Proc. Natl. Acad. Sci. USA
Vol. 94, pp. 3206-3210, April 1997
Medical Sciences

Cloning and characterization of the extreme 5'-terminal
sequences of the RNA genomes of GB virus C/hepatitis G virus

SEN-YUNG HSIEH*, PEI-YING YANG, HS1AO-CHIN CHEN, AND YUN-FAN Liaw

Liver Research Unit, Chang Gung Memorial Hospital and Department of Microbiology and Immunology, Chang Gung College of Medicine and Technology,

Taipei, Taiwan

Communicated by Baruch S. Blumberg, Fox Chase Cancer Center, Philadelphia, PA, January 10, 1997 (received for review October 25, 1996)

ABSTRACT The extreme 5’-terminal sequences of the GB
virus C/hepatitis G virus (GBV-C/HGYV), containing elements
essential for regulation of viral gene expression and replica-
tion, have not been determined. By using a RNA-ligase-
mediated RACE (rapid amplification of the cDNA ends)
procedure, we have cloned the extreme 5’-terminal sequences
of the viral genome from the serum of three Taiwanese
patients. Sequence analysis of the 5’ noncoding region in
alignment with one West African and two American isolates
showed that (i) a consensus 5'-end sequence was cloned; (i)
about 97% of sequences were homologous among the three
Taiwan isolates and also between the two American isolates,
whereas about 90% of sequences were homologous among the
isolates from the three different geographic areas; (iii) the
sequence heterogeneity related to geographic separation is
confined mainly to three domains; and (iv) a potential hairpin
structure, resembling the hairpin structure found in the 5’ end
of hepatitis C virus genome, was detected in the 5’ end of the
noncoding region. Our data support the hypotheses that (i)
the extreme 5’ end of the hepatitis GBV-C/HGY viral genome
has been cloned, (ii) there are different genotypes correlated
with geographic separation, and (iii) the viral translation and
replication mechanisms may be similar to that of hepatitis C
virus and pestiviruses. Our data have not only shed light on
the viral replication mechanism but also offer information for
selection of optimal primer sequences for the detection and
genotyping of the hepatitis GBV-C/HGYV virus by PCR assays.

Recently, two flavivirus-like genomes, namely GB virus C
(GBV-C) and hepatitis G virus (HGV), were isolated from the
serum of several patients with cryptogenic hepatitis by Simons
et al. (1) and by Linnen et al. (2), respectively. Both are
positive-stranded RNA viruses of about 9.5 kb (2, 3). Their
genetic organization resembles that of the flaviviruses, with
structural proteins located in the N-terminal region and a
variety of nonstructural proteins in the C-terminal region of
the viral polyprotein (2, 3). The amino acid identity of the
complete viral polyprotein is about 90% between GBV-C and
HGYV (2), whereas it is only about 30% between GBV-C and
hepatitis C virus (HCV) (3). Phylogenetic analysis further
showed that GBV-C and HGV did not belong to the HCV
group (1-3). GBV-C and HGV should be regarded as mem-
bers of a separate hepatitis virus group (provisionally, hepatitis
GBV-C/G virus or GBV-C/HGV) in view of their 80%
nucleotide and about 90% amino acid similarity (2, 3). GBV-
C/HGYV infection has been found to be worldwide and to
contribute to some posttransfusion hepatitis, community ac-
quired non-A-E acute hepatitis, cryptogenic chronic hepatitis
(2), and fulminant hepatitis (4).
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Theoretically, the 5’ noncoding region, as well as the 3’
noncoding region, of a viral genome contains elements crucial
for regulation of viral gene expression, genome encapsidation,
and replication. However, previous studies showed discrepant
results in the 5'-terminal sequences and the initiation codon
for the viral polyprotein (2, 3). To determine the extreme
5’-terminal sequences, we applied a PCR procedure modified
from the 5’ rapid amplification of the cDNA ends (RACE) (5,
6) to cloning from the serum of three Taiwanese patients with
chronic infection of GBV-C/HGV, coinfection of GBV-C/
HGYV and hepatitis B virus, and coinfection of GBV-C/HGV
and HCV, respectively. We analyzed the sequence homology
with one West African (3) and two American isolates (2) and
further characterized the potential secondary structure in the
5" noncoding region. Our data provide insights into the
geographic heterogeneity and the structural conservation in
the 5’ noncoding region of the GBV-C/HGYV genome, which
may have important ramifications regarding the replication
strategy and evolution of the virus.

MATERIALS AND METHODS

Isolation of the Hepatitis GBV-C/HGV Viral RNA. The
hepatitis GBV-C/HGV viral RNA was isolated from the
serum of three Taiwanese patients with chronic infection of
GBV-C/HGYV alone (T-138), of hepatitis B virus and GBV-
C/HGV (T-338), and of HCV and GBV-C/HGV (T-094),
respectively (S.-Y.H., P.-Y.Y. and Y.-F.L., unpublished re-
sults). The RNA was extracted with the single-step acid/
phenol method (7).

Cloning of the 5'-Terminal Sequences of the Hepatitis
GBV-C/HGV Viral Genome. To avoid cross-contamination
during manipulation, molecular cloning of the extreme 5’
noncoding region from the serum samples of three patients
was done separately. We utilized a modified 5'-RACE proce-
dure (5, 6). In brief, the RNA was converted to single-stranded
cDNA with random primers by reverse transcription. A 5'-
phosphorylated synthetic oligonucleotide, which was used as
an adapter, was ligated to the 3’ end of the single-stranded
cDNA with T4 RNA ligase by incubating overnight at room
temperature. The ligation solution contained 5 pg of the
synthetic oligonucleotide adapter, 50 mM Tris-HCI (pH 7.8),
10 mM MgCl,, 1 mM 2-mercaptoethanol, 1 mM ATP, 20 units
of human placenta ribonuclease inhibitor (RNasin, Promega),
and 20 units of T4 RNA ligase (New England BioLabs). After
phenol/chloroform extraction, the adapter-ligated cDNA was
extracted twice by using a Centricon 50 (Amicon). One
microliter of the cDNA was then subjected to a first-round of
PCR with an adapter primer (AP-1) complementary to the 3’
region of the adapter and an outer viral-specific primer (VS-1).

Abbreviations: HCV, hepatitis C virus; GBV-C, GB virus C; HGV,
hepatitis G virus; RACE, rapid amplification of the cDNA ends.
Data deposition: The sequences reported in this paper have been
deposited in the GenBank database (accession nos. U76892 for T-094,
U76893 for T-138, and U76894 for T-338).
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A second-round nested PCR was done with another adapter
primer (AP-2) complementary to the 5’ region of the adapter
and the inner viral specific primer (VS-2). The final PCR
product was examined by gel electrophoresis, cloned into
pGEM-T vector (Promega), and finally subjected to sequenc-
ing analysis (Sequenase Version 2.0 sequencing kit, United
States Biochemical). To further confirm the sequencing re-
sults, at least three clones were sequenced bidirectionally for
each isolate. The nucleotide sequences of the adapter and the
primers were as follows: adapter, 5'-GTAGGAATTCGGGT-
TGTAGGGAGAGGTCGACATTGCC-3'; AP-1, 5'-GGGA-
ATGTCGACCTCCCTACA-3'; AP-2, 5'-ACCTCCCTACA-
ACCCGAATTCCT-3’; VS-1, 5'-ATATTGCCCATTCGCT-
CGACA-3"; VS-2,5'-CGCGGAGCTGGGTGGCCCGAT-3'.
This RNA-ligase-mediated 5'-R ACE protocol is schematically
summarized in Fig. 1.

Computer Analysis. Sequence alignment was undertaken by
using the Jotun Hein method, MEGALIGN, DNASTAR (Macin-
tosh). The potential RNA secondary structure of 5 noncoding
region was analyzed based upon the sequence conservation by
using the MACDNASIS program (Hitachi Software Engineering
America).

RESULTS

Cloning of the 5’-Terminal Sequences of the GBV-C/HGV
Genome. We employed the method combining the modified
5'-RACE procedure and the nested PCR to increase the
sensitivity and specificity for the cloning of the 5'-terminal
sequences of the GBV-C/HGV genome, as described above
(Fig. 1). The nested PCR products were cloned and sequenced.
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Fi16. 1. The RNA-ligase-mediated 5'-RACE procedure to clone
the 5’ terminus of a viral RNA genome. Viral RNA is converted to
cDNA with random primers by reverse transcription. A phosphory-
lated synthetic oligodeoxynucleotide adapter is ligated to the 3’ end of
cDNA by using T4 RNA ligase, and then two rounds of PCR
amplification are performed. The first-round PCR is done with the
adapter primer (AP-1), complementary to the 3’ end of the adapter,
and the viral-specific primer 1 (VS-1). The second-round nested PCR
is done with the other adapter primer (AP-2), complementary to the
5’ portion of the adapter, and the viral-specific primer 2 (VS-2). The
PCR products are subjected to cloning and then sequencing. The RNA
molecule is represented as a wavy line, cDNA molecules are straight
lines, adapters are thick lines, and primers are short arrows.
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Fig. 2 demonstrates the extreme 5’ sequences adjacent to the
adapter sequences of two of the three isolates. As shown in Fig.
3, in alignment with the three isolates reported by Linnen et al.
(ref. 2; American isolates PNF2161 and R10291, designated
HGV-1 and HGV-2, respectively) and by Leary et al. (ref. 3;
West African isolate designated GBV-C), all three of our
isolates, T-138, T-338, and T-094, have compatible extreme 5’
sequences that have four more bases in the extreme 5’ ends
than the sequence of HGV-1. Paradoxically, HGV-2 and
GBV-C have much shorter and discrepant extreme 5’ ends
(Fig. 3).

Comparison of Sequence Homology and Divergence of the
5’ Noncoding Region. A comparison of the sequence homol-
ogy of the 5’ noncoding region among the three Taiwan
isolates, the two American isolates (2), and the West African
isolate (3) is shown in Fig. 3 and summarized in Table 1.
Sequence homology among the three Taiwan isolates and
between the two American isolates is 97% and 96%, respec-
tively. However, the sequence homology among the isolates
from different areas is relatively low. It is only about 90%
between the Taiwan isolates and either the American isolates
or the West African isolate. Similarly, it is only about 88%
between the American isolates and the West African isolate.
On the other hand, there is no significant sequence homology
between any of the GBV-C/HGYV isolates and the HCV.

In addition, 70-75% of the nucleotide heterogeneity among
the GBV-C/HGYV isolates from the different geographic areas
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FiG6.2. Sequencing analysis of the extreme 5’ terminus of hepatitis
GBV-C/HGYV virus. RNA was extracted from 100 ul of serum from
patients with chronic infection of hepatitis GBV-C/HGV virus (T-
138) (Left) or chronic coinfection of hepatitis GBV-C/HGV virus and
HCV (T-094) (Right). Cloning of the 5 terminus of the viral RNA
genome was done as described in Fig. 1. The adapter sequences are
indicated on the left and the 5" terminus sequences of the viral RNA
are labeled on the right.
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F1G.3. Alignment of nucleotide sequences of the 5’ noncoding region of six hepatitis GBV-C/HGYV virus isolates. The sequences are compared
with the American isolate PNF2161 (HGV-1, ref. 2) shown in the top line. Nucleotide substitutions are in uppercase type, identical nucleotides
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Table 1. Primary sequence identity (%) of the 5’
noncoding region

T-138  T-338 T-094 HGV-1 HGV-2 GBV-C
T-338 97
T-094 97 97
HGV-1 90 90 90
HGV-2 90 90 90 96
GBV-C 90 90 90 88 88
HCV <30 <30 <30 <30 <30 <30

Nucleotide identities were determined by comparison of the nucle-
otides —1 to —400. T-138, T-338, and T-094 are the three isolates from
Taiwan (this report). HGV-1 and HGV-2 are the American isolates
PNF2161 and R10291, respectively (2). GBV-C is the West African
isolate (3).

is constrained to three regions: variable region 1 (V-1) from
nucleotides —399 to —369, variable region 2 (V-2) from
nucleotides —274 to —238, and variable region 3 (V-3) from
nucleotides —53 to —27. However, isolates from the same
geographic area have high sequence homology even in the
variable region (Fig. 3). Otherwise, most of the 5’ noncoding
region shows high sequence consensus among all the isolates.

Conservation of the 5’ Hairpin Structure. The most striking
sequence consensus is the polypurine and polypyrimidine
tracts in the 5’-terminal region (Fig. 3). A hairpin structure can
be formed by base pairing of these two tracts (Fig. 4). Such a
hairpin structure near the 5’ end of viral genome is reminiscent
of that of the HCV and pestiviruses (8). It is worthy to note that
both the 5’ hairpin structures of GBV-C/HGV and of HCV
have very similar loop sequences (UUGAU vs. UGAU) and
stem structures (seven G-C pairs vs. six G-C pairs).

DISCUSSION

We have cloned the extreme 5’ noncoding region of the
hepatitis GBV-C/HGYV viral RNA genome by using an RNA-
ligase-mediated reverse transcription-coupled PCR proce-
dure, which was modified from the 5’ RACE (6, 7). Two lines
of evidence support the hypothesis that the sequences reported
herein were the authentic or near authentic 5’ end of the viral
genome. (i) Consistent 5'-end sequences were cloned from all
the three Taiwanese patients, and these sequences were similar
to that of the American isolate PNF2161 (HGV-1). (ii) A
hairpin structure was predicted near the extreme 5’ end that
resembles the structure found in the 5’ end of HCV genome.

Paradoxically, the American isolate R10291 (HGV-2) and
the West African isolate of GBV-C have much shorter 5’
noncoding region sequences (Fig. 3; refs. 2 and 3). We favor
the interpretation that it is due to incompleteness in their 5’
ends rather than due to any major heterogeneity of the
5'-terminal sequences of the viral genome. All three Taiwan
isolates have the same 5’ end, which have four more bases in
the 5’ end than one of the American isolate (HGV-1). It is
probable that four bases have been missed during the cloning
procedure. Alternatively, there is a real four-base heteroge-
neity in the 5’ end of GBV-C/HGV.

Our data also reveal that the 5’ noncoding region of the
hepatitis GBV-C/HGYV virus is highly conserved among the
isolates from the same geographic area, while it is relatively
less well conserved among the isolates from different areas of
the world (Table 1). Obviously, there are different genotypes
that are related to geographic separation. Based upon the 5’
noncoding region sequences, there are at least three genotypes

are shown as dots, and deleted or missed nucleotides are shown as a
blank. The potential initiation codon for the viral polyprotein is
indicated by an arrowhead. The three variable regions are indicated as
V-1 (nucleotides —399 to —369), V-2 (nucleotides —274 to —238), and
V-3 (nucleotides —53 to —27).
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among these six hepatitis GBV-C/HGYV virus isolates—i.e., the
Taiwan, the American, and the West African genotypes.
Geographic genome variation is also observed in the HCV
groups (9, 10). Interestingly, sequence heterogeneity by geo-
graphic separation are confined mainly to the three variable
domains (Fig. 3). They should be the ideal sequences for
genotyping of GBV-C/HGYV. In contrast, the sequence ho-
mology between the hepatitis GBV-C/HGV and the HCV is
less than 30%, indicating that the hepatitis GBV-C/HGYV virus
does not belong to the HCV group, as suggested by others
(1-3).

A potential specific hairpin structure is detected near the
extreme 5’ end. The 32 residues of the 5’ termini, containing
a polypurine tract and a polypyrimidine tract, can form a
hairpin structure (Fig. 4). Such a characteristic hairpin struc-
ture is also found at the 5’ termini of HCV (6, 11), alphaviruses
(12), enteroviruses, rhinoviruses, and picornaviruses. This
structure has been postulated to be a recognition signal for
replicase or capsid protein in alphaviruses (12). It has also been
demonstrated that the 5'-proximal RNA hairpin may play a
major role in the life cycle of poliovirus, since infectious cDNA
clones mutated in that region were replication-deficient (13).
It has also been shown that the 5’ hairpin structure is a
regulator of viral gene expression in both HCV (14, 15) and
pestiviruses (16). Most strikingly, as shown in Fig. 4, the 5’
hairpin structures of GBV-C/HGV and HCV have very similar
stem structures (seven G-C pairs vs. six G-C pairs) and loop
sequences (UUGAU vs. UGAU). It is probable that HCV and
GBV-C/HGYV have very similar protein-RNA interaction in
the regulation of viral gene expression, genome encapsidation,
or even genome replication. In natural human infection, about
one-forth of cases of chronic hepatitis C was found to be
concurrently infected with GBV-C/HGV, and vice versa
(S-Y.H., P.-Y.Y. and Y.-F.L., unpublished results). It is in-
triguing to speculate that viral interaction between HCV and
GBV-C/HGV in the same hepatocytes may occur. On the
other hand, conservation of the 5’-terminal hairpin structure
further substantiates our hypothesis that the 5'-terminal se-
quences reported herein represent the authentic or near
authentic 5’ end of the hepatitis GBV-C/HGYV viral genome.

The unusual long segment with structure conservation and
multiple small open reading frames of the 5’ noncoding regions
of HCV, pestiviruses, and polioviruses have been proven to be
related to a special translation mechanism in these viruses (10,
17). An internal ribosomal binding site directing the initiation
of viral translation has been found in the 5’ noncoding region
of these viruses (15, 18-21). Similar characteristics in the 5’
noncoding region of GBV-C/HGV suggest that GBV-C/HGV
also utilizes a compatible cap-independent internal initiation
mechanism for viral gene expression. Further studies to ex-
amine this hypothesis are currently in progress in our labora-
tory.

During preparation of this report, Simons et al. (22) dem-
onstrated circumstantial evidence for internal initiation of
translation of GBV-C/HGV. However, the translation effi-
ciency of the 5’ noncoding region of GBV-C/HGV within a
bicistronic context was only 2-5% of that of the HCV 5’
noncoding region in rabbit reticulocyte lysates in vitro. Though
several possibilities have been proposed, two questions re-
mained unsolved in their report. (i) The initiation codon of the
viral polyprotein they mapped was 96 nucleotides or 32 amino
acid residues downstream of the initiation codon reported
herein and would thus eliminate the basic core protein,
required for the assembly of the viral core particle, in the N
terminus of the viral polyprotein. As mentioned above, in the
cases of concurrent infection with HCV, HCV might provide
the core protein for GBV-C/HGV packaging, probably, via
interaction with the above mentioned consensus 5’ hairpin
structure. In spite of that, the low translation efficiency and
lack of core protein were inconsistent with the observation that
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FIG. 4. Proposed 5’ hairpin structures of the HCV and the hepatitis GBV-C/HGYV virus. The 5’ hairpin structure of the HCV is in accordance
with Brown et al. (8) and Honda et al. (11). Modulation of the potential 5’ hairpin structure of the GBV-C/HGYV is based on computer analysis

(MACDNASIS) and sequence conservation.

serum concentration of GBV-C/HGYV is usually 100-fold
higher than that of HCV in natural infection (108 vs. 10° copies
per ml of serum; S.-Y.H., P.-Y.Y. and Y.-F.L., unpublished
data). (if) Sixty-three nucleotides in the extreme 5’ end were
missing in their clones. This missing region should contain
cis-acting elements, including the potential 5’ hairpin structure
reported herein, required for regulation of translation effi-
ciency and even the translation initiation site.

In conclusion, we have cloned the extreme 5'-terminal
sequences of the hepatitis GBV-C/HGYV viral genome. Se-
quence analysis of the 5’ noncoding region revealed that the
three Taiwan isolates belonged to a separate genotype, differ-
ent from the West African or the American type. The sequence
heterogeneity by geographic separation, confined mainly to
certain variable regions, is valuable for selection of optimal
primer sequences for the genotyping of the GBV-C/HGV by
reverse transcription-coupled PCR assays. The conserved 5’
hairpin structure that resembles that of HCV implies a trans-
lation mechanism analogous to that of HCV and, possibly, a
viral interaction with HCV in natural infection.
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