAGCTAGCCAGTTGTCTGCGCCTTCT TIGAAGGCGACATGTACTACCCATCATGAT
ARGSPPSLASSSASQLSAPSLI XATC CTTHHI?D

TCCCCGGACGCTGACCTCATCGAGGCCAACCT TCTGTGGCEGCAGGAGATGGGCGEGAACATCACCCGTGTGGAGTCGGAGAACAAGGTA
S PDADLTIEANLTLMWRQEMSGEGNTITRVESENTIK!V

GTAATCCTGGACTCTTTCGAACCGAT TCGAGCGGAGGAGGACGAGAGGGAGGTATCCGT TGCGGCGGAGATCCTGCGGAAATCCAGGARA
VILDSFEPIRRAMEEDEREVSVAAETITLT RTEKTSTR REIK

TTCCCCGCAGCGATGCCCATATGGGCACGCCCEGATTACAACCCTCCACTGTTGGAGTCCTGGAAGGAACCGAACTATGTTGCTCCGGTG

FPAAMPTIWARTPIDYUNPPLTLETSUWE KTETPNYVAPYV

RS2
GTGCATGGATGCCCACTGCCACCTGCCAAGGCCCCTCCAAT TCCACCTCCACGGAGGAAGAGGACGET TGTCCTGACAGAGTCCACCGTG
VHG6CPLPPAKAPPIPPPRRIKRTVVYLTET STV
c
TCCGATGCCTTGGCGGAGCTTGCTACCAAGACCTTCGGCAGCTCCGEATCGTCGGCCGTCGACAGCGECACGECBACCGEECCTCCTGAC
S DALAELAMATI KTT FGSSGSSAVDSGTATGPTPD

A BamHI
CAGGCCTCCGGCAACGECGACAGAGAATCCGACGTTGAGTCGTACTCCTCTATGCCCCCCCT TGAGGEGGAGCCEEEEGATCCTGATCTC
Q ASGNGDRESDVESYSSMPPLESGEZPGDZPTUDIL
G
AGTGACGGGTCTTGGTCTACCGTGAGCGAGGAGGCTAGTGAG GACGTCGTCTGTTGCTCAATGTCCTACACATGGACAGGTGCCCTAATC
S DG SWSTVSEEASTEGDVVCCSMSYTWTGATLTI
C
ACGCCATGCGCCGCAGAGGAAAGTAAGTTGCCCATCAACTCG TTGAGCAACTCCTTGCTGCGCCACCACAACATGGTGTATTCCACAACA
TPCRARAREET SI KTLZPTINSPLSNSLILRHHNMYYSTT
G Pstl
TCCCGCAGTGCAAGG CTGCGGCAGAAGAAGGTCACCTTTGACAGACTGCAGGTCCTGGACGACCATTACCGGGACGTGCTCAAGGAGATG
S RS ARGLRQXX VTV FDRTLAQVLDDHYRDV VL LTI KTEHM
T C RA1
AAGGCGAAGGCGTCCACAGT TAAGGCTAAACT TCTATCGGTAGAAGAAGCCTGTAAGCTGACGCCCCCACATTCGGCTAAATCCAAATTT
K AKASTVI KA KXKLTLS SV VEEACKTLTZPPHSA AZKT STIKTF
- RA3
GGCTATGGGGCAAAGGACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCTCTCCGTBTGGARGGACTTGCTGGAAGACACTGAG
G YG AKDVRNTLSS SI XA AVNUHTITLS SV VWI KDLULTETDTE

ACACCAATCGACACCACCGTCATGGCAAAAAATGAGGTCTT CTGTGTACAGCCAGAGARGGGAGGCCGCAAGCCAGCTCGCCTTATCGTA
TPIDTTUVMAKNEVFCVQPETIK® GGRIEKPARILTIW

TTCCCAGATCTGGGAGT TCGTGTATGCGAGAAGATGECTCTTTATGATGTGGTCTCCACTCTCCCTCAGGCCGTGATGGGCTCCTCATAC
FPDLGVRVCEI KMALYTDVVSTLPQAVHMHMGSSY

Fig. 3. HCV NS5 cDNAs and amino acid sequences. The location of primers used for subcloning into the ex-
pression vectors are indicated by line above the nucleotide sequence. The unidentical nucleotides and amino a-
cids within overlapped region between the cDNA clones are written in bold.
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8176
2611

8266
2641

8356
2671

8446
2701

8626
2761

8716
2791

8806
2821

8896
2851

8986
2881

9076
2911

9166
2941

9256
2971

9346
3001

TEE

GGATTCCAATACTCTCCCAAGCAGCGGETCGAGTTCCTGETGAATGCC TEGAGATCGARGAAAAACCCTATGGGCTTCTCATATGACACT
6 FQYSPEKQRVEFLVNAWRSTE KEKNPMGFS SV YDT

G
CECTETTTTGACTCAACGGTCACTGAGAATGACATCCR TG TTGAGGAGTCGAT TTACCAATGTTETGACTTGACC CCCGAAGCCAGACAG
RCFDSTVTENDIRVEESIYQCCDLT(A)PEARQ
G G
GCCATAAGGTCGCI'CACAGAGCGGCI‘TTATGTCGGGGGTCCCCIGACCAAT'ICAAAAGGGCAGAACTGTGGTTATCGCCGGTGCCGCGCG
AIRSLTERLYVGGPLTNSKGQNCGYRRCRA
c
AGCGGCGTGCTGACGACTAGCTECGECAATACCCTCACATGTTACTTGAAGEGC ACTGCGGCCTETCGAGCTECARAGCTCCEEGACTAE
§$6VLTTSCGNTLTCYTLEK

GCTATGACTAGGTACTCTGCCCCT CCCBGEGACCCECCCCAGCCAGCATACGACT TEGAGCTGATAACATCATGCTCCTCCAATGTGTCA
AMTRYSAPLPGDPPQPAYDLTETLTITSCSS SNV VS
T
GTCGCTCACGATGCATCTGGCAARAGGGT TTACTACCTCACCCE TRACCCCACCACCCCCCTT GCACGAGCTGCGTGGGAGACAGCCAGA
VAHDASG XKRVYYLTRDPTTTPILFARAAMWTETAR

CACACTCCAGTTAACTCCTGECTAGGCAACAT TATCATGTATGCGCCCACT TTATGGECAAGGATGATTCT! GATGACCCATTTCTTCTCC
HTPVNSWLGENTIIMYAPTLUWARMILMTIHTETFS
RA2
ATCCTTCTAGCCCAGGAGCAACTTGARAAAGCCCTGGATTGTCAGATCTACGEGECT TETTACTCCATTGAGCCACTAGACCT ACCTCAG
ILLAQEQLEKALDCQIYGACYSIEPLDLPQ

ATCATTGAACGACl‘CCATGGTCI'TAGCGCAITTTCACI‘CCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCICAGGAAA
IIERLHGLSAFSLHSYSPGEINRVASCLRK

CTTGEGEETACCGCCC TTGCEAGCCTGGAGACATCBGECCAGGAGCGTCORCGCTAAACT ACT B TCCCAGESGGEEAGEECCECTACTTEC
L6VPPLRAWRGHRARSV VRAKLTLTSQGGRAATSC

GGCARRTACCTCTTCAACTGGGCAGTAAAGACCAAGCTCAAACTCACTCCAATCCCEGCTECETCCCEECTEEACTTGTCCEECTEETTC
G KYLFNWAVEKTE KLEKLRPTIPAASRLTDLTSG GHSTF

GTTGCTGET TACGACGEGEEAGACATATATCACAGCCTGTCTCETECCCRACCCCETIBBTICATGTICTGCCTACTCCTACT TICTGTE
VAGYDGBGEGEDIVYHSLSRARPRMWPFMFPFCTLTLTLTLSTSUV

GGGGTAGGCATCTACCTGCTCCCCAACCGGTGAACAGGEAGCTAAACACTCCAGGCCAATAGGCCA
G VGEIYLILPNTR =x
Fig. 3. Continued.
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Fig. 4. SDS-PAGE (A) and Western blot analysis (B and C) of HCV NS5-1 protein expressed by pRSETAS-
1. Western blot analysis was performed with the mixture of Korean sera positive for anti-HCV (B) and with
member of anti-HCV mixed titer performance panel PHV204 positive for anti-HCV NS5 purchased from Bos-

ton Biomedica Inc (C). Lane 1;

lysates of untransformed E. coli BL21,

lanes 2 and 3; lysates of BL21

transformed by pRSETAS-1, uninduced (lane 2) and induced with IPTG (lane 3).

A

1 2 3 4 5 6

B

1 2 3 4 5 6

Fig. 5. SDS-PAGE (A) and Western blot analysis (B) of HCV NS5 recombinant proteins expressed by
pTHANS-1 and pRSETCS-2. Lanes 1 and 2; lysates of untransformed Ecoli BL21 and DH50q., lanes 3 and 4;
lysates of DH50. transformed by pRSETC5-1, uninduced(lane 3) and induced with PTG (lane 4). Lanes 5 and
6; lysates of BL21 transformed by pRSETCS5-2, uninduced (lane 5) and induced with [PTG (lane 6).
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Fig. 6. SDS-PAGE (A) and Western blot analysis (B) of HCV NS5 recombinant proteins expressed by
PRSETBB1 and pRSETB-H3. Lanes 1 and 2; lysates of E. coli BL21 transformed by pRSETBB1, uninduced
(lane 1) and induced with IPTG (lane 2). Lanes 3 and 4; lysates of BL21 transformed by pRSETB-H3, un-

induced (lane 3) and induced with IPTG (lane 4).
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