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SUMMARY: A comparison of the sequences of the putative
glycoprotein region in three independent cDNA clones of hepatitis
C virus and of sequences of four other clones revealed extensive
genetic variation clustered and interspersed with highly conserved
amino acid sequences. We obtained evidence for two hypervariable
regions in the putative envelope glycoprotein, one region was
assumed to be a potential antigenic site, as deduced from the
hydrophilicity and analyses of secondary structures. These
observations suggest the existence of a large pool of antigenic
variants of hepatitis C virus, in Japan. o 1991 academic Press, Inc.

Hepatitis C wvirus (HCV), the genome of which has been
molecularly cloned (1, 2), is thought to be one of the causative
agents of post-transfusion non-A, non-B, hepatitis (3). HCV is
apparently an enveloped virus with a positive, single stranded
RNA genome encoding a large polyprotein precursor (1). This virus
seems to be related to pestiviruses and to flaviviruses, as well
as the carmovirus and potyvirus families of plant viruses, as
deduced from amino acid sequence similarities (4). Although a
viral structural protein has not been identified, the envelope
glycoprotein(s) of HCV was roughly estimated to locate in amino
aclid positions 190 to 700 on the viral polyprotein precursor (2).
The amino acid sequence of the region from amino acid positions
350 to 500 was extensively diverged between the HCV genomes in the
United States (HCV-US) and in Japan (HCV-J) (35% difference), while
amino acid positions 500 to 750 were relatively conserved (16%
difference) (2) . These results suggested polymorphism of the
putative envelope protein(s) of HCV. For purposes of elucidation,
cDNA clones encoding the amino-terminal portion of the putative

1 The nucleotide sequences of clones 63, 64, and 168 have been
submitted to the DDBJ/EMBL/GenBank DNA databases with accession
number (s) D00689, D00690, and D00691, respectively.
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envelope protein from a cDNA library originating from plasma RNAs
of 9 Japanese patients with PT-NANBH (2), were screened,
sequenced, and compared. Four sequences already reported (2, 5,

6) were also examined for purposes of comparison.

MATERIALS AND METHODS

Cloning of ¢DNA sequences containing the HCV structural
protein region. A Agtll cDNA library was constructed from plasma
RNAs from 9 patients with NANBH, using a HCV specific primer, 5'-
GGGCTCGGAGTGAAGCAATA-3' (nucleotide positions 1848 to 1867 in HCV

genome) (2) . The cDNA library was screened using as a probe a
fragment of clone 4 (nucleotide position 1718 to 2098 in HCV
genome) (2) . After tertiary screening, positive plaques were

purified and ¢DNA inserts of these clones were purified and
subcloned into the pTZ19R vector (United States Biochemical
Corp.) .

DNA sequence analysis, Recombinants were sequenced as
double-stranded DNA by the dideoxy chain termination method (7),
using Sequenase DNA sequencing kits (United States Biochemical
Corp.). Sets of 5’ and 3’ deletions of the inserts were prepared
using exonuclease III (Takara Shuzo) for sequencing (8).

Protein analysis, Hydrophilicity analysis of the deduced
amino acid sequences of cloned ¢DNA clones was performed according
to Hopp and Woods (9), using a window of 7 consecutive residues.
The secondary structures of the proteins were analysed according
to Chou and Fasman (10).

RESULTS AND DISCUSSION

Five cDNA clones, named clone 63, 64, 158, 168, and 171, were
finally obtained. Since nucleotide sequences of clones 158 and
171 were identical to clones 63 and 3 (2), respectively, clone 63,
64, and 168 were selected for further analyses. Comparisons of
the nucleotide and amino acid sequences of the 3 isolated clones,
as well as the 4 reported HCV sequences (2, 5, 6), are shown in
Fig. 1. The differences in the amino acid sequences are shown in
Table 1.

These 7 clones differed from each other in 8.3 to 30.4% of
nucleotides (8.4 to 27.9% of amino acids), except between clone 3

and 63 (Fig. 1). Clone 63 differed from clone 3 in only 1.6% of
nucleotides (3.2% of amino acids). Clones 63 and 3 are likely to

have originated from a single patient with PT-NANBH, for the
following reasons: The region of the putative non-structural
protein 5 (NS5) region (2), one of the most conserved regions
between HCV genomes, showed less than a 2.5% nucleotide sequence
diversity in HCV-J clones from 19 independent patients (11). 1In
many cases, variation in part of the putative non-structural
region of HCV-J genomes from a single patient with PT-NANBH is in
the range from 1.0% to 2.0% differences, at the nucleotide

sequence level (unpublished data). However, it cannot be
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Fig, 1. Alignment of nucleotide and amino acid sequences
(single-letter code) within the putative envelope region of 7 HCV
genomes (clone 3 (2), 63, 64, 168, HCJ1l (6), HCJ4 (6), and
tentatively named YEK (5)). Sequence of clone 3 is used as the
reference. cDNA and amino acid sequences are aligned above and
below the reference, respectively. Nucleotides and amino acids
are according to the entire sequence of the HCV-J genome (2).
Only different residues from the reference sequence are shown.
Reported range of the YEK sequence in this region is indicated in
parenthesis. Potential N-glycosylation sites (N-X-S/T) are
underlined. Invaried 14 cysteine residues are double-underlined.
Hypervariable regions 1 and 2 are boxed.
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Fig. 1-Continued

excluded that the highly homologous HCV clones have infected some
patients with NANBH. On the other hand, there was a high average
of aminc acid difference (26.4%) between HCJl and others (Table
1) . This diversity of HCJ1l probably means that HCJl belongs to
the HCV-US, as suggested (2, 6). Japanese hemophiliacs transfused
with imported clotting factors may have been infected with HCV-US
(12) .

Extensive variation in putative envelope glycoproteins of
HCV isolates is apparent and like that of HIV envelope proteins
(13, 14). Differences among the 7 sequences appeared as single
nucleotide changes and insertion and deletion were absent, in
contrast to envelope genes of the HIV isolates (13, 14) (Fig. 1).
About 42% of the nucleotide changes lead to amino acid

substitutions, the result being numerous amino acid variations.
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Table 1. Differences in amino acid sequences in the putative envelope region

between seven HCV genomes?

clone regionb 63 64 168 HCJ4 YEK® HCJ1
3 1 10/ 3.29 49/15.6 47/14.9 35/11.1 28/11.2 88/27.9

2 5/50.0 8/80.0 8/80.0 8/80.0 8/80.0 7/70.0

3 0/0 6/85.7 7/100.0 5/71.4 6/85.7

63 1 45/14.3 47/14.9 35/11.1 25/10.0 84/26.7

2 8/80.0 8/80.0 8/80.0 8/80.0 5/50.0

3 6/58.7 7/100.0 5/71.4 6/85.7

64 1 49/15.6 41/13.0 21/ 8.4 82/26.0

2 9/90.0 7/70.0 5/50.0 8/80.0

3 5/71.4 6/85.7 6/85.7

168 1 40/12.7 29/11.6 87/27.6
2 4/40.0 9/90.0 9/90.0

3 4/57.1 4/57.1

HCJ4 1 23/ 9.2 79/25.1
2 6/60.0 7/70.0

3 6/58.7

YEK 1 62/24.8
2 9/90.0

a. Based on the aligned amino acid sequences shown in Fig.l.
b. 1. Entire sequence (315 amino acids, amino acid positions from 192 to

506). 2. Hypervariable region 1 (10 amino acids, amino acid positions from
391 to 400). 3. Hypervariable region 2 (7 amino acids, amino acid positions
474 to 480).

c. Reported amino acid sequences of YEK covers 250 amino acids in the
region 1 (amino acid positions from 192 to 471) and does not contain the
hypervariable region 2, as shown in Fig. 1.

d. Number of amino acid differences/% diversity of amino acid sequence.

However, despite the overall extensive sequence variation,
distribution in the variation is not uniform throughout this
region which is clustered and interspersed with highly conserved
amino acid sequences as seen in the envelope genes of HIV (13,
14) (Fig. 2). In particular, regions from amino acid positions
391 to 400 (hypervariable region 1) and from amino acid positions
474 to 480 (hypervariable region 2) showed a 40.0 to 90.0% and
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57.1 to 100.0% diversity, respectively, between 7 HCV clones,
except between clone 3 and 63 (Table 1). Even here, a 35.3%
difference in amino acids was observed in the hypervariable region
1, although amino acid sequences in hypervariable region 2 of each
clone were identical (Table 1). However, a large part of the
other region of the envelope glycoprotein was highly conserved,
and 14 invariant cysteine residues and most of the potential N-
glycosylation sites were located in these conserved regions (Fig.
2) . These features may facilitate conservation of a higher-order
structure of envelope glycoproteins among the HCV isolates.

The polymorphic nature of viral sequences probably arises as
a result of replication errors and is followed by a selection of
the mutated population. This raises the possibility that the
fidelity of the RNA-dependent RNA polymerase of HCV, possibly
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Fig, 2, Schematic diagram of relative variation, or divergence

in the putative envelope region of 7 HCV-J clones. Relative
degrees of variation were calculated and plotted on the ordinate
from 0 (minimum divergence) to 10 (maximum divergence) (13).
Single letters indicate the conserved amino acids, defined by
identity in seven out of seven or six out of seven of the
sequences shown beneath the abscissa. The amino acid position
number is indicated in accordance with the entire sequence of
HCV-J genome (2). Invaried potential N-glycosylation sites and
14 cysteine residues are underlined and double-underlined,
respectively. Hypervariable regions 1 and 2 are boxed.
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encoded in the NS5 region (2), is quite low, as is the case with
the reverse transcriptase of HIV (15, 16). It seems highly
probable that the heterogeneity of putative envelope glycoprotein
serves as the antigenic variation of HCV, as indicated for the
visna virus (17, 18), equine infectious anemia virus (19), and HIV
(20, 21), and/or may cause changes in the viral tropism, as in the
case of HIV (22), both of which make way for the persistent
infection of HCV. The possibility that these highly wvariable
residues bear no functional importance cannot be excluded. The
region surrounding the hypervariable region 2 of all HCV clones
was extensively hydrophilic and had a predicted P turn structure,
as noted in a hydrophilicity analysis (9) and protein secondary
structure analysis (10), respectively (Fig. 3). These
characteristics meet criteria for probable antigenic epitopes (23,
24, 25).

As there 1s sequence variability in the putative envelope
region, the possibility of a large pool of antigenic variants of
HCV in Japan and elsewhere would need to be considered. When
developing effective therapeutic strategies for HCV infection,
account must be taken of this and related factors.
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Fig. 3. Structural features of the putative envelope proteins

of six HCV clones. Hydrophilicity profile of the protein of clone
63 is shown. Results of the region from residues 192 to 510 of
clone 63 and regions surrounding HVR2 (residues 460 to 490) of
clone 3, 64, 168, HCJ4, and HCJl are also shown. Hydrophilicity
profiles of each clone showed a similar pattern. Locations of
predicted P turn structures are indicated by asterisks. Potential
N-glycosylation sites are indicated by arrowheads. Hypervariable
region 1 (HVR1l) and 2 (HVR2) are indicated by thick bars.
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