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Abstract

Dengue virus (DV)-induced changes in the host cell protein synthesis machinery are not well understood. We investigated
the transcriptional changes related to initiation of protein synthesis. The human hepatoma cell line, HepG2, was infected with
DV serotype 2 for 1 h at a multiplicity of infection of one. RNA was extracted after 6, 24 and 48 h. Microarray results showed
that 36.5% of the translation factors related to initiation of protein synthesis had significant differential expression (Z-score =
+2.0). Confirmation was obtained by quantitative real-time reverse transcription-PCR. Of the genes involved in the activation of
mRNA for cap-dependent translation (elF4 factors), elF4A, elF4G1 and elF4B were up-regulated while the negative regulator
of translation elF4E-BP3 was down-regulated. This activation was transient since at 24 h post-infection levels were not sig-
nificantly different from control cells. However, at 48 h post-infection, elF4A, elF4E, elF4G1, elF4G3, elF4B, and elF4E-BP3
were down-regulated, suggesting that cap-dependent translation could be inhibited during the progression of infection. To test
this hypothesis, phosphorylation of p70S6K and 4E-BP1, which induce cap-dependent protein synthesis, was assayed. Both
proteins remained phosphorylated when assayed at 6 h after infection, while infection induced dephosphorylation of p70S6K
and 4E-BP1 at 24 and 48 h of infection, respectively. Taken together, these results provide biological evidence suggesting that
in HepG2 cells DV sustains activation of the cap-dependent machinery at early stages of infection, but progression of infection
switches protein synthesis to a cap-independent process.
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Introduction

Dengue virus (DV), an RNA virus member of the Fla-
viviridae family, is one of the major human arboviruses in
the world, whose clinical manifestations range from a mild
self-limited fever to severe and potentially life-threatening
diseases such as dengue hemorrhagic fever and dengue
shock syndrome (1). The virus is transmitted to humans
through the bite of mosquitoes of the genus Aedes infected
by one of the four serotypes of the virus and it is estimated
that 2.5 billion people live in risk areas and 50-100 million

infections occur annually, leading to about 20 thousand
deaths (2,3).

Although the clinical manifestations of dengue hem-
orrhagic fever/dengue shock syndrome have been well
described, the limited understanding of the molecular
mechanisms involved in the interactions between DV and
its host cells is one of the causes of the lack of adequate
therapeutic approaches to DV-caused diseases. One
interesting point in the life cycle of RNA viruses is that
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Cellular protein synthesis during dengue virus infection

they have evolved several strategies for expressing their
own proteins inside the host cell by modulating cellular
transcription and translation. DV-RNAs a single-stranded
positive sense molecule that contains an m7G (5" )pppG(5’)
N-cap structure (cap structure) at the 5’end and a 3’stem
loop of 100 nucleotides, instead of the polyadenylation
tail of cellular mRNA (4). Its translation results in a large
polyprotein that is processed co- and post-translationally
by proteases into at least 10 viral proteins, 3 structural
(C, prM and E) and 7 non-structural proteins (NS1, NS2A,
NS2B, NS3,NS4A, NS4B, and NS5). Despite the progress
in the understanding of flavivirus translation strategies, the
complete understanding of how DV interacts with the host
cell translational machinery is still lacking.

The initiation of translation is the most crucial step for
regulation of protein synthesis in eukaryotic cells. Dur-
ing this step it is essential to activate the mRNA by elF4
factors. The 5’-cap structure of the mRNA is recognized
by elF4E, which is part of the complex known as elF4F,
formed by elF4E, an RNA helicase, elF4A and an adaptor
protein, elF4G (5). The mRNA s thought to be circularized
by interaction of elF4G with the poly(A) binding protein,
which in turn interacts with the poly(A) tail (6). The ribo-
somal 40S subunit carrying tRNA-Met/elF2-GTP then
binds to this structure recognizing the initiation codon AUG.
Afterwards the 60S subunit binds to this complex forming
monosomes 80S (5). Positive regulation of the formation
of the initiation complex occurs mainly by regulation of
elF4E at the transcription level (7) and by inhibition of
elF4E interaction with 4E binding proteins (4E-BPs) by
hyper-phosphorylation of the latter (8,9). Ribosomal pro-
tein S6 (RPS6) in its phosphorylated form has also been
linked to stimulation of translation. S6 is phosphorylated
by the p70S6K, which is in turn regulated positively by
phosphorylation. Both 4E-BP1 and p70S6K are regulated
by two pathways that sense nutrients activating them
(10,11). These pathways are phosphoinositide 3’ kinase,
protein kinase B (PKB or AKT) and the mammalian target
of rapamycin, mTOR (12). Eukaryotic cells also rely on
a cap-independent mechanism of translation, or internal
ribosome entry site (IRES)-mediated translation initiation,
which was discovered when the interaction of poliovirus
with the cellular translation machinery was studied (13).
Poliovirus inhibits translation by selectively inhibiting
the cap-dependent translation by degrading elF4G and
sequestering elF4E protein that leads to the important
switch from expression of cellular proteins to expression
of viral proteins (14). However, each virus induces differ-
ent changes in the cell translational machinery to promote
IRES-mediated translation initiation.

DV does notinhibit host protein translation but interacts
with the cap-dependent machinery through its 5’cap struc-
ture (15). The flavivirus RNAalso binds viral non-structural
proteins NS5, NS3 and NS2A and the cellular proteins
eEF1A, La and PTB (16). It has been recently shown
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that inhibition of the cap-dependent machinery either by
suppression of EIF4E expression or by the addition of the
inhibitors LY294002 and wortmanin does not inhibit rep-
lication and translation of DV, suggesting that translation
occurs via a cap-independent mechanism. However, the
DEN-5'UTR region does not contain an IRES that could
recruit the protein synthesis machinery. The authors sug-
gest that probably interactions between the 5’ and 3’UTR
sites promote this interaction (17).

The main objective of the present study was to char-
acterize how DV interacts with the host cell translational
machinery. We used HepG2, a human hepatoma cell line,
to follow post-infection changes in the expression of genes
involved in the protein synthesis machinery assayed by
global gene expression and quantitative real-time PCR
(qQRT-PCR). The choice of using HepG2 cells was based
on the fact that liver dysfunction is a characteristic of
severe dengue infection (18). Analyses of liver autopsies
obtained from individuals with dengue hemorrhagic fever
have revealed extensive areas of tissue damage, with
foci of necrosis, steatosis and apoptosis, characterized by
the presence of apoptotic bodies (19,20). Viral antigens
were detected near the lesioned areas, suggesting an as-
sociation between virus replication and hepatic damage.
Hepatomegaly (21), liver enzyme abnormality (21-24) and
occasional fulminant hepatic failure (25,26) also illustrate
the influence of DV infection on liver function. During the
early phase of infection, DV activates the cap-dependent
protein synthesis machinery in which transcription of genes
involved in mRNA activation are transiently up-regulated
and the regulators of translation 4E-BP1 and p70S6K are
in the phosphorylated state. However, the progression of
infection leads to the inhibition of the transcription of essen-
tial genes related to the cap-dependent machinery and of
ribosomal genes. Accordingly, 4E-BP1 and p70S6K are de-
phosphorylated. The results suggest that DV maintains the
cap-dependent translation machinery active at early times
of infection and progression promotes its inhibition.

Material and Methods

Cell culture and virus propagation

HepG2 cells were acquired from the American Type
Cell Collection (USA). Cells were cultured on appropriate
medium (minimum essential medium with 5 mM glucose)
supplemented with 10% fetal bovine serum (Invitrogen
Corporation, USA), 100 U/mL penicillin, 100 pg/mL strep-
tomycin, 0.22% sodium bicarbonate, and 0.2% HEPES, pH
7.4,ina CO, humid incubation chamber at 37°C. HepG2 is
a differentiated human hepatocellular carcinoma cell line,
which preserves many of the morphological and functional
characteristics of hepatocytes (27-29). Cells were seeded
at a density of 4 x 10° cells/mL, and grown on plastic Petri
dishes. At 70% confluence, cells were either mock-infected
or infected with DV serotype 2 Asiatic strain 16681 (mul-
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tiplicity of infection of 1 plaque forming unit per cell). After
1 h, cells were washed to remove non-adsorbed viruses
and incubated with 10 mL of growth medium for the desired
periods of time.

DV was propagated in C6/36 Aedes albopictus cells
grown in L-15 medium supplemented with 5% fetal bovine
serum. The supernatant from infected cells was collected
on the 4th day of infection, aliquoted and stored at -70°C.

Global transcription analyses

Samples for RNA isolation were taken from HepG2
cells at 6, 24 and 48 h after infection with DV or after mock
infection. Total RNA was extracted with Trizol (Sigma,
USA). Ten micrograms of total RNA was used for cDNA
synthesis by incorporating dUTP-Cy3 into the mock-
infected cDNA and dUTP-Cy5 into the DV-infected cDNA
employing the CyScribe First-Strand cDNA labeling kit
(Amersham, USA). Adye-swap experiment was performed
for each time point sample. Fluorophore incorporation
was analyzed using absorbance at 555 nm for Cy3 and
655 nm for Cy5. Equal quantities of labeled cDNA were
hybridized using hybridization solution HybIT2 (TeleChem
International, Inc., USA) to the collection of a 50-mer oligo
human library from MWGBIotech Oligo Sets (Germany).
The complete set description of a unique experiment can
be found at http://microarrays.ifc.unam.mx/principal.html.
Array images were acquired and quantified with a ScanAr-
ray 4000 with its accompanying software ScanArray 4000
from Packard BioChips (USA). Data were analyzed with
the GenArise software and genes related to the protein
synthesis machinery with altered expression (Z score 22.0
or<-2.0) were selected. The complete list of genes covered
by microarray and the results of the microarray experiment
are available upon request (montero@biogmed.ufrj.br).

Quantitative real-time PCR

The relative copy number from selected transcripts
of three independent biological samples, infected versus
mock-infected, was determined by gqRT-PCR analysis to
confirm differences of gene expression. Total RNAwas ex-
tracted and reverse-transcribed using the Tag-Man master
mix (Applied Biosystems, USA) following the manufacturer
protocol. The cDNA samples were used as templates for
amplification of the desired genes by PCR employing
the Sybr-Green PCR master mix gene expression assay
(Applied Biosystems). The conditions for PCR were: 92°C
for 2 min, followed by 40 cycles at 92°C for 15 s, 55°C for
30's,and 72°C for 90 s, followed by elongation at 72°C for
5 min and final dissociation at 95°C for 15 s. The amount
of fluorescence was detected using a 7500 real-time PCR
machine (Applied Biosystems). The number of PCR cycles
(Ct) required to reach a fluorescence intensity above
threshold was calculated using the Sequence detection
software version 1.3 (Applied Biosystems) by the standard
curve method. Relative expression levels for the studied
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genes were calculated as described by Ginzinger et al.
(30). The measurement of an unrelated control mRNA,
GAPDH, was used to normalize the samples. The mean
Ct value for three replicates of each gene was subtracted
from the mean Ct value for three replicates of the reference
gene GAPDH in each sample to obtain ACt, [(ACt = Ct
(gene) - Ct (GAPDH)]. Relative copy number (RCN) in the
infected HepG2 to uninfected cells was calculated using
the following formula: RCN = 2-24Ct where AACt = ACt
(infected) - ACt (mock). The primers designed for each
gene were: elF4EBP3-f (5’-tggagtgcaagaactcacccattg-3’);
elF4EBP3-r (5-tctgtaactccacatgccaggtca-3’); elF2B2-f
(5’-accattggcttctcccgaacagta-3’); elF2B2-r (5'-tggtcit
cgtgccaatgatcacct-3’); elF4A1-f (5’-agcagcgagccattc
taccttgta-3’); elF4A1-r (5-tgtagtctcctagtgccatgacca-3’);
Denhel-f (5’-cagctgaaatggaggaagcc-3’), Denhel-r (5’-gct
atacttgctgggtctgtg-3’); RPs6-f (5-ggcattcctgttacagacc
aagga-3’); RPs6-r (5-acacgtggagtaacaagacgctga-3’);
EIF4E-f (5'-tggctagagacacttctgtgectt-3’), EIF4E-r (5'-tcgatt
gcttgacgcagtctccta-3’); EIF4G3-f (5’-accagaagcaagaggag
aagccaa-3’), EIF4G3-r (5'-tgtgcaagatgtgaggctgggtat-3’);
EIF4G1-f (5'-gaaccacgcaagatcattgccaca-3’), EIF4G1-r
(5’-aagttgggctctgaaatggcecttc-3’); EIF4B-f (5'-attgaccgtt
ccatccttcccact-3’), EIF4B-r (5’-agcaacgtccactcgaatt
ctcct-3’); GAPDH-f (5’-tcggagtcaacggatttggtcgta-3’);
GAPDH-r (5'-tgatgacaagcttcccgttctcag-3’).

Immunoblotting

HepG2 cells were infected or mock-infected and after
6, 24 or 48 h cells were harvested by centrifugation, re-
suspended in 0.4 mL of extraction buffer (50 mM Tris-HCI,
pH 7.5, 50 mM NaF, 1 mM NaVO,, 0.2% Triton X-100, 1
mM PMSF, 1 ug/mL leupeptin, 1 pg/mL pepstatin, and 1
Mg/mL aprotinin) and homogenized. Extracts were centri-
fuged at 4°C for 10 min at 800 g and supernatants were
collected. Protein concentration was determined by the
method of Lowry et al. (31) using bovine serum albumin
as standard. Protein samples (30 ug) were separated
by electrophoresis on a 10% (for p70S6K) or 12% (for
4E-BP1) SDS-acrylamide gel using the Mini-Protean Il
system (BioRad, USA). Electrotransfer of protein from
the gel to Immobilon-P was performed for 1 h and 45
min at 250 mA per gel in 25 mM Tris, 192 mM glycine
and 10% methanol using a Trans-Blot apparatus (The
W.E.P. Company, USA). Membranes were blocked with
5% non-fat dry milk in Tris-buffered saline for 1 h at room
temperature. Membranes were then incubated overnight
at 4°C with antibodies against phospho-p70S6K (Thr389),
total p70S6K, phospho-4E-BP1 (Thr37/46) and total 4E-
BP1 (Cell Signaling Technology) and washed. Blots were
developed with ECL-plus using peroxidase-conjugated
secondary antibodies as indicated by the manufacturer.
Protein integrity in the extract and equal loading were
confirmed by immunoblot using an antibody against
B-tubulin (Sigma).

www.bjournal.com.br



Cellular protein synthesis during dengue virus infection

Results

Transcription analysis of HepG2 cells infected with
dengue virus

We studied the changes with time of gene transcrip-
tion of HepG2 cells 6, 24, and 48 h after infection with DV
by microarray analysis. After cell collection, the cDNAs
relative to transcripts were hybridized against a 50-mer
oligonucleotide human library containing 10,000 genes of
known function or with homology to them. From this list a
set of 41 genes was identified as eukaryotic translation
factors and 114 genes corresponded to ribosomal proteins.
Genes related to protein translation that were differentially
expressed (Z-score = +2.0) at each time relative to con-
trol cells were selected. Results showed that 36.5% of

Genes

Hours post-infection
6 24 48

EIF4A1

EIF4E

EIFAG3

EIF2B2

EIF3S2

RPS6

EIF1A

EIF3k

EIF4B

EIF2B1

EIF3S3

EIF5B

EIF4E-BP2

EIF4E-BP1

EIF4AG1

Figure 1. Modification of the expression of genes related to
translation and to the target of rapamycin pathway after infec-
tion with dengue virus. Alterations in the transcription of genes
related to translation are represented. Genes are colored if their
corresponding mRNA is up-regulated with a Z-score = 2.0 (red),
down-regulated with Z-score = -2.0 (green) or with no change
(black) at each time of infection.
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the genes involved in translation initiation and related to
activation of mMRNA were up-regulated (Figure 1). elF4A1,
elF4E, elF4G3, elF3S2, and RPS3A were transiently up-
regulated at 6 h post-infection. Also, mTOR, RPS6 and
elF4E, genes related to the TOR pathway, which is a positive
regulator of translation, were up-regulated at this time. At
24 h post-infection elF3S2, elF1A, elF3k, and elF4B were
up-regulated while RPS6, elF2B1, elF3S3, elF5B, and
elF4E-BP2 were down-regulated at 48 h post-infection.
Few genes had their transcription inhibited. elF4E-BP1
was down-regulated during the first 24 h while elF4G1 was
down-regulated only at 6 h after infection.

In order to confirm the microarray results, we studied
differential expression by qRT-PCR under the same condi-
tions as tested in the microarray experiment (Table 1). These
genes are essential for the progression of cap-dependent
protein synthesis (32). For this purpose we chose six genes
that code for proteins that form the elF4F complex, elF4A,
elF4E, elF4G1, elF4G3, elF4B, a negative regulator of the
formation of the elF4F complex elF4E-BP, and the guanine
nucleotide-exchange factor for eukaryotic initiation factor
elF2B. The expression of elF4A and elF4G showed a
transient up-regulation of transcription at 6 h post-infection
and elF4E-BP3 was down-regulated at this time. At 24 h
post-infection their expression level was equivalent to that of
non-infected cells, while interestingly at 48 h post-infection
the genes assayed were down-regulated except for elF4E
(Table 1). It should also be noted that the elF4B gene was
highly expressed (6 times of induction) at 6 h of infection.
elF4B protein is particularly important for modulating protein
synthesis and has been shown to be positively regulated by
phosphorylation by its interaction with elF3 (33). Transcrip-
tion of elF4E-BP3, which is a negative regulator of protein
synthesis (34,35), was inhibited at 6 h post-infection, when
measured by qRT-PCR, as well as EIF4AE-BP1 shownin the
microarray experiment. This indicates that DV is favoring
cap-dependent translation. However, at 48 h of infection
elF4E-BP3 was also down-regulated, a fact that is not con-
sistent with our hypothesis that cap-dependent translation
is inhibited at 48 h of infection. Until now elF4E-BP has not
been shown to be regulated at the transcription level, but the
role of its phosphorylation state in the regulation of general
protein translation has been extensively studied (35). Thus,
the transcription levels of RPS6, a positive regulator of
cap-dependent translation, was measured as also was the
phosphorylation of elF4E-BP and of the positive regulator
of cap-dependent translation, p70S6K.

DV infection leads to regulation of p70S6K and
4E-BP1 phosphorylation

RPS6 is phosphorylated by p70S6K and this event
is correlated with activation of protein synthesis and cell
growth (13). qRT-PCR results showed that the correspond-
ing gene for RPS6 is up-regulated (1.85 + 0.30-fold) after
6 h of infection in relation to the mock-infected control, and
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Table 1. 4E-BP1 phosphorylation is modified by dengue virus
infection.

Time post-infection

6h 24 h 48 h
elF4A 139022 0.74+0.10 0.71+0.11
elF4E 1.17+042 0.75+0.13 1.15+£0.35
elF4G1 1.66+030 0.93+0.26 0.61+0.25
elF4G3 0.99+0.23 0.98+£0.30 0.61£0.22
elF4B 143020 1.21+040 0.34+0.17
elF4E-BP3 0.77+020 1.30x0.21 0.66+0.10
elF2B2 1.01+£0.19 1.07+0.33 0.64+0.10
RPS6 1.86+035 0.52+0.18 0.71+0.09

Quantitative real-time PCR (qRT-PCR) experiments were carried
out to measure mRNA expression of the indicated genes. Specif-
ic primers were designed for each gene and cDNAs synthesized
using RNA isolated from HepG2 cells mock-infected or infected
with dengue virus after 6, 24, and 48 h were used as templates.
GAPDH expression was used to normalize the results. The av-
erage relative copy number (infected/mock-infected samples)
obtained from three independent experiments carried out in trip-
licate £ SD is reported.

down-regulated, 0.52 £ 0.18 and 0.71 + 0.09, at 24 and 48
h, respectively (Table 1). This result confirms the fact that
protein synthesis is activated during initial times of infection.
To further evaluate this result, we have studied the changes
induced in the phosphorylation state of p70S6K after 6,
24 and 48 h of DV infection and compared them to control
mock-infected cells. The antibody to total p70S6K showed
that the expression of p70S6K was not influenced by DV
infection (Figure 2A, upper panel) while the antibody against
p70S6K phosphorylated at T389 (P-Thr-389), showed
that p70S6K continued to be phosphorylated in the 6 h of
infection like control cells (Figure 2, middle panel), while
dephosphorylation was induced as infection progressed
(24 and 48 h).

Another protein that has been involved in the regula-
tion of cap-dependent translation via the TOR and AKT
pathways is the regulatory factor, 4E-BP1. Treatment of
cells with insulin or growth factors induces 4E-BP1 phos-
phorylation, while its dephosphorylation by stress results in
protein synthesis inhibition (10,11). The data for gRT-PCR
indicated repression of transcription of the subunit elF4E-
BP3 at 6 and 48 h post-infection, while no alteration was
detected at 24 h (Table 1). In this experiment, we expected
to observe down-regulation also at 24 h. We decided to
directly assay the state of 4E-BP1 phosphorylation during
infection by Western blot using a polyclonal anti-4E-BP1
antibody or a phosphospecific antibody (P-Thr-37/46). We
observed both differential expression and phosphorylation
patterns induced by DV infection. In control cells, two main
proteins of 20 and 18 kDa were visualized with the total
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A. p70S6K Control DV-infected
Total - <« 70 kDa
3-tubulin - <« 55kDa
6h 24h48hv 6h 24h 48h
B. 4E-BP1 .
Control DV-infected
Total <18kDa
P-Thr-37/46 ‘ <18 kDa
B-tubulin = s - - <455 kDa

6h 24h48h 6h 24h 48h

Figure 2. p70S6K and 4E-BP1 phosphorylation is modified by
dengue virus (DV) infection. Whole cell protein extracts from
HepG2 cells infected with DV, or mock-infected for 6, 24 or 48
h, were prepared and 30 pg protein was analyzed by Western
blot. Panel A, Western blot analysis of total p70S6K and its phos-
phorylated form (P-Thr-389) using specific antibodies. Panel B,
Western blot analysis of total 4E-BP1 and its phosphorylated
form (P-Thr-37/46). B-tubulin was used to determine protein in-
tegrity in both panels. One representative result is shown of three
independent experiments.

antibody and did not change expression throughout the
experiment, except for the 18-kDa protein whose expres-
sion was down-regulated. On the other hand, DV induced
reduced expression of both proteins at 48 h of infection.
Regarding phosphorylation, phospho-specific antibodies
recognized the two proteins (18 and 20 kDa) in control
cells (6 and 24 h) while at 48 h of infection only the 18-kDa
protein was observed. In extracts derived from DV-infected
cells, only an 18-kDa phosphorylated protein was observed
at 6 and 24 h of infection. As infection progressed no
phosphorylated 4E-BP1 was observed, most certainly due
to inhibition of its expression. In order to test the integrity
of proteins in the extract, we probed the same blots with
antibodies against B-tubulin and the results showed the
same intensity of expression throughout the experiment.
Taken together, these results show that both p70S6K and
4E-BP1 are phosphorylated at early times of infection, sug-
gesting a cap-dependent translation at this time, which is
then inhibited after 24 h of infection, probably changing to
a cap-independent translation.

Discussion

A strategy used by several virus classes to replicate
inside the cell is to halt the host protein synthesis and to
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sequester the protein synthesis machinery for translating
their own proteins. However, the flaviviruses are RNA
viruses that do not inhibit cellular protein synthesis. The
structure of DV RNA resembles typical mRNA with a 5’cap
structure. However, DV RNA is differentiated because it
contains a 3'UTR, which forms a stalk structure resembling
the poly(A)tail (36). This structure suggests that DV utilizes
the cap-dependent translation machinery for protein syn-
thesis. However, it has been shown that DV can utilize an
alternative mechanism independent of an internal ribosome
entry site that might depend on the interaction between the
5" and 3'UTR for binding to the initiation factors (37). Until
now, no study has been done on the interaction of DV with
the cap-dependent machinery of the host cell. As a first
approach, we analyzed differentially expressed genes
post-infection using an oligo-library containing 10,000 of
approximately 25,000 genes coded by the human genome.
This library was chosen because it contains only genes with
known or predicted function. We focused our analyses on
the genes related to translation. It is noteworthy that of the
10,000 genes analyzed, 41 represent translation factors,
and of these genes with changed expression, a cluster
related to protein synthesis was up-regulated in response
to DV at an early time of infection (6 h). In contrast to our
results, another study that monitored the transcriptional
response to DV infection in HepG2 cells did not detect
significant differential expression of genes related to protein
synthesis from 3 to 72 h of infection (38). Using qRT-PCR
methodology, we tested eight genes related to the initiation
of translation. It should be noted that all of them are positive
factors needed for protein synthesis except for elF4E-BP3
thatis part of elF4E-BP, which in its dephosphorylated form
inhibits elF4E assembly into the elF4F complex. At 24 and
48 h of infection all of them were down-regulated. Inhibition
of crucial translation factors by DV infection and the studied
independence of DV on cap-dependent translation led us
to examine whether infection would modulate 4EBP-1 and
p70S6K phosphorylation. A key aspect of regulation of
protein translation is the phosphorylation state of 4EBP-1
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