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Production of infectious hepatitis C virus in tissue 
culture from a cloned viral genome
Takaji Wakita1,7, Thomas Pietschmann2,7, Takanobu Kato1,3,4, Tomoko Date1, Michiko Miyamoto1, Zijiang Zhao1, 
Krishna Murthy5, Anja Habermann6, Hans-Georg Kräusslich6, Masashi Mizokami3, Ralf Bartenschlager2,7 & 
T Jake Liang4

Hepatitis C virus (HCV) infection causes chronic liver 
diseases and is a global public health problem. Detailed 
analyses of HCV have been hampered by the lack of viral 
culture systems. Subgenomic replicons of the JFH1 
genotype 2a strain cloned from an individual with fulminant 
hepatitis replicate efficiently in cell culture. Here we show 
that the JFH1 genome replicates efficiently and supports 
secretion of viral particles after transfection into a human 
hepatoma cell line (Huh7). Particles have a density of about 
1.15–1.17 g/ml and a spherical morphology with an average 
diameter of about 55 nm. Secreted virus is infectious for 
Huh7 cells and infectivity can be neutralized by CD81-specific 
antibodies and by immunoglobulins from chronically infected 
individuals. The cell culture–generated HCV is infectious for 
chimpanzee. This system provides a powerful tool for studying 
the viral life cycle and developing antiviral strategies.

HCV is a major cause of chronic liver diseases1,2. Development 
of  selectable drugs and efficient vaccines has been hampered by 
poor virus growth in cell culture3. Although subgenomic replicons 
replicate  efficiently in cultured cells4, for unknown reasons infectious 
viral  particles are not produced5,6. Subgenomic replicons of the HCV 
 genotype 2a JFH1 strain cloned from an individual with fulminant 
hepatitis7 replicate efficiently in Huh7 cells and do not require cell 
 culture–adaptive mutations8–10. In this study, we show that  transfection 
of in vitro–transcribed full-length JFH1 RNA into Huh7 cells results 
in secretion of viral particles that are infectious for cultured cells and 
a chimpanzee.

RESULTS
Virus production from cells transfected with full-length JFH1 RNA 
We transfected in vitro–transcribed RNAs corresponding to the full-
length JFH1 genome (Fig. 1a) and a replication-incompetent mutant 
(JFH1/GND) into Huh7 cells. Total RNAs from cells harvested at  different 
time points were analyzed by northern hybridization (Fig. 1b). Up to 

12 h after transfection, we detected only degraded input RNA. But 
 genome-length RNA was found in JFH1-transfected cells after 24 h, 
and remained detectable up to 72 h. The same was true for expres-
sion of viral proteins (Fig. 1c and Supplementary Fig. 1 online). 
Immunofluorescence analysis of JFH1-transfected cells showed that 
70–80% of the cells were positive for core and nonstructural (NS) 
3 proteins at 72 h after transfection (Fig. 1d), indicating that this 
genome replicates to high levels in transfected Huh7 cells.

As a surrogate for virus production, we quantified secretion of 
core protein into the culture medium of cells transfected with JFH1 
mutants JFH/GND and JFH1/∆E1-E2 or full-length genomes of 
different origin (J6CF11 or JCH1 (ref. 7)). Core protein was 
secreted efficiently from JFH1 RNA but much less efficiently from 
JFH1/∆E1-E2 RNA– transfected cells (Fig. 1e), despite comparable 
core protein levels. No core protein was secreted from the other 
RNA-transfected cells, consistent with their lack of replication 
(data not shown). These results suggest that core secretion depends 
on HCV RNA replication and that envelope glycoproteins are 
required, although the RNA segment deleted in JFH1/∆E1-E2 may 
contain signal(s) required for core secretion.

To determine whether JFH1 RNA–transfected cells can sustain con-
tinuous HCV replication, we serially passaged cells. Cells transfected 
with JFH1/∆E1-E2 RNA or a subgenomic replicon (SGR-JFH1)8 lack-
ing the core to NS2 region served as controls. We determined HCV RNA 
titer using real-time detection reverse transcription (RTD)-PCR12. In 
JFH1-transfected cells, viral RNA and core protein titers in the medium 
increased rapidly at 5 d after transfection, and remained high for the 
next 7 d, followed by a slow decrease (Fig. 2a). In contrast, RNA levels 
in supernatant of control cells gradually decreased with increasing pas-
sage. At day 30, background levels were reached, which were 4.5% for 
JFH1/∆E1-E2– and 0.7% for SGR-JFH1 RNA–transfected cells as 
compared to JFH1 (Fig. 2a). During the first two passages, transfected 
cells had similar levels of intracellular HCV RNA, but they declined 
much more rapidly in the controls (Fig. 2a). We also determined lev-
els of core protein and obtained similar results (Supplementary Fig. 2 
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online). Immunofluorescence assay showed that 3 d after  transfection, 
JFH1 RNA and JFH1/∆E1-E2 RNA transfection gave similar numbers of 
HCV-positive cells (Fig. 1d). After 13 d, 50–60% of JFH1 RNA–transfected 
cells were still positive for core protein, but only a few with the mutant 
(Fig. 2b). These results indicate a limited spread of infection. 
Alternatively, JFH1 RNA–replicating cells may have a longer half-life 
than cells containing JFH1/∆E1-E2 or SGR-JFH1 RNAs.

Biophysical properties of HCV particles
To characterize secreted viral particles, we analyzed supernatant of 
JFH1-transfected cells using a sucrose density gradient. Core protein 
and nuclease-resistant HCV RNA sedimented to the same density of 
1.17 g/ml (Supplementary Fig. 3 online). To show co-sedimentation of 
all structural proteins, we generated a JFH1-E2HA construct containing a 
hemagglutinin tag replacing part of the E2 hypervariable region (HVR). 
HCV lacking the HVR is infectious in chimpanzee13, and JFH1-E2HA virus 
remained infectious for Huh7 cells. Similar to the wild type, viral particles 
of this mutant had a density of ∼1.15 g/ml (Fig. 3a). Moreover, we detected 
core, E1 and E2 proteins in the same peak fraction of the sucrose density 
gradient (Fig. 3b), indicating the production of complete viral particles.

Detection of HCV particles by electron microscopy
Cell culture–derived JFH1 particles were visualized by immunoelec-
tron microscopy, using an E2-specific antibody (CBH5)14. We detected 
gold-labeled spherical structures with an electron-dense inner core 
using a concentrated virus preparation (Fig. 3c–e), whereas we found 

only unstructured aggregates with the mock-
transfected control (Fig. 3f). The inner ring has 
a slightly angular morphology and a diame-
ter of 30–35 nm, consistent with nucleocap-
sids15. The overall diameter of the structures 
(50–65 nm) is compatible with the predicted 
size of HCV15–18.

Infectivity of HCV particles
We inoculated naive Huh7 cells with 
supernatant harvested from JFH1 RNA– or 
JFH1/∆E1-E2 RNA–transfected cells, and 
48 h later we double-stained cells for core and 
NS5A (Fig. 4a). Only cells inoculated with 
JFH1 medium were positive for these proteins 
(10–20 cells/cover slip, Fig. 4a), with the num-
ber increasing to about 390 core protein–posi-
tive cells/cover slip using 1/30 concentrated 
medium (∼0.5% of inoculated cells; Fig. 4a). 
To exclude the possibility that residual in vitro 
transcripts were captured by inoculated cells, 
we prepared supernatant from cells treated with 
the same amount of JFH1 RNA but without 
the electroporation. Upon inoculation of naive 
Huh7 cells, we observed no core protein–posi-
tive cells (Fig. 4a), as was the case with super-
natant from JFH1/∆E1-E2 RNA–transfected 
cells. Furthermore, ultraviolet irradiation of the 
inoculum substantially reduced the number of 
positive cells. Finally, we found no productive 
infection with HepG2, IMY-N9 and HeLa cells 
(Fig. 4a), consistent with their lower permissive-
ness for HCV RNA replication9,10.

To compare infectivity of culture super-
natant of JFH1 RNA– and JFH1/∆E1-E2 

RNA–transfected cells, we inoculated Huh7 cells with concentrates 
containing equivalent RNA copy numbers (1.17 × 108 copies/ml) 
and determined amounts of cell-associated RNA at 0, 12, 24 and 48 h 
after inoculation. We detected similar amounts of RNA in cells after 
an adsorption period of 3 h and found similar decreases up to 12 h 
(Fig. 4b). But 12 h later, RNA titers increased only in JFH1-inocu-
lated cells, suggesting that productive infection depends on HCV 
envelope  glycoproteins (Fig. 4b). This conclusion was supported 
by results obtained with single E-gene deletions (Supplementary 
Fig. 4 online). JFH1-E2HA particles were also infectious for Huh7 cells, 
but the RNA titer in infected cells was approximately 10 times lower 
compared to JFH1 virus infection (data not shown). Finally, HCV can 
be passaged by infection but virus titers decrease upon serial passages 
(data not shown).

Neutralization of HCV infection by CD81-specific antibody
CD81 was shown to be involved in HCV entry using HCV pseudo-
particles19,20. To determine whether authentic particles follow the same 
entry route and to confirm specificity of uptake, we incubated Huh7 cells 
with JFH1 or JFH1/∆E1-E2 inocula in the presence of CD81-specific 
or nonspecific antibodies. We scored infection 48 h later, using NS3-
specific immunofluorescence (Supplementary Fig. 5 online) or RTD-PCR 
(Fig. 4c). CD81-specific antibodies reduced both the number of infected 
cells and the amount of HCV RNA associated with the cells by about 
90% as compared to control antibody, confirming specificity of the 
infection and the important role of CD81 in HCV entry.

a

b
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Figure 1  Transient replication of JFH1 RNA in transfected Huh7 cells. (a) Organization of the full-
length HCV construct pJFH1. Open reading frames (thick boxes) are flanked by the 5′- and 3′-UTRs 
(thin boxes). T7, T7 RNA polymerase promoter; GDD, active-site motif of NS5B polymerase; XbaI, 
restriction site. (b) Northern blot analysis of total RNA prepared from cells transfected with full-length 
JFH1 and JFH1/GND RNA. Control RNA, given numbers of synthetic HCV RNA; Huh7, RNA isolated 
from naive cells. Arrowheads indicate full-length HCV RNA and 28S ribosomal RNA (28S). Upper 
panel, northern blot; lower panel, ethidium bromide staining. (c) Western blot analysis of 
transfected cells for HCV proteins NS5A, NS3 and core. Lysates of SGR/JFH1-RNA8 or pEF/Core29 
DNA–transfected Huh7 cells and naive Huh7 cells served as positive and negative controls, 
respectively. (d) Immunofluorescence assay of cells fixed 72 h after transfection with JFH1 (1–3) 
or JFH1/∆E1-E2 RNA (4). Magnification, ×200. (e) HCV core protein secretion into culture medium 
after HCV transfection of Huh7 cells.
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Neutralization of infection by patient sera
To facilitate quantification of infection, we generated a bicistronic JFH1 
luciferase reporter construct (Fig. 4d and Supplementary Fig. 6 online). 
Infectious titers attainable by JFH1 and Luc-JFH1 genomes are similar, 
indicating that added sequences do not markedly affect production of 
infectious particles (data not shown). Taking advantage of this system, 
we performed neutralization experiments using sera of individuals 
infected with HCV genotype 2 or 1. Culture supernatants containing 
Luc-JFH1 virus particles were mixed with serum dilutions and infec-
tion was determined by luciferase assay (we considered a reduction to 
at least 50% significant). At a dilution of 1:20, all HCV sera showed 
neutralizing activity comparable to 0.08 µg/ml CD81-specific antibody 
(Fig. 4d). Neutralization was dose dependent and highest with sera 3 

and 4. None of the serum samples inhibited entry of HIV-based pseu-
doparticles bearing murine leukemia virus–derived envelope proteins 
into Huh7 (data not shown). Finally, antibodies purified from patient 3 
but not from control serum B inhibited infection with similar efficiency 
as the original serum, whereas immunoglobulin depletion prevented 
neutralization (Fig. 4d). These data show that antibodies in sera from 
infected individuals are capable of neutralizing JFH1 viruses.

Infectivity of cell culture–derived HCV particles in vivo
To show the infectivity of cell culture–grown JFH1 virus in vivo, we 
intravenously inoculated medium from JFH1 RNA transfected cells into 
a chimpanzee. The inoculum contained 7.65 × 106 RNA copies/ml and 
had a core protein concentration of 4,630 fmol/L. To ensure that the 
HCV RNA remaining in the medium after transfection did not cause 
infection, we collected medium from a mock-transfected culture, in 
which HCV RNA was added to the cells without transfection. This sam-
ple contained 3.47 × 104 RNA copies/ml and had undetectable levels of 
core protein. Chimpanzee X0215 was inoculated with 1 ml of undiluted 
control medium and showed no signs of infection for 6 weeks (Fig. 5). 
Thereafter, we inoculated the chimpanzee with 1 ml of a 104 dilution of 
supernatant from JFH1 RNA–transfected cells. After 6 weeks of moni-
toring with no signs of infection, we re-inoculated the chimpanzee with 
1 ml of a 103 dilution. HCV RNA became detectable in the serum at week 
2, persisted until week 5, and thereafter became undetectable. Viremia 
was low with highest HCV RNA titer of 2.04 × 103 copies/ml at week 
4. Infection was cleared without HCV-specific seroconversion, eleva-
tion of alanine aminotransferase or histological evidence of liver injury 

a

b

Figure 2  Time course of HCV RNA replication and core protein expression 
in transfected cells. (a) Levels of HCV RNA in transfected cells (right) and 
corresponding culture supernatants (left). Huh7 cells were transfected with 
given HCV RNAs and passaged up to 30 d. Viral RNA was determined 2, 5, 8, 
12, 15, 18, 21, 24, 27 and 30 d after transfection. (b) Immunofluorescence 
assay of HCV core protein in passaged cells transfected with JFH1 and 
JFH1/∆E1-E2 RNA. Transfected cells were harvested 1 d after the fourth 
passage (day 13 after transfection). Magnification, ×100.

a
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Figure 3  Density gradient and electron microscope 
analysis of recombinant HCV particles. (a,b) Co-
sedimentation of viral RNA and structural proteins. 
(a) Concentrated culture medium collected 
from JFH1/E2HA RNA–transfected cells was 
fractionated using a 10–60% sucrose density 
gradient. HCV RNA titer in each fraction was 
determined. (b) Density gradient fractions were 
further concentrated and analyzed by western 
blotting for core, E1 or E2-hemagglutinin. P, cell 
lysate prepared from JFH1/E2HA RNA–transfected 
Huh7 cells; N, cell lysate from untransfected 
Huh7 cells. Arrowheads indicate positions of HCV 
proteins. (c–f) Electron micrograph of spherical 
structures shown by immunogold labeling. Grids 
were incubated with a concentrated JFH1 virus 
stock and then with the E2 monoclonal antibody 
CBH5 (ref. 14). Bound antibodies were detected 
with Protein A coupled to gold particles 10 nm 
in diameter. (c–e) Three representative examples 
showing the same structure. (f) Control grid coated 
with concentrated cell-free supernatant derived 
from mock-transfected cells. In rare cases, we 
observed gold particles attached to unstructured 
protein aggregates. Scale bar, 50 nm.
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(Fig. 5). We sequenced parts of the 5′-untranslated region (UTR; 
nucleotides 128–331), the E2 HVR (nucleotides 1,438–1,828) and NS5B 
(nucleotides 9,049–9,382) of the circulating viral RNA at week 4 after the 
last inoculation. The sequences were identical to the JFH1 strain. These 
results show the in vivo infectivity of JFH1 virus produced in culture.

DISCUSSION
This study shows that recombinant HCV particles are produced 
and secreted from JFH1 RNA–transfected cells, and secreted viruses 
are infectious for both Huh7 cells and a chimpanzee. Biochemical 
analyses show that cell culture–grown virus particles have a density of 
1.15–1.17 g/ml and are spherical in size, with an average outer diam-
eter of about 55 nm. Infectivity can be neutralized by CD81-specific 
antibodies, supporting the importance of CD81 in HCV entry19,20. 

Neutralization and cross-neutralization were achieved with immuno-
globulins from infected individuals’ sera. Cross-neutralization was also 
found with chimeric viruses composed of the core to NS2 region of the 
Con1 isolate (genotype 1) and the JFH1 replicase (T.P., G. Koutsoudakis, 
S. Kallis, T.K., T.W & R.B., unpublished data), indicating conserved 
epitopes involved in HCV entry. The possibility to create chimeric 
infectious virus broadens the scope of this system and allows 
(cross-)neutralization to be addressed in more detail.

It is unclear why the spread of infection in Huh7 cells is limited. 
Activation of innate immunity in transfected or infected cells is one 
possibility. Alternatively, JFH1 RNA–containing cells may have a growth 
disadvantage and therefore be displaced during passage. Moreover, for-
mation of assembly-competent envelope protein complexes and virus 
release may be a rate-limiting step, reducing virus production to a level 
insufficient to sustain infection.

Earlier attempts to infect Huh7 cells with sera from infected individu-
als were not successful. But recombinant viral particles have a homo-
geneous density, whereas HCV in human sera shows much lower and 
heterogeneous densities, suggesting an association with cellular com-

a

c d

bFigure 4  Infectivity of viral particles and 
neutralization of infection. (a, insert) 
Immunofluorescence analysis of cells infected 
with viral particles for core (left) and NS5A 
(right). (a) Cell lines specified on the bottom 
were also inoculated with a 1/30 concentrated 
supernatant from full-length JFH1 RNA– or 
JFH1/∆E1-E2 RNA–transfected cells (Sup). 
In some experiments, culture supernatant of 
nontransfected cells was used (EP–), or culture 
supernatant was irradiated with ultraviolet light 
before inoculation of cells (UV+). (b) Comparison 
of infectivity of culture supernatant from JFH1 
RNA– and JFH1/∆E1-E2 RNA–transfected 
cells. (c) Inhibition of infection by CD81-
specific antibody. We used 1/20 concentrated 
supernatants from cells transfected with given 
genomes for infection of Huh7 cells in the 
presence of a CD81-specific (α-CD81, black 
bars) or a control antibody (Ctrl Ab, gray bars), 
or in the absence of antibody (Ab(–), white 
bars). Inoculated cells were analyzed by RTD-
PCR. (d) Production of infectious HCV particles 
carrying the firefly luciferase reporter gene 
and neutralization of infection by sera from 
infected individuals. Upper panel, schematic 
representation of Luc-JFH1 construct with 
luciferase (Luc) reporter gene (Supplementary 
Fig. 6 online). E-I, EMCV-IRES. Bottom left panel, neutralization of Luc-JFH1 virus by sera from infected individuals. Luc-JFH1 viral particles were mixed 
with given dilutions of sera from healthy donor (Control), or sera from individuals infected with given genotypes (lanes 1–9). Results of CD81-specific 
antibody neutralization are shown in the right; black bar, 2 µg/ml; gray bar, 0.4 µg/ml; white bar, 0.08 µg/ml. Luciferase activity is expressed relative to 
the values obtained with control serum A. Bottom right panel, neutralization by immunoglobulins purified from infected individuals’ sera. Luc-JFH1 virus 
particles were mixed with control serum B or patient serum 3 (serum, black bars), 2 mg protein of the same sera depleted of immunoglobulins (Serum 
Ig(–), open bars), or 130 µg of corresponding purified immunoglobulins (Ig, gray bars). Infectivity is expressed relative to control serum B.

Figure 5  In vivo infectivity of JFH1 virus produced in tissue culture. 
Chimpanzee X0215 was first inoculated with 1 ml of the undiluted culture 
medium from mock-transfected Huh7 cells (Ctrl). We re-inoculated the 
chimpanzee 6 weeks later with 1 ml of a 104 dilution of culture medium 
from full-length JFH1 RNA-transfected cells (104). After 6 more weeks, 
we repeated inoculation with 1 ml of a 103 dilution (103). The course of 
infection is shown with arrows indicating the three inoculations. HCV RNA 
(copies/ml) and ALT (units/L) levels are plotted; HCV-specific, HCV RNA 
and liver biopsy results are shown above the graph.
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ponents, especially lipoproteins21, that may interfere with infection. 
Further studies are required to analyze the mechanism underlying the 
different infectivities of recombinant and serum-derived virus particles, 
especially using the serum from JFH1 virus–infected chimpanzee.

Culture-grown JFH1 viral particles are infectious in chimpanzee. The 
ratio of RNA titer versus infectious titer of the culture medium is about 
1,000, which is lower than reported for infectious human and chimpan-
zee serum (10–100)22,23. Possible explanations are more defective viruses 
produced by the JFH1 strain or overestimation of viral RNA because of 
the input RNA used for transfection. Notably, human sera with lower 
infectivity have a density of about 1.17 g/ml, whereas those with higher 
infectivity sediment primarily at a lower density24.

The transient course of infection of the JFH1 strain differs from most 
infectious clones22,25,26, usually causing higher viremia and occasion-
ally HCV-specific seroconversion or hepatocellular injury. This may 
result from the inoculum (culture grown virus versus inoculation of 
genomic in vitro transcripts) or the rather old age of the chimpanzee 
(20–30 years). Alternatively, the JFH1 strain, although replicating effi-
ciently in vitro8–10, may be less infectious in vivo27. Nevertheless, this is 
the first report describing the production of HCV in cell culture, which 
can infect both cells and primates.

METHODS

For details of Methods, please see Supplementary Methods online.

Plasmid construction. Based on the consensus sequence of JFH1 
(ref. 7), we assembled plasmid pJFH1 containing the full-length JFH1 cDNA 
downstream of the T7 RNA promoter. We generated the following mutants 
of pJFH1: pJFH1/GND carrying a mutation in the NS5B GDD motif, which 
abolishes RNA polymerase activity4,5; pJFH1/∆E1-E2 with a deletion of 351 
amino acids (amino acids 217–567); pJFH1/E2HA with the hemagglutinin tag 
(YPYDVPDYA) replacing part of the E2 HVR (amino acids 394–402). pJ6CF is 
the prototype genotype 2a clone11. We constructed plasmid pJCH1 analogous to 
pJFH1 (ref. 7). In plasmid pFK-Luc-JFH1, the 5′-UTR and part of the core region 
were fused to the firefly luciferase gene. The second cistron is expressed through 
the encephalomyocarditis virus internal ribosomal entry site and encodes the 
complete JFH1 polyprotein.

RNA transfection and analysis of transfected cells. In vitro synthesis of HCV 
RNA, electroporation and northern blot analysis were performed as described 
previously4,8. For detection of HCV proteins by western blot, we used NS5A 
(ref. 9), NS3 (ref. 8) and core-specific (clone 2H9) antibodies and peroxidase-
labeled rabbit-specific goat immunoglobulin (Biosource) or mouse-specific 
sheep immunoglobulin (Amersham Pharmacia). E1- and E2-specific polyclonal 
antibodies were raised by immunization of rabbits with synthetic peptides. We 
used rat monoclonal hemagglutinin-specific antibody (Roche) and peroxi-
dase-labeled rat-specific goat IgG to detect hemagglutinin-tagged E2 protein. 
Immunofluorescence was performed using the same primary antibodies.

Quantification of HCV core protein and RNA. We quantified HCV core protein in 
culture supernatant or cell lysate using a new immunoassay described previously28. 
Total RNA was isolated from cell lysates or culture media by Isogen (Nippon Gene). 
We determined RNA copy numbers of HCV by RTD-PCR as described12.

Sucrose density gradient analysis. We cleared culture medium collected 6 d 
after transfection using low-speed centrifugation, and passed it through a 
0.45-µm filter. We layered filtrate on a sucrose gradient (60% to 10%, wt/vol) 
and centrifuged it for 16 h. We harvested and analyzed fractions for HCV RNA 
titers using RTD-PCR.

Infection of cells with secreted HCV. We collected culture medium 72 h after 
transfection, cleared it using low-speed centrifugation and passed it through a 
0.45-µm filter. Part of the filtrate was concentrated 1/30 using an Amicon Ultra-
15 (cut off: 1 × 105 Da; Millipore). We seeded cells 24 h before infection at a 

density of 5 × 104 cells/well in a 12-well plate, or at 1 × 105 cells/well in a 6-well 
plate. We infected cells with 100 µl of inoculum for 3 h, washed them, added 
complete medium and cultured cells for 12, 24, 48, 72 and 96 h. We performed 
immunofluorescence 2 d after infection.

Electron microscopy. We concentrated supernatant harvested from JFH1-
transfected Huh7 cells and mock-transfected cells using ultracentrifugation and 
adsorbed it onto carbon-coated grids. Grids were fixed with 3% paraformaldehyde, 
and blocked in a solution of 0.8% BSA, 1% coldwater fish skin gelatin (Sigma) and 
20 mM glycine. We performed immunogold labeling with an E2-specific antibody 
(CBH5) and Protein A coupled to 10-nm gold particles. After extensive washing, 
we stained grids with 1.8% methylcellulose and 0.3% uranyl acetate.

Virus neutralization assays. Target cells were infected with culture supernatants 
supplemented with JS-81 (BD Biosciences) or Mab46D2 (Dengue type 2–specific 
antibody) at a final concentration of 10 µg/ml (unless otherwise stated). After 
inoculation, we supplemented cells with fresh medium. We lysed cells 72 h after 
infection for RTD-PCR or luciferase assays.

For neutralization with sera from infected individuals, we mixed virus- containing 
supernatants with dilutions of heat-inactivated serum. After incubation for 1 h, 
we added mixtures to target cells and measured infection. Immunoglobulins 
contained in human sera were purified by using a HiTrap Affinity Protein 
G column (Amersham Pharmacia).

In vivo infection. The chimpanzee experiment was conducted at Southwest 
Foundation for Biomedical Research (SFBR), San Antonio, Texas, in an American 
Association of Laboratory Animal Care–accredited animal facility under animal 
protocol approved by SFBR Institutional Animal Care and Use Committee. We 
collected culture medium from Huh7 cells transfected with the JFH1 genome 
and cleared them by centrifugation before inoculation into chimpanzee X0215. 
Serum samples were tested for alanine aminotransferase levels, HCV-specific 
antibodies (EIA2.0, Abbott Laboratories) and HCV RNA that was quantified 
by the Roche Amplicor Cobas Monitor II (Roche). We collected liver biopsies 
for histological analysis.

Accession numbers. The Genbank accession numbers for the consensus sequence 
of JFH1 is AB047639 and for JCH1 it is AB047640.
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CORRIGENDUM: Old fat, make way for new fat
Geoff Gibbons
Nat. Med. 11, 722–723 (2005)

The sentence beginning at the bottom of page 722 should read: “Abnormal cholesterol metabolism is also a characteristic of PPARα deficiency 
and is associated with a downregulation of the cholesterogenic enzyme HMG-CoA reductase9, the molecular target of the statin family of hypo-
cholesterolemic drugs.”

CORRIGENDUM: Production of infectious hepatitis C virus in tissue culture 
from a cloned viral genome
Takaji Wakita, Thomas Pietschmann, Takanobu Kato, Tomoko Date, Michiko Miyamoto, Zijiang Zhao, Krishna Murthy, Anja Habermann, 
Hans-Georg Kräusslich, Masashi Mizokami, Ralf Bartenschlager & T Jake Liang
Nat. Med. 11, 791–796 (2005)

The chimpanzee used in this study is referred to as X0215 in several parts of the text and supplementary information. Its correct number is 
X0205.
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