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A Structural Protein Encoded by the 5° Region of the Hepatitis C Virus Genome

Efficiently Detects Viral Infection
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A structural region of the hepatitis C virus genome was molecularly cloned. A protein expressed in
vitro by transcription followed by translation was precipitated immunologically by sera from patients
with chronic hepatitis or hepatocellular carcinoma that were positive for antibody against the
non-structural protein, C100, of hepatitis C virus, but not by sera from healthy persons. Thus, this
structural protein should be useful for detection of infection with this virus,
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Since the development of a kit for diagnosis of hepa-
titis C virus (HCV) infection by Chiron Corporation,” a
major cause of post-transfusion-associated hepatitis has
been shown to be HCV infection. In fact more than 60%
of patients with chronic hepatitis give a positive reaction

for the antibody against a protein, C100, encoded by a
non-structural region (NS3 to NS4 region) of the HCV
genome." ? This antibody has also been found in the sera
of patients with other hepatic diseases, suggesting the
significance of this virus in not only chronic hepatitis but
also liver cirrhosis and hepatocellular carcinoma.'*™
The high incidence (86%) of the antibody in patients
with hepatocellular carcinoma that is not associated with
hepatitis B virus (HBV) suggests a close association of
infection with this virus and hepatic cancer. This possibil-
ity is supported by the frequent detection of HCV RNA
in patients with hepatic cancer.®”

Using two techniques, detection of antibody against
HCV and detection of HCV RNA we found a good
correlation between the presence of the antibody and
HCV RNA in patients with chronic hepatitis, although
we obtained inconsistent results in some cases.” The
inconsistencies could be explained by failure to detect
anti-C100 because of a low immune response, a different
amino acid sequence in the epitope of the C100 antigen in
some Japanese isolates of HCV (HCV-J), failure to
amplify the HCV gene by the polymerase chain reaction
(PCR) due to a sequence mismatch between primer and
viral template because of variation of the HCV sequence
or the presence of too little viral RNA in the specimens
for its detection by the PCR.

For examination of these possibilities, a more sensitive
system is required for detecting viral antibodies than the
conventional anti-C100 assay system. For this purpose,
we molecularly cloned a gene that is supposed to encode
the structural protein of HCV and demonstrated expres-
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sion of the gene product in vitro. We found that antibody
against this protein could be detected in many sera that
were positive for antibody against C100, but not in sera
from healthy persons.

A cDNA library from the sera of patients with chronic
hepatitis was constructed using as a primer a nucleo-
tide sequence that coded for a non-structural region of
HCV-]. The library was screened for the virus sequence
that contained a structural region (Kato er qf, manu-
script in preparation). One of the resultant clones,
pPS483, in which an insert of 564 nucleotides (nt) of the
virus sequence was subcloned into the EeoRI site of
the original vector, pTZ19R, was used in this study. The
nucleotide sequence of the insert was determined by
the dideoxy chain termination method and the results,
together with the deduced amino acid sequence of the
longest open reading frame, are shown in Fig. 1. An open
reading frame starting from position —42 continues
through the end of this insert. A possible initiator
methionine is present at position 1. The hydropathicity
profile of this region matches that of the core protein of
other flaviviruses.” Therefore, we conclude that the insert
of pPS483 encodes the core protein of HCV. It is note-
worthy that the first 120 amino acids encoded by this open
reading frame are rich in basic amino acids (arginine and
lysine, 23%) and proline (139%), like those in the core
proteins of other flaviviruses.” The sequence of the 5
terminus of HCV has been reported by another group.”
We carried out an in vitro transcription and translation
experiment to determine whether this open reading frame
expresses the virus protein. Since the longest open read-
ing frame in the insert continues through the flanking
sequence into the vector and therefore, consists of 214
amino acid residues, a protein of about 23 kd was ex-
pected to be expressed. RNA was synthesized in vitro by
T7 RNA polymerase in the presence of components of
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(GAATTCC) GTGTTGGGTCGCGARAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCG

1 Met Ser Thr Asn Pro Lys Pro Gln Arg Lys
-23 GGAGGTCTCGTAGACCGTGCATC ATG AGC ACA AAT CCT AAA CCT CRA AGA ARA
11 Thr Lys Arg Asn Thr Asn Arg Arg Pro Gln Asp Val Lys Phe Pro Gly
31 ACC AAA CGT AAC ACC AAC CGC CGC CCA CAG GAC GIT AAG TTC CCG GGC
27 Gly Gly Gln Ile Val Gly Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro
79 GGT GGT CAG ATC GTT GGT GGA GTT TAC CTG TTG CCG CGC AGG GGC CCC
43 Arg Leu Gly Val Arg Ala Thr Arg Lys Thr Ser Glu Arg Ser Gln Pro
127 AGG TTG GGT GTG CGC GCG ACT AGG AAG ACT TCC GAG CGG TCG CAA CCT
59 Arg Gly Arg Arg Gln Pro Ile Pro Lys Ala Arg Arg Pro Glu Gly Arg
175 CGT GGA AGG CGA CAA CCT ATC CCC AAG GCT CGC CGG CCC GAG GGT AGG
75 Thr Trp Ala Gin Pro Gly Tyr Pro Trp Pro Leu Tyr Gly aAsn Glu Gly
223 ACC TGG GCT CAG CCC GGG TAC CCT TGG CCC CTC TAT GGC AAC GAG GGT
81 Met Gly Trp Ala Gly Trp Leu Leu Ser Pro Arg Gly Ser Arg Pro Serxr
271 ATG GGG TGG GCA GGA TGG CTC CTG TCA CCC CGT GGC TCT CGG CCT AGT
107 Trp Gly Pro Thr Asp Pro Arg Arg Arg Ser Arg Asn Leu Gly Lys Val
319 TGG GGC CCC ACA GAC CCC CGG CGT AGG TCG CGT AAT TTG GGT AAG GTC
123 Ile Asp Thxr Leu Thr Cys Gly Phe Ala Asp Leu Met Gly Tyr Ile Pro
367 ATC GAT ACC CTT ACA TGC GGC TTC GCC GAC CTC ATG GGG TAC ATT CCG
139 Leu Val Gly Ala Pro Leu Gly Gly Ala Ala Arg Ala Leu Ala His Gly
415 CTT GTC GGC GCC CCC CTA GGG GGC GCT GCC AGG GCC CTG GCA CAT GGT
155 Val Arg Val Leu Glu Asp Gly Val Asn
463 GTC CGG GTT CTG GAG GAC GGC GIG RAC T (GGAATTC)

Fig. 1.

Nucleotide sequence of the 5'region of the HCV-J genome. The sequence of the insert of pPS483

is shown. The putative amino acid sequence from the longest open reading frame is also shown.

RNA and magnesium salt. The reaction mixture, con-
taining 40 mM Tris (pH 8.0), 15 mM MgCl,, 5 mM
dithicthreitol, 0.1 mM GTP, 0.5 mM each of ATP, CTP
and UTP, 2 mM m’GpppG, 0.5 mM bovine serum albu-
min, 1 ug of plasmid and 10 units of T7 RNA polymerase
in a volume of 50 yl, was incubated at 37°C for one hour.
The RNA was separated by phenol-chloroform extrac-
tion followed by ethanol precipitation. Then it was
translated with a rabbit reticulocyte lysate in the presence
of ¥*S-methionine. The reaction mixture, containing 40 xl
of rabbit reticulocyte lysate, 3 2l of RNA (1.5 ug/ul)
and 7 p1 of ¥S-methionine (10 zCi/x1, 37 TBg/mmol),
was incubated for one hour at 30°C, then incubated with
5 ul samples of sera from patients with post-transfusion
non-A, non-B chronic hepatitis, hepatocellular carci-
noma or healthy individuals for 12 h, and further in-

cubated with protein A Sepharose for 5 h. The immuno-
complex bound to protein A Sepharose was extracted
with 2% sodium dodecyl sulfate (SDS) and 0.1 M beta-
mercaptoethanol, and was analyzed by SDS-15% poly-
acrylamide gel electrophoresis.”® The gel was dried and
autoradiographed. As expected from the molecular
weight of the putative amino acid sequence, a band of
about 23 kd was detected when the product was im-
munoprecipitated with sera from patients with chronic
hepatitis, but was not detected after immunoprecipitation
with sera from healthy individuals (Fig. 2). Many sera
from patients with chronic hepatitis used in this experi-
ment gave a positive reaction for antibody against C100
by the enzyme-linked immunosorbent assay (ELISA)
established by Ortho Diagnostic Systems. These results
indicate that the protein expressed in vitro was related to

1093



Jpn. J. Cancer Res. 81, November 1990

12345678910

e

€100

Fig. 2. Detection of antibody against the core protein syn-
thesized in the in vitro transcription-translation system. Lane
W, whole reaction mixture; lanes 1 and 2, immunoprecipitation
with sera from patients with hepatocellular carcinoma; lanes 3
to 6, immunoprecipitation with sera from patients with chronic
hepatitis; lanes 7 to 9, immunoprecipitation with sera from
healthy persons; lane 10, immunoprecipitation of reaction mix-
ture, carried out without the viral RNA, with serum from a
patient with chronic hepatitis. M, size markers ( x 1000). The
results of the ELISA of C100 are shown at the bottom of this
figure.
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HCYV infection and probably reflected the expression of
at least part of a structural viral protein.

Other methods to detect HCV infection include the
ELISA system from Ortho Diagnostic Systems and am-
plification of part of the HCV genome by reverse tran-
scription followed by PCR. Both of these methods detect
viral infection, but they are not effective in some cases.”
Positive sera found by the method described in this paper
were also positive for HCV RNA by RT-PCR (unpub-
lished result). Therefore, detection of antibody against
HCYV using structural protein should be useful for the
diagnosis of viral infection. Recently, we succeeded in
expressing this virus protein efficiently in bacteria and
have shown that it efficiently detects the antibody against
HCYV, indicating its value for diagnosis of HCV infection.
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