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FIG. 1. HCV core protein associates with E6AP in vivo. (A) 293T
cells were transfected with pcDNA3-MEF-core or empty plasmid, in-
cubated for 48 h, and then harvested. The expressed MEF-core and
binding proteins were recovered using the MEF purification proce-
dure. Proteins bound to the MEF-core immobilized on anti-FLAG
beads were dissociated with FLAG peptides, resolved by 9% SDS-
PAGE, and visualized by silver staining. Control experiments were
performed using 293T cells transfected with vector alone. The posi-
tions of E6AP, DDX3, and PA28y are indicated by arrows. (B to E)
The proteins detected in panel A were confirmed by immunoblotting
with appropriate antibodies: E6AP (B), DDX3 (C), PA28y (D), and
MEF-core (E).

ability of GST-E6AP (418-517) to bind to the HCV core pro-
tein was confirmatory (Fig. 2C, lane N) and led to the conclu-
sion that the HCV core-binding domain of E6AP was aa 418 to
aa 517.

The HCV core-binding domain for E6AP. By use of a panel
of HCV core deletion mutants (Fig. 3A), GST-E6AP was
found to coimmunoprecipitate with all of the FLAG-core pro-
teins (Fig. 3A, lanes A to H) except FLAG-core (72-191) or
FLAG-core (92-191) (Fig. 3A, lanes I and J). No association of
control GST protein with any FLAG-core proteins was ob-
served (data not shown). These data suggest that the aa-58-to-
aa-71 segment of the HCV core binds to E6AP. The ability of
GST-core (58~71) to associate with purified MEF-EGAP con-
firmed that the core (aa 58-71) was the site for E6AP binding
on the HCV core protein (Fig. 3B).

E6AP decreases steady-state levels of HCV core protein in
293T cells and HepG2 cells. One of the features of HECT
domain ubiquitin ligases is direct association with their sub-
strates (50). Thus, we hypothesized that E6AP would function
as an E3 ubiquitin ligase for the HCV core protein. We as-

TABLE 1. Identification of E6AP by tandem mass spectrometry”

Peptide m/z Sequence determined Residues
720.9 VFSSAEALVQSFR 156-168
9224 AACSAAAMEEDSEASSSR 196-213
774.9 MMETFQQLITYK 339-350
1,053.1 ITVLYSLVQGQQLNPYLR 507-524
809.4 EFVISYSDYILNK 712-724

“ The protein was ubiquitin protein ligase E3A (E6AP) isoform 2 (GenBank
accession no. NP_000453).
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FIG. 2. Mapping of the HCV core-binding domain for E6AP.
(A) Structure of E6AP. Shown is a schematic representation of the
regions of E6AP isoform II that mediate E6 binding (aa 401 to 418),
E6-dependent association with p53 (aa 290 to 791), and the HECT
catalytic domain (aa 525 to 875). The catalytic cysteine residue is
located at aa 843. (B) Schematic representation of GST-E6AP pro-
teins. GST proteins A through N contain the E6AP amino acids indi-
cated to the right. The shaded region of each represents the GST
sequence. Closed boxes represent proteins that are bound specifically
to HCV core protein, and open boxes represent those that are not
bound. (C) Binding of HCV core protein to GST-E6AP proteins A
through N. In vitro-translated core protein (aa 1 to 173) was assayed
for association with GST (-) or the GST-E6AP fusion proteins A
through N. Association of core protein was detected by immunoblot-
ting with anti-core MAb.

sessed the effects of E6AP on the HCV core protein in 2937
cells. FLAG-core (1-191) together with HA-tagged wild-type
E6AP, catalytically inactive mutant EGAP, E6AP C-A (19), or
WWP1 (another HECT domain ubiquitin ligase) (22) was in-
troduced into 293T cells, and the levels of the core protein
were examined by immunoblotting. The steady-state levels of
the core protein decreased with an increase in the amount of
EG6AP plasmids (Fig. 4A and B). However, neither EGAP C-A
mutant nor WWP1 decreased the steady-state levels of the
core protein, suggesting that E6AP enhances degradation of
the core protein.

To verify the critical need for endogenous E6AP in the core
degradation, expression of E6GAP was knocked down by siRNA
and the expression of the core protein and E6AP was assayed
by immunoblotting. Transfection of the E6AP-specific siRNA
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FIG. 3. Mapping of the E6AP binding domain for HCV core pro-
tein. (A) In vitro binding of E6AP to HCV core protein. 293T cells
were transfected with each plasmid indicated in the upper panel. At
48 h posttransfection, cell lysates were mixed with purified GST-E6AP,
immunoprecipitated with anti-FLAG beads, and then immunoblotted
with anti-GST PAb (middle panel) or anti-FLAG MAb (bottom
panel). The last lane (input) represents GST-E6AP used in this assay
(middle panel). (B) Binding of GST-core (aa 58 to aa 71) to purified
MEF-E6AP. GST served as a negative control for binding. Upper
panel, Coomassie blue-stained SDS-PAGE of GST and GST-core (58~
71). Lower panel, results of the GST pull-down assay. MEF-E6AP was
detected by anti-myc MAb. CBB, Coomassie brilliant blue; IB, immu-
noblot.

duplex reduced the protein level of E6AP by 90% at 48 h
posttransfection (Fig. 4C, middle panel). Immunoblotting re-
vealed a 4.1-fold increase in the level of the core protein in the
cells transfected with E6AP siRNA (Fig. 4C, top panel), sug-
gesting that endogenous EGAP plays a role in the proteolysis of
the HCV core protein.

Then we examined whether E6AP reduces the steady-state
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FIG. 4. E6AP decreases steady-state levels of HCV core protein in
293T cells and in HepG2 cells. (A) 293T cells (1 x 10° cells/10-cm
dish) were transfected with 1 pg of pCAG FLAG-core (1-191) along
with either pCAG-HA-E6AP, pCAG-HA-E6AP C-A, or pCAG-HA-
WWP1 as indicated. At 48 h posttransfection, protein extracts were
separated by SDS-PAGE and analyzed by immunoblotting with anti-
HA PADb (top panel), anti-FLAG MAb (middle panel), and anti-
GAPDH MAD (bottom panel). (B) Quantitation of data shown in
panel A. Intensities of the gel bands were quantitated using the NIH
Image 1.62 program. The level of GAPDH served as a loading control.
Circles, E6AP; triangles, EGAP C-A; squares, WWP1. (C) Knockdown
of endogenous E6AP by siRNA inhibits degradation of HCV core
protein in 293T cells. 293T cells (3 x 10° cells/six-well plate) were
transfected with 40 pmol of E6AP-specific duplex siRNA (or control
siRNA) as described in Materials and Methods. The cells were trans-
fected with 2 pg of FLAG-core (1-191) expression plasmid and cul-
tured for 24 b, harvested, and analyzed by immunoblotting. Shown is
immunoblot detection of FLAG-tagged core protein (top panel),
EG6AP protein (middle panel), and GAPDH (bottom panel) in control
siRNA-treated 293T cells or E6AP-siRNA-treated 293T cells. The
relative levels of protein expression were quantitated by densitometry
and indicated below in the respective lanes. GAPDH served as a
loading control. (D) HepG2 cells (2 X 10° cells/six-well plate) were
transfected with pCAG FLAG-core (1-152) along with either empty
vector or pCMV E6AP as indicated. The cells were harvested at 44 h
posttransfection. Where indicated, cells were treated with 25 pM
MG132 or with dimethy! sulfoxide control 14 h prior to collection.
Equivalent amounts of the whole-cell lysates were separated by SDS-
PAGE and analyzed by immunoblotting with anti-FLAG MAb (upper
panel) or anti-GAPDH MAD (lower panel).
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FIG. 5. Kinetic analysis of E6AP-dependent degradation of HCV
core protein. (A) 293T cells (1 X 10° cells/10-cm dish) were transfected
with 1 pg of pCAG-FLAG core (1-152) plus 4 pg of empty vector,
pCMV-HA-E6AP, or pCMV-HA-E6AP C-A. The cells were treated
with 50 pg/ml CHX at 44 h after transfection. Cell extracts were
collected at 0, 3, 6, and 9 h after treatment with CHX, followed by
immunoblotting. (B) Specific signals were quantitated by densitome-
try, and the percent remaining core at each time was compared with
that at the starting point. The level of GAPDH served as a loading
control. Open circles, E6AP; closed circles, empty plasmid; closed
triangles, E6AP C-A; closed squares, EGAP with MG132 treatment.
Data are representative of three independent experimental determi-
nations.

levels of the core protein in hepatic cells as well as in 293T
cells. Exogenous expression of E6AP resulted in reduction of
the core protein in human hepatoblastoma HepG2 cells (Fig.
4D). Treatment of the cells with the proteasome inhibitor
MG132 increased the core protein level, suggesting that the
core protein was degraded through the ubiquitin-proteasome
pathway. These results indicate that EGAP enhances protea-
somal degradation of the HCV core protein in both hepatic
cells and nonhepatic cells.

Kinetic analysis of E6AP-dependent degradation of HCV
core protein. To determine whether the E6AP-induced reduc-
tion of the core protein is due to an increase in the rate of core
degradation, we performed kinetic analysis using the protein
synthesis inhibitor CHX. HCV core protein together with wild-
type E6AP or inactive mutant E6AP C-A was expressed in
293T cells. At 44 h after transfection, cells were treated with
either 50 pg/ml CHX alone or 50 pg/ml CHX plus 25 pM
MG132 to inhibit proteasome function. Cells were collected at
0, 3, 6, and 9 h following treatment and analyzed by immuno-
blotting (Fig. 5A). Overexpression of E6AP resulted in rapid
degradation of the core protein, whereas inactive mutant
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FIG. 6. E6AP promotes degradation of full-length HCV core pro-
tein in Huh-7 cells. Huh-7 cells (2 X 10° cells/six-well plate) were
transfected with 0.5 pg of pCAG-core (1-191) together with 2 pg of
pCMV-HA-ESAP or pCMV-HA-E6AP C-A. At 48 h posttransfection,
cells were harvested and analyzed by immunoblotting with anticore
MAD (top panel), anti-E6AP PAb (middle panel), or anti-GAPDH
MADb (bottom panel).

E6AP C-A increased the half-life of the core protein (Fig. 5B),
suggesting that the inactive EGAP inhibited degradation of the
core protein in a dominant-negative manner, which is in agree-
ment with previous studies (19, 55). Treatment of the cells with
MG132 inhibited the degradation of the core protein (Fig. 5B).
Reverse transcription-PCR to determine mRNA levels of the
HCV core gene and GAPDH gene found that neither wild-
type E6AP nor inactive E6AP changed mRNA levels of the
HCV core gene and GAPDH gene (data not shown). These
results indicate that E6AP enhances proteasomal degradation
of the core protein.

EGAP promotes degradation of the full-length core protein
in Huh-7 cells. To determine whether the full-length HCV
core protein expressed in hepatic cells is degraded through an
E6AP-dependent pathway, human hepatoma Huh-7 cells were
transfected with pCAG HCV core (1-191) along with either
E6AP or E6AP C-A. To rule out the effects of N-terminal
FLAG tag on the core degradation, HCV core protein was
expressed as untagged protein. Expression of wild-type E6AP
resulted in reduction of the core protein (Fig. 6). On the other
hand, HCV core protein was not decreased after transfection
of inactive E6AP, indicating that the full-length core protein
expressed in Huh-7 cells is also degraded through an E6AP-
dependent pathway.

E6AP mediates ubiquitylation of HCV core protein in vivo.
To determine whether EGAP can induce ubiquitylation of
HCV core protein in cells, we performed in vivo ubiquitylation
assays. 293T cells were cotransfected with FLAG-core (1-191)
and either E6AP or empty plasmid, together with a plasmid
encoding HA-tagged ubiquitin to facilitate detection of ubig-
uitylated core protein. Cell lysates were immunoprecipitated
with anti-FLAG MADb and immunoblotted with anti-HA PAb
to detect ubiquitylated core protein (Fig. 7A). Only a little
ubiquitin signal was observed on the core protein in the ab-
sence of cotransfected E6AP (Fig. 7A, lane 3). In contrast,
coexpression of E6AP led to readily detectable ubiquitylated
forms of the core protein as a ladder and a smear of higher-
molecular-weight bands (Fig. 7A, compare lane 3 with lane 4).
Immunoblot analysis with anticore PAb confirmed that FLAG-
core proteins were immunoprecipitated (Fig. 7B, lanes 2 to 4,
short exposure) and that higher-molecular-weight bands con-
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FIG. 7. E6AP-dependent ubiquitylation of HCV core protein in vivo. 293T cells (1 X 10° cells/10-cm dish) were transfected with 1 pg of pCAG

FLAG-core (1-191) together with 2 pg of plasmid encoding E6AP

as indicated. Each transfection also included 2 pg of plasmid encoding

HA-ubiquitin. The cell lysates were immunoprecipitated with FLAG beads and analyzed by immunoblotting with anti-HA PAb (A) or anticore
PAb (B). A shorter exposure of the core blot shows immunoprecipitated FLAG-core protein (B, right panel). A longer exposure of the core blot
shows the presence of a ubiquitin smear (B, left panel). Asterisks indicate cross-reacting immunoglobulin light chain or heavy chain. Arrows

indicate FLAG-core. IB, immunoblot; IP, immunoprecipitation.

jugated with HA-ubiquitin were indeed ubiquitylated forms of
the core protein (Fig. 7B, lanes 3 and 4, long exposure).
E6AP mediates ubiquitylation of HCV core protein in vitro.
To rule out the possibility that E6AP contributes to core pro-
tein degradation by inducing degradation of inhibitors of core
turnover, we determined whether EGAP functions directly as a
ubiquitin ligase by testing the ability of purified MEF-EGAP to
mediate in vitro ubiquitylation of the purified recombinant
HCV core protein. HCV core protein was expressed as a fu-
sion protein containing N-terminal GST tag and C-terminal
His tag and purified as described in Materials and Methods.
GST-C173HT (aa 1-173) and GST-C152HT (aa 1-152) (see
Materials and Methods) were used to determine whether the
mature core protein and the C-terminally truncated core pro-
tein are targeted for ubiquitylation in vitro. The validity of this
assay was established by demonstrating that E6AP but not
E6AP C-A induced ATP-dependent ubiquitylation of GST-
core protein. When in vitro ubiquitylation reactions were car-
ried out either in the absence of MEF-E6AP or in the presence
of MEF-E6AP C-A, no ubiquitylation signal was detected (Fig.
84, lanes 4 and 5). However, inclusion of purified MEF-EGAP
in the reaction mixture resulted in marked ubiquitylation of
GST-C173HT (Fig. 8A, lane 6), while no ubiquitylation was
observed in the absence of ATP (Fig. 8A, lane 7). No signal
was detected when GST-HT was used as a substrate (Fig. 84,
lane 8). The higher-molecular-weight species of GST-core pro-
teins were reactive with both anti-ubiquitin MAb (Fig. 8B,
right panel, lanes 2 and 4) and anti-GST MADb (Fig. 8B, left
panel, lanes 2 and 4). Both GST-C152HT and GST-C173HT
were polyubiquitylated by E6AP in vitro (Fig. 8B), indicating
that both the C-terminally truncated core and the mature core
are polyubiquitylated by E6AP in vitro. These results revealed

that E6AP directly mediated ubiquitylation of HCV core pro-
teins in an ATP-dependent manner.

Exogenous expression of E6AP reduces intracellular HCV
core protein levels and supernatant infectivity titers in HCV-
infected Huh-7 cells. We used a recently developed system for
the production of infectious HCV particles using the HCV
JFH1 strain (28, 56, 61) to examine whether E6AP can pro-
mote degradation of HCV core protein expressed from infec-
tious HCV. E6AP-dependent core degradation was assessed in
Huh-7 cells inoculated with the culture supernatant containing
HCV JFHL. Levels of HCV core protein were detectable at
day 3 postinfection and increased with time. Immunofluores-
cence staining for the core protein indicated that the percent-
age of HCV core-positive cells in the Huh-7 cells was almost
100 at day 7 postinfection. Transfection efficiency was 50 to
60% as measured with GFP-expressing plasmid. At day 7
postinfection, exogenous expression of EGAP reduced the in-
tracellular core protein level by about 60% compared to the
empty plasmid-transfected control cells (Fig. 9A). Inactive
E6AP had little effect on the core protein levels. Total protein
levels in the cells (Fig. 9B) and intracellular HCV RNA levels
(Fig. 9C) did not change after transfection of wild-type E6AP
or inactive E6AP. The immunofluorescence study revealed
that HCV core protein was variably detected and the intensity
of core staining was reduced in the cells staining positive for
wild-type E6AP compared with neighboring cells staining neg-
ative for E6AP (Fig. 9E). Using inactive E6AP revealed colo-
calization of the core protein and E6AP in the perinuclear
region (Fig. 9F) of HCV-infected cells. These results suggest
that E6AP enhanced degradation of HCV core protein ex-
pressed from infectious HCV. Then we titrated HCV infectiv-
ity in the culture supernatant at day 7 postinfection by limiting
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FIG. 8. In vitro ubiquitylation of HCV core protein by recombinant E6AP. For in vitro ubiquitylation of HCV core protein, purified
GST-C173HT and GST-C152HT were used as substrates. Purified GST-HT was used as a negative control. Assays were done in 40-ul volumes
containing each component as indicated. The reaction mixture is described in Materials and Methods. The reaction was carried out at 37°C for
120 min followed by purification with glutathione-Sepharose beads and analysis by immunoblotting with the indicated antibodies. Arrows indicate
GST-C173HT, GST-C152HT, and GST-HT, respectively. Ubiquitylated species of GST-core proteins are marked by brackets. IB, immunoblot.

dilution assays. Exogenous expression of E6AP reduced the
supernatant infectivity titer, whereas inactive E6AP had no
effect on its infectivity titer (Fig. 9D), suggesting that the
E6AP-dependent ubiquitin proteasome pathway affects the
production of HCV particles through downregulation of the core
protein.

EGAP silencing increases the levels of intracellular HCV
core protein and supernatant infectivity titers in HCV-infected
Huh-7 cells. Finally, to further validate the role of E6AP in
HCV production, expression of endogenous E6AP was
knocked down by siIRNA and the HCV infectivity titers re-
leased from HCV JFH1-infected cells were examined. Knock-
down of E6AP by siRNA led to an increase in intracellular
core protein levels (Fig. 10A) and supernatant HCV infectivity
titers (Fig. 10B). Taken together, our results suggest that
E6AP mediates ubiquitylation and degradation of HCV core
protein in HCV-infected cells, thereby affecting the production
of HCV particles.

DISCUSSION

HCV core protein is a major component of viral nucleocap-
sid, plays a central role in viral assembly (25, 40), and contrib-
utes to viral pathogenesis and hepatocarcinogenesis (9).
Therefore, it is important to clarify the molecular mechanisms
that govern the cellular stability of this viral protein. We have
previously reported that processing at the C-terminal hydro-
phobic domain of the core protein leads to efficient polyubig-
uitylation of the core protein (52). In this study, we identified
E6AP as an HCV core-binding protein and showed that HCV
core protein interacts with E6AP in vivo and in vitro, that
E6AP enhances ubiquitylation and degradation of the mature
core protein as well as the C-terminally truncated core protein,
and that HCV core protein expressed from infectious HCV is
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degraded via E6AP-dependent proteolysis. HCV core protein
and E6AP were found to colocalize in the cytoplasm, especially
in the perinuclear region. Moreover, exogenous expression of
E6AP reduces intracellular core protein levels and supernatant
HCV infectivity titers in HCV-infected Huh-7 cells. Knock-
down of endogenous E6AP by siRNA increases intracellular
core protein levels and supernatant infectivity titers in HCV-
infected cells. These findings suggest that EGAP mediates ubig-
uitylation and degradation of HCV core protein, thereby af-
fecting the production of HCV particles.

HCV core protein interacts with E6AP through the region of
the core protein between aa 58 and aa 71. These 14 amino
acids are highly conserved, with the first nine amino acids
(PRGRRQPIP) present in the core protein of all the HCV
genotypes (3). This result suggests that E6AP-dependent deg-
radation of HCV core protein is common to all HCV geno-
types and plays an important role in the HCV life cycle or viral
pathogenesis. Our data indicated that HCV core proteins of
genotypes 1b and 2a are subjected to proteolysis through an
E6AP-mediated degradation pathway. We are currently exam-
ining whether E6AP promotes degradation of HCV core pro-
teins of other genotypes.

Studies in addition to ours have reported that other HCV
proteins, such as NS5B (8), the unglycosylated cytosolic form
of E2 (39), NS2 (7), and F protein (58), are degraded through
the ubiquitin-proteasome pathway. These studies suggest that
the ubiquitin-proteasome pathway plays a role in the HCV life
cycle or viral pathogenesis. To our knowledge, the present
study is the first to demonstrate that the ubiquitin-proteasome
pathway affects the HCV life cycle.

PA28y was found to interact with HCV core protein in
hepatocytes and promote proteasomal degradation of HCV
core protein (30). PA28vy, however, has been shown to function
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FIG. 9. Exogenous expression of E6AP reduces intracellular HCV core protein levels and supernatant infectivity titers in HCV-infected Huh-7
cells. Naive Huh-7 cells were seeded as described in Materials and Methods; inoculated with 2.5 ml of the inoculum including infectious HCV JFH1
(6.5 x 10% TCIDsy/ml); and transfected with 6 ug of empty plasmid, pPCAG-HA-E6AP, or pCAG-HA-EGAP C-A. The culture supernatant and
the cells were collected at days 3 and 7 postinfection. (A) Intracellular HCV core protein levels. (B) Levels of total protein. (C) Levels of
intracellular HCV RNA in HCV-infected Huh-7 cells. Data represent the averages of three experiments with error bars. (D) Supernatant
infectivity titers. At day 7 postinfection, culture supernatants were collected and assayed for TCIDs, determinations. The difference between empty
vector and E6AP or between E6AP and E6AP C-A was significant (x, P < (.05, Student’s ¢ test). (E and F) HCV JFH1-infected Huh-7 cells were
transfected with either MEF-E6AP plasmid or MEF-E6AP C-A plasmid, grown on coverslips, fixed, and processed for double-label immunofiu-
orescence for HCV core and MEF-E6AP (E) or MEF-E6AP C-A (F). Anticore MAb (2H9) and anti-FLAG PAb were used as primary antibodies.
Nuclei were visualized by staining the cells with DAPL. All the samples were examined with a BZ-8000 microscope. Representative images of
individual cells are shown with merge images. emp, empty vector.
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FIG. 10. E6AP silencing leads to an increase in the level of intra-
cellular HCV core protein and supernatant infectivity titer in HCV-
infected Huh-7 cells. (A) HCV JFH1-infected cells were replated in a
six-well plate at 3 X 10° cells/well and transfected with 40 pmol of
EG6AP siRNA or control siRNA. The culture medium was changed at
24 h after transfection. The cells were harvested at day 2 after trans-
fection, and the intracellular core protein levels were quantitated using
the HCV core antigen ELISA. Equivalent amounts of the whole-cell
lysates were separated by SDS-PAGE and analyzed by immunoblotting
with anti-E6AP MADb or anti-GAPDH MAb. (B) Culture supernatants
were collected at day 2 after transfection and assayed for TCIDsg
determinations. For both panels, the difference between E6AP siRNA
and control siRNA was significant (%, P < 0.05, Student’s ¢ test).

in a ubiquitin-independent, ATP-independent, and 20S pro-
teasome-dependent pathway (27). There have been reports
that several cellular factors, such as p53 (2), p73 (2), and RPN4
(18), are degraded through two alternative pathways, the ubig-
uitin-dependent 26S proteasome-dependent pathway and the
ubiquitin-independent 20S proteasome-dependent pathway.
Here we provide evidence that E6AP mediates ubiquitylation
of HCV core protein. Still unclear is whether the PA28y-
dependent pathway requires polyubiquitylation of HCV core
protein. HCV core protein is predominantly localized in the
cytoplasm, especially at the endoplasmic reticulum membrane,
on the surface of lipid droplets, and on mitochondria and
mitochondrion-associated membranes (51). In HCV JFH1-in-
fected cells, HCV core was found to localize in the cytoplasm
and frequently to accumulate in the perinuclear region and the
lipid droplets (44). Our results indicated that EGAP colocalized
with HCV core protein especially in the perinuclear region.
PA28vy was found to colocalize with HCV core protein in the
nucleus. Functional differences may exist between the E6AP-
dependent pathway and the PA28vy-dependent pathway in the
stability control of HCV core protein. The functional role of
the E6AP-dependent pathway and the PA28vy-dependent path-
way remains to be elucidated.

The HCV core-binding region of E6AP was mapped to the
region between aa 418 and aa 517. The multicopy maintenance
protein 7, Mcm?7, interacts with E6AP through a short motif,
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termed the L2G box (aa 412 to 414), that lies within the E6
binding site of E6AP (23). Our data indicated that the E6
binding region containing the L2G motif is not required for
interaction between HCV core protein and E6AP (Fig. 2C,
lane M).

We propose here that E6AP may affect the production of
HCV particles through controlling the amounts of HCV core
protein. This mechanism may contribute to persistent infec-
tion. The E6AP binding domain of the core protein resides in
the RNA-binding domain and binding domains for many host
factors (40). These factors may affect the binding between
E6AP and HCV core protein, resulting in control of E6AP-
dependent core degradation. Another possibility is that HCV
core protein may affect the normal function of E6AP, thereby
contributing to pathogenesis. It will be intriguing to investigate
whether HCV core protein has any effect on E6AP-dependent
degradation of host factors. The other intriguing possibility is
that HCV core-E6AP complex may function as an E3 ligase-
like E6-E6AP complex to target host factors for proteasomal
degradation and contribute to viral pathogenesis.

In conclusion, we have demonstrated that EGAP interacts
with HCV core protein in vitro and in vivo and mediates
ubiquitin-dependent degradation of the core protein, leading
to downregulation of HCV particles. We propose that the
E6AP-mediated ubiquitin-proteasome pathway may play a role
in affecting the production of HCV particles through control-
ling the amounts of viral nucleocapsid protein. Identification of
the specific E3 ubiquitin ligase may contribute to gaining a
better understanding of the biology of the HCV life cycle as
well as molecular details of the ubiquitin-dependent degrada-
tion of HCV core protein.
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