270 V) into 5 x 10° THH using a BioRad Gene pulse Xcell system (Hercules, CA). The
transfected cells were plated on collagen coated plastic dishes, and maintained in culture for
HCV replication. Total cellular RNA was extracted 5 days post transfection. For detection of
HCV genome, total cellular RNA and random hexamer were used for cDNA synthesis with a
SuperSecriptIll first-strand synthesis system (Invitrogen), following supplier’s protocol. PCR
amplification was performed with cDNA as a template, using sense (5-
ACCCGCTGAATTCCTGGAGA-3’) and antisense (5’-CACGGTCTTCTAGACCTCCC_-3’)
primers from 5’UTR, at 94°C for 30s, annealing at 55°C for 60s, extension at 72°C for 90s.
GPDH was used as an internal control, using specific primers (17). RT-PCR analyses suggested
amplification of 120 bp sequence from the 5'UTR (Fig. 1, panel A). In contrast, cells transfected
with H77/GND RNA did not exhibit the presence of HCV genomic sequence. To rule out the
integration of H77 plasmid DNA into IHH, the genomic DNA from cell lines were isolated and
examined for HCV genome by PCR. Our results suggested the absence of HCV sequence,
indicating HCV genomic RNA replication in the cytoplasm of THH (data not shown). Filtered
culture supernatant was also treated with RNaseA prior to isolation of viral RNA. RT-PCR was

performed for NS5A region (17) and we have observed amplification of specific RNA sequence.

Western blot analysis was performed to analyze the expression of core and NS3 proteins
in control and experimental cells using specific antibodies. An equal amount of proteins from
whole cell Iysates in sample buffer were separated by SDS-PAGE. Proteins were transferred
onto nitrocellulose, incubated with specific antibodies, and detected by chemiluminescence
(Amersham, Piscataway, NJ). HCV core protein was detected by a specific rabbit antiserum, and

NS3 was detected by a specific mouse monoclonal antibody (Virogen, Watertown, MA). Blots



were stripped and reprobed using a mouse monoclonal antibody to actin (Oncogene Science,
Cambridge, MA). ITHH supporting HCV genome replication displayed the presence of core (~21
kDa) and NS3 (~63 kDa) proteins (Fig. 1, panels B and C). On the other hand, IHH transfected
with H77/GND RNA did not show a detectable level of core or NS3 proteins. A weak level of
core protein was detected in this set of IHH for immortalization by HCV core protein (Fig. 1,
panel B). IHH transfected with HCV full-length RNA were passaged at 4 or 5 day intervals.
HCV RNA and protein expression were detected up to 12 days of cell culture, and discontinued

for the lack of growth after 2 weeks.

To further examine intracellular expression of HCV protein, IHH transfected with H77
RNA were fixed with 3.7% formaldehyde and incubated at room temperature for 1h with
monoclonal antibodies to NS5a (Biogenesis, Kingstone, NH). Cells were washed three times
with PBS and stained with anti-mouse Ig conjugated with Alexa 568 (Molecular Probes,
Eugene, OR), and mounted for fluorescence microscopy. Primary antibodies and secondary
antibody-fluorochrome conjugates were titrated for use of optimum dilutions where there was
no background fluorescence. We have observed cytoplasmic expression of NS5a (Fig. 2, panel
A) in 60% THH after 5 days of transfection. HCV genotype 2a (clone JFH1) has been shown to
grow in Huh-7 cells or its derivatives (5, 15, 29, 32). In vitro transcribed RNA from clone
JFH1 was used for transfection of IHH to determine if the immortalized hepatocyte cell line
supports HCV growth. Intracellular localization of NS3 protein from JFH1 RNA transfected
[HH was detected by immunofluorescence (Fig. 2, panel C). We have also used Huh-7.5 cells
transfected with JFH1 RNA as a positive control (29) and observed NS3 expression by indirect

immunofluorescence (data not shown). On the other hand, THH similarly transfected with RNA



from H77/GND or JFH1/GND clone did mot display virus protein expression by

immunofluorescence (Fig. 2, panels B and D).

Immunogold localization of virus-like particles. Phase contrast microscopy suggested that
HCV genome transfected IHH were swollen with large vacuoles in the cytoplasm, whereas
negative controls did not show any detectable changes. We also examined for cellular changes
using electron microscopy, and at the ultrastructural level some of these vacuoles appeared to
be empty (Fig. 3, panels A and E). Others contained lipid (Fig. 3, panel E) or material isolated
for degradation (Fig. 3, panel D). Ultrastructural changes also included an increased
polymorphism of nuclei (Fig. 3, panel E). Tmmunogold labeling was performed for localization
of HCV like particles in transfected THH. For this, transfected IHH (4 days in culture) were
detached from collagen coated petridishes by a brief trypsin treatment, pelleted in a
microcentrifuge and fixed in 4% paraformaldehyde and 1% glutaraldehyde in PBS for 16h at
4°C. Following washing with PBS, cells were washed in distilled water, dehydrated in ethanol,
and infiltrated with L.R.White resin (London Resin Company, Berkshire, UK). The cell pellets
were polymerized in BEEM capsules (Ted Pella, Inc., Redding, CA) at -20°C under ultraviolet
light. Thin sections were cut from blocks, collected on formvar-coated nickel grids, and
blocked with 1% fish gelatin and 1% BSA in PBS for 10 min. Sections were incubated for 2h
in 1:100 dilution (titrated before hand for best results) of monoclonal antibody to El
glycoprotein (305/C3) or normal mouse IgG in PBS containing 0.1% BSA, washed in PBS
containing 0.1% BSA and incubated for 1h in Protein A-10 nm colloidal gold (CG) diluted
1:200 in PBS containing 0.1% BSA. After washing with PBS, the grids were fixed for 3 min in
glutaraldehyde, washed in distilled water, stained with uranyl acetate and lead citrate and

photographed with a JEOL 100 CX electron microscope. No clusters of CG particles were



observed in controls which consisted of staining with normal mouse IgG, omitting the primary
antibody or staining mock-transfected THH with the 305/C3 monoclonal antibody. Several
hundred cells were evaluated in each case. Immunogold labeling with E1 specific monoclonal
antibody demonstrated the presence of HCV-like particles and E1 protein in IHH. Numerous
labeled virus-like particles were oBserved in the cytoplasm (Fig. 3, panels A and E) and near
the plasma membrane (Fig. 3, panel C) of H77 RNA transfected IHH. The labeled particles
were ~50 nm in diameter. Extensive labeling was also associated with the rough endoplasmic
reticulum consistent with the synthesis of E1 viral protein (Fig. 3, panel B). In addition, we
observed cytoplasmic phagic vacuoles which contained gold-labeled virus-like particles (Fig.

3, panel D).

Processing of cells into LR White resin for immunogold localization omits the
conventional osmium tetroxide fixation step to preserve antigenicity but comes at the cost of
reduced tissue contrast. In addition, the identification of virus particles by immunogold
labeling at the ultrastructural level can be tricky. For this, we carried out a series of control
experiments to insure labeling specificity. First, we observed clusters of CG on virus-like
particles, and single CG particles in the endoplasmic reticulum in several independent anti-E1
labeling experiments. Second, H77/GND RNA transfected IHH (negative controls) showed no
such clusters of CG in the cytoplasm or single CG particles localized along the endoplasmic
reticulum or membranes (Fig. 3, panel F). Third, sections of HCV genome transfected IHH
incubated with normal mouse IgG at similar IgG concentrations as used for the anti-El
antibody did not result in any specific immunogold labeling. Fourth, omitting anti-E1 antibody

did not result in any specific immunogold labeling. Finally, CG particles in the anti-E1 labeling



experiments were primarily confined to cells and were not observed to any degree in the spaces
around cells, again suggesting the labeling was specific for El protein in cells. Thus, the
appearance of virus-like particles in RNA transfected IHH indicated that HCV 1la replicate and

assemble as virus particles.

Infection of THH by HCV from culture medium. We next examined the presence of HCV in
cell culture medium from IHH. After different days of transfection, culture medium was
filtered through a 0.45 pm cellulose acetate membrane (Millipore, Bedford, MA), and
concentrated to ~10 - 20 fold by Millipore ultrafiltration (100 kDa cut off) and used for
detection of HCV genomic sequence by RT-PCR (Fig. 4, panel A). Presence of HCV 5’UTR
was detected in culture medium from HCV genome transfected IHH, but not from polymerase
defective HCV RNA transfected IHH. We obtained ~1.1x10% genome copies/ml of culture
medium using real-time RT-PCR, as described recently (32). | Culture supernatant collected up

to 7 days suggested a peak of HCV genome copy number between 4 and 5 days after

tarnsfection.

Next, we determined whether the culture medium contains infections HCV. For this,
culture medium was serially two fold dilutédl and inoculated into naive IHH Cells were
incubated for 4h, washed and incubated with fresh medium for 3 days before analysis of ffu/ml
by indirect immunofluorescence for NS5a (H77 clone) or NS3 (JFHI clone) as recently
described (32). Nuclear staining was performed using TO-PRO3-iodide (Molecular Probes)
and mounted for confocal laser scanning microscopy (Bio-Rad, Model 1024). A representative

figure displaying infection of IHH by H77 or JFHI1 is shown (Fig. 4, panel B). The number of



fluorescing cells was counted and correlated with dilutions of cell culture medivm for
determination of ffu/ml. We observed an ~ 4.5x10% - 1x10° ffu/ml of the cell culture medium

after 5 days of transfection from both H77 and JFH1 clones.

We transfected in vitro transcribed H77 or JFH1 RNA into IHH and isolated the RNA
from transfected cells. Culture supernatant was also collected for isolation of RNA and
determination of infectivity (ffu/ml). Real-Time PCR suggested maximal HCV RNA
accumulation from H77 at the intracellular level on day 2, and declined on day 5 (Fig. 4, panel
C). We have observed higher genome copy number and infectious virus titer at day 4.
Similarly, JFH1 RNA transfected THH supernatant displayed a peak genome copy number of

10 /ml, and infectivity of ~ 7x10* ffu/ml on day 4.

A HCV infected patient serum (OP1843) displaying neutralizing activity against
VSV/HCV pseudotype (19) was used in determining neutralization of cell culture grown HCV.
Serum from a healthy volunteer was used as a negative control in HCV neutralization assay. A
two fold serial dilutions of heat inactivated serum was incubated with ~100 fluorescent focus
unit of HCV generated from H77 clone at 37°C for 30 minutes. Virus-serum mixture was
added on naive IHH and incubated for 3 days. Neutralization of fluorescent focus unit was
determined from the inhibition of NS5a protein expression by immunofluorescence. The
results are shown as % inhibition of fluorescent focus unit (Fig. 4, panel D). An ~60%
infectivity was inhibited upon prior incubation of HCV in culture medium with the patient
serum at 1/50 dilution. Similar inhibition at different dilutions with 3 other HCV infected

patient sera was observed. In contrast, sera from 4 healthy individuals did not inhibit infectivity

10



at 1/10 dilution. These results suggested that infectious HCV particles released in the culture

medium are neutralized by specific antibodies.

HCV RNA is directly translated, and the precursor viral polypeptide is cleaved
proteolytically to form individual proteins, and the replicase complex amplifies the RNA via a
minus strand intermediate. Plus strand RNA progeny are packaged into virus particles and
acquire their envelope probably by budding into the lumen of the endoplasmic reticulum. HCV
particles are likely to be exported via the constitutive secretory pathway. Based on this working
principle, we have shown in this report that THH support HCV genome replication and protein
expression from genotype la. Immunogold labeling using a monoclonal antibody
demonstrated localization of HCV E1 glycoprotein in the rough endoplasmic reticulum, and
the formation of virus-like particles. We transferred culture medium from HCV replicating
cells into naive IHH and HCV infection was detected by RT-PCR and indirect
immunofluorescence. We have also observed JFH1 replication and virus growth in THH. The
infectious unit appeared to be similar with JFH1 grown in Huh-7 cells or its derivatives. JFH1
may replicate with a higher efficiency than H77 at the RNA level in Huh-7 cells or its
derivatives. However, we focused to determine the generation of infectious HCV from H77
and JFH1 in IHH. In our experimental system, we have observed a similar level of viral
genome copy of H77 or JFH1 RNA transfected culture supernatant as well as the fluorescence
focus unit. We did not purify virus particles for negative staining due to the relatively low
infectious unit in the culture medium. Three different groups of investigators have reported
different densities of HCV2a particles. Zhong et al. (32) observed a peak infectivity from an

apparent density of 1.105 gm/ml, Wakita et al. (29) observed a density of ~1.15 gm/ml, and
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Lidenbach et al. (15) observed a broad distribution of virus infectivity over a range of 1.01 to
1.12 gm/ml. A similar finding suggesting a variation of buoyant density of cell culture grown
HCV 2a between 1.06 and 1.16 gm/ml was reported by Cai et al. (5). HCV is known to
associate with serum immunoglobulin and lipoproteins (24). We did not determine the density
of cell grown HCV1a as the number of particles are at least 100 fold lower relative to the other

commonly cell culture grown viruses, and for its known association with other serum proteins.

Recently, HCV production was reported from a HCV-ribozyme construct of genotype la
(clone H77) in Huh-7 cells, although infectivity of virus was not determined (8). Virus genome
replication and assembly are multi-step processes, and are influenced by the intracellular
milieu. Inhibition of host cell growth and induction of cytokines, such as interferons, may have
an impact for cure of virus replication (3). Our study supports the proof of concept for HCV
replication and assembly of genotype la in IHH. To our knowledge, this is the first report
describing the generation of cell culture grown HCV from genotype la. We speculate that
cellular defense mechanism against HCV infection is attenuated or compromised in THI
Further studies should help to unravel the specific mechanisms for growth of HCV in IHH, and
to address important biological questions for the life-cycle of HCV. Studies are in progress to
determine the factors influencing virus growth, such as serial passage for adaptation in THH,
mutations at specific sites of HCV genome, and selection of cell populations for attenuated
protective mechanisms. We will also characterize the biophysical properties of cell culture

grown HCV and infectivity in available animal models in the near future.

ACKNOWLEDGMENTS

12



We are grateful to Charles M. Rice for providing the full-length H77 clone, Michael Houghton
for providing the E1 monoclonal antibody, Arvind Patel for antiserum to core protein, George
Luo for monoclonal antibody to NS3 protein, and Leonard E. Grosso for detection of HCV
RNA. We appreciate for helpful suggestions of Richard W. Compans in electron microscopic
study and Francis V. Chisari in determining virus infectivity. We thank Lin Cowick for
preparation of the manuscript. This work was supported by research grants Al45144 (RB.R)

and CA85486 (R.R) from the National Institutes of Health.

Note: While our manuscript was under revision, Yi et al. (Proc. Natl. Acad. Sci., 103, 2310-

2315, 2006), have reported the growth of H77-S (containing five adaptive mutations) in Huh-7.5

cells.

13



REFERENCES

. Basu, A., K. Meyer, R. B. Ray, and R. Ray. 2001. Hepatitis C virus core protein
modulates the interferon-induced transacting factors of JAK/Stat signaling pathway but
does not affect the activation of IRF-1 or 561 genes. Virology 288:379-390.

. Basu, A., K. Meyer, R. B. Ray, and R. Ray. 2002. Hepatitis C virus core protein is
necessary for the maintenance of immortalized human hepatocytes. Virology 298:53-62.

. Blight, K. J., J. A. McKeating, J. Marcotrigiano, and C. M. Rice. 2003. Efficient
replication of hepatitis C virus genotype 1a RNAs in cell culture. J. Virol. 77:3 181-3190.

. Bode, J. G., S. Ludwig, C. Ehrhardt, U. Albrecht, A. Erhardt, F. Schaper, P. C.
Heinrich, and D. Haussinger. 2003. IFN-alpha antagonistic activity of HCV core protein
involves induction of suppressor of cytokine signaling-3. FASEB J. 17:488-490.

. Cai, Z., C. Zhang, K. S. Chang, J. Jiang, B. C. Ahn, T. Wakita, T. J. Liang, and G.
Lou. 2005. Robust production of infectious hepatitis C virus (HCV) from stably HCV
¢DNA-transfected human hepatoma cells. J. Virol. 79:13963-13973.

. Di Bisceglie, A. M., R. L. Carithers, and G. J. Gores. 1998. Hepatocellular carcinoma.
Hepatology 28:1161-1165.

. Hayashi, J., H. Aocki, Y. Arakawa, and O. Hino. 1999. Hepatitis C virus and
hepatocarcinogenesis. Intervirology 42:205-210.

. Heller, T., S. Saito, J. Auerbach, T. Williams, T. R. Moreen, A. Jazwinski, B. Cruz, N,
Jeurkar, R. Sapp, G. Luo, and T. J. Liang. 2005. An in vitro model of hepatitis C virion
production. Proc. Natl. Acad. Sci. USA 102:2579-2583.

. Hoofnagle, J. H., and A. M. Di Bisceglie. 1997. The treatment of chronic viral hepatitis.

N. Eng. J. Med. 336:347-356.

14



10.

11.

12.

13.

14.

15.

16.

17.

Tkeda, M., M. Yi, K. Li, and S. M. Lemon. 2002. Selectable subgenomic and
genome-length dicistronic RNAs derived from an infectious molecular clone of the HCV-N
strain of hepatitis C virus replicate efficiently in cultured Huh-7 cells. J. Virol.
76:2997-3006.

Jeffers, L. 2000. Hepatocellular carcinoma: an emerging problem with hepatitis C. J. Natl.
Med. Assoc. 92:369-371.

Kato, T., A. Furusaka, M. Miyamoto, T. Date, K. Yasui, J. Hiramoto, K. Nagayama,
T. Tanaka, and T. Wakita. 2001. Sequence analysis of hepatitis C virus isolated from a
fulminant hepatitis patient. J. Med. Virol. 64:334-339.

Kolykhalov, A. A., E. V. Agapov, K. J. Blight, K. Mihalik, S. M. Feinstone, and C. M.
Rice. 1997. Transmission of hepatitis C by intrahepatic inoculation with transcribed RNA.
Science 277:570-574.

Kolykhalov, A. A., K. Mihalik, S. M Feinstone, and C. M. Rice. 2000. Hepatitis C
virus-encoded enzymatic activities and conserved RNA elements in the 3' nontranslated
region are essential for virus replication in vivo. J. Virol. 74:2046-2051.

Lindenbach, B. D., M. J. Evans, A. J. Syder, B. Wolk, T. L. Tellinghuisen, C. C. Liu,
T. Maruyama, R. O. Hynes, D. R. Burton, J. A. McKeating, and C. M. Rice. 2005.
Complete replication of hepatitis C virus in cell culture. Science 309:623-626. |

Lin, W., W. H. Choe, Y. Hiasa, Y. Kamegaya, J. T. Blackard, E. V. Schmidt, and R.
T. Chuﬁg. 2005. Hepatitis C virus expression suppresses interferon signaling by degrading
STATI1. Gastroenterology 128:1034-1041.

Majumder, M., A. K. Ghosh, R. Steele, X. Y. Zhou, N. J. Phillips, R. Ray, and R. B.

Ray. 2002. Hepatitis C virus NS5A protein impairs TNF-mediated hepatic apoptosis, but

15



18.

19.

20.

21.

22.

23.

24.

25.

26.

not by an anti-FAS antibody, in transgenic mice. Virology 294:94-105.

Melen, K., R. Fagerlund, M. Nyqvist, P. Keskinen, and L Julkunen. 2004. Expression
of hepatitis C virus core protein inhibits interferon-induced nuclear import of STATs. J.
Med. Virol. 73:536-547.

Meyer, K., A. Beyene, T. L. Bowlin, A. Basu, and R. Ray. 2004. Coexpression of
hepatitis C virus E1 and E2 chimeric envelope glycoproteins displays separable ligand
sensitivity and increases pseudotype infectious titer. J. Virol. 78:12838-12847.

Miller, K., S. McArdle, M. J. Gale Jr, D. A. Geller, B. Tenoever, J. Hiscott, D. R.
Gretch, and S. J. Polyak. 2004. Effects of the hepatitis C virus core protein on innate
cellular defense pathways. J. Interferon Cytokine Res. 24:391-402.

Moradpour, D., and H. E. Blum. 1999. Current and evolving therapies for hepatitis C.
Eur. J. Gastroenterol. Hepatol. 11:1199-1202.

Pawlotsky, J.M. 2005. Current and future concepts in hepatitis C therapy. Semin. Liver
Dis. 25:72-83.

Pietschmann, T., V. Lohmann, A. Kaul, N. Krieger, G. Rinck, G. Rutter, D. Strand,
and R. Bartenschlager. 2002. Persistent and transient replication of full-length hepatitis C
virus genomes in cell culture. J. Virol. 76:4008-4021.

Prince A. M., T. Huima-Byron, T.S. Parker, and D.M. Levine. 1996. Visualization of
hepatitis C virions and putative defective interfering particles isolated from low-density
lipoproteins. J. Viral Hepat. 3:11-17.

Ray, R. B., K. Meyer, and R. Ray. 2000. Hepatitis C virus core protein promotes
immortalization of primary human hepatocytes. Virology 271:197-204.

Ray, R.B., and Ray, R. 2001. Hepatitis C virus core protein: intriguing properties and

16



217.

28.

29.

30.

31.

32.

functional relevance. FEMS Microbiol Lett. 202:149-156.

Saito, I, T. Miyamura, A. Ohbayashi, H. Harada, T. Katayama, S. Kikuchi, Y.
Watanabe, S. Koi, M. Onji, Y. Ohta, Q. Choo, M. Houghton, and G. Kuo. 1990.
Hepatitis C virus infection is associated with the development of hepatocellular carcinoma.
Proc. Natl. Acad. Sci. USA 87:6547-6549.

Simmonds, P., E. C. Holmes, T. A. Cha, S. W. Chan, F. McOmish, B. Irvine, E. Beall,
P, L. Yap, J. Kolberg, and M. S. Urdea. 1993. Classification of hepatitis C virus into six
major genotypes and a series of subtypes by phylogenetic analysis of the NS-5 region. J.
Gen. Virol. 74:2391-2399.

Wakita, T., T. Pietschmann, T. Kato, T. Date, M. Miyamoto, Z. Zhao, K. Murthy, A.
Habermann, H. G. Krausslich, M. Mizokami, R. Bartenschlager, and T. J. Liang.
7005. Production of infectious hepatitis C virus in tissue culture from a cloned viral
genome. Nature Med. 11:791-796.

Yanagi, M., R. H. Purcell, S. U. Emerson, and J. Bukh. 1997. Transcripts from a single
full-length cDNA clone of hepatitis C virus are infectious when directly transfected into the
liver of a chimpanzee. Proc. Natl. Acad. Sci. USA 94:8738-8743.

Zein, N.N., J. Rakela, E. L. Krawitt, K. R. Reddy, T. Tominaga, and D. H. Persing.
Collaborative Study Group. 1996. Hepatitis C virus genotypes in the United States:
epidemiology, pathogenecity, and response o interferon therapy. Ann. Intern. Med.
124:634-639.

Zhong, J., P. Gastaminza, G. Cheng, S. Kapadia, T. Kato, D. R. Burton, S. F.
Wieland, S. L. Uprichard, T. Wakita, and F. V. Chisari. 2005. Robust hepatitis C virus

infection in vitro. Proc. Natl. Acad. Sci. USA 102:9294-9299.

17



FIGURE LEGENDS

Fig. 1. HCV RNA and protein expression in IHH. Panel A: RT-PCR analysis was performed
using 5’ untranslated region (5°UTR) specific primers from RNA isolated at day 5 from two
different sets of IHH transfected with H77/GND RNA as a negative control (lanes 1 and 2) and
H77 RNA (lanes 3 and 4). GPDH was ampliﬁed as an internal control. The sizes of the
amplified bands were verified from the migration of a ¢X174-Haelll digested DNA marker
(not shown). Panel B: Western blot analysis for core protein expression in H77/GND RNA
transfected (lane 1), and H77 RNA transfected (lane 2) THH, using a specific antiserum. The
blot was reprobed with antibody to actin for similar protein load in each lane. Panel C:
Western blot analysis for NS3 protein expression in two different sets of IHH transfected with
H77/GND RNA (lanes 1 and 2) and H77 RNA (lanes 3 and 4), using a specific monoclonal
antibody. The blot was reprobed with antibody to actin for similar protein load in each lane.
The molecular weight of the protein bands were verified from the migration of protein

molecular weight markers (Cambrex, Rockland, ME).

Fig. 2. Intracellular expression of HCV proteins. IHH transfected with RNA from H77 clone
(panel A) or H77/GND RNA transfected negative control (panel B) were treated with NS5a
specific monoclonal antibody for detection of ‘protein expression by intracellular
immunofluorescence after 5 days of transfection. IHH were similarly transfeceted with RNA
from JFH1 clone (panel C) and JFH1/GND RNA transfected negative control (panel D) for
intracellular localization of NS3 using a specific monoclonal antibody. Green color indicates

NS5a staining and red color for NS3 staining.
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Fig. 3. Immunogold localization of HCV E1 protein and virus-like particles in THH with a
specific monoclonal antibody. Panel A: Localization of virus-like particles in the cytoplasm are
indicated by arrows. Panel B: Localization of HCV El protein to the rough endoplasmic
reticulum is marked by arrows. Panel C: Localization of virus-like particles in the cortical
cytoplasm adjacent to the plasma membrane. Panel D: Localization of virus-like particles in a
large phagic vacuole in the cytoplasm of THH is shown by arrows. Panel E: Clusters of CG
indicated by arrows show virus-like particles in IHH. The labeled particle indicated by an arrow
and with an asterisk is shown at higher magnification in the inset. As observed by light
microscopy, THH contain cytoplasmic vacuoles and lipid droplets. Panel F: H77/GND RNA-
transfected control section of THH incubated with monoclonal antibody to E1 glycoprotein did
not exhibit immunogold labeling. Other negative controls consisted of labeling with normal
mouse IgG and omitting the primary antibody (not shown). The abbreviations used are: C —
cytoplasm, M — mitochondrion, PM — plasma membrane, RER — rough endoplasmic reticulum,
V — vacuole, LD - lipid droplet, PV — phagic vacuole. Magnification bars are 0.25 um in panels

A-F, and 0.1 pm in the inset in panel E.

Fig. 4. Presence of HCV in culture medium and infectivity of naive IHH. Panel A: RT-PCR
analysis was performed for detection of 5’UTR from culture medium of I—ICV. RNA transfected
IHH. Filtered culture medium from THH transfected with H77/GND RNA (lane 1), full-length
H77 RNA (lane 2), JFHI/GND (lane 3), full-length JFH1 RNA (lane 4) were analyzed for
amplification of SUTR. HCV genome was amplified similarly from Huh-7 cells transfected with
JFH1/GND RNA (lane 5) and full-length JFH1 RNA (lane 6). Cloned H77 DNA was included as

a positive control in PCR amplification (lane 7).
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Panel B: Immunofluorescence of IHH at day 3 after infection with filtered culture medium from
H77 (panel a) and JFH1 (panel b) for detection of NS5a and NS3 protein expression,
respectively. Panel C: Generation of infectious HCV after transfection of H77 genomic RNA
into IHH. In vitro transcribed H77 RNA (2ug) was electroporated into 1x10° IHH. HCV RNA
copies at the intracellular (¢ #*) level and in the culture supernatant (numbers on top) were
measured by real-time PCR at indicated days. Virus infectivity of the culture supernatant was
determined in naive THH and is expressed as ffu/ml (black bars). Panel D: Neutralization of
virus infectivity by HCV infected patient serum (black bars). Two fold serial dilutions of test
serum was incubated with ~100 fluorescent focus unit of virus generated from H77 clone at 37 °C
for 30 minutes. Virus-serum mixture was added on naive IHH and incubated for 3 days for
determination of fluorescent focus unit by indirect immunofluorescence using NS5a specific
antibody. Similar experiment was performed in parallel with serum from a healthy individual
(hatched bars). The results are presented as % inhibition of fluorescent focus unit, and variation

from triplicate assays are indicated by error bars.
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