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Hepatitis G virus (HGV or GB-C virus) is a newly described virus that is closely related to hepatitis C virus
(HCV). Based on sequence analysis and by evaluation of translational initiation codon preferences utilized
during in vitro translation, HGV appears to have a truncated or absent core protein at the amino terminus of
the HGV polyprotein. Consequently, the biophysical properties of HGV may be very different from those of
HCYV. To characterize HGV particle types, we evaluated plasma from chronically infected individuals with and
without concomitant HCV infection by using sucrose gradient centrifugation, isopycnic banding in cesium
chloride, and saline density flotation centrifugation. Similar to HCV, HGV particles included an extremely-
low-density virion particle (1.07 to 1.09 g/ml) and a nucleocapsid of ~1.18 g/ml. One major difference between
the particle types was that HGV was consistently more stable in cesium chloride than HCV. Plasma samples
from chronically HGV-infected individuals and controls were assessed by a synthetic peptide-based immuno-
assay to determine if they contained HGV antibody specific for a conserved region in the coding region
upstream of the E1 protein. Chronically HGV-infected individuals contained antibody to the HGV core protein
peptide, whereas no binding to a hepatitis A virus peptide control was observed. Competitive inhibition of
binding to the HGV peptide confirmed the specificity of the assay. These data indicate that HGV has a

nucleocapsid and that at least part of the putative core region of HGV is expressed in vivo.

Hepatitis G virus (HGV [also called GB-C virus]) is a newly
described virus that has a genome organization similar to that
of hepatitis C virus (HCV) (14, 19, 27). Although it was initially
thought to be associated with acute, posttransfusion hepatitis
in humans and tamarins (14) and has been reported in some
individuals with fulminant non-A, non-B, non-C hepatitis (5, 9,
14, 35), subsequent clinical studies suggest that HGV does not
cause chronic liver disease in humans (1, 2, 6, 11-13, 16, 17, 21,
33). Nevertheless, chronic viremia occurs in some infected
individuals, and viral RNA has been detected in multiple
plasma samples obtained from infected people over a 16-year
period (16). Among highly transfused individuals who have
been exposed to HGV, approximately 20% are viremic. This
suggests that up to 80% of people with HGV infection are able
to clear their viremia (20).

Like HCV, HGV contains a positive-sense, single-stranded
RNA genome approximately 9.4 kb in length that encodes a
single, long open reading frame (ORF) (14, 19, 27). Based on
amino acid sequence homology between the two viruses, the
predicted HGV polyprotein contains two putative envelope
proteins (E1 and E2), an RNA helicase, a trypsin-like serine
protease, and an RNA-dependent RNA polymerase (14, 19).
One difference between HGV and HCV is the limited homol-
ogy within the amino terminus of the HGV polyprotein and the
HCV core protein. The putative HGV core protein appears
truncated or even absent in different isolates (14, 19, 26). Also,
there is a great deal of variability in the 5" nontranslated region
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of HGV compared with that of HCV. Comparison of five
different HGV isolates revealed that nucleotide substitutions
are nearly equally distributed among the first, second, and
third codon positions (19). This impartial distribution suggests
that this region is unlikely to contain a gene that encodes a core
protein. In addition, careful analysis of protein products trans-
lated in vitro indicated that translation was only initiated at the
AUG codon located immediately upstream of the signal se-
quence of the putative E1 glycoprotein (6, 26).

These data have led to speculations that the biophysical
structure of HGV may be very different from HCV or other
flaviviruses, perhaps producing particles without a nucleocap-
sid (26). However, there is no precedent for this among cur-
rently identified RNA viruses. Alternatively, HGV could uti-
lize a cellular protein or a protein encoded by another
coexisting virus such as HCV, instead of encoding its own
capsid protein. This would be analogous to delta hepatitis virus
using hepatitis B virus surface antigen for its capsid (reviewed
in references 6 and 31), but would be unique among flavi- and
pestiviruses. Taken together, these findings suggest that the
biophysical structure of HGV may be quite different from that
of HCV and may be unique among animal RNA viruses.

There are up to eight AUGs found upstream of the putative
E1 protein in different HGV isolates, with as many as four of
these in frame with the HGV polyprotein (1, 14, 19, 25, 36).
Therefore, translation could potentially initiate at several sites
upstream of the HGV El1 protein (Fig. 1). In this study, we
characterized the sedimentation profiles of HGV and com-
pared them with those of HCV. In addition, we evaluated
patients with chronic HGV infection to determine if their
serum contained antibody to a peptide representing a con-
served region of the HGV OREF, 29 amino acids upstream of
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AUG 1. 91 amino acids; 9.9 kD; pl 11.67
AUG 2. 68 amino acids; 7.3 kD; pl 11.49
AUG 3. 47 amino acids; 4.9 kD; pl 10.87
AUG 4. 31a.a;3.3kD; pl 11.53
B GenBank # Reference
AUG 1. MSLNRARYPPGQTTPTYGPRRPS D90800
SSLNRARNPPGQTTPTYGPRRPS U45966
SSLNRARNPPGQTTPTYGPRRPS U75356
AUG2.  MSLLTNRFI RRVGKDQWGPGA D9o0600
MSLLTNRLSRRVDKDQWGPGF U45966
MSLLTNRLSRRVDKDQWGPGF U75356
AUG3. MGKDPKPCPSRRAGKC DS0600
MGKDPKPCPSRRTGKC 145966
L GKDPKPCPSRRTGKC U75356
AUG 4. MGPPSSAAACSRGSPRILRVRAGGIEFFCTI D90600 (19)
MGPPSSAAACSRGSPRI LRVRAGGISLPYTI U45966 (14)
MGPPSSAAACSRGSPRILRVRAGGISFSI PI U75356 (36)
MGPPSSAAACSRGSPRI LRVRAGGISFFYTI D87255 (25)
MGPPSSAAACSRGSPRI LRVRAGGISFFYTI U44402 (14)

Synthetic Peptide Sequence

PPSSAAACSRGSPR

FIG. 1. (A) Schematic diagram of potential HGV core proteins. The boxes
represent the potential amino termini of the HGV polyprotein. All AUGs shown
are in frame with the putative E1 protein for one HGV isolate (GenBank
accession no. D90600) (19). The predicted number of amino acids, molecular
mass, and pl are noted for each protein. Predicted molecular mass and pI were
calculated by the Network Scientific Toolkit (DNA and Protein Analysis Toolkit,
provided by The Rockefeller University). (B) The translated amino acid se-
quence starting with each AUG until the next AUG for one HGV isolate is
shown on the top line (19). This sequence is compared with those of four
additional HGV isolates below. The GenBank accession number and reference
are shown in the right column. Nucleotide insertions created frameshifts for
isolates D87255 and U44402 between the third and fourth AUGs of D90600. If
these frameshifts did not occur, there would be greater than 90% amino acid
homology for the 91-amino-acid “core” protein. The synthetic peptide sequence
utilized in the immunoassay is shown at the bottom of the figure.

the putative E1 protein (Fig. 1B). These studies demonstrated
that HGV particles shared many similarities with HCV parti-
cles, suggesting that a nucleocapsid was present. In addition,
HGV-infected individuals produced antibodies that reacted
with a peptide representing the putative core region, indicating
that this protein is expressed in some humans with chronic
HGYV infection.

(This work was presented in part at the 91st Meeting of the
American Society of Microbiology, 6 May 1997, Miami Beach,
Fla.)

MATERIALS AND METHODS

Patients and specimens. Patients with known HCV infection and chronic liver
disease or chronic liver disease without HCV infection from the University of
Iowa Liver Clinic, the University of Iowa General Clinical Research Center, or
the California Pacific Medical Center were studied. All patients were evaluated
by HCV enzyme immunoassay (EIA) 2.0 antibody tests (Abbott Laboratories,
North Chicago, Ill.) and for HCV RNA by our laboratory method of reverse
transcription (RT)-PCR (22, 23). Plasma samples were prepared from anticoag-
ulated blood samples by centrifugation at 600 X g for 10 min and stored at —70°C
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prior to use. Additional specimens from HGV RNA-positive individuals, and
hypogammaglobulinemic and agammaglobulinemic patients with HCV viremia
were kindly provided by Harvey Alter (National Institutes of Health, Bethesda,
Md.) and Christopher Wilson and Hans D. Ochs (University of Washington,
Seattle), respectively. This study was approved by the Institutional Review
Board, and informed consent was obtained from all subjects.

RNA extraction and RT-PCR. The one-step guanidinium isothiocyanate RNA
extraction method of Chomczynski and Sacchi (4) was used to isolate HGV and
HCV RNAs from patient plasma (200 wl) and gradient fractions (100 pl) as
previously described (8, 22). Previously described oligonucleotide primers from
the HCV 5’ nontranslated region were used for HCV PCR (22, 24). Nested
RT-PCR was performed for HGV with the following primers from the 5’ non-
translated region (14): outer sense, AAGCCCCAGAAACCGACGCC; anti-
sense, TGAAGGGCGACGTGGACCGT,; and inner sense, CGGCCAAAAGG
TGGTGGATG; antisense, GTAACGGGCTCGGTTTAACG. RT was performed
at 41°C for 1 h, followed by 35 cycles of PCR. Two microliters of the first round
was amplified by nested PCR. DNA products (HCV, 250 bp; HGV, 220 bp) were
detected with ethidium bromide following electrophoresis on a 1.5% agarose gel.

Gradient centrifugation. Individual plasma samples from patients with HCV-
HGYV coinfection or with isolated HGV infection were fractionated by sucrose
density gradient centrifugation, isopycnic banding in cesium chloride (CsCl), and
differential flotation in saline. For sucrose gradient equilibrium centrifugation,
500-pl diluted samples were layered onto 10.5 ml of a 20 to 60% sucrose-
preformed gradient, and centrifugation was performed with a Beckman SW41
rotor at 156,000 X g for 16 h at 4°C. Fractions (750 wl each) were collected and
evaluated for HCV or HGV RNA (10). For isopycnic banding in cesium, 10 .l
of plasma was mixed with CsCl (final concentration, 1.35 g/ml) and centrifuged
in a Beckman SW41 rotor (200,000 X g, 72 h, 6°C), and 12 fractions were
collected (420 pl each) (28). Where noted, plasma samples were twice extracted
by equal volumes of chloroform prior to application to sucrose or CsCl gradients
(10, 29).

Saline differential density flotation was performed as described by Hijikata et
al. (10). Briefly, 300 pl of undiluted plasma was mixed with 8 ml of NaCl solution
(1.063 g/ml), and centrifugation was carried out in a Beckman SW41 rotor
(139,500 X g, 22 h, 14°C) as previously described (8, 10). The top 1 ml, middle
6 ml, and bottom 1 ml were collected for analysis. One hundred microliters from
each fraction was subsequently analyzed in sucrose or cesium chloride gradients
as described above.

Detection of anti-HGYV core peptide IgG. A synthetic peptide was synthesized
which represented a highly conserved 14-amino-acid region beginning 29 amino
acids upstream of the predicted start of the HGV El1 protein and in frame with
the HGV ORF (Macromolecular Synthesis Facility, Michigan State University,
East Lansing, Mich.). This peptide (PPSSAACSRGSPR) was selected on the
basis of its hydrophilicity and conservation among reported HGV isolates (14, 19,
25, 36). The location of this sequence is depicted in Fig. 1B. Following conju-
gation to bovine serum albumin (BSA), a range of concentrations of peptide
were applied to 96-well enzyme-linked immunosorbent assay (ELISA) microtiter
plates (Costar, Cambridge, Mass.) in 0.025 M carbonate buffer (pH 9.6) for 4 h
at 37°C (30). A peptide representing hepatitis A virus (HAV) VP3 (1C) protein
(also conjugated to BSA) was applied to separate wells to serve as the control
peptide (28). Following washing, HGV RNA-positive and HGV RNA-negative
patient sera (diluted 1:5 to 1:500 in phosphate-buffered saline) were applied to
the wells and the mixture was incubated overnight at 4°C. In addition, sera from
normal healthy HCV antibody-negative individuals without HCV or HGV RNA
detected in their plasma served as control sera. The wells were washed, and
alkaline phosphatase-conjugated goat anti-human immunoglobulin G (IgG)
(Sigma, St. Louis, Mo.) was added for 1 h at 37°C. The wells were washed again,
and substrate was added (1 mg of p-nitrophenyl phosphate per ml in diethanol-
amine buffer [Sigma Chemicals]). The reaction was stopped with 3.5 M HCl after
15 to 30 min, and the 4,5 was measured by an ELISA reader (model EL-309;
Microtek, Winooski, Vt.). Results were expressed as the S/N ratio (mean sample
absorbance minus the background absorbance [S] divided by the background
absorbance [N]). The background was determined by measuring the absorbance
in wells not coated with peptide to which each serum sample was added. To
further confirm the specificity of this peptide-based immunoassay, competition
with either the HGV peptide or the HAV peptide (both conjugated to BSA) was
evaluated. Briefly, wells were coated with the HGV-BSA conjugate (1 pg/well) as
described above. Serum samples were diluted in buffer containing 0.001, 0.01, or
0.1 pg of either the HAV peptide or the HGV peptide and subsequently were
applied to the HGV peptide-coated wells. Following overnight incubation, wells
were washed, and human IgG was detected as described above.

RESULTS

Although there has been a great deal of information pub-
lished regarding HGV genome sequence and organization (1,
14, 19), biophysical characterization of the particle types found
in the plasma of HGV-infected individuals has not been pre-
viously described. Because HGV infection frequently coexists
with HCV infection, direct comparison of the particle types of
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FIG. 2. Plasma from an HGV (A)- and HCV (B)-coinfected individual was
fractionated on a 20 to 60% (wt/wt) sucrose equilibrium gradient. The sucrose
density of each fraction is shown on top in grams per milliliter. RNA was
extracted from each fraction, and viral RNA was detected by RT-PCR. HGV-
specific products (250 bp) and HCV-specific products (220 bp) demonstrated
that both HGV and HCV consisted of two particle types, an extremely-low-
density peak (1.07 and 1.09 g/ml, respectively) and an intermediate-density peak.
Following two extractions of plasma with an equal volume of chloroform, a shift
to a higher density was demonstrated for both HGV and HCV.

these two agents was possible by evaluation of plasma obtained
from HCV-HGV-coinfected individuals. In addition, HGV
RNA-positive samples were evaluated from individuals with-
out HCV infection (both HCV RNA and antibody negative) to
ensure that the presence of HCV infection did not alter HGV
buoyant density. Three samples from patients with HGV in-
fection without HCV infection were analyzed by sucrose, CsCl,
and saline gradients, and five samples from HGV-HCV-coin-
fected patients were similarly analyzed. A total of 30 gradients
were evaluated. There were no differences between the HGV
buoyant densities detected in individuals with isolated HGV
infection and HGV-HCV coinfection (data not shown). To
allow direct comparison between HGV and HCV particles, all
of the data presented below represent HGV and HCV particle
types found in HGV-HCV coinfection.

Plasma from HCV-HGV-coinfected individuals was frac-
tionated by equilibrium centrifugation on sucrose gradients
(Fig. 2). RNA was extracted from each fraction, and HGV or
HCV RNA was detected by RT-PCR from the same gradient
fractions. Two HGV particle types were identified in this ex-
periment with densities of 1.07 and 1.17 g/ml (Fig. 2A). In
different experiments, the density of the low-density particles
ranged from 1.07 to 1.09 g/ml, and among samples tested, there
were always more HGV RNA-containing fractions in the more
rapidly sedimenting viral peak. Similarly, two HCV particle
types were found with buoyant densities of 1.09 and 1.17 to
1.21 g/ml (Fig. 2B). The interexperiment range of densities for
the low-density particles was 1.07 to 1.10 g/ml. The extremely-
low-density and intermediate-density particle types have pre-
viously been described for HCV (3, 18), although not for
HGYV. Previous studies have shown that the very-low-density
HCV particle is associated with infectivity (3, 10), and this
particle is thought to represent the complete virion. The more
dense species has been termed both a nucleocapsid (18, 32)
and a virus-immune complex (HCV-IgG) (10). The range of
particles seen in HCV has also been attributed to HCV binding
lipoproteins and Igs (34).

Chloroform (CHCl;) was previously shown to cause HCV
particles to shift to a higher buoyant density (10). Further-
more, CHCl; extraction abolished HCV infectivity (7), pre-
sumably by removing the HCV lipid envelope. Following
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TABLE 1. RNase sensitivity of HCV and HGV particles

Fraction characteristic”

Gradient Virus Chl(?TOform
treatment Light Intermediate Heavy
Sucrose HGV No R R NA
Yes NA NA S
HCV No R R NA
Yes NA NA S
Cesium chloride HGV No R R S

Yes NA NA S

HGV RNA? No NA NA

HCV No NA R NA
Yes NA NA S
HCV RNA? No NA NA S

“ R, RNase resistant; S, RNase sensitive; NA, not applicable (no viral peak
identified).
> HGV or HCV RNA applied to cesium gradient instead of plasma.

CHCI,; extraction, HGV RNA-containing fractions were de-
tected with buoyant densities of 1.22 to 1.24 g/ml, which pre-
sumably represented nucleocapsids (18, 32) or free RNA (Fig.
2A). Similarly, HCV particle detection shifted to 1.19 and 1.22
to 1.24 g/ml following CHCI; treatment, consistent with extrac-
tion of the virus envelope (Fig. 2B). Incubation of the fractions
with RNase (0.5 mg/ml for 1 h) prior to RNA extraction re-
vealed that only the RNA associated with the 1.22- to 1.24-g/ml
density fractions was RNase sensitive (Table 1). In addition to
shifting the buoyant density of HGV and HCV particles,
CHCI,; treatment reproducibly decreased the number of frac-
tions containing HCV RNA, perhaps by increasing the suscep-
tibility of these particles to RNase.

Plasma samples containing both HCV and HGV were also
analyzed by isopycnic banding in cesium chloride (CsCl). As
described above, HGV or HCV RNA was detected by RT-
PCR. Two peaks of HGV RNA were detected with buoyant
densities of 1.07 g/ml (fraction 1) and 1.12 to 1.16 g/ml (Fig.
3A). In different experiments, the range of these intermediate
particles was from 1.12 to 1.20 g/ml (data not shown). The
same fractions contained only a single HCV particle with a
buoyant density of 1.20 g/ml (Fig. 3B). Thus, it appeared that
HGYV virions were more stable in CsCl than HCV.

CHCI, treatment of plasma prior to CsCl centrifugation
resulted in a shift of both HGV and HCV particles to 1.32 to
1.34 g/ml (Fig. 3). To determine if this higher-density RNA was
associated with a nucleocapsid or represented free RNA,
GITC-extracted, phenol-chloroform-purified HCV RNA and
HGV RNA were individually mixed with CsCl and isopycni-
cally banded. Tubes were treated with RNasin, and care was
taken to avoid RNase. The density of HCV and HGV RNA
were identical to the RNA detected in chloroform-treated
plasma (1.34 g/ml [Fig. 3]), thus the combined effects of CHCl4
extraction and CsCl appeared to extract both envelopes and
nucleocapsids. RNA and the “heavy” particles were only found
in the bottom, or next to the bottom gradient fraction. Since
fractions were collected from the top of the gradient, it is likely
that there was some mixing of these two fractions, and the
density of the RNA was greater than that measured. As with
the sucrose gradient particles, only the RNA associated with
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FIG. 3. Distribution of HGV (A) and HCV (B) after isopycnic banding in
cesium chloride with and without chloroform extraction. To determine if the
higher-density peak detected following CHCI; extraction represented nucleocap-
sids or free RNA, plasma RNA was prepared and banded in parallel gradients.
The density is shown at the top in grams per milliliter.

the chloroform-extracted, high-density material was RNase
sensitive (Table 1).

Because CsCl is harsh and can disrupt the viral envelope,
HGYV and HCV were fractionated by saline flotation sedimen-
tation (1.063 g of NaCl/ml) as described by Hijikata et al. (8,
10). For HCV, the top 1 ml of the gradient was thought to
represent HCV virions (putative antibody-free virus), and this
fraction correlated with viral infectivity (10). The bottom 1 ml
was thought to represent HCV-IgG immune complexes (10)
because it was associated with lower infectivity, and HCV in
this fraction was immunoprecipitated with anti-human IgG,
IgA, and IgM (10). HGV RNA was detected in both the top
and bottom fractions (but not the middle) of the saline gradi-
ents (data not shown). To characterize these fractions further,
100-pl aliquots of the top and bottom of the saline gradients
were applied to 20 to 60% sucrose gradients, and their buoyant
densities were determined. HGV particles present in the top of
the saline gradients had a buoyant density of 1.07 g/ml (frac-
tion 1, Fig. 4A). No viral RNA was detected from the middle
of the saline gradient, and HGV RNA from the bottom frac-
tion was detected at a buoyant density of 1.16 g/ml. HCV RNA
was also detected in the top and bottom fractions of the saline
gradients, but not the middle fraction (data not shown). When
these fractions were applied to sucrose gradients, HCV RNA
was detected in fractions with densities of 1.07 and 1.09 to 1.11
g/ml (fractions 1 and 3 and 4, respectively, Fig. 4B). The HCV
particles in the bottom fraction of the saline gradient separated
at a variety of densities between 1.12 and 1.22 g/ml (Fig. 4B).

The top and bottom fractions produced by saline flotation
density gradient centrifugation were also evaluated by isopyc-
nic banding in CsCl. The top fraction of the saline gradients
contained HGV particles with a buoyant density of 1.07 g/ml in
CsCl (fraction 1, Fig. 5A), whereas the bottom of the saline
gradient had two particle types with buoyant densities of 1.12
and 1.24 g/ml, respectively (Fig. SA). HCV particles present in
the top buoyant densities of 1.12 and 1.24 g/ml, respectively
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FIG. 4. Plasma from an HGV (A)- and HCV (B)-coinfected individual was
fractionated by saline flotation density gradients as previously described (8, 10).
The top, middle, and bottom fractions were subsequently fractionated on 20 to
60% sucrose gradients. HGV separated into two distinct peaks (A), whereas
HCV demonstrated a mixture of particle types (B). The density is shown at the
top in grams per milliliter.

(Fig. 5A). HCV particles present in the top fraction of the
saline gradient had a buoyant density of 1.20 to 1.22 g/ml (Fig.
5B), and the bottom fraction contained HCV with a buoyant
density of 1.24 g/ml (Fig. 5B).

Because the intermediate particle type (1.18 g/ml) found in
HCV-infected patient plasma has been called both a nucleo-
capsid (18, 32) and an immune complex (10), we evaluated
plasma from four HCV-infected patients who have either com-
mon variable immunodeficiency or X-linked agammaglobu-
linemia. Figure 6 demonstrates the particle types present in
one of the agammaglobulinemic patients, who was represen-
tative of the four patients. Prior to Ig therapy, this patient

A

—

3 5 7 9 1
Fraction Number

-

FIG. 5. HGV (A) and HCV (B) particles present in the top and bottom
fractions of saline flotation density gradients were isopycnically banded in cesium
chloride. As in Fig. 3, HGV appeared more stable in cesium chloride than HCV.
The density is shown at the top in grams per milliliter.
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FIG. 6. Evaluation of HCV particles present in the plasma of an HCV-
infected agammaglobulinemia patient. Two distinct particle types (1.09 to 1.11
g/ml and 1.17 g/ml) were identified. The density is shown at the top in grams per
milliliter.

lacked IgG, IgM, and IgA antibodies. Because the patient
receives regular intravenous IgG therapy, the plasma sample
studied did have IgG detected (769 g/dl); however, no IgM or
IgA antibody was detected. It is noteworthy that since 1991,
intravenous IgG preparations are screened for HCV antibod-
ies, and thus this patient has not received anti-HCV antibody
(against antigens tested for by the commercial EIA 2.0 assay).
Consequently, this patient has no HCV-specific IgG or rheu-
matoid factor in his plasma and should be incapable of pro-
ducing HCV-IgG immune complexes. This plasma was frac-
tionated on a 20 to 60% sucrose gradient, and two particle
types were identified with buoyant densities of 1.09 to 1.11 g/ml
(fractions 5 and 6) and 1.17 g/ml (fraction 12) (Fig. 6).

Although the studies described above suggest that HGV
particles are very similar to HCV and that they have an ex-
tremely-low-density particle type which is quite different from
those of most other viruses, the studies do not indicate the
composition of the nucleocapsid. Although the putative HGV
core protein described by Linnen et al. is much smaller than
the HCV core protein, there are several similarities between
this HGV coding region and flavivirus core proteins (15). The
predicted protein is very basic (pI 11.67 [Fig. 1A]), and the
predicted hydrophobicity profile shares structural patterns
seen in several flaviviruses (15). To determine if the amino
acids located upstream of the envelope region in the HGV
OREF are expressed in vivo, plasma were evaluated for evi-
dence of antibody directed against a conserved peptide coding
region within the HGV ORF (Fig. 1B). This peptide (conju-
gated to BSA) was applied to wells of an ELISA plate as
described in Materials and Methods. An unrelated HAV pep-
tide conjugated to BSA served as the negative control (28).
Four HGV RNA-negative serum samples from healthy donors
with no history of blood transfusion or hepatitis (N-1 to N-4,
negative control plasma), and four plasma samples from HGV
RNA-positive patients with chronic liver disease (P-1 to P-4)
were evaluated. Testing a range of antigen concentrations as
the capture assay demonstrated that 1 wg per well was optimal
for coating wells, and this concentration was subsequently used
for both the HGV peptide and HAV peptide (data not shown).
Figure 7A demonstrates that the negative control sera did not
bind to the HGV peptide at a 1:100 dilution, whereas the HGV
RNA-positive sera did. Figure 7B demonstrates that all eight
serum samples failed to bind the HAV peptide at a 1:100
dilution. All four positive serum samples remained positive in
the HGV peptide immunoassay at the 1:500 dilution.

To confirm the specificity of this binding, sera were incu-
bated with three concentrations of the HGV or HAV peptide
prior to application to the peptide-coated well, and the immu-
noassay was performed. Concentration-dependent inhibition
of binding to the HGV peptide was demonstrated (Fig. 7C);
however, when the same concentrations of the HAV-BSA pep-
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FIG. 7. Plasma samples (1:100 dilution) from four individuals without liver
disease, who were negative for HGV RNA (N-1 to N-4), and four patients who
had HGV RNA in their plasma and chronic liver disease (but who were HCV
RNA and HCV antibody negative) were applied to wells of a 96-well ELISA
plate coated with 1 wg of an HGV peptide representing the putative core protein
(Fig. 1B) per well (A) or 1 pg of an HAV peptide (VP3 or 1C protein) per well
(B) (28). Results are expressed as S/N (absorbance of sample — background
absorbance [S]/background absorbance [N]). (C) Competitive inhibition of bind-
ing for three HGV RNA-positive samples (P-1, P-2, and P-3) and one negative
(N-1) sample is shown. As the concentration of competing peptide was increased
from 0 to 0.1 mg/ml, the S/N ratio decreased to background levels. The HAV 1C
peptide did not demonstrate any competition with these plasma samples (data
not shown).

tide conjugate were added to the sera, no changes in the S/N
ratio were seen (data not shown).

DISCUSSION

Our data are the first to demonstrate that HGV particles
separate similarly to HCV particles in both 20- to -60% sucrose
gradients and in saline flotation gradients, supporting the hy-
pothesis that HGV contains both a very-low-density virion and
a putative nucleocapsid. Although there were slight differences
in the HGV low-density particles compared with the HCV
particles (Fig. 2), both HGV and HCV have extremely-low-
buoyant densities relative to other enveloped flaviviruses (3,
10, 18). It was previously demonstrated that HCV infectivity in
chimpanzees correlated with the low-density fraction (3, 10)
and the top fraction of saline flotation gradients (10).

The differences between HGV and HCV observed in CsCl
gradients suggest that the very-light-density particles (putative
HGYV virion) and intermediate-density particles are relatively
more stable in CsCl than HCV (Fig. 3 and 5). The fact that the
buoyant densities of HGV particles did not change significantly
in CsCl (compared with the sucrose density equilibrium gradi-
ents), indicates that these particles exclude CsCl, whereas the
HCV particles did not. In addition, no light particle was ob-
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served for HCV, suggesting that the HCV envelope was not
stable in 1.35 g of CsCl per ml.

Our data provide new information regarding the intermedi-
ate-density HCV particles, which have been called both nu-
cleocapsids (18, 32) and immune complexes (10). The range of
particle densities seen in HCV has also been attributed to
HCV binding lipoproteins and Igs (34). CHCI; extraction
caused a shift in density for HCV as previously described (10),
and a similar shift was observed for HGV (Fig. 2 and 3).
However, when purified RNA was simultaneously run in par-
allel CsCl gradients, it was clear that the more dense particles
generated by CHCl; extraction had the same density as RNA.
Thus, both the virion and intermediate particles are sensitive
to CHCI; extraction. The resistance of these fractions to
RNase treatment further supports this thesis. In addition, frac-
tionation of HCV particles from patients with agammaglobu-
linemia clearly demonstrated the light- and intermediate-den-
sity particles (Fig. 6). Since there was no IgM detected (thus no
cryoglobulins or rheumatoid factor) and there was no detect-
able anti-HCV antibody in these samples, immune complexes
without nucleocapsids could not account for these intermedi-
ate-density particles. Nevertheless, the wide distribution of
particle densities of HCV in the sucrose gradients may indicate
that there is a combination of nucleocapsids, immune com-
plexes, viral lipoprotein, or viral aggregates (Fig. 2). Consistent
with this hypothesis, we were unable to resolve HCV found in
the bottom fraction of saline gradients into a single fraction,
although this was not the case for HGV (Fig. 4).

Takahashi et al. (32) demonstrated that the core protein,
located at the amino terminus of the HCV polyprotein, was
present in HCV nucleocapsids. These nucleocapsids migrated
with a buoyant density of 1.12 g/ml in potassium bromide
gradients (32). The origin of the protein for the HGV nucleo-
capsid remains unknown. The potential core protein coding
regions at the amino terminus of the HGV polyprotein are
much smaller than those of HCV, with the largest possible
HGV core protein coding region (in frame with the polypro-
tein) having a predicted molecular mass of 9.9 kDa (Fig. 1),
compared with 22 kDa for HCV. Core proteins among differ-
ent flaviviruses are not typically conserved and average only 11
kDa in size (15), and flavivirus core proteins are very basic and
have similar hydrophilicity profiles (15). As demonstrated in
Fig. 1B, all potential HGV core proteins are very basic, and the
91-amino-acid core protein of one isolate (19) shares many
similarities with the hydrophilicity profile of flaviviruses (data
not shown). Although previous studies have noted equal dis-
tributions of nucleotide mutations in the three codon positions
within the putative HGV core region (19), evaluation of the
predicted amino acid sequences resulting from using all three
reading frames of the 5’ nontranslated region and comparing
the most divergent isolates reveals that a single nucleotide
insertion 43 amino acids into the putative core protein changes
the observed reading frame (for the 91-amino-acid core [Fig.
1A]) (14, 19, 25). If this insertion were not present, 85 of the 91
amino acids would be identical, and thus the “core” protein in
this otherwise divergent isolate would also be highly conserved.

The sequence of the gene encoding the synthetic peptide
representing the putative HGV core protein used in the im-
munoassays is highly conserved among HGV isolates. The fact
that HGV RNA-positive individuals contain antibodies that
bind this peptide and do not bind a control peptide and the fact
that the binding was competitively inhibited indicate that this
peptide sequence is expressed in vivo (Fig. 7). Thus, the RNA
sequence upstream of the E1 protein appears to be translated
in vivo.

To our knowledge, these data represent the first character-
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ization of HGV particle types and are the first evidence that
the HGV ORF upstream of the putative E1 protein is ex-
pressed. The biophysical data indicate that HGV has a nucleo-
capsid, and the peptide immunoassay suggests that the amino
terminus of the HGV polyprotein is expressed and therefore
may represent the HGV core protein.
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