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Summary. - W e  have identified the immunodominant regions of  
hepatitis C virus (HCV) type III and IV by immunoscreening of  
a lambda gl 11 cDNA library, which was constructed with RNA 
extracted from pooled sera of  patients. In addition to the nucleocap-
sid protein, nonstructural region 3 (NS3J, and NS4 regions, we  found 
that the region at the N terminus of"NS5 in type III and IV were also 
immunoreactive as  well as in the prototype and type II, although 
amino acid homologies were approximately 60 % between the proto­
type (or 1ICV type II) and HCV isolates of type III o r  IV. Th i s  result 
indicated that t he  region at t he  N te rminus  of  NS5 may be a candi­
date  for  serotyping studies of  HCV.  This  report presents  t he  primary 
structure o f  immunodom ina n t  port ions at the  N te rminus  of  NS5 in 
two 1 ICV subtypes and  a preliminary study of  t he  i m m u n e  responses 
to  these antigens. 
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Introduction 

H C V  is t he  main causative agent of  non-A and  non-B posttransfusional 
hepatitis (NANBH)  (Alter  et at., 1989). In 1989, a complementary  D N A  (cDNA)  
f ragment  f r om  HCV RNA g e n o m e  was isolated f rom a chimpanzee  clinically 
infected with N A N B H  by immunoscreening  with sera f r o m  patients o f  N A N B H  
( C h o o  et at1989). 

Recently, many  studies o n  1 ICV mutan t s  using the  polymerase chain reaction 
(PCR) techniques  were reported (Garson  et al., 1990; Hosoda  et al1991). T h e  5 '  
noncoding and putative nucleocapsid protein regions were highly conserved 
(Takeuchi  et al., 1990; Kubo  et al., 1989). Based o n  sequence  variations of  t he  
PCR products,  classification of  HCV isolates has  been proposed.  Sequence  
analysis of amplified c D N A  fragments  containing a portion of  NS5 region 
indicated that there  are two major  types of  HCV in Japan ( E n o m o t o  et al., 1990). 
Fou r  types ol HCV have been proposed o n  the  basis o f  sequence  variations in 
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the core protein region (Okamoto  et al., 1992a). More recently, the entire 
sequence of  HCV type IV have been reported by using PCR amplification 
technique (Okamoto  et al., 1992b) and four  distinct genotypes of  HCV have been 
proposed based on the comparative sequence analysis (Kato et aI., 1990; 
Takamizawa  et al., 1991; Okamoto  et al., 1991; Okamoto  et al. 1992b). 

Despite numerous reports on HCV sequence variation and genotype classifi­
cation, serotyping study o n  H C V  appears  t o  b e  scarce. In order  to  understand 
the distribution of antigenic regions o n  newly reported H C V  g e n o m e s  (type  111 
and IV), a lambda g t l l  library of  c D N A  derived f rom HCV-infected sera was 
constructed and  immunoscreened .  W e  identified t h e  i m m u n o d o m i n a n t  region 
at the  N terminal of  NS5 in which a m i n o  acid homology was only 60 % between 
the  prototype and  H C V  isolates of  type III o r  type IV, suggesting the  possibility 
of detection of  type-specific antibody. Here  we  describe the  primary structure of  
the  immunodominan t  regions at t h e  N terminal  of  NS5 of  two  H C V  types, t he  
identities a m o n g  o ther  H C V  clones  and  a preliminary s tudy of  i m m u n e  
responses t o  these  cloned antigens. 

Materials and Methods 

Construction of cDNA library and immunosaeenina. Sera (1.8 I) I'rom pat ients  with non -A ,  n o n -
15 hepatitis,  which were  positive lor  N14  an t ibody  (Ar ima  et at., 1990) a n d  negative lor  hepati t is  
I) virus ant igens,  were  pooled a n d  used  lor  extract ion o f  R N A  by t h e  modif ied  A G P C  m e t h o d  
(Chomczynski  el al., 1987; A r i m a  el al., 1989a, b). Approximately  5 fig o f  R N A  was  reverse 
transcribed by r a n d o m  hexanuclco t ide  p r imers  (Takara  Bioehemicals,  Japan)  a n d  a l ambda  g t l l -
c D N A  library was  const ructed  with a commercia l ly  available kit (Bethcsda Research Laboratory,  
U. S. A.). A c D N A  library o f 5  XKK' p laques  was  i m m u n o s c r e e n e d  (Ar ima  el al., 1989a, b). Fiftyl'old 
diluted sera pooled f r o m  23 pat ients  in t h e  ch ron ic  phase  a n d  1000-fold di luted pcroxidase-
conjugatcd goat a n t i h u m a n  IgG (Cappel  Corp. ,  U .  S. A.) were  used a s  t h e  1st a n d  2nd  ant ibodies ,  
respectively. 

Immunoplaque assay. T o  conl i rm t h e  specilicity a n d  sensitivity o f  t h e  candida te  clones,  a n  
i m m u n o p l a q u e  assay was  pe r fo rmed  ( M a e n o  el a/., 1990). 

Sequencing. De te rmina t ion  o f  t h e  nuc leo t ide  s e q u e n c e s  was  accompl ished by t h e  dideoxy chain-
terminat ion m e t h o d  (Sanger  el al., 1977). H C V  c D N A  clones  were  subc loned  into  t h e  ZľroRI site o f  
pUC18. Double-stranded plasmid DNA was alkali-denatured prior to use  in sequence  reactions 
(Genesis 2000 Single-stranded S e q u c n a s c ™  kit, D u P o n t ,  U.  S. A.). Samples  were  e lecl rophoresed 
o n  6 % polyacrylamide gels a n d  run  o n  a sequenc ing  appara tus  (au tomated  D N A  sequence r  Genes i s  
2000, D u P o n t ,  U. S. A). W h e n  necessary,  o l igonucleot ide  p r imers  were  synthesized using t h e  
Applied Biosystems Synthesizer  Mode l  380A (Applied Biosystems Japan  Inc., Japan) .  S e q u e n c e  a n d  
protein analysis were  carried o u t  by t h e  Gene tyx  program (Sof tware  deve lopmen t  Co. ,  Japan) .  

Samples. A panel  o l '2 l  s e r u m  samples  with clinical evidence  o l ' N A N B H  was used to  elucidate  t h e  
i m m u n e  responses  t o  t h e  c D N A  clones.  

Commercial HCV ELISA. Ant i -N 14 a n d  C100-3 an t ibodies  were  de te rmined  by commercia l  assay 
kits (N14: Liken I m m u n o c h e m i c a l  Co. ,  J apan ,  C100-3: O r t h o  Diagnostics,  U.  S. A.). 

Results and Discussion 

Isolation of cDNA clones from pooled human sera 
Approximately 5 fig of  RNA,  which was recovered f rom pooled h u m a n  sera, 



134 S A T O ,  A .  et al. 

w a s  used to construct a cDNA library. A lambda g t l l  cDNA library o f  about 
5 X 106 plaques w a s  immunoscreened with sera collected f rom hepatitis C (HC) 
patients and healthy human carriers. Fifty-six plaques were  found to react with 
pooled sera o f  HC patients in the first screening and 30 plaques o f  them were 
confirmed to b e  specific for  sera of  HC carriers in the second screening. None o f  
the clones reacted with sera o f  2 H B patients or o f  2 healthy subjects  confirmed 
by immunoplaque assay (Arima  et al., 1989a, b; Maeno  et al., 1990). Further­
m o r e ,  all o f  30 p laques  ob ta ined  f r o m  a c D N A  library were  f o u n d  t o  react with 
t h e  s tocked sera o f b l o o d  d o n o r s  collected in t h e  1970s. T h i s  result indicated tha t  
t hese  c lones  m a y  conta in  conserved antigenecity in their  s equences  (Table  1). 

Mapping ofHCV cDNA clones on HCV genome 
T h e  ent i re  nucleot ide  s equence  o f  27 c lones  a n d  t h e  partial s equence  o f  

3 c lones  were  de t e rmined  a n d  mapped  o n  H C V  g e n o m e .  W e  isolated 4 c lones  in 
t h e  nucleocapsid protein (core)  region,  1 c lone  in t h e  N S 3  region, 2 c lones  in t h e  
N S 4  region a n d  t h e  rest o f  t h e  c lones  in t h e  NS5  region (Fig. 1). N o  isolates were  
obta ined  in t h e  NS1,  NS2 o r  t h e  envelope  (E) protein region. Similar results  f o r  
H C V  type II were  also reported by a n o t h e r  g roup  (Takamizawa  et al., 1991). T h i s  
may  b e  because  o f  their  low antigenecity o r  t h e  s equence  variations especially in 
t h e  E region ( O k a m o t o  et al., 1990; Takeuchi  et al., 1990). 

Analysis of the nucleotide (nt) and deduced amino acid (aa) sequence of HCV 
clones: Sequence comparison of HCV clones with HCV type I and II 

In o rde r  t o  investigate t h e  s e q u e n c e  variations a n d  identities t o  that  o f  HCV-1  
(type I, C h o o  et al., 1991) o r  HCV-J  (type II, Kato  et al., 1990), w e  analyzed t h e  
entire o r  partial sequence  of 30 clones isolated by immunoscreening.  Table 2 
shows  t h e  s e q u e n c e  identi t ies o f  o u r  representat ive c lones  t o  t h o s e  of  reported 
isolates a t  t h e  nt  a n d  aa levels. Compar i son  of  their  s equences  revealed high 

T a h l e  I .  c D N A  c lones  i so la ted  by  i m m u n o s c r e e n i n n  

A n a l y s i s  Pos i t ive  c l o n c s / T o t a l  c l o n c s  

1st s c r e e n i n g  
( p o o l e d  s e r a  o f  I I C  p a t i e n t s )  

2 n d  s c r e e n i n g  
( p o o l e d  s e r a  o f  h e a l t h y  ca r r i e r s )  

1st c r o s s - r e a c t i o n  t e s t  

5 6 / 5  X 1 0 "  

3 0 / 5 6  

(2  I I I )  p a t i e n t s ) "  0 / 3 0  

2 n d  c r o s s - r e a c t i o n  t e s t  
(2 h e a l t h y  s u b j e c t s ) "  0 / 3 0  

* C o n l i r n i a l o r y  les t  w a s  c a r r i e d  o u t  b y  i m m u n o p l a q u e  a s say  
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1 0 0 0  2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0  6 0 0 0  7 0 0 0  8 0 0 0  9 0 0 0  b p  

NS1 NS2 NS3 NS4 NS5 

S29 (1-84) 

S 2 2  (17-39) 

S56 (1-58) 

S31 (9-325) 

S 4  (1287-1502) S 3 4  (2120-2437) 

S 1 2  (1656-1784) S 3 2  (2120-2281) 

S21 (1689-1777) S11 (2120-2254) 

S39 (2189-2394) 

S1 (2303-2467) 

S 3 3  (2128-2282) 

S 8  (2218-2319) 

Fi«. 1 
Mapping  o ľ  HCV cDNA cloncs isolated by immunoscrcening 

T h e  amino acid positions o f  HCV cDNA cloncs arc numbered in parentheses a s  compared with the  
sequence o f  HCV-1 (Choo  el a/., 1991). Fourteen representative cloncs arc mapped on HCV 
genome.  

Table 2. Homologies among HCV clones (%) 

Clones 
Core  N S3 NS4 NS5 

Clones 

S29 S31 S4 SI2 S l l  S34 S32 S33 S8 S39 SI 

HCV-I nt 81.6 81.9 80.5 77.4 77.6 58.4 64.6 62.8 63.3 56.2 53.8 
aa 87.8 86.9 93.0 82.1 88.7 53.4 63.6 61.5 53.7 53.2 52.4 

HCV-J nt 82.3 93.1 89.7 88.6 90.4 58.4 62.8 62.1 61.5 56.9 57.4 
aa 90.2 96.3 94.0 93.3 96.3 57.6 66.0 65.2 57.9 56.2 51.6 

nt - nucleotide homology 
aa - amino acid homology 
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10 20 30 40 50 60 
G A A  T T C  T T C  T C T  T G G  G T G  GAC GGG G T G  C A A  A T A  C A C  CGA T T C  G T C  CCC A C T  CCG GGC CCC 
G I u  P h e  P h e  S e r  T r p  V a l  A s p  G l y  V a l  G i n  l i e  H i s  A r g  P h e  V a l  P r o  T b r  P r o  G l y  P r o  

70 80 90 100 110 120 
T T C  T T T  CGG G A T  G A G  G T A  ACG T T C  ACC G T A  GGC C T C  A A T  T T C  T T T  G T G  G T C  GGC T C C  CAG 
P h e  P h e  A r g  A s p  G I u  V a l  T h r  P h e  T h r  V a l  G l y  L e u  A s n  P h e  P h e  V a l  V a l  frHy S e r  G i n  

130 140 150 160 170 180 
C T C  C C T  T G T  G A C  C C T  G A G  CCG G A C  ACC GAG GCG C T A  GCC T C C  A T G  C T G  A C A  GAC CCG T C C  
L e u  P r o  C y s  A s p  P r o  G l u  P r o  A s p  T h r  G l u  A l a  L e u  A l a  S e r  M e t  L e u  T h r  A s p  P r o  S e r  

190 200 210 220 230 240 
CAC A T T  A C T  GCG G A G  A C G  GCA GCC A G A  CGA T T G  GCC AGG GGA T C T  CCC C C T  T C A  CAG GCC 
H i s  l i e  T h r  A l a  G l u  T h r  A l a  A l a  A r g  A r g  L e u  A l a  A r g  G l y  S e r  P r o  P r o  S e r  G i n  A l a  

250 260 270 280 290 300 
AGC T C T  T C A  GCG A G C  C A G  C T C  T C C  GCC CCG T C C  T T G  A A G  GCT ACC T G C  ACC ACC C A T  A A G  
S e r  S e r  S e r  A l a  S e r  G i n  L e u  S e r  A l a  P r o  S e r  L e u  L y s  A l a  T h r  C y s  T h r  T h r  H i s  L y s  

310 320 330 340 350 360 
A T G  GCA T A T  G A C  T G T  G A C  A T G  G T G  G A T  GCT A A C  C T T  T T C  A T G  GGA GGT G A T  G T G  ACC CGG 
M e t  A l a  T y r  A s p  C y s  A s p  M e t  V a l  A s p  A l a  A s n  L e u  P h e  M e t  G l y  G l y  A s p  V a l  T h r  A r g  

370 380 390 400 410 420 
A T T  G A G  T C C  G A C  T C C  A A G  G T A  A T C  G T T  C T C  GAC T C C  C T C  GAC T C C  A T G  A C T  GAG G T A  GAG 
l i e  G l u  S e r  A s p  S e r  L y s  V a l  l i e  V a l  L e u  A s p  S e r  L e u  A s p  S e r  M e t  T h r  G l u  V a l  G l u  

430 440 450 460 470 480 
G A T  G A A  C G T  GAG C C T  T C T  G T A  CCA T C A  GAG T A C  T T G  A T C  AGG AGG AGG A A G  T T C  CCA CCG 
A s p  G l u  A r g  G l u  P r o  S e r  V a l  P r o  S e r  G l u  T y r  L e u  l i e  A r g  A r g  A r g  L y s  P h e  P r o  P r o  

490 500 510 520 530 540 
GCA C T A  C C T  CCC T G G  GCC CGT CCG GAC T A T  A A C  C C T  C C T  ACG A T C  GAG A T A  T G G  A A G  AGG 
A l a  L e u  P r o  P r o  T r p  A l a  A r g  P r o  A s p  T y r  A s n  P r o  P r o  T h r  l i e  G l u  l i e  T r p  L y s  A r g  

550 560 570 580 590 600 
CCG GGC T A T  G A A  CCA C C T  A C T  G T C  C T A  GGC T G T  GCC C T C  CCC CCC ACG C C T  C A A  GCG CCA 
P r o  G l y  T y r  G l u  P r o  P r o  T h r  V a l  L e u  G l y  C y s  A l a  L e u  P r o  P r o  T h r  P r o  G i n  A l a  P r o  

610 620 630 640 650 660 
GTG CCC CCA CCC AGG A A G  CGC CGC GCC A A A  G T C  C T G  A C T  CAG GAC A A C  G T G  GAG GGG G T C  
V a l  P r o  P r o  P r o  A r g  L y s  A r g  A r g  A l a  L y s  V a l  L e u  T h r  G i n  A s p  A s n  V a l  G l u  G l y  V a l  

670 680 690 700 710 720 
C T T  AGG GAG A T G  GCG G A C  A A G  G T G  C T C  A G T  C C T  T C C  C A A  GAC CAC A A T  GAC T C C  GGT CAC 
L e u  A r g  G l u  M e t  A l a  A s p  L y s  V a l  L e u  S e r  P r o  S e r  G i n  A s p  H i s  A s n  A s p  S e r  G l y  H i s  

730 740 750 760 770 780 
T C C  ACC GGA GCG GAC ACC GGA GGA GAC AGC T T C  CAG CAG CTC T T C  GAC GAG A C T  GCC G C T  
S e r  T h r  G l y  A l a  A s p  T h r  G l y  G l y  A s p  S e r  P h e  G i n  G i n  L e u  P h e  A s p  G l u  T h r  A l a  A l a  

790 800 810 820 830 840 
T C A  G A A  GCG GGA T C A  C T G  T C C  T C C  A T G  CCT CCC C T T  GAG GGG GAG CCG GGG GAC U . T  GAC 
S e r  G l u  A l a  G l y  S e r  L e u  S e r  S e r  M e t  P r o  P r o  L e u  G l u  G l y  G l u  P r o  G l y  A s p  P r o  A s p  

850 860 870 880 890 900 
CTG GAG T T T  G A A  CCA GCG GGA T C C  GGT CCC C C T  T C T  G A G  GGG GAG T G C  GAG GTC G T T  G A T  
L e u  G l u  P h e  G l u  P r o  A l a  G l y  S e r  G l y  P r o  P r o  S e r  G l u  G l y  G l u  C y s  G l u  V a l  V a l  A s p  

910 920 930 940 950 960 
T C G  G A C  T C T  A A G  T C G  T G G  T C C  A C A  G T C  T C G  G A T  C A G  GAG G A T  T C T  G T T  A T C  T G C  T G C  T C C  
S e r  A s p  S e r  L y s  S e r  T r p  S e r  T h r  V a l  S e r  A s p  G i n  G l u  A s p  S e r  V a l  l i e  C y s  C y s  S e r  

970 980 990 1000 
A T G  T C A  T A C  T C C  T G G  ACA GGG GCC C T C  A T A  A C A  CCA T G T  GGG GGA A T T  C 
M e t  S e r  T y r  S e r  T r p  T h r  G l y  A l a  L e u  l i e  T h r  P r o  C y s  G l y  G l y  l i e  

K i « .  2 
N u c l e o t i d e  s e q u e n c e  :ind d e d u c e d  a m i n o  ticid s e q u e n c e  o ľ  I I C V  c D N A  c l o n e  S 3 4  in t h e  NS5  region 
T h e  d e d u c c d  i imino  ncid s e q u e n c e  is s h o w n  u n d e r  t h e  n u c l e o t i d e  s e q u e n c e .  S u s p e c t e d  EcuRl l inker  
s e q u e n c e s  tire u n d e r l i n e d ,  
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homologies in the core protein, NS3, and NS4 region to that of  HCV-1 or HCV-J. 
Judging f rom the higher homologies  o f  these  clones to HCV-J than HCV-1, they 
appear to resemble  m o r e  closely HCV-J than HCV-1. On the  other hand, aa 
identities o f  6 clones obtained in the NS5 region were  less  than 6 4 %  a s  
compared with the sequence  of  HCV-1. T h e  nt and deduced aa sequence o f  t w o  
major clones (S34 and S39) are shown in Fig. 2 and Fig. 3. T h e s e  clones had 
some aa deletions or insertion as  j u d g e d  by comparison with the sequence o f  
HCV-1 or HCV-J (Fig. 4). Such aa deletions or  insertions were  not reported in 
HCV type I or HCV type II except that type II had o n e  aa deletion which 
appeared to b e  characteristic o f  this type (Kato et a/., 1990; Takamizawa  et a/., 

10 2 0  3 0  4 0  5 0  6 0  
GAA T T C  CCG CGG GGG T C A  CCC CCG T C T  GAG GCA A G T  TCC T C A  GCG AGC CAA CTA TCG GCA 
G l u  P h e  P r o  A r g  G l y  S e r  P r o  P r o  S e r  G l u  A l a  S e  r S e r  S e r  A l a  S e r  G i n  L e u  S e r  A l a  

7 0  80 90 100 110 120 
CCA T C G  CTG CGA GCC ACC T G T  ACC ACC CAC GGC AAG ACC T A C  GAT GTG GAC A T G  GTG GAT 
P r o  S e r  L e u  A r g  A l a  T h r  C y s  T h r  T h r  H i s  G l y  L y s  T h r  T y r  A s p  V a 1  A s p  M e t  V a l  A s p  

130 140 150 160 170 180 
GCT A A C  CTG T T T  A T G  GGA GGC GAT GTG ACT CGG A T A  GAA T C T  GAA TCC A A A  GTG GTC G T T  
A l a  A s n  L e u  P h e  M e t  G l y  G l y  A s p  V a l  T h r  A r g  l i e  G l u  S e r  G l u  S e r  L y s  V a l  V a l  V a l  

190 ZOO 2 1 0  2 2 0  2 3 0  240 
CTG GAC TCC CTC GAC CCA A T G  GCC GAA GAA A T &  AGC GAC CTC GAG CCT T C T  A T A  CCA TCG 
L e u  A s p  S e r  L e u  A s p  P r o  M e t  A l a  G l u  G l u  M e t  S e r  A s p  L e u  G l u  P r o  S e r  l i e  P r o  S e r  

250 260 270 2 8 0  2 9 0  3 0 0  
GAG T A T  ATG CTC CCC AAA ACC AGG T T C  CCA CCA GCC T T A  CCG GCC TGG GCA CGG CCT GAC 
G l u  T y r  Met L e u  P r o  L y s  T h r  A r g  P h e  P r o  P r o  A l a  L e u  P r o  A l a  T r p  A l a  A r g  P r o  A s p  

3 1 0  3 2 0  330 340 3 5 0  3 6 0  
TAC A A C  CCA CCG T T T  GTG GAA CCA TGG AGG AGA CCA GAC T A C  CAA CCG CCC ACT GTT GCG 
T y r  A s n  P r o  P r o  P h e  V a I  G l u  P r o  T r p  A r g  A r g  P r o  A s p  T y r  G i n  P r o -  P r o  T h r  V a l  A l a  

370 3 8 0  390 4 0 0  4 1 0  4 2 0  
GGC T G T  GCT QTC CCC CCC CCC AAG AAG ACC CCG ACG CCC CCC CCA AGG AGA CGC CGG ACA 
G l y  C y s  A l a  L e u  P r o  P r o  P r o  L y s  L y s  T h r  P r o  T h r  P r o  P r o  P r o  A r g  A r g  A r g  A r g  T h r  

4 3 0  4 4 0  4 5 0  4 6 0  4 7 0  4 8 0  
GTG GGT CTG AGT GAG AGC ACC A T A  GGA GAT GTC C T C  CAA CAG A T G  GCC A T T  AAG ACC T T T  
V a l  G l y  L e u  S e  r G l u  S e  r T h r  l i e  G l y  A s p  V a l  L e u  G i n  G i n  M e t  A l a  l i e  L y s  T h r  P h e  

490 500 510 5 2 0  530 540 
GGC CAG CCC CCC CCA AGC GGA GAT T C A  GGC C T C  T C T  ACG GGG GCG GAC GCC GCC GAC T C T  
G l y  G i n  P r o  P r o  P r o  S e r  G l y  A s p  S e  r G l y  L e u  S e  r T h r  G l y  A l a  A s p  A l a  A l a  A s p  S e r  

550 560 570 580 590 600 
GGT AGT CGG ACG CCC CCC GAG GAG T T A  GCT CTC. TCG GAG ACA GGT T C T  ACC T C C  TCC A T G  
G l y  S e r  A r g  T h r  P r o  P r o  G l u  G l u  L e u  A l a  L e u  S e  r G l u  T h r  G l y  S e r  T h r  S e r  S e r  M e t  

CGG A A T  TC 
A r g  A s n  

F i g .  3 
Nucleotide sequence  and deduced amino acid sequence  o f  HCV cDNA clone S39 in the  NS5 region 
T h e  deduced amino acid sequence  is shown under the  nucleotide sequence.  Suspected ZľŕoRI linker 
sequences arc underlined. 
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1 6 0  

H C V - 1  E F F T E L D G V R L H R F A P P C K P L L R E E V S F f  V G L H E Y P V G S Q L P C E P E P D V A V L T S M L T D P S  

H C V - J  E F F T E V D G V R L H R Y A P V C K P L L R E E V V F C  V G L N Q Y L V G S Q L P C E P E P D V A V L T S M L T D P S  

S 3 4  E F F S W V D G V Q I H R F V P T P G P F F R D E V T F T  V G L N F F V V G S Q L P C D P E P D T E A L A S M 1 . T D P S  

H C V - 1  H I T A E A A G R R L A R G S P P S V A S S S A S Q L S A P S L K A T C T A N H D S P D A E L I E A N U  

H C V - J  H I T A E T A K R R L A R G S P P S L A S S S A S Q L S A P S L K A T C T T H H D S P D A D L I E A N L L  

S 3 4  H I T A E T A A R R L A R G S P P S Q A S S S A S Q L S A P S L K A T C T T H K M A Y D C D K V D A N L F -

S 3 9  P R G S P P S E A S S S A S Q L S A P S L R A T C T T H G K T Y D V D M V D A N I F -

120 

WRQEMGG 

fKRQEMGG 

— M G G  

— M S G  

N ITRVESENKVVILDSFDFLVAEEDEREISVPAEILRKSRRFAQALPVWARPDYNPFLVE 

N I  T R V E S E N K V V I L D S F D F I R A V E D E R E I S V P A E I L R K P R K F P P A L P I W A R P D Y N P F - L E  

DV T R I E S D S K V I V L D S L D S  <TEVEDEREPSVPSEYLIRRRK FPPALPPWARPDYNPF T I E  

DV TRIESESKVVVLDSLDF KAEEMSDLEPSIPSEYHLPKTFFPPALPAWARPDYNPF-VE 

2 4 0  

HCV—1 T W K K P D Y r p V V H G C P L P P P K S P P V P P P R K K R T V V l j r E S T L S T A L A E L A T R S F G S S S T S G  

H C V - J  SWKDPDYVPPVVHGCPLPSTKAPPIPPPRRKRTVVLTESTVSSALAELATKTFGSSGSSA 

S 3 4  IWKRPGYE PPTVLGCALPPTPQAPVPPPRKRRAKVLTQDNVEGVLREMADKVLSPSQDHN 

L PPTVAGCALPPPKKTPTPPPRRRRTVALDl  

C PPTVAGCALPPPKKTPTPPPRRRRTVGLSEST 

SI 

S 3 9  

HY 

PWRRPDY 

GST IGDVLQQLAVKTFGQPPPSG 

IGDVLQQMAIKTFGQPPPSG 

3 0 0  

H C V - 1  ITGDNTTTSSEPAPSGCPPD SDAESY5SMPPLEGEPGDPDL 

H C V - J  VDSGTATGPPDQASDDGDKG SDVESY 5SKPPLEGEPGDPDL 

S 3 4  DSGHSTGADTGGDSFQQLFDETAASEAGSL5SMPPLEGEPGDPDLEFEPAGSGPPSEGEC 

S1 DSGPSTGADVVGSGGRTPPDELALSETGSV5SMPPLEGEPGQPDL EPERVELQPPPQGGE 

S 3 9  DSGLSTGADAADSGSRTPPEELALSETGSTSSM 

H C V - 1  SDGSWSTVSSEANAECVVCCSMSYSWTGALVTPCAAEEQKLPINALSNSLLRHHN 

H C V - J  SDGSWSTVSGEA-GEC VVCCSMSYTWTGALITPCAAEESKLPINPLSNSLLRHHS 

S 3 4  E V V D S Ď S K S W S T V S D Q E - - D S V I C C S M S Y S W T G A L I T P C j G I  

S I  E A P G S D S G S W S T C S E E S — D £ V V C C S M S Y S * T G A L I T P C S P E E E K L P I N P L S N S L L R Y H N  

H C V - 1  LVYSTTSRSA 

H C V - J  MVYSTTSRSA 

S 1  KVYCTTTRSA 

F i « .  4 
A m i n o  ac id  i d c n l i l i c s  u n i o n g  H C V  c D N A  c l o n e s  in t h e  N S 5  r e g i o n  

T h e  n u m b e r s  s h o w n  a r c  p e r c e n t a g e  o ľ  identical  a m i n o  a c i d s  b e t w e e n  their  s e q u e n c e s .  " A m i n o  acid 
identity  in t h e  N S 5  reg ion  (ail 2124-24K7) b e t w e e n  IIC-J6 ( O k a m o l o  el «/ . ,  1991) a n d  H C - J 8  
( O k a m o l o  el til., 1992b).  
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1991). Evaluating the results of  sequence homologies and the patterns of  aa 
deletions and insertions, these 6 clones should belong to other HCV subtypes. 
HCV was reported to tend to change its sequence and the sequence variation 
was found among HCV clones isolated even f rom a single patient (Kubo  et al., 
1990). Moreover, our clones were  isolated from a cDNA library constructed with 
mixed sera o f  HC patients. Therefore, it should be  noted that whether each 
clone was  derived from independent source or not was uncertain. Grouping of  
these clones revealed that they might have been derived from at least two 
separate patients. 

Grouping of HCV clones obtained in the NS5 region and sequence comparison of 
them with HC-J6 (type III) and HC-J8 (type IV) 

Recently, Okamoto  et at. (1991, 19926) described the isolation of  2 HCV 
genomes having low homology to reported isolates (HC-J6: type III, HCJ8: type 
IV) and proposed four  distinct genotypes based on the nucleotide sequence 
variations. Comparison of the proteins encoded by HCV clones in the NS5 
region, HC-J6 and HC-J8 was presented in Fig. 5. T h e  data of  sequence 
identities suggested that our HCV clones in the NS5 region could be  classified 
into two different groups. A high degree of  similarity was observed among SI, 
S39 and HC-J6 (more than 84.1 %) or S8, S32, S34 and HC-J8 (more than 
89.2 %), indicating that SI and S39 belong to type III and S8, S32, S33 and S34 
belong to type IV, respectively. In addition to 6 clones described above, w e  also 

S 3 4 S 3 2 S 3 3 S 8 S 3 9 S 1 S 1 1 HC-J6 HC-J8 

S 3 4 96.1* 96. OX 93.6* 61.8X 57.2X 67.7X 68. 4X 93. IX 

S 3 2 98. 6* 94.5X 75.3X - 69.2X 83. 9X 96. 8X 

S 3 3 94. 9X 74. 2X - 67. 2X 80.8X 95.4X 

S 8 67. 7X - 56. 3X 68. 8X 89. 2X 

S 3 9 \ 84.1 X 65.1 X 91. 9X 63. 3X 

S 1 \ - 85.8X 63. 7X 

S 1 1 \ 70. 7X 68. 4X 

HC-J6 71.4X* 

HC-J8 

Fig. 5 
Multiple amino acid sequence  alignment o f  HCV clones 

T h e  amino acid sequencec o f  S I ,  S34, S39 (this study), HCV-I (Choo  el al1991) and HCV-J (Kato  el 
al., 1990) have been aligned by introducing gaps  a s  indicated by dashes.  Gaps have been introduced 
to maximize homology.  Numbering indicates position in alignment. Highly conserved regions arc 
boxed. 
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obtained a cDNA clone (SI 1) which showed 96.3 % aa identity to HCV-J (Fig. 5) 
and included no aa deletions or insertions. This  clone must  b e  a member  of  
HCV type II. 

A multiple sequence alignment was prepared to compare the deduced aa 
sequences of  21, S34, S39, HCV-1 and HCV-J (Fig. 4). There are several regions 
which show extensive aa identities among these clones: aa 30-113; aa 122-138; 
aa 162-177; aa 189-216; aa 271-285; aa 322-370. These  highly conserved regions 
may imply a biological significance. It should be  stressed, however, that w e  have 
nearly no information on the function of  NS5 proteins except that NS5 codes for 
RNA-dependent RNA polymerase similar to that of the related flaviviruses. 
Hydropathy profiles showed no significant difference among HCV-1, S34 and 
S39 (data not shown), indicating that a possible evolutionary conservation 
occurred without changing the functional structure of  the peptide. 

Appearance oj antibodies to viral cDNA clones in the NS5 region 
W e  found that the region at N terminus of  NS5 of  HCV type III and type IV 

were immunogenic despite low aa identities with other types. This result 
suggested that this antigenic region may be  a candidate for serological studies of 
possible type-specific antibodies. T o  investigate the appearance of  antibodies in 
sera of  the patients, w e  selected three clones having low homologies to other 
subtypes (SI, S39 and S34) and performed a preliminary experiment to detect 
antibodies reacting with them in sera from HC patients by immunoplaque assay 
(Arima  et a!., 1989a b\ Maeno  et a/., 1990). Table 3 shows the results of  this test 
with serum panel constructed by authors. A m o n g  19 clinically well-defined HC 
chronic patients, 11 (57.9 %) were positive for the antibody to S34 (anti-S34) and 
9 (47.4%) were positive for  the antibodies to SI (anti-Si) or S39 (anti-S39). No 
anti-S34, anti-Si and anti-S39 were observed in sera of  5 HB patients and 
4 healthy persons, indicating that the presence of  antibodies is closely associated 

T a b l e  3 .  Appearance  of antibodies  to HCV cDNA clones 

H C  pat ients  

C h r o n i c  A c u t c  

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 2 0  21 

N14 
C 1 0 0  
S 3 4  

+ + + + + + - - + 
+ + + - + + + + + 
+ + + - + - -  - + 

+ - + + - + 
+ - + + - + 
+ + + + + + 

+ - + + + + 
+ + + + + -

+ 

+ 
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with the infection o f  H C V  (data not  shown). Differences in the i m m u n e  
responses w e r e  observed between individuals. It w a s  interesting that anti-Si and 
anti-S39 were  detectable in the serum o f  a patient w h o  showed an acute clinical 
course, although no anti-S34 w a s  observed in it. This  result may imply the  
detection o f  possible type-specific antibodies. 

A s  w e  have shown in this study, low homologies  to each HCV type in the NS5 
region w e r e  expected to result in the low immunological cross-reactivity a m o n g  
each type. Serological studies o f  type-specific antibodies would b e  possible if the  
immunodominant epitope w a s  identified in the region described here. T o  
confirm this assumption, further  analyses to investigate whether  the detection of  
a type-specific antibody may differentiate between HCV isolates, using synthetis 
peptides or recombinant proteins, are necessary. T h e  information on HCV 
isolates presented here will help t o  perform further  studies on development of  
type-specific serodiagnosis. 
Acknowledgements. W c  thanks Dr. E. Macda for  the  assay o f  HCV antibody. Toray Research Center 
Inc., Cor DNA sequencing and Dr. S. Kobayashi f o r  critical review o f ' t h e  manuscript and helpful 
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