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Abstract

It has been reported that the envelope region located at the 3° portion of the structural protein
coding region is one of the most variable regions at both nucleotide and amino acid sequence levels
in the hepatitis C virus (HCV) genome. We cloned HCV cDNA fragments of an envelope protein
coding region (HCVNK), which were derived from serum of a Japanese patient with hepatocellu-
lar carcinoma and were amplified by polymerase chain reaction. After determining the nucleotide
sequence, deduced amino acid sequence of the envelope protein region was compared with those
of six HCV strains already published (HCJ1, HCVUS, HCJ4, HCVJH, HCVJ and HCVBK). Ho-
mology analysis among the strains revealed that the seven strains were classified into two subtypes;
a US subtype (HCJ1 and HCVUS) and a Japanese subtype (HCJ4, HCVJH, HCVJ, HCVBK and
HCVNK), since percentage homologies between two subtypes (70.3-77.3%) were significantly
lower than those within each subtype (83.9-93.5%). Detailed analysis of the amino acid sequences
also indicates that the region at aa246-aa258, tentatively named intersubtype variable region-1,
may distinguish the US subtype from the Japanese subtype.
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It has been reported that the envelope region located at the 3’ portion of the

structural protein coding region is one of the most variable regions at both nucleotide
and amino acid sequence levels in the hepatitis C virus (HCV) genome. We cloned HCV
¢DNA fragments of an envelope protein coding region (HCVNK), which were derived
from serum of a Japanese patient with hepatocellular carcinoma and were amplified by
polymerase chain reaction. After determining the nucleotide sequence, deduced amino
acid sequence of the envelope protein region was compared with those of six HCV
strains already published (HCJ1, HCVUS, HCJ4, HCVJH, HCVJ and HCVBK).
Homology analysis among the strains revealed that the seven strains were classified
into two subtypes; a US subtype (HCJ1 and HCVUS) and a Japanese subtype (HCJ 4,
HCVJH, HCVJ, HCVBK and HCVNK), since percentage homologies between two
subtypes (70.3-77.3 %) were significantly lower than those within each subtype (83.9-
93.5 % ). Detailed analysis of the amino acid sequences also indicates that the region at
aa246-aa 258, tentatively named intersubtype variable region-1, may distinguish the

US subtype from the Japanese subtype.
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In 1989 Choo et al cloned a blood-borne
non-A, non-B hepatitis virus genome (1), and
also succeeded in detecting the antibody to non-
structural protein of the virus (C100-3) expressed
in yeast (2). This virus, now called hepatitis C
virus (HCV), has a single positive strand RNA
that is about 10,000 nucleotides long as genome.
By means of analysis of the polyprotein deduced

% To whom correspondence should be addressed.
nt: nucletide number
aa: amino acid number

hepatitis C virus, envelope, DNA sequencing, homology, intersubtype variable

from the nucleotide sequence HCV is thought to
have a structure homologous with the flaviviruses
as schematically shown in Fig. 1 (1). However,
since they published only about 75 % of the 3’
terminal portion of the genome (3), analyses of
the HCV genome by polymerase chain reaction
(PCR) had been limited within the region encod-
ing non-structural protein until recently (4, 5).
In 1990, Okamoto et al. disclosed a sequence
of 1863 nucleotides of the remaining 5 terminal
portion of the HCV genome by screening ¢DNA
libraries made by using published sequences as
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primers (6). Takeuchi et al also showed the
nucleotide sequence of the 5’ structural protein
coding region (7, 8). Recently Kato et al and
Takamizawa et al determined the whole nu-
cleotide sequence of HCV, which are 9413 and
9416 nucleotides long,  respectively (9, 10).
According to those reports, HCV has only one
open reading frame of 3010 amino acids, which is
preceded by 5 non-coding region of 329-332
nucleotides and followed by 3’ non-coding region
of 54 nucleotides (9, 10).

Okamoto et al. obtained four HCV clones and
suggested that there are at least 2 major HCV
strains represented by HCJ1 and HCJ4 (6).
HCVJH by Takeuchi et al., HCVJ by Kato et
al., and HCVBK by Takamizawa et al. were
derived from sera taken from Japanese patients,
and showed evident differences from the HCJ 1 or
HCV prototype clone reported by Houghton et
al. (HCVUS)(3, 11) at nucleotide sequence level
(7-10). These findings are likely to lead to a
speculation that most HCV strains isolated in
Japan might belong to the Japanese subtype
(HCJ4, HCVJH, HCVJ and HCVBK) as
opposed to the US subtype (HCJ 1 and HCVUS)
9.

It has also been reported that nucleotide or
amino acid sequence homologies among strains
vary from location to location, and that the enve-
lope protein coding region is one of the most
variable regions within the genome of HCV (7-9).
Therefore, comparing nucleotide or amino acid
sequences of the envelope coding region among
HCV strains is very useful for determining
whether HCV strains can be classified into
subtypes.

In this paper, we report on the nucleotide
sequence for HCV ¢DNA fragment of the enve-
lope protein coding region amplified by PCR and
cloned (HCVNK), and compare the nucleotide
and amino acid sequences with those of other
HCV strains published in the literature (6-11).
Thereby, a region, which might be useful for
distinguishing the US subtype from the Japanese
subtype, appeared to be identified.
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Materials and Methods

Isolation of RNA from serum. Serum was
obtained from a 67-year-old female Japanese patient with
hepatocellular carcinoma (N. K.). Two milliliters of
serum, positive for antibody to C100-3, were diluted to
10ml with 50mM Tris-Cl, pH8.0, 1ImM EDTA, 100
mM NaCl, and ultracentrifuged in an RP55T rotor
(Hitachi Co., Ltd., Tokyo, Japan) at 40,000rpm for 4h
at 4°C. Collected virus particles were dissolved in 2ml of
guanidinium thiocyanate solution containing 25mM
sodium citrate, pH7.0, 0.5 % sodium sarcosinate, 0.2M
-mercaptoethanol and overlaid onto 2.5ml cesium chlo-
ride cushion containing 0.5M EDTA, pH7.5. We pellet-
ed RNA through ultracentrifugation in an RPS 50-2 rotor
(Hitachi Co., Ltd., Tokyo, Japan) at 35,000 rpm for 21
h at 20°C and redissolved in 20 g1 of distilled water after
precipitation with 80 % ethanol.

PCR.  Five microliters of RNA solution were
subjected to reverse transcription to cDNA, amplification
by PCR, cloning into plasmid vector and sequencing
according to the procedures in the manual (12). In brief,
reverse transcription was done at 42°C for 1h using
commercially available random primer (Takara shuzo Co.,
Ltd.,, Kyoto, Japan). Based on the nucleotide sequence
of HCJ1 (6), two sets of primers for PCR below were
synthesized with DNA Synthesizer Model 380B
(Applied Biosystems, Ltd., Foster City, CA, USA):
5-GTCCGGGTTCTGGAAGACGGCGTGAAC-
TAT-3° (nt787-nt816), 5-GCCCGCCAGGACT-
CCCCAGTGAGC-3’ (nt1398-nt 1375) for 5 half of the
envelope protein coding region E612, and 5-CAGCTG-
CTCCGGATCCCACAAGCC-3 (nt1330-nt1353), 5™
GGGGCTGGGAGTGAAGCAATATAC-3 (nt1863-
nt 1840) for 3 half of the envelope coding region E534.
We used relatively conserved regions between HCJ 1 and
HCJ4 to make these primers. The positions of those
primers and the expected PCR products were schemati-
cally illustrated in Fig. 1. With these sets of primers and
2 units of Taq polymerase {Takara Shuzo Co., Ltd,
Kyoto, Japan), cDNA was amplified by repeating 30
cycles of incubation at 94°C for 1 min, at 42°C for 1.5
min, and at 72°C for 1.5min in Programmable Temp-
control System PC-700 (Astec, Ltd., Fukuoka, Japan).
After precipitation with ethanol, these PCR products
were again subjected to PCR by repeating another 30
cycles with the same condition above.

Cloning and sequencing.  Final products were
visualized on 3% NuSieve™ GTG-1% Seakem™ ME
(FMC Corporation, Rockland, ME, USA)

agarose
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Fig. 1

Schema showing the positions of primers used for PCR and cloned PCR products. The top schema shows the whole structure

of the genome of hepatitis C virus proposed by analogy to flaviviruses (1), of which the enlarged structural protein region is shown in
the bottom schema. C: core protein. E: envelope protein. NS1, 2, 3, 4 and 5: non-structural proteins 1, 2, 3, 4 and 5. NCR: non-coding
region. Open boxes indicate an open reading frame. Bold bar: HCVNK. Bars of E612 and £534: PCR products. Arrows indicate the
positions of primers used for PCR. Bold numbers show the nucleotide number corresponding to those reported by Okamoto et al. (6),
and to those reported by Kato et al (9), which are indicated at the top of this figure.
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Fig. 2 ¢DNA fragments of envelope protein coding region of
hepatitis C virus amplified by PCR. PCR products were electro-
phoresed on 3% NuSieve™ GTG-1% Seakem™ ME agarose
composite gel at 100V for 1h and stained with 0.5 g/ ml ethidium
bromide. Lanes 1-4: E612. Lanes 5-8: E534. Lane 9: pBR
322 DNA digested with Msp | as a size marker. Upper 4 bands
on Lane 9 are 622, 527, 404, and 309 nucleotides long, respec-
tively, from the top.
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composite gel by staining with ethidium bromide (Fig. 2).
Bands having the expected size were excised and
electroeluted in dialysis tubing at 240mA for 1h under
monitoring with UV lamp. After extraction with phenol/
chloroform and precipitation with ethanol, cDNA frag-
ments were cloned into the Smal site of pUC19
plasmid vector by blunt end ligation. Out of the many
recombinants screened by checking the size of the insert,
the nucleotide sequences of one clone each from E612
and E534 were determined by dideoxynucleotide chain
termination using M 13/pUC sequencing primer™ and M
13/pUC reverse sequencing primer™ (Boehringer Mann-
heim GmbH, Ltd., Mannheim, Germany). All these
experiments were performed under the permit by the
Committee of Okayama University on Recombinant
DNA Technology and Safety (No. 9041).

Positions of nucleotides and amino acids.  In this
paper we adopted the nucleotide sequence numbers
reported by Okamoto et al (6). According to this
numbering, nt1 equals nt-325 of HCVJH, nt6 of
HCVJ, and nt9 of HCVBK. Because the same ATG at
nt 325 is used as the starting codon, amino acid sequence
numbers in all HCV strains are identical.
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Computer analysis and stalistical analysis.  Com-  HCJ4 reported by Okamoto et al (6). The
puter analysis was performed with GENETYX program  nycleotide sequences of primers used for PCR,
(Software development, Inc., Tokyo, Japan). Statistical which were located at nt 787-nt 816 and nt 1840-nt
analysis was performed by the Student’s 7-test. 1863, were excluded from this investigation.
Even though we used nucleotide sequences of
HCJ1 as primers for PCR, our HCVNK clone
showed greater homology to HCJ 4 (89.1% ) than
to HCJ1 (70.1 %). Twenty-one overlapping nu-

Fig. 3 shows the whole nucleotide sequence of  cleotides (nt 1354-nt1374)(Fig. 1) were complete-
our HCVNK clone, composed of E612 and E ly identical between E612 and E534. .
534, and the aligning sequences of HCJ1 and The ratios of nucleotide changes at the third

Results

817
HCJ1 GCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCTGGCCCTGCTCTCTTGC
PRERASBEERUNED KR RURRIRER NRTRRERRREROND  HRED BNERN KN A
HCVNK GCAACAGGGAACCTGCCCGGTTGCTCCTTCTCTATCTTCCTCTTGGCTCTGCTGTCCTGT
FRRARNRENNRE ARSI ERONNNRESE BD N RN R RN AR N BN REND HRERERNR RN

HCJ4 GCAACAGGGAACTTGCCCGGTTGCTCTTTCTCTATCTTCCTCTTGGCTTTGCTGTCCTGT
877
HCJ1 CTGACTGTGCCCGCTTCAGCCTACCAAGTGGCCAACTCCACAGGGCTTTATCATGTCACC

“nnn EE RN R RRERE ERREENEIERER ®OREE R NS mEREEEEe
HCVNK TTGACCACCCCAGCCTCCGCCTATGAAGTGGCCAACGTGTCCGGGGTATACCATGTCACG
ARGHREE REBHED REREE RRRE AR RERRNRERRA NI RNRNRE R RN BN NN NN

HCJ4 TTGACCATCCCAGCTTCCGCTTATGAAGTGGCCAACGTGTCCGGGATATACCATGTCACG
937
HCJ1 AATGATTGCCCTAACTCGAGTATTGTGTACGAGGCGCACGATGCCATCCTGCATACTCCG

B BEE N RREER CRRRRREEREN EEEEN R se seenanmERe
HCVNK AACGACTGCTCCAACTCAAGTATTGTGTATGAGGCACCGGACGTGATTATGCATACTCCC
FREARRBERRIRABRRRERE AR N PRI RER AN N BN RNERE BREE ENRAI NN NN

HCJ4 AACGACTGCTCCAACTCAAGCATTGTGTATGAGGCAGCGGACATGATCATGCATACTCCC
997

HCJ1 GGGTGTGTCCCTTGCGTTCGCGAGGGCAACGTCTCGAGGTGTTGGGTGGCGATGACCCCC
EEREE HE B EE HEEEE REE EEa REE B e NEEEE REE X AR RER
HCVNK GGGTGCGTGCCCTGTGTTCGGGAGAACAATTCCTCCCGTTGCTGGGTAGCGCTCACTCCC
BEESRRBRNBE IS RRRERRRRE EHEN BB RN R RN E SRR R RN RN NRR
HCJ4 GGGTGCGTGCCCTGCGTTCGGGAGGACAACAGCTCCCGTTGCTGGGTAGCGCTCACTCCC
1057
HCJ1 ACGGTAGCCACCAGGGACGGCAAACTCCCCGCGACGCAGCTTCGACGTCACATCGATCTG
HEE B R wEEEE R e EER % wew ® O EEES EEE NER  wa
HCVNK ACGCTCGCGGCCAGGAATACCAGCATCCCTACTACGACAATAAGACGCCACGTCGACTTG
PESUNSBABRBRERRRRE RERRE FERE ARABRRRRRNRE RRRB RN R RAR NN DN NN

HCJ4 ACGCTCGCGGCCAGGAATGCCAGCGTCCCCACTACGACAATACGACGCCACGTCGACTTG

1117
HCJ1 CTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGATCTGTGCGGGTCCGTC
E owx wwx EE R BERE F EE N BERE B KEER KR AENESEEE ¥

HCVNK CTCGTTGGGGCAGCTGCTTTCTGCGCCGCAATGTACGGGTGGGACCTCTGCGGGTCTGCT
FRERARABIEN REFEFNSRRREE RRED NERARNE B RABR RERAENER EENE ¥

HCJ4 CTCGTTGGGGCGGCTGCTTTCTGCTCCGCTATGTACGTGGGGGATCTCTGCGGATCTGTT

1177
HCJ1 TTCCTTATTGGTCAACTGTTTACCTTCTCTCCCAGGCGCCACTGGACAACGCAAGGCTGC
LT T BE L OEREE REREE ®E EE BN % e *wew e T

HCVNK TTCCTCGTCTCCCAGTTGTTCACCTTTTCGCCTAGTGGGCATGAGACAGTACAGTACTGC

FERNBENEE ERNNE ERRERRRRES FERSERRE RURRBRREINNNS XRE NARRS

HCJ4 TTCCTCGTCGCCCAGCTGTTCACCTTCTCGCCTAGCCGGCATGAGACAGTGCAGGACTGE
1237

HCJ1 AATTGTTCTATCTACCCCGGCCATATAACGGGTCATCGCATGGCATGGGATATCGATGATG

ER R RE R EE O BERRRRRE EEEE EE BRRRR RRRRRSEENENGERREEIRNRS

HCVNK AAATGCTCAATTTATCCCGGCCACTTAACCGGCCATCGTATGGCATGGGATATGATGATG

KR EXEAAAEE RECRRRREEEE BEE F BN RE EE BEERE RRRRERNRRREEENN

HCJ4 AACTGCTCAATCTATCCCGGCCATTTATCAGGTCACCGCATGGCTTGGGATATGATGATG
1297

HCJ1 AACTGGTCCCCTACGGCGGCGTTGGTAATGGCTCAGCTGCTCCGGATCCCACAAGCCATC

HESEFERS HE E EE RE R EE RE B EEE R RARRARNERERRNFEEEE RN

HCVNK AACTGGTCACCCGCAGCAGCTCTAGTGGTGTCGCAGTTACTCCGGATCCCACAAGCCGTC

FREEEEREREE KX ABEE RERRNERIRRATEEEND AARREANEERAANERRD REN

HCJ4  AACTGGTCACCTACAACAGCCCTAGTGGTGTCGCAGTTGCTCCGGATCCCACAAGCTGTC
Fig. 3-1
Fig. 3 Nucleotide sequence of the envelope protein coding region of HCVNK and a comparison with those of HCJ1 and HCJ 4 (6).

Numbers at the upper left corners of the sequences show nucleotide positions corresponding to those reported by Okamoto et al. (6).
Asterisks show homologous nucleotides in HCJ 1 and HCJ 4 with HCVNK.

http://escholarship.lib.okayamaru.ac.jp/amo/vol 45/iss5/9
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codon to all nucleotide changes in HCVNK were
58.0 % (151/260) and 54.8 % (57/104) for HCJ
1 and HCJ 4, respectively. If nucleotide changes
were random, the ratio of the third codon
changes to all nucleotide changes should be
around one third. Therefore, nucleotide changes
in HCV are likely to occur at the third codon
more frequently as observed in other strains (6-
10).

Amino acid sequences deduced from nu-
cleotide sequences of 7 HCV strains, including
our HCVNK, are shown in Fig. 4. Table 1
shows the calculated nucleotide and amino acid
sequence homologies among HCV strains.

1357
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Homologies between HCJ1 and HCVUS, both
of which are thought to belong to the US subtype,
were 93.0% and 93.5 % at nucleotide and amino
acid sequence levels, respectively. Average
homologies among HCJ4, HCVJH, HCVJ,
HCVBK and HCVNK, all of which are thought
to belong to the Japanese subtype, were 87.9 %
and 87.2 % at nucleotide and amino acid sequence
levels, respectively. On the other hand, HCJ1
and HCVUS showed only 71.7% and 75.0 %
homologies on the average at nucleotide and
amino acid levels, respectively, with each strain
of the Japanese subtype. These homologies were
significantly lower than those observed within

HCJ1 TTGGATATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGTATTTCTCCATG

RRRBERRE 5 HE BR RR ARERRBERE RPRRRRRBREE B AR EE N

GTGGATATGGTGGCGGGGGCCCACTGGGGAATCCTGGCGGGCCTTGCCTACTATTCCATG

HCVNK

EX T XY

BRERE SRBRU BB RRRI RS R B SRR RRARE RN RN BB N RN RN R R R RN RN BN AN NS

HCJ4 GTGGACATGGTGGCGGGGGCCCACTGGGGAGTCCTGGCCGGCCTTGCCTACTATTCCATG

1417

HCJ1 GTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGTTGCTGTTTGCCGGCGTCGACGCGGAA

FRARBRBEERRBER RBEDD RBE B AR RE B RN RBERRRRRRRERRNEE N

HCVNK

GTGGGGAACTGGGCTAAGGTTCTGATTGTGATGCTACTTTTTGCCGGCGTCGACGAGGCA

HE RERARERRERBRERRAD SRRNERRRR

RERREE BN REREBREE RENE ER

HCJ4 GTAGGGAACTGGGCTAAGGTCCTGATTGTGGCGCTACTCTTCGCCGGCGTTGACGGGGAG

1477

HCJ1 ACCATCGTCTCCGGGGGACAAGCCGCCCGCGCCATGTCTGGACTTGTTAGTCTCTTCACA

REER R X E wEEREN

HCVNK

ERE O REE R B RBERR RE#

* ERREEE NER 0w "en -

ACCAACATGACAGGGGGAGCTCCGGCCCGCACCACTTACAAGCTTACGACCCTCTTCTCA

L N T L

FREEEE B

R BBERRRRRRRS

HCJ4 ACCTACACGTCGGGGGGGGCGGCCAGCCACACCACCTCCACGCTCGCGTCCCTCTTCTCA

1537

HCJ1 CCAGGCGCTAAGCAGAACATCCAGCTGATCAACACCAACGGCAGTTGGCACATCAATAGC

% ww

HCVNK

HCJ4
1597

FRERE REARRRED RE RE EBRRE EERRE REREE RRREE R

TATGGGGCGTCTCAGAAAATCCAGCTCATAAATACCAATGGCAGCTGGCATATCAACAGG
AEEBERIHAEBERD AARRRBERS

CCTGGGGCGTCTCAGAGAATCCAGCTTGTGAATACCAACGGCAGCTGGCACATCAACAGG

O RRRBRIEE SERRRBRRRED RARREBERE

HCJ1 ACGGCCTTGAACTGCAATGAAAGCCTTAACACCGGCTGGTTAGCAGGGCTTATCTATCAA

4B BEE X ERERRERESSS

HCVNK

ERE smmunBRE ®

ACTGCCCTAAACTGCAATGACTCCCTCAACACCGGGTTTCTTGCCGCGCTGTTCTACACA

LR L Y T 1 -

BEFRBRFEBRRARFARFSRFRRBRBER SEEE BEBRN RRR RO PR SN RN RO R IR

HCJ4 ACTGCCCTAAACTGCAATGACTCCCTCCACACTGGGTTCCTTGCCGCGCTGTTCTACACA

1657

HCJ1 CACAAATTCAACTCTTCGGGCTGTCCCGAGAGGTTGGCCAGCTGCCGACGCCTTACCGAT

REER ARBREE R R R RREER BER F RRBARARNREEEES * %% aow

HCVNK

CACAGGTTCAACACGTCCGGATGTCCAGAGCGCTTGGCCAGCTGCCGCTCCATTGACAAG

BREREREEEERS ARBEREE 23 HE BENRRE REFERRERFRANED FPRBRRREE B

HCJ4 CACAGGTTCAACTCGTCCGGGTGCCCGGAGCGCATGGCCAGCTGCCGCCCCATTGACTGG

1717

HCJ1 TTTGACCAGGGCTGGGGCCCTATCAGTCATGCCAACGGAAGCGGCCCCGACCAACGCCCC

EE R REEEE RREEE KR NSRS
TTCGATCAGGGGTGGGGTCCCATCACCTATACTGAGCCTGGCAACAAGGACCAGAGGCCT

FREE ARBES FREEE BRAFERARSERABBREEERANR B ®

HCVNK

e * . » ARREE B AR

EEE ARRBREERS

HCJ4 TTCGCCCAGGGATGGGGCCCCATCACCTATACTGAGCCTGACAGCCCGGATCAGAGGCCT

1777

HCI1 TATTGTTGGCACTACCCCCCAAAACCTTGCGGTATCGTGCCCGCAAAGAGCGTATGTGGC

L e T

AR BRREEEEE NBEBR » e mraws

TATTGTTGGCACTACGCGCCCCGACAGTGTGGTATCGTACCCGCGTCGGAGGTGTGTGGT

FRARE BEREE RBEBRBET BERN RRARERESRRRRRRERRERENE RRERARRRORR

HCJ4 TATTGCTGGCATTACGCGCCTCGACCGTGTGGTATCGTACCCGCGTCGCAGGTGTGTGGT

HCVNK
1837
HCJ1 CCG
L]
HCVNK cce
*%
HCJ4 CCA

Fig. 3-2
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Table 1 Nucleotide and amino acid sequence homologies in envelope protein region among hepatitis C virus strains
HCJ1 HCVUS HCJ4 HCVJH® HCVIJ HCVBK HCVNK

HCI1 nt (%)° 93.0 718 724 70.3 70.5 70.7

aa (% )° 93.5 75.7 76.0 73.6 745 73.0

nt (%)° 73.1 73.3 724 71.7 71.2
HCVUS

aa (%)° 76.5 77.3 75.1 76.0 72.7

t (%)° . . . .

HCJ4 nt (%) 91.3 838.1 88.2 89.1

aa (%)° 89.8 83.6 88.2 86.8

t (%)° 88.0 89.4 87.8

povgpe M%)

aa (% )° 88.7 88.8 85.2

o7 Vo

HCVJ nt (%) 86.4 84.6

aa (% )° 87.1 83.9

%) 6.

movek "\ 862

aa (% )° 85.0.

a: Only 831 nucleotides and 277 amino acids in the corresponding region were published on HCVJH.

b: Homology at nucleotide sequence level.
¢: Homology at deduced amino acid sequence level.

HCJ1 ATGNLPGCSFSIFLLALLSCLTVPASAYQVANSTGLYHVTNDCPNSSIVYEAHDAILHTP
HCOVUS s mm o mm b s n s s u e s a a m kS S 4 bR R A S N R N AN R BB E R R R R R R RN R RAR R RS2 ¥
HCJ4 wasnsswswuvrassnsnsnnsalnssssEnnaVSalosnssasuSannsrnssAsMaMans
HCVJH swsxssesnnnnsansnsnzss[#usssEsRaVS#InanssssSanrnsrxrAnVaMrAs
HCVJ wessswwnsannnrssnsnannlnnnnsExRoVSulnnnnnnnSonsnsnnsAeMaMenx
HCVBK #assssswrsnsssnnnsrrssTonnnsExHoVSeInssnssaSsArnnanrAnlaMans
HEVNK  sxssonmnsnnnnsnenssnnaTossnsExnaVSaVansassrsSaannnsnrArVeMans

225 ISVR-1-—
HCJ1 GCVPCVREGNVSRCWVAMTPTIVATRDGKLPATQIRRHIDLLVGSATLCSALYVGDLCGSV
HOVUS o daamas s b Annasban b bale s han s e s ks s aluna a s b X kN R R A RS RRR RS R NS R RN
HCJ4 #sssarsseDaSassssslassLaAsNASVToTIsseVarssxAsAF s s xMunsnnasss
HCVJIH sxxxx»nxaNaSansrssLens 2 AsNASVsToTo{sasVanrssToAF s nsMensnrnnns
HCVJ wewwwswnSaFsvsxnslan sl s AsNTSI#ToThss»VasrnnAsAnvxsMannssrnns
HCVBK #sasssrwxsSussneslssall sAsNVTI+TaTIsaxVansssArAF s ssMansannsrs
HCVNK #xsasxrsN#SxrsnxxsL o sAsNTSIoT#TIr#sVar2s2sAsAF#AxMaGWr 22224

285
HCJ1 FLIGQLFTFSPRRHWTTQGCNCSIYPGHITGHRMAWDMMMNWSPTAALVMAQLLRIPQAT
HCVUS #aVtan s n s n s n s w e s aa s nan nnn s a0 o n nasapssnnpssnarTorsnrrnnsssinrsy
HCJ4 w##VAsswssssSasEaVsDrznsssasaslSannnsasrnnrnnssToxaVSerrrsasaV
HCVJH ##2SaxsssrssxsEeVeDazsnrssnnsVSssnnnsrssrnsrrrsesasVSannxrarsV
HCVJ ##VSasxassxssYEsVsDrussessssVSussnnanassassnaTessVUSsrannnwsV
HCVBK #aVSassssssxsasValsDsssssxssaVSheassrzxannsnssTarsVSernnnsrsV
HCVNK »#VS###%222aSGrE+VaYrKesssssalsnsnsarssnsnsnsAssssVSannnnansV

345 F--HEVR-1--
HCJ1 LDMIAGAHWGVLAGIAYFSMVGNWAKVLVVLLLFAGVDAETIVSGOQAARAMSGLVSLFT
HCVUS ssssxssssnwesssssxsrssssssxsssssssssrssssHaTonSsGHTV»2FohsLA
HCJ4 v;;v;-a....-a.L».y..-.‘.y...I.A...;..»G;;YT..qA'sHTT.T;AL..s
HCVJH MssVsnsnaxsxsslssYsxssssessssloblossssssGHsR*Tx#VQGHVT»T+Tie#sR
HCV] VsxaVesssussnnalssYrssnsxsxrslaMesrssasGHrHT»#RV*SSTQS » #WLS
HCVBK VesVawsxsusssslanYssAsnnsssnInMarrsssaGDaHaTasAQsKTTNR® sbMaA
HCVNK Va#VasssrsTxsslasYsnsnnsasnxlsMaxnsss+EANMT s #AP» #TTYK2TIT*5S
405
BCJL PGAKQNIQLINTNGSWHINSTALNCNESLNTGWLAGLIYQHKFNSSGCPERLASCRRLTD
HCVUS »c‘»;-V*;-;;c;‘»»L‘aun‘aa;Dauun;»a;a.FyH»:;y»*;»a-;a;a--P---
HCJ4 %%sSsRs*sVesssnwswsaRessnnsDrsHuxFasAsFaToRz#xnsxx2sMerssPIDW
HCVJIH ##»SsKessVssssssszaRensnrsDesQreFasrAs
HCVJ QnPs;Ke-aV«*qaaaniane;;uQDQ;Q»ﬁFInAaFnAHT;nA»};na*Mn;*nPIDE
HCVBK S#PSsKrsxssxsazsssssRezsrssDsuQeaFr2AsFsToSsns222222M2Qx2TIDK
HCVNK Y##SsKssxssnwsxssnsRasssssDrarssFasAsFaTsResTos2rx2e2sx2SIDK

465 rHVR-2~
HCJ1 FDQGWGPIﬂHANGSGPbQRPYCWHYPPKPCGIVPAKSVCGP
HCVUS R R R R R R R AR AR AR R R R R R R E I F A FRRAS R R R AR RN RN

HCJ4 #A#»%»s»TYTEPDS###ssss22sAsRa»22222SQenxs
N i

HCVJ  »AssssssTwDMPESSssssssexAsRasaxrssSQrres
HCVBK ##»#s»x2NYsES#RSlsssss2%sssaPQaTuss3SExsss
HCUNK saxwrsxs TEPGNS».Q«v»aQ.A«RQ‘cao.nSE;'no
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Fig. 4 Deduced amino acid sequences of the
envelope protein region of HCVNK and 6 other
HCV strains in the literature (6-11). Amino acids
were expressed as one character. Numbers at the
upper left corners of the sequences show amino
acid positions from the starting codon at nt325.
Asterisks indicate the same amino acid as that of
HCJ1 (6). ISVR-1: intersubtype variable region-
1. HVR-1 and -2: hypervariable regions-1 and -2
(13). In HCVJH only 277 amino acids of the
corresponding region have been published (7. 8).
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Subtraction of percent homologies to HCJ1 from those to HCJ4 ((% ) * ) were shown as meshed bars in the lower half of this figure.
* %: —10% was shown as 0. aa: amino acid position from the starting codon at nt 325. ISVR-1, HVR-1 and -2: see Legend for

Fig. 4.

each subtype (p < 0.001).

To clarify the distribution of amino acid
replacements in HCV envelope protein, we
compared the amino acid sequence of HCVNK at
every 10 consecutive amino acids with those of
HCJ1 (as a representative of the US subtype)
and HCJ4 (as a representative of the Japanese
subtype)(Fig. 5). Three regions with the lowest
homology to HCJ 1 were located at aa245-aa 254
(40 %), aa395-aa404 (30 %) and aa475-aa484
(40 % ). Hypervariable region-1 (aa391-aa400)
and -2 (aa474-aa480)(HVR-1 and -2) reported by
Hijikata et al. (13) were involved in the latter 2
regions (Figs. 4 and 5). The largest difference
between homologies to HCJ 1 and to HCJ 4 were
also observed in the region at aa245-aa254 (40
% )Fig. 5). Detail alalysis of the amino acid
sequences around this region of all 7 HCV strains
revealed the following: in the region at aa246-aa
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258, i) 13 consecutive amino acids were com-
pletely identical between HCJ1 and HCVUS, ii)
9 of 13 amino acids were identical among the
Japanese subtype and 2 out of the remaining 4
amino acids were in common among 4 of 5 strains
of the Japanese subtype, iii) 8 of 13 amino acids
were different between the two subtypes (Fig. 4).
We tentatively named this region intersubtype
variable region-1 (ISVR-1)(Figs. 4 and 5).

Discussion

It is speculated that a long polyprotein of 3010
amino acids coded by an HCV genome might be
processed by cellular protease or by its own
protease encoded within the HCV genome (9).
Since N-terminal 120 amino acids of the poly-
protein are rich in basic amino acids or proline,
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this portion is thought to encode viral core protein
(8, 9). Compared with amino acid sequences
between HCVJH and HCVUC (US subtype),
N-terminal 190 amino acids showed 974 %
homology, whereas the following 190 amino
acids showed only 75.3% homology (8). N-
glycosylation sites characteristic for envelope
protein were clustered within aa196-aa645 (9).
From these findings, the C-terminal portion of
the structural protein region following aal90 is
supposed to encode viral envelope protein (7-9).
Therefore, the region encompassing aa165-aa
505 investigated in this paper seems to be mostly
included in the envelope protein region. Because
Saiki et al. calculated the ratio of misincorpora-
tion during amplification by PCR as only 0.25 %
(14), this ratio may not affect the results in this
paper.

The fact that the homologies of HCJ1 and
HCVUS to HCV strains isolated in Japan (6-10)
were significantly lower than those between HCJ
1 and HCVUS and those among the strains
isolated in Japan at both nucleotide and amino
acid sequence levels suggests the possibility that
HCV could be classified into at least 2 major
subtypes, a US subtype (HCJ1 and HCVUS)
and a Japanese subtype (HCJ4, HCVJH,
HCVJ, HCVBK and HCVNK). Although from
the analysis of the non-structural protein coding
region where the nucleotide sequence is more
conservative, Ulrich et al. reported a variation
of nucleotide sequence of less than 10 % among
4 HCV clones isolated from patients in the USA
(15). In 3 out of 4 Japanese hemophiliac patients
who had received blood products from the USA,
HCV clones from their sera were reported to be
more homologous to the US subtype than to the
Japanese subtype at the nucleotide level (16).
These two reports also support the classification
of HCV into a US subtype and a Japanese
subtype.

In this paper, by analyzing in detail the distri-
bution of amino acid variation among strains, an
intersubtype variable region (ISVR-1), in which
the amino acid sequence was conserved within
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each subtype and was clearly different between
the two subtypes, was revealed. We might be
able to predict the subtype of newly isolated
strains of HCV by analyzing the amino acid
sequence of this region. Although there seems to
be a similar region to ISVR-1 at aa432-aa441,
the difference of amino acid sequence between the
US and the Japanese subtypes in this region is
not as clear (4/10) as that in ISVR-1 (8/13)
(Figs. 4 and 5). HVR-1 and -2 (13) are different
from ISVR-1 in that remarkable amino acid
variations were observed even among the
Japanese subtypes in these 2 regions.

However, partly because nucleotide changes
were realized more commonly at the third codon
of translation frame, amino acids tend to be
replaced by similar amino acids throughout the
HCV genome. If we regard this type of change
as homologous, amino acid homologies among all
HCV strains, including HCJ1 and HCVUS, are
as high as 95% even in the envelope protein
region. Therefore, we do not think that the
Japanese subtype is a different virus from the US
subtype.

Now that antibodies to non-structural protein
(C100-3)(2) and core proteins (CP-9, CP-10,
and GOR47-1)(17, 18) have been found. In the
research field of HCV, researchers are now turn-
ing their attention to finding antibodies with virus
neutralizing capabilities and developing vaccines.
Because HCV-RNA can be detected in sera
positive for antibodies above, those antibodies
can not be neutralizing antibodies (17, 18).
Although the putative envelope protein has not
yet been purified, the envelope protein is consid-
ered to be one of the most promising candidates.
And, in the development of vaccines, the high
variability of this virus must be taken into consid-
eration.
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