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Translation initiation in many eukaryotic mRNAs is modulated by an interaction between the cap binding
protein complex, bound to the 5� end of the mRNA, and the polyadenosine binding protein, bound to the
3�-terminal polyadenosine sequences. A few cellular and viral mRNAs, such as the hepatitis C virus (HCV)
mRNA genome, lack 3�-terminal polyadenosine sequences. For such mRNAs, the question of whether their
3�-end sequences also regulate the initiation phase of protein synthesis via an interaction with their 5� ends has
received intense scrutiny. For HCV mRNA, various experimental designs have led to conflicting interpreta-
tions, that the 3� end of the RNA can modulate translation initiation either in a positive or in a negative
fashion. To examine the possibility of end-to-end communication in HCV in detail, mRNAs containing the HCV
internal ribosome entry site linked to a luciferase coding region, followed by different 3� noncoding regions,
were expressed in the cytoplasm of cultured cells by T7 RNA polymerase. The intracellular translation
efficiencies, steady-state levels, stabilities, and 3�-end sequences of these chimeric RNAs were examined. It was
found that the HCV 3� noncoding region modulates neither the translation nor the stability of the mRNAs.
Thus, there is no detectable end-to-end communication in cytoplasmically expressed chimeric mRNAs con-
taining the HCV noncoding regions. However, it remains an open question whether end-to-end communication
occurs in full-length HCV mRNAs in the infected liver.

Hepatitis C virus (HCV) has been classified as the main
agent causing non-A, non-B hepatitis (8). HCV is a member of
the Flaviviridae, a family of viruses containing single-stranded
RNA genomes that are translated into viral polyproteins,
which are processed into the viral structural and nonstructural
proteins (reviewed in references 2 and 9). Because there is no
cell culture system in which HCV can be propagated, many
functions of the HCV genome have been studied using either
individually expressed genes or cell culture-adapted viral rep-
licons (4, 18, 19, 26). These studies have shown that the viral 5�
and 3� noncoding regions (NCR) are, as expected, important in
translation and amplification of the viral RNA. The viral 5�
NCR contains an internal ribosome entry site (IRES) (31, 32)
that can recruit 40S ribosomal subunits without additional
translation initiation factors (25, 28). The viral 3� NCR is
conserved among several viral genotypes and does not contain
terminal poly(A) sequences like other cellular mRNAs (29,
30). For other viral IRES elements, the poly(A) binding pro-
tein, associated with the 3�-terminal poly(A) sequences, can
stimulate the efficiency of translation initiation (3, 21). There-
fore, it was of interest to examine whether the 3� NCR of HCV,
lacking polyadenosine sequences, could stimulate the HCV
IRES.

The 3� NCR located in the six genotypes of HCV can be
divided into three regions. Immediately following the stop

codon of the viral polyprotein resides a 40-nucleotide variable
region, followed by an approximately 80 nucleotide polypyri-
midine-tract sequence element and a highly conserved 100-
nucleotide sequence element, known as the X region, which
contains three RNA hairpin structures (17, 29, 30). Full-length
mRNAs that carry an alteration in the polypyrimidine tract or
X region did not produce infectious virus after inoculation into
susceptible chimpanzees; however, mRNAs with small muta-
tions in the 3� NCR variable region produced infectious virus
in this assay (33). While this study clearly showed a role for the
3� NCR in viral propagation, it did not address whether the
deleterious mutations affected viral mRNA translation, RNA
replication, RNA stability, or RNA packaging.

To test possible roles of the 3�-end sequences in viral mRNA
translation, the translational efficiencies of chimeric mRNAs
containing the HCV IRES linked to a reporter open reading
frame followed by the viral 3� NCR or other sequences were
examined in cell-free translation systems, in cultured cells, and
in transfected mouse livers (14, 15, 20–22). However, conflict-
ing results have been obtained, pointing both to stimulatory
and inhibitory effects of the HCV 3� NCR on translation. Thus,
a role of the viral end sequences in mRNA translation and
stability awaits further proof. In this study, we have employed
an expression system in which chimeric HCV NCR-containing
mRNAs were synthesized in the cytoplasm of cultured cells
instead of being delivered by transfection or synthesized in the
nucleus. Analyses revealed that the 3� NCR of HCV did not
have a significant effect on the translatability or stability of the
chimeric mRNAs either in cells of nonliver origin or in cells of
liver origin.
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MATERIALS AND METHODS

Cells. The Huh7 cell line (obtained from H. Greenberg, Stanford University
School of Medicine) was maintained in 50% Dulbecco’s modified Eagle medium
(DMEM) and 50% RPMI medium (Life Technologies, Inc.) supplemented with
10% fetal calf serum, 1% penicillin (10 U/ml)-streptomycin (10 �g/ml) (Life
Technologies, Inc.), and 1% L-glutamine (200 �M; Life Technologies, Inc.).
Huh7 cells were passaged fewer than 25 times prior to use. 293T cells were
maintained in DMEM supplemented with 10% calf serum, 1� penicillin-strep-
tomycin, and 1� L-glutamine. KJT7 cells, monkey kidney CV-1 cells that con-
stitutively express T7 RNA polymerase (23), were maintained in DMEM sup-
plemented with 10% calf serum and 1% penicillin-streptomycin.

Plasmid constructs. To create pT7 5�HCVluc, the HindIII-to-BstEII fragment
from plasmid pT7 CAT-HCV IRES luc (13) was subcloned into the SalI-to-
BstEII site of pT7 lucAn (13). The HCV 3� NCR was obtained from plasmid
pTET/T7HCVcons/�ApaI/BsmI (5) after PCR amplification using primers 5�-C
TCCCCAACCGATGAAGGTTG-3� (HCV11) and 5�CGGGATCCACATGAT
CTGCAGAGGCCAG-3� (HCV8) and Advantage II polymerase (Clontech).
The amplified DNA fragment was gel purified and subcloned into the BamHI
site of pT7 5�HCVluc to create pT7 5�HCVluc3�NCR. The 3� sequence was
verified by sequencing.

Individual sequence elements of the viral 3� end were obtained in a similar
manner. For example, to create pT7 5�HCVluc3�X, primers HCV 11 and 5�-A
ATGGTGGCTCCATCTTAGCCC-3� were used in a PCR to amplify the 3� X
region; to generate pT7 5�HCVluc3�UC, primers 5�-GCTCTAGATTTCCTGT
TTTTTTTTTTTTTTTTTTT-3� and 5�-CGGAATCCAAAGAAGGAAGGAA
AAGAAAGG-3� were utilized; to produce pT7 5�HCVluc 3�var, primer 5�-GC
TCTAGAAGGTTGGGGTAAACACTCCGGCCTCTTAGGCCATTTCCTG
GGATCCC-3� and its complementary strand were annealed and subcloned into
the BamHI site of pT7 5�HCVluc.

To create pT3 luc3�XRPA, 101 nucleotides of the HCV 3� NCR were ampli-
fied using oligonucleotides HCV8 and 5�-GAGTCTAATGGTGGCTCCATCT
TAGCCC-3� and then subcloned into plasmid pCR4 (Invitrogen) by using the
TopoTA cloning kit (Invitrogen). The resulting plasmid was confirmed by se-
quencing.

pRevT7RNApoly was generated by excising the T7 RNA polymerase gene
from plasmid pAR3126 (11) with BamHI and HindIII and then inserting the
fragment into the ClaI-to-HindIII sites of pRev Tet-ON (Promega Biotec). Thus,
plasmid pRevT7RNApoly encodes a T7 RNA polymerase which lacks a nuclear
localization signal.

In vitro RNA synthesis. Firefly luciferase-encoding plasmids were linearized
with BamHI, or with BsmI in the case of pT7 5�HCVluc165orf-3�HCV. Reaction
mixtures were incubated at 37°C for 4 h in transcription buffer (80 mM HEPES-
KOH [pH 7.5], 12 mM MgCl2, 2 mM spermidine, 10 mM nucleoside triphos-
phates, and T7 RNA polymerase [a gift from Jody Puglisi, Stanford University
School of Medicine]). Production of full-length RNA was verified by electro-
phoresis using denaturing polyacrylamide gels containing Century Marker size
standards (Ambion).

Transient transfections. Huh7 and 293T cells were plated the day before
transfection into 6-well plates and were transfected with 500 ng of the linearized
reporter plasmid, 125 ng of the pRevT7 polymerase plasmid, and 10 ng of pRL
by using the Fugene 6 (Roche, Mannheim, Germany) transfection reagent in a
6:1 (vol/vol) ratio. The medium was changed after 18 h of incubation. At the
indicated time points, Renilla and firefly luciferase activities were assayed using
the Dual Luciferase Assay system (Promega Biotec).

KJT7 cells were transfected with Effectene (Qiagen Inc.). Briefly, 1 �g of DNA
and 250 ng of PRL were mixed in a 10:1 molar ratio with Effectene and an 8:1
(vol/vol) ratio with Enhancer. After 3 h, the medium was changed, followed by
two washes with phosphate-buffered saline. Fresh medium was added and lucif-
erase activity was assayed, as described above, after an additional 7 h of incu-
bation.

RNA isolation and Northern blot analysis. At the indicated time points, total
RNA was harvested using the TRIzol reagent (Life Technologies, Inc.) according
to the manufacturer’s instructions. To obtain polysome-associated RNA, cells
were lysed in 1% Triton X-100–300 mM NaCl–15 mM Tris-HCl (pH 7.5)–15 mM
MgCl2–0.1 mg of cycloheximide/ml–1 mg of heparin/ml and were fractionated
over sucrose gradients as described previously (16). Northern blot analysis was
performed as described previously (7). Briefly, the RNA was separated in a 1%
denaturing agarose gel in the presence of formaldehyde and morpholinepro-
panesulfonic acid (MOPS) buffer (1) and then transferred to a Zeta-probe
membrane (Bio-Rad). Northern blots were hybridized in ExpressHyb (Clontech
Inc.) to specific radiolabeled nucleic acid probes. Radiolabeled probes that can
detect actin (nucleotides 685 to 1171) and firefly luciferase (nucleotides 99 to

1354) mRNAs were generated using the RadPrime Kit (Life Technologies, Inc.).
ImageQuant (Molecular Dynamics) was used to quantify the images.

RNase protection assays. Total RNA was harvested at the indicated time
points and subjected to RNase protection assays using the HybSpeed RPA
(Ambion Inc.) protocol at an optimized RNase A/T1 dilution of 1:100. The
strand-specific RNA probe was generated by using NotI-linearized plasmid
p3�XRPA as a template in the MAXIscript T3 (Ambion Inc.) labeling system,
resulting in the synthesis of a 157-nucleotide radiolabeled RNA. Following
hybridization and RNase digestion, RNA samples were precipitated and sepa-
rated on a denaturing 5% polyacrylamide gel in the presence of 8 M urea and
Tris-borate-EDTA buffer (1) and were then transferred to a Zeta-probe mem-
brane by using the HEP-1 Panther semidry electroblotter system (Owl Inc.).

RNase H assays. Total RNA was harvested at the indicated time points and
hybridized to oligodeoxynucleotide 5�-TCTAGAAAGAAGGAAGGAAAAGA
AAGG-3�. Briefly, RNA was denatured at 70°C for 3 min and incubated at 45°C
for 30 min in Tris-EDTA buffer (1). Reaction mixtures were treated with 1 U of
RNase H (Life Technologies, Inc.) at 37°C for 20 min. After extraction with
phenol and precipitations with ethanol, the digested RNA was separated on
denaturing 5% polyacrylamide gels. Northern blot analysis was performed with
radiolabeled strand-specific RNA probes derived from p3�XRPA as described in
the preceding section.

RESULTS

Effects of the 3� NCR of HCV on IRES-mediated translation
in a cell-based system. Translation studies with HCV NCR-
containing mRNAs performed in a variety of cell-free and
cell-based translation systems have yielded different results
with respect to the effect of the HCV 3� NCR on translational
efficiency. In some instances, a stimulatory role was observed
for the viral 3� NCR in HCV IRES-mediated translation (14,
15, 20). However, inhibitory roles for the 3�-end sequences
have been reported as well (22). While the reasons for these
inconsistencies are not known, it is likely that different con-
centrations of translation factors in the individual assay sys-
tems, different intracellular mRNA concentrations, and mis-
folding of in vitro-generated RNA templates could contribute
to the discrepancies noted. To eliminate many of these vari-
ables, we established a cell-based assay in which both the
translational efficiencies and the stabilities of newly synthe-
sized cytoplasmic RNAs could be measured.

A series of plasmids was generated that contained the pro-
moter for T7 RNA polymerase linked to the luciferase coding
region surrounded by specific NCR (Fig. 1). Plasmids were
linearized and transfected into KJT7 monkey kidney cells,
which constitutively express the gene for T7 RNA polymerase
(23). Because the expressed T7 RNA polymerase resides in the
cytoplasm (23), the linearized plasmids can be used as tem-
plates by the RNA polymerase to direct the synthesis of un-
capped luciferase mRNAs with predicted 5� and 3� NCR (Fig.
1). Cells transfected with DNAs encoding the HCV IRES were
translated, and luciferase activities could be measured (Fig. 2).
In contrast, transfection of a construct lacking an IRES pro-
duced only 1% normalized luciferase activity (data not shown).
Surprisingly, RNAs containing different parts of the HCV 3�
NCR were all translated with similar efficiencies (Fig. 2). These
findings suggest that the various 3� NCR fail to regulate HCV
IRES-mediated translation. Alternatively, the various viral 3�
NCR could have effects on the intracellular abundances of the
expressed mRNAs; for example, 5�HCVluc RNAs might be
more abundant than 5�HCVluc3�HCV RNAs but may be less
efficiently translated. In addition, effects of the HCV 3� NCR
on translation may be observed only in liver cells.

To distinguish between these possibilities, the accumulation
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of both intracellularly expressed mRNAs and translation prod-
ucts was examined. Chimeric RNAs could not be detected in
DNA-transfected KJT7 cells. Therefore, a transient expression
assay was developed in which human kidney 293T cells were
cotransfected with linearized, reporter-encoding plasmids (see
above) and a plasmid that expresses T7 RNA polymerase.
Figure 3 displays a kinetic analysis in which both luciferase
activity and luciferase RNA abundance were measured at dif-
ferent times after DNA transfection. Luciferase activities di-
vided by the relative amounts of cytoplasmic luciferase mRNA,
determined by Northern blot analyses, are displayed. In this
analysis, HCV-luciferase mRNAs lacking or containing viral 3�
NCRs were translated with roughly equal efficiencies through-

out the time course of the experiment. Importantly, the overall
intracellular abundances of HCV-luciferase mRNAs lacking or
containing the viral 3� NCRs were the same, as can be seen in
Fig. 5D and C, respectively. In contrast, HCV mRNAs that
contained additional template-encoded 3�-terminal polyade-
nosine sequences were translated with higher efficiencies than
the nonpolyadenylated mRNAs, especially at later times of
infection. Thus, our assays were not performed under condi-
tions where components of the translation apparatus were
limiting. These results suggest that the HCV 3� NCR has no
significant enhancing or inhibitory effect on cytoplasmically
synthesized mRNAs.

Cytoplasmically synthesized mRNAs containing or lacking
the 3� NCR of HCV are translated with similar efficiencies in
transfected liver cells. To examine the possibility that end-to-
end communication in HCV mRNA molecules was restricted
to liver cells, the translational activities of cytoplasmically syn-
thesized mRNAs that contained or lacked viral 3� NCRs were
examined by transfection into Huh7 cells. The results show
that chimeric mRNAs containing the HCV 3� NCR were trans-
lated with similar efficiencies as mRNAs lacking a viral 3� NCR
(Fig. 4). Together with the results in Fig. 3, these findings
indicate that the HCV 3� NCR has no effect on translational
efficiency or mRNA stability at any RNA concentration in
cultured nonliver or liver cells.

Polysomal association of IRES-containing mRNAs. To more
rigorously substantiate this notion, the intracellular transla-
tion-competent mRNA pool was examined. Cytoplasmic ex-
tracts were prepared from DNA-transfected cells and were
fractionated on sucrose gradients. The positions of 80S mono-
somes and polysomes were determined from the absorbance
profile at 254 nm (Fig. 5). Accordingly, RNA in fractions 7 to
10, derived from polysomes, was designated translation-com-
petent RNA, while RNA in fractions 1 to 6, derived from
monosomes or smaller complexes, was designated translation-
ally inactive. Northern blot analysis showed that endogenous
host cell actin mRNA was quantitatively associated with high-

FIG. 1. Schematic representation of the constructs used to synthe-
size chimeric mRNAs. DNA plasmids containing the T7 promoter
(T7) and the luciferase (luc) open reading frame surrounded by vari-
ous 5� and 3� NCR are shown. 5�EMCV and 5�HCV denote the IRES
elements from EMCV and HCV, respectively. 3� NCR consist of the
following: the 165 terminal sequences of the HCV open reading frame
followed by the HCV 3� NCR (165orf-3�HCV), the 3� NCR of HCV
(3�HCV), the 3� variable sequence (HCV 3�var), the 3� polypyrimi-
dine-rich element (HCV 3�UC), the 3� X region (HCV 3�X), or a
polyadenosine element (pA). See the text for details.

FIG. 2. Translational activities of chimeric RNAs in DNA-trans-
fected KJT7 cells constitutively expressing T7 RNA polymerase. Lin-
earized reporter plasmids (see Fig. 1 for details) were transfected into
KJT7 cells as described in Materials and Methods. Luciferase activities
after a 10-h incubation are shown. The mean activity of the construct
5�HCV luc was set to a value of 1. Error bars, standard deviations from
duplicate experiments.

FIG. 3. Translational efficiencies of chimeric RNAs expressed by
T7 RNA polymerase in DNA-transfected 293T cells. The indicated
linearized plasmids were cotransfected with a T7 RNA polymerase-
expressing plasmid into 293T cells. At the indicated times after trans-
fection, enzymatic luciferase activities were measured and luciferase
mRNA levels were quantitated after Northern blot analysis. Levels of
actin mRNA were determined as a control. The ratio of luciferase
activity to luciferase mRNA is plotted versus time.
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molecular-weight polysomes in fractions 9 and 10 (Fig. 5).
Cytoplasmically expressed luciferase mRNA lacking an IRES
element was found, as expected, predominately in the transla-
tionally inactive pool (Fig. 5A). Surprisingly, only a very small
fraction of encephalomyocarditis virus (EMCV) IRES- or
HCV IRES-containing mRNAs was associated with poly-
somes. We can only speculate that a nuclear experience might
guarantee efficient association of an mRNA with the cytoplas-
mic translation apparatus, because HCV IRES-containing re-
porter mRNAs, which were expressed at a similar cytoplasmic
abundance by nuclear RNA polymerase II, were associated

with polysomes as efficiently as native actin mRNA (data not
shown). In any case, the nature of the 3� NCR element did not
affect the representation of the HCV IRES-containing RNAs
on polysomes.

Cytoplasmically expressed RNAs contain the predicted HCV
3� NCR. Of course, the apparent lack of effect of the HCV 3�
NCR could be explained if the 3� ends of the RNAs were
different from those predicted. To test this possibility, a RNase
protection assay was used to determine whether T7 RNA poly-
merase-synthesized mRNAs contained the predicted viral 3�
NCR in DNA-transfected cells. To this end, a radiolabeled
157-nucleotide RNA, which contained the 100-nucleotide X
region, was hybridized to cytoplasmic RNA and digested with
single-strand-specific nucleases. Presence of a 3�-terminal X
region should result in the appearance of a 100-nucleotide
protected RNA species. Indeed, cells expressing the predicted
viral 3� NCR (Fig. 6, lanes b) displayed a doublet of approxi-
mately 95 to 100 nucleotides, while RNAs predicted to lack a
viral 3� NCR failed to display this doublet (Fig. 6, lanes a).
These findings show that the viral 3� NCR were expressed as
predicted.

Cytoplasmically expressed mRNAs are not polyadenylated.
Lastly, to test for the possibility that all expressed mRNAs
received additional polyadenosine in the cytoplasmic se-
quences, which could override any effects of viral 3� NCR
sequences, we employed RNase H cleavage assays to search
for additional polyadenosine sequences on the expressed
RNAs. Oligodeoxynucleotides with sequences complementary
to the 3� end of the luciferase coding region were annealed to

FIG. 4. Translational efficiencies of chimeric RNAs expressed by
T7 RNA polymerase in DNA-transfected Huh7 cells. Linearized re-
porter plasmids (see Fig. 1 for details) were transfected into Huh7 cells
as described in Materials and Methods. Relative luciferase activities
after 48 h are expressed as ratios to Renilla luciferase activities ex-
pressed from cotransfected plasmids. Error bars, standard deviations
of experiments performed in triplicate.

FIG. 5. Association of luciferase RNA with polysomes in DNA-transfected 293T cells. Polysome-associated RNA from cells transfected with
the indicated linearized plasmids was isolated at 39 h after transfection. Lysates were fractionated by sucrose gradient centrifugation. The fractions
from the top to the bottom of the sucrose gradient are displayed from left to right. The absorbance profile at 254 nm is shown, and arrows indicate
the migration of 80S monosomes. The distributions of chimeric luciferase and endogenous actin mRNAs in each fraction, obtained after Northern
blot analysis, are shown. The fraction of the luciferase RNA signal associated with polysomal fractions 7 to 10, as quantified by ImageQuant, is
indicated.
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the expressed RNAs and treated with RNase H, which should
endonucleolytically cleave the DNA-RNA sequence element.
The length of the 3�-terminal RNA segment was then visual-
ized by Northern blot analysis (Fig. 7). Addition of polyade-
nosine nucleotides to the 3� ends of the RNAs should result in
the appearance of RNA fragments larger than 100 nucleotides.
Figure 7 shows that 3� HCV-containing RNA preparations
each released a predominantly 100-nucleotide fragment after
RNase H digestion. RNA fragments of 150 to 200 nucleotides
were sometimes seen in lanes containing reactions that were
performed either in the presence or in the absence of ol-
gideoxynucleotides, and therefore, they do not represent
poly(A) sequences. These findings show that 3� HCV-encoding
RNAs were not extensively polyadenylated by cytoplasmic
poly(A) polymerases in liver (Huh7) and nonliver (293T) cells.

DISCUSSION

A variety of assay systems have been employed to study a
role of the 3� NCR of HCV in modulation of HCV IRES
activity (14, 15, 20–22). However, depending on the assay,
investigators have reported conflicting results. The system de-
scribed here enabled us to measure translational efficiencies
and intracellular stabilities of the chimeric mRNAs. Because
sufficient amounts of mRNA accumulated in the transfected
cells, sensitive RNase protection assays could be used to ex-
amine the integrity of 3�-terminal end sequences in the RNAs.
Our results indicated that the 3�-terminal end sequences in

HCV do not significantly enhance or diminish translational
efficiencies or stabilities in the chimeric RNAs.

Why have studies on the HCV 3� NCR produced such con-
flicting results (14, 15, 20–22)? First, studies performed in
cell-free systems can lack regulatory functions. For example, it
has long been known that the IRES elements in poliovirus and
rhinovirus require additional host factors to mediate efficient
translation in rabbit reticulocyte lysate (6, 10). Similarly, the
IRES in hepatitis A virus requires liver-specific extracts for
efficient function in cell-free lysates (12). Thus, there is evi-
dence that IRES-containing RNAs can be regulated by cell-
specific factors. Second, it is likely that not all RNA molecules
synthesized in vitro acquired the proper folding to ensure op-
timal translation initiation. Third, most studies performed in
cultured cells have relied on the expression of viral RNA either
by cellular polymerase II or by T7 RNA polymerase expressed
from recombinant vaccinia virus. Of course, polymerase II-
derived transcripts encounter a nuclear experience before they
are bound by cytoplasmic ribosomes, which could change the
associated proteins, secondary structure, or both, of the nor-
mally cytoplasmic RNAs. More importantly, polymerase II-
derived transcripts contain a 5�-terminal cap structure, and
whether HCV mRNAs contain a cap structure at their 5� ends
remains unknown. To circumvent these variables, many inves-
tigators have delivered T7 RNA polymerase to the cytoplasm
of cells by using recombinant vaccinia viruses. Vaccinia virus-
derived T7 RNA polymerase could then transcribe IRES-con-
taining mRNAs from plasmids containing the target gene un-
der the control of a T7 RNA polymerase promoter. However,
vaccinia virus infection is known to have profound effects on
IRES-mediated translation (24). Therefore, we chose to de-
liver T7 RNA polymerase via transfection of DNA plasmids
and not by recombinant vaccinia viruses in this study.

Clearly, we do not know whether effects of the HCV 3� NCR

FIG. 6. Determination of 3�-end sequences by RNase protection
assays. Total RNA was harvested at the indicated times after linearized
DNA transfection. After hybridization of the 157-nucleotide (nt) full-
length radiolabeled RNA to the isolated RNA, an RNase protection
assay was performed as described in Materials and Methods. Lane 8,
positive control, obtained after an RNase protection assay using an in
vitro-generated RNA as the template; lane 9, RNase protection assay
performed in the absence of template RNA; lane 10, migration of the
157-nt radiolabeled probe. Migration of RNAs of known sizes is indi-
cated on the left. An autoradiograph of the gel is shown.

FIG. 7. Examination of 3�-end sequences by RNase H protection
assays. Total RNA was harvested after linearized DNA transfection of
Huh7 or 293T cells. RNase H digestion assays were performed as
described in Materials and Methods. The last lane on the right shows
migration of the predicted 100-nucleotide 3�-end fragment released
after digestion with RNase H. Migration of RNAs of known sizes is
indicated on the left. An autoradiograph of the gel is shown.
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on mRNA translation or stability can be observed in full-length
viral mRNA molecules or in an infected liver. One can begin to
answer these questions if a mutation in the HCV 3� NCR can
be obtained which has an effect on translation but not on RNA
replication. The effects of such a mutation on translation ini-
tiation could then be studied in the cell-based replicon system
(19). It is also conceivable that certain viral protein products
are essential to mediate end-to-end communication in the viral
mRNA. For example, the rotavirus-encoded protein NSP3 can
enhance viral mRNA translation by promoting end-to end-
communication in the viral RNA (27). So far, we have exam-
ined whether the viral core protein affects translational effi-
ciencies in our chimeric mRNA, yet we have failed to note any
effects of the core on mRNA translation or stability (data not
shown). However, functional roles for virus-encoded proteins
in the translation and stability of HCV RNA in the infected
liver remain possible.
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