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This novel DENV replicon will allow the study of viral replica-
tion and testing of antiviral candidates without the need for 
in vitro transcription.  © 2017 S. Karger AG, Basel 

 Dengue virus (DENV) constitutes an antigenic com-
plex of 4 serotypes of viruses belonging to the genus  Fla-
vivirus  within the Flaviviridae family  [1] , responsible for 
an estimate of 390 million human infections each year in 
over 100 tropical and subtropical countries, ranging from 
asymptomatic to severe dengue fever  [2] . They are cyto-
plasmic viruses with single-stranded positive-sense RNA 
genomes of around 10.7 kilobases  [1] . At the 5 ′  end they 
possess a 7-methyl guanosine cap structure, which allows 
binding of the eukaryotic translation initiation factor 4E 
(eIF4E) to start the assembly of the preinitiation complex 
and the 80S ribosomal complex  [3] . The first 96 nt of the 
viral genome spanning the 5 ′  untranslated region (5 ′ UTR) 
correspond to a highly structured RNA region with at 
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 Abstract 

 Dengue viruses (DENV) have become the most important 
arthropod-borne viruses, causing dengue and severe den-
gue fever in at least 50–100 million cases each year, mainly 
in tropical and subtropical countries. During recent years, 
important advances in the molecular biology concerning 
the life cycle of these viruses have allowed the manipulation 
and generation of recombinant viruses and replicons with 
multiple applications, mainly in viral biology and the screen-
ing of antiviral compounds. In the present study, we describe 
the construction of an enhanced green fluorescent protein-
bearing DENV replicon under the control of the cytomegalo-
virus immediate early promoter. Following a rational in silico 
design and cloning by standard molecular biology tech-
niques, a reporter DENV-2 replicon and a replication-defi-
cient mutant were constructed, and characterized by confo-
cal microscopy and real-time RT-PCR. The results showed 
successful transcription, translation, and autonomous viral 
RNA replication of the DENV replicon from its DNA clone. 
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least 2 conserved stem loops (SLA and SLB) that are cru-
cial for translation and genome replication  [3] . The up-
stream AUG region (5 ′ UAR), downstream AUG region 
(5 ′ DAR), and elements in the first 100 nt of the coding 
region, including the 5 ′  cyclization sequence (5 ′ CS) and 
downstream 5 ′ CS (dCS), play important roles in replica-
tion by interacting with complementary regions in the 
3 ′ UTR (3 ′ CS, 3 ′ DAR, 3 ′ UAR), allowing viral genome cir-
cularization  [4] . Also in the coding region is the capsid 
hairpin (cHP), which has been shown to be important for 
selection of the start codon and viral genome synthesis 
 [5] . The DENV genome contains a large open reading 
frame that encodes a unique polyprotein of around 3,392 
amino acids that is co- and posttranslationally processed 
by cellular and viral proteases to generate 3 structural (C, 
prM, and E) and 7 nonstructural (NS1, NS2A, NS2B, NS3, 

NS4A, NS4B, and NS5) proteins. Although the function 
of some nonstructural proteins is yet to be deciphered, it 
appears that all of them play important roles in virus rep-
lication and morphogenesis  [1] . The 3 ′ UTR of DENV of 
around 450 nt contains a highly variable region, a semi-
variable region, a highly structured region containing 
several stem-loop structures (pseudoknot 2, PK2, PK1, 3 ′  
stem-loop), and elements responsible for viral RNA cir-
cularization (3 ′ CS, 3 ′ DAR, 3 ′ UAR), which have been dif-
ferentially involved in replication in insect and mamma-
lian cells  [3, 6] .

  An increasing number of DENV replicons containing 
the minimal  cis -acting elements and genes encoding for 
the replicase complex have been reported in the last de-
cade. The vast majority of these replicons are driven by 
the T7 and SP6 prokaryotic promoters, which require in 

  Fig. 1.  Assembly of a DNA-launched DENV replicon expressing 
EGFP. The replicon was generated by means of PCR amplification, 
cloning, and subcloning into pBAC-DENV-FL, where the struc-
tural genes were replaced by the reporter  EGFP  gene. The viral 
genes ( C ,  PrM/M ,  Envelope ,  NS1 ,  NS2A ,  NS2B ,  NS3 ,  NS4A ,  NS4B , 
and  NS5 ), the 5 ′  and 3 ′ UTRs, the CMV promoter, the hepatitis 

delta virus ribozyme (RZ), and the bovine growth hormone (BGH) 
polyadenylation and termination sequences are illustrated by box-
es. Relevant restriction sites used for the assembly of the replicon, 
the 5 ′ CS sequence, and the cleavage site at the E-NS1 junction are 
also indicated. 



 Generation of a DNA-Launched Dengue 
Virus Type 2 Reporter Replicon 

Intervirology 2016;59:275–282
DOI: 10.1159/000476066

277

vitro transcription and subsequent transfection of the 
synthesized RNAs  [7] . A reduced number of the available 
replicons are driven by the eukaryotic cytomegalovirus 
promoter (CMV), which allows direct transcription in 
plasmid-transfected eukaryotic cells  [8–13] . All of these 
replicons have enormous potential for answering funda-
mental questions about the viral biology, expression of 
heterologous genes, and have become powerful platforms 
for high-throughput screening of antiviral compounds 
and siRNAs. Here, we describe the construction and 
characterization of a CMV immediate early promoter-
driven DENV-2 replicon generated from a highly attenu-
ated substrain of the DENV-2 New Guinea C (NGC) 
strain.

  For the derivation of this DNA-launched DENV rep-
licon (pBAC-DENV-REP-EGFP) we used the previously 
constructed DENV-2 infectious clone (pBAC-DENV-
FL) containing the cDNA of the NGC prototype strain 
(DENV-2 NGC M2)  [14] , which showed a highly attenu-
ated phenotype in Vero cells  [15] . The pBAC-DENV-FL, 
which contains the bacterial artificial chromosome (BAC) 
backbone for increased stability of cloned fragments, was 
propagated in  Escherichia coli  DH10B, as previously de-
scribed  [16] . All subsequently generated BAC clones were 
propagated in the same way and the plasmid DNA puri-
fied using the Qiagen Large-Construct kit (Qiagen GmbH, 
Hilden, Germany).

  The strategy for the assembly of the enhanced green 
fluorescent protein (EGFP)-containing DENV replicon 

under the control of the CMV promoter (pBAC-DENV-
REP-EGFP) initially consisted of obtaining 3 PCR frag-
ments (PCR 1, PCR 2, and PCR 3) comprising the CMV-
5 ′ UTR- C  (60 nt),  EGFP , and  NS1 - NS2 - NS3  (up to 4,701 
nt) that were sequentially cloned into pBeloBAC11 to 
generate the pBAC-dSTRUCT-EGFP plasmid, in which 
the region encoding the structural proteins  C ,  prM/M , 
and  E  was exchanged with the reporter  EGFP  gene ( Fig. 1 ; 
 Table 1 ; see online suppl. Resource 1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000476066). 
To generate the DNA-launched DENV replicon, the  Sfo I-
 Nsi I fragment from the pBAC-DENV-FL infectious 
clone  [14]  was exchanged by the corresponding fragment 
from the plasmid pBAC-dSTRUCT-EGFP ( Fig. 1 ). The 
first 60 nt of the capsid-coding region were preserved be-
cause of the presence of the cHP and 5 ′ CS elements that 
are essential for virus replication. In addition, the region 
encoding for the cleavage site at the E-NS1 junction was 
also preserved to allow the separation of the NS1 from the 
reporter EGFP protein. The genetic integrity of the cloned 
DNAs was verified throughout the assembly process by 
sequencing using specific oligonucleotides (see online 
suppl. Resources 2–4).

  To further study the functionality of the DENV repli-
con, the active site (GDD motif) of the RNA-dependent 
RNA polymerase, RdRP, was mutated to GVD by means 
of overlapping PCR using the mutagenic oligonucleotides 
GVD_F and GVD_R to disable its RNA polymerase ac-
tivity  [5] , generating the pBAC-DENV-REP-GVD con-

 Table 1.  Oligonucleotides used for the generation of the DENV replicon

Name Orientation Amplicon 
size, bp

Restriction 
endonucleases

Sequence (5′→3′)
NS1-F F 2,363 SfoI, MluI aatgatggcgccgcgcacgcgtacgctgtatttgggagttat
DENV1385-4701R R 2,363 SphI, NsiI (partial) gaagagcatgctggttcaatcctctttcctttat
CMV5 F 782 SfoI aatgatggcgccttgacattgattattgactagttattaatag
C21-R R 782 SphI gaagaacgcgtgtttctctcgcgtttcagc
PEGFP-F F 736 MluI gcgcacgcgtatggtgagcaagggcgaggag
PEGFP-R R 736 MluI gcgcacgcgtcttgtacagctcgtccat
GVD-F F 1,573 tcagtggagTtgattgtgttgtg
GVD-R R 744 cacaacacaatcaActccact
DEN2R5 F 744 PmlI gaagtcggcacgtgaggctgttgaagatagt
BAC-R R 1,573 tgattacgccaagctatttagg
NS3_F F 458 gcacaaagaagagggagaatagg
NS3_R R 458 tagcgccagtgggtcagagtag
NS5_F F 88 tcacaccatttccatgagttaatca
NS5_R R 88 cgggctctaccaatcagttca
NS5_DENV F – FAM-ccgcgtacttgtagttccatgcagaaacc

Underlined sequences correspond to recognition sites for restriction endonucleases used in the cloning strategy. Bold sequences correspond to oligo-
nucleotide regions that hybridize with the DENV genome. Italicized sequences correspond to the complementary regions between forward and reverse oli-
gonucleotides. F, forward; R, reverse; FAM, 6-carboxyfluorescein.
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struct, which could transcribe and translate from the 
CMV promoter, but not autonomously replicate ( Fig. 2 ; 
 Table 1 ; online suppl. Resource 1).

  The first question that emerges when using a eukary-
otic promoter to artificially transcribe sequences not be-
longing to the eukaryotic system is the possibility of hav-
ing functional donor-acceptor sites for splicing that could 
truncate important regions of the transcribed sequence 
during mRNA maturation. The ability of the DNA-
launched DENV replicon to be transcribed from the 
CMV eukaryotic promoter and subsequently translated 
was therefore analyzed. To this end, Vero cells were 
grown on coverslips to 90% confluence in 24-well plates 
and subsequently transfected with 2 μg of pBAC-DENV-
REP-EGFP and Lipofectamine TM  2000 (Life Technologies 
Corp., Carlsbad, CA, USA) according to manufacturer’s 
instructions. Cells were fixed and the expression of the 
reporter EGFP and the viral NS3 protein at 48 h post-
transfection (hpt) was evaluated by fluorescence micros-
copy analysis (see online suppl. Resource 1). In contrast 
to nontransfected cells, EGFP and NS3 expression were 
detected in cells transfected with the DENV replicon 
( Fig.  3 a), demonstrating that the replicon was success-
fully transcribed and translated. These findings are in 
agreement with the absence of donor and acceptor sites 
being used for splicing in the DENV genome that could 
lead to the elimination of crucial genome regions after 

transcription from the CMV promoter and eukaryotic 
mRNA maturation. Furthermore, the presence of NS3 in-
dicates that the replicon open reading frame was pre-
served after elimination of the structural genes and inser-
tion of the reporter gene. Even with a potential high score 
splicing donor site at position 3,395 (corresponding to 
the  NS1  gene) as previously described  [14] , the ability of 
the DENV replicon to translate the EGFP and NS3 pro-
teins, located upstream and downstream of this predicted 
position, respectively, allowed this possibility to be dis-
carded. These results were also supported by previous 
findings of the successful rescue of an infectious clone of 
DENV-2 under the control of the CMV promoter  [14] .

  In spite of the evidence that the DNA-launched DENV 
replicon can efficiently transcribe and translate, it was 
necessary to demonstrate its ability to autonomously rep-
licate the DENV replicon genome. Therefore, total RNA 
from cellular lysates of transfected cells at 24 or 48 hpt was 
extracted with the RNeasy minikit (Qiagen, Chatsworth, 
CA, USA) following the manufacturer’s instructions. The 
RNA extracts were further treated with RQ1 RNase-free 
DNase I (Promega Corp., Fitchburg, WI, USA) and used 
for conventional and real-time 2-step reverse transcrip-
tion-polymerase chain reaction (RT-PCR). In conven-
tional RT-PCR, the presence of negative- or positive-
sense viral RNA strands was evaluated using the oligo-
nucleotides NS3_F or NS3_R ( Table  1 ) at the RT step, 

  Fig. 2.  Generation of the mutant pBAC-DENV-REP-GVD. The 
strategy and the sequence of the mutagenic oligonucleotides, 
GVD-F, and GVD-R used for the generation of the GVD mutant 

of the DENV replicon are shown. The acronyms for the viral genes 
and regulatory elements are as defined in the legend to Figure 1. 
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respectively, followed by PCR with both oligonucleotides. 
In real-time RT-PCR (qRT-PCR), the presence of nega-
tive strands was evaluated using the oligonucleotide 
NS5_F ( Table 1 ) at the RT step, followed by qPCR with 
the oligonucleotides NS5_F, NS5_R, and the TaqMan ®  
MGB TM  probe NS5_DENV ( Table  1 ), using the Rotor-
Gene ®  Q Real-Time PCR system (Qiagen) as previously 

described  [14] . For relative quantification of viral RNA 
levels in cellular lysates, the endogenous 18S ribosomal 
RNA (Applied Biosystems, Foster City, CA, USA) was 
used as a reference gene to correct the level of starting ge-
netic material. The conventional RT-PCR results demon-
strated the presence of negative strands of viral RNA in 
cellular lysates of transfected cells resulting from autono-
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  Fig. 3.  Functional analysis of the DNA-launched DENV replicon. 
 a  Functional analysis of the DENV replicon by fluorescence confo-
cal microscopy. Vero cells were mock transfected or transfected 
with pBAC-DENV-REP-EGFP and the expression of EGFP and 
NS3 analyzed at 48 hpt. NS3 was detected using the monoclonal 
antibody E1D8 and a secondary antibody conjugated to Alexa-
Fluor ®  594 dye. Nuclei were stained with Hoechst.  b  Functional 
analysis of the DENV replicon by conventional RT-PCR. Vero 
cells were mock transfected or transfected with pBAC-DENV-
REP-EGFP. Total RNA was isolated at 48 hpt, treated with DNase 
I, and the presence of negative (“Minus”) and positive (“Plus”) 
strands of the DENV replicon were analyzed by conventional RT-

PCR. Oligonucleotides NS3_F and NS3_R were used during the 
cDNA synthesis step for detection of the minus and plus strand, 
respectively. –RT, negative control of reverse transcription; MW, 
molecular weight markers.  c  Functional analysis of DENV repli-
con by qRT-PCR. The amount of negative-sense replicon RNA 
(minus strand) was determined by qRT-PCR in RNA samples iso-
lated at 24 hpt from Vero cells mock transfected or transfected with 
the wild-type replicon (pBAC-DENV-REP-EGFP) or the mutant 
replicon (pBAC-DENV-REP-GVD) using the oligonucleotides 
NS5_F and NS5_R, and the NS5_DENV probe. Values are ex-
pressed as viral RNA copies per reaction. Error bars represent the 
SEM.  *   p  < 0.05. 
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mous replication, as well as a major proportion of the 
positive-sense viral RNA strands ( Fig. 3 b). In addition, 
significant levels of negative-sense viral RNA genomes 
were detected by qRT-PCR in the DENV replicon-trans-
fected cells, in contrast with the DENV-REP-GVD-trans-
fected cells, in which the levels were not significantly dif-
ferent from the mock-transfected cells ( Fig.  3 c). While 
positive-sense viral RNA genomes can be produced by 
transcription from the CMV promoter or active viral rep-
lication, negative-sense viral RNA genomes can be exclu-
sively produced by the RdRP activity during viral replica-
tion. These results indicate that the DENV replicon can 
autonomously replicate the viral genome and that the 
replication-deficient mutant could be used as a useful 
negative control for future replication experiments, as ex-
pected.

  In order to analyze the cytopathicity of the replicon in 
cell cultures, a time-course experiment was performed. To 

this end, Vero cells were transfected with either the DENV 
replicon or the replication-deficient mutant, and the ex-
pression of EGFP was analyzed at 12, 24, and 36 hpt by 
fluorescent confocal microscopy. The expression of the 
EGFP was observed at very early time points (12 hpt), as 
expected from the CMV-driven transcription, and reached 
a maximum at 24 hpt without morphological alteration of 
the transfected cells ( Fig. 4 ). After 24 hpt, the transfected 
cells dramatically changed their morphology, becoming 
retracted and loosing attachment to the culture plate (data 
not shown), suggesting that the DENV was cytopathic in 
Vero cells. While the role of the reporter EGFP in induc-
ing morphological changes cannot be ruled out, similar 
results were obtained with both constructs (replicon and 
replication-deficient mutant), suggesting that the cyto-
pathicity could be induced by the expression of at least one 
of the viral nonstructural proteins and not necessarily the 
result of overloading the cellular machinery during active 
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  Fig. 4.  Cytopathicity analysis of the DENV 
replicon in Vero cells by fluorescence con-
focal microscopy. Vero cells were mock 
transfected or transfected with either the 
wild-type (pBAC-DENV-REP-EGFP) or 
the nonreplicative (pBAC-DENV-REP-
GVD) replicons and analyzed at 12, 24, and 
36 hpt. Images are representative of the to-
tal experiment.             
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replication of the viral genome. The mechanism of mor-
phological alterations in transfected cells could not be elu-
cidated in this study; however, cell death and loss of rep-
licon-positive cells after 50 hpt in LLC-MK 2  cells was pre-
viously reported  [17] , and the role of structural and some 
nonstructural DENV proteins in inducing apoptosis by 
extrinsic or intrinsic pathways has been demonstrated 
 [18–21]  and could be an explanation. The cytopathic ef-
fect has been widely correlated to acute infections with 
RNA viruses, and was the first limitation in the develop-
ment of alphavirus replicons as viral vectors for gene ther-
apy  [22] . A very interesting approach to overcome this 
problem consisted in inserting a selectable marker into a 
SINV replicon genome and selecting clones with normal 
or nearly normal cell growth and virus replication proper-
ties which showed an adaptive mutation responsible for 
the noncytopathic phenotype  [23, 24] . Future studies with 
the present DENV replicon should include the identifica-
tion of the determinants of cytopathicity and the selection 
of noncytopathic replicons.

  Keeping in mind the absence of licensed antiviral 
drugs and potential limitations of currently approved 
vaccine against dengue  [25, 26] , DENV replicons have 
become important tools to confront dengue by facilitat-
ing the study of virus and host factors involved in viral 
replication and the establishment of high-throughput 
screening platforms for antiviral drug discovery by in-
serting reporter and selection markers, and the genera-
tion of stable replicon-expressing cell lines  [7, 8, 13, 27, 
28] . In spite of the extensive work with replicons of close-
ly related flaviviruses (KUN strain of West Nile virus, Jap-
anese encephalitis virus, Tick-borne encephalitis virus, 
and Yellow fever virus)  [29–34] , and their use as promis-
sory viral vectors for heterologous gene expression  [35–
37] , to the best of our knowledge only 1 study has pro-

posed the use of a DENV replicon as a viral vector,
specifically for HIV-1 protein expression with dual vac-
cination purposes, against dengue and HIV  [17] . The 
DENV reporter replicon described here will allow the 
study of fundamental questions of DENV replication, 
and will become the backbone for a promising viral vector 
for RNA interference therapy  [38] .

  In conclusion, we have described the construction of a 
DENV replicon under control of the CMV promoter, 
which was evaluated and showed to replicate and trans-
late properly. This construct is a tool for deciphering fun-
damental processes of viral-host interaction during viral 
RNA synthesis and has the potential to be a backbone for 
the development of an antiviral screening platform. Fur-
ther experiments may help us to provide additional evi-
dence of the flavivirus packaging requirements, and to 
propose this system as the first step in the development of 
a novel DENV-based viral vector for the delivery of small 
regulatory RNAs.
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