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Dengue viruses (DENV)

Family Flaviviridae

DENV are transmitted to
human populations by the
mosquitoes Ae.aegypti
and Ae.albopictus. 

An estimated 50–100 million
cases of DF are reported
each year. 

With 500,000 cases of
DHF/DSS and more than
20,000 deaths.
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Background



The collapse of mosquito
vector control

PUBLIC HEALTH

The demise of public
health programs

Mosquito drug resistance

Expanding urbanization Vaccines will not be
available for general use 

Climatic changes

Increased global travel
and commerce

The factors that contribute to the emergence of this disease complex 
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Background
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RNA interference or RNAi 

Alternative strategies targeting DENV in mosquito
cells and tissues have demonstrated some promise
for suppression of the virus in mosquito vector
populations. 

Modified antisense oligonucleotides, induction of RNA
interference (RNAi) using both preM-derived sense
and antisense encoding sequences expressed from
dsSIN virus vectors and hairpin dsRNA to mediate RNAi
in both mosquito cells and transgenic mosquitoes
have each provided significant levels of DENV
suppression.

This study has focused efforts on RNA-enzyme
(ribozyme) mediated viral suppression. 

Background



4

Background

RNA-enzyme (ribozyme) mediated viral suppression

We explore the utility of a genetic approach utilizing
hammerhead ribozymes (hRz) for suppression of
DENV in mosquito cells. 

HRz can inhibit the replication of a number of RNA
viruses including human immunodeficiency virus.
These molecules are capable of identifying targets
as small as 15 nt in length, potentially allowing highly
conserved sequences to be the focus of attack. 

In this report, Ae. albopictus (C6/36) cells were transduced
with pantropic retroviral vectors, each expressing one of 14
anti-DENV hRz driven from the Ae. aegypti tRNAval promoter.
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Background

RNA-enzyme (ribozyme) mediated viral suppression

These ribozyme-transduced cells were challenged
with virus and assayed for productivity. 

Northern analyses, immunofluorescence assays,
and quantitative real-time PCR were used to
demonstrate that C6/36 cells expressing several
hRzs were able to suppress DENV replication.

Several of these targeted sequences are highly conserved
among DENV serotypes, and may facilitate the application
of this approach to transgenic mosquitoes.



Method & Result

Ae. aegypti    tRNAval identification

The Ae. aegypti tRNAval sequence from the GenBank database based upon homology to the
Drosophila melanogaster tRNAval sequence was used as the promoter. 

The presumptive Ae. aegypti tRNAval (GenBank accession: CC142986), shared a 95% similarity
(e = 5 × 10-27) to the D. melanogaster tRNAval, including both internal promoter sites (Fig. 1).

Figure 1 Nucleotide alignments of the Human (Hs), D. melanogaster (Dm), and Ae. aegypti (Aa) tRNAval.
The position of the concensus internal A and B blocks of the RNA pol III promoter are indicated. 
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Method & Result
Selection of hRz target sites on DENV-2 genome

Genomic sequences of 29 strains of DENV-2 were
retrieved from GenBank, aligned in ClustalX

hRz target sites were selected by scanning for
conserved sequences that contain one of the
following triplets; GTC, GTA, ATC or CTC. 

These triplets are believed to be the most
effective target sites for hRz cleavage activity 

The primary criterion for selection was that the
target site must be present in all 29 strains of
DENV-2 or present only in DENV-2 NGC.

14 sequences of hRz templates, positions of the
triplets on DENV genome, and the specific strains
of DENV-2 NGC they match are listed in Table 3.
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hRz are small ribonucleic-based enzymes that
are capable of catalyzing target RNA cleavage in
a sequence-specific manner. 

mechanism

Their mechanism of action involves the pairing of
the 5' helix I and 3' helix III arms of the hRz to
complementary 3' and 5' base pairs, respectively,
on the target RNA. (Fig. 2)

The catalytic core of the hRz, or helix II, is
responsible for cleavage at a 5'-NUH-3' triplet
site on the target RNA, where N can be any of the
four nucleotides and H can be A, C or U
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Construction of retroviral transducing vectors expressing anti-DENV hRzs and
establishment of transduced C6/36 cells

Method & Result

Figure 2  Representative hRz structure and its DENV target sequence. hRz # 1 nucleotide sequence and structure is depicted. Nucleotides
flanking the cleavage site (yellow box) in the envelope protein region of the DENV-2 target RNA are enlarged. The ribozyme cleaves the target
RNA at the GUC triplet site following antisense recognition and base pairing of the two ribozyme arms.
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Construction of retroviral transducing vectors expressing anti-DENV
hRzs and establishment of transduced C6/36 cells

Method & Result

The hRz expression plasmid, pLAeRzARH.

14 hRzs  digested with Csp45 I and Mfe I were
cloned to the plasmid and No-hRz control. 

tRNAval internal RNA pol III promoter was
digested with Xba I to the plasmid to drive the
expression of each hRz to optimize expression
and translocation of the hRzs to the cytoplasm.

A stretch of 60As is attached to the 3' end of the
hRz sequence for recruitment of RNA helicase. 

RSV promoter was digested with Xba I and EcoR V  
and cloned to the plasmid to drive independent
expression of the hygromycin resistance gene. 
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Construction of retroviral transducing vectors expressing anti-DENV
hRzs and establishment of transduced C6/36 cells

Method & Result



Fourteen ribozyme-encoding retroviruses
and one control lacking a ribozyme
sequence were used to transduce wildtype
C6/36 cells by infecting at an MOI of 30 as
described in Materials and Methods.

Retrovirus-infected C6/36 cells were placed
under hygromycin selection for 4–8 weeks
and then analyzed for hRz expression by
RT-PCR of total cellular RNA

hRz expression in the cells was detected by
the presence of an hRz-specific band at
about 100 bp. 
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Construction of retroviral transducing vectors expressing anti-DENV hRzs and
establishment of transduced C6/36 cells

Method & Result



Method & Result

 

Wild-typeand hRz-transduced C6/36 cells were seeded at a density of 0.5 × (10)^6  
cells/mL in 6-well plates and incubated for 2 hr at 28°C to allow attachment. 

Once attached, cells were washed twice with medium and challenged with DENV-2 NGC
stock at an MOI of 0.01. Infection was allowed to continue for 7 days at 28°C before viral
RNA was extracted both from cells and cultured supernatants using TRI reagent
(Invitrogen), and purified QIAamp Viral RNA Mini Kit (Qiagen), respectively.

DENV infection in the hRz-transduced C6/36 cells
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hRz#2 hRz#5

hRz#7 hRz#11

virus vector with no hRz non-transduced
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Method & Result

CPE due to DENV infection of C6/36 cells at 5 dpi

The CPE of DENV-2 NGC infection in C6/36 cells,
characterized by syncytium formation and decreased cell
proliferation (E,F), was clearly visible 5 days post infection
(dpi). 

Those cells expressing certain hRz exhibited a clear reduction
in CPE at 5 dpi, allowing them to grow to confluency, while
cells that lack hRz, (i.e. No-hRz and wild-type), exhibited the
expected CPE.

The most effective hRz constructs were those that appeared
to completely suppress CPE. These were hRz-C6/36 cell lines
# 2, 5, 7 and 11. 

Figure 3  CPE due to DENV infection of C6/36 cells at 5 dpi. Images were taken at
the 40× magnification. Cells were those transduced with hRz-encoding
retroviruses and selected in hygromycin for stable integration of the transgene.
Representative infected cell cultures are shown. These are cells transduced with
(A) hRz # 2, (B) hRz # 5, (C) hRz # 7, (D) hRz # 11, (E) No Rz (transduced with
lentivirus vector lacking a hRz) or (F) non-transduced C6/36 cells.



Method & Result

Northern analyses for DENV genome 

Those transduced cultures that gave at least
moderate CPE suppression were analyzed by
Northern blot with DENVspecific probes (probe
sequence) to determine the impact of hRz
expression on DENV RNA replication. 

Infected and uninfected wildtype C6/36 cells were
included as positive and negative controls,
respectively, with β-actin serving as an internal
hybridization and loading control. 

Autoradiographs (Fig. 4A and 4B) were scanned
and analyzed by densitometry to estimate the
relative amounts of DENV RNA in each sample

Figure 4 Northern hybridization analysis of DENV-
2 replication in cells expressing hRz constructs. 
(A) Total RNA samples hybridized with DENV-
specific probes. 
(B) Actin RNA from the same samples hybridized
with a β-actin-specific probe. Each construct is
indicated by numbers; i: wildtype C6/36 infected
with DENV
u: uninfected wild-type C6/ 36. 
The autoradiograph was exposed for 6 hr prior to
development.
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Method & ResultNorthern analyses for DENV genome 

The rapid degradation of ribozyme cleavage products
coupled with the very effective suppression of DENV
replication in the transduced cells, made the detection
hRz cleavage product of RNAs difficult by Northern blots. 

The efficacy of the hRzs was estimated by comparing
the relative amount of the target DENV RNA to the
infected and uninfected C6/36 control cultures (Fig. 4C). 

These analyses confirm that hRz-C6/36 cell lines 
# 2, 5, 7 and 11 suppressed the replication of DENV by at
least 25% relative to the infected wild-type cells
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Method & ResultIn vitro analyses of hRz cleavage activity

Four most effective ribozymes for their cleavage
activity in vitro.

DNA molecules encoding each hRz construct,
including the tRNAval and polyA tail, were
synthesized downstream of a T7 promoter
sequence, cloned, and expressed in vitro as
described in Materials and Methods. 

These in vitro transcribed ribozymes were combined
with in vitro transcribed target RNA molecules
containing extensive regions of the DENV-2 NGC
genome that encompass hRz # 2 and 5, or hRz # 7
and 11 cleavage sites. 

The results for two of these ribozymes, hRz # 2 and
# 7, are presented in Fig. 5. 
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Method & Result
In vitro analyses of hRz cleavage activity

The cleavage products and hRzs are apparent as
distinct bands in the lanes corresponding to each
reaction. 

A third band of unknown identity was detected in
each experimental lane as well. 

We believe this extra fragment is the result of
alternative cleavage of the target RNA since the size
of the hRz transcripts (50 nt) are too small to
appear on these gels, and because these fragment
do not appear in the control lanes lacking hRz

17



Method & ResultTCID50 immunofluorescence assays

Each ribozyme was determined the
effectiveness in suppressing overall infectious
virus production using an
immunofluorescence-based TCID50 assay. 

Cell culture medium collected at 4 dpi from
infected cells was assayed by fixing with
acetone:DPBS (3:1). 

Positive DENV-infected cells was detected by
using a DENV envelope protein-specific
monoclonal antibody. 

Cells that showed fluorescence within the
cytoplasm were scored as positive for DENV
infection. The TCID50 was calculated based
on Karber's method. The titer was expressed
as log10TCID50/0.1 ml
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Method & Result
TCID50 immunofluorescence assays

While all ribozyme transformed, and even the
No-hRz transformed control cells, exhibited
statistically significant reductions in overall
infectious virus production, hRz-C6/36 cell
lines # 2, 5, 7 and 11 had remarkably reduced
DENV-2 titers, as much as 2 orders of
magnitude, compared to infected wild-type
cells (Table 1 and Fig. 6). 

The fact that the No hRz control did have
reduced yields of virus can be attributed to the
hygromycin selection protocol, which did
impact the virus infectivity in transformed cells
to some extent.
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Method & Result
Real-time PCR quantitation of DENV titer in whole cell RNA 

First-strand cDNA was prepared using the
Capsid2 primer (Table 2), followed by 40
rounds of PCR amplification using primers
Capsid2 F and R. 

The absolute quantity of viral RNA was
determined based upon comparison of
infected cell Ct values against those of viral
RNA standards.

The ability of each hRz to suppress DENV genome replication was quantitatively evaluated for the
hRz expressing C6/36 cells using qRT-PCR to detect virus genomes in cell lysates. Total cellular
RNA was extracted 7 dpi from infected hRz-transduced cells following the protocol described in
Materials and Methods. 
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Method & Result



Real-time PCR quantitation of DENV titer in whole cell RNA 
Method & Result

Four independent experiments were compared
for each hRz-C6/36 transduced cell line to insure
consistency and reproducibility. 

The results (Table 1 and Fig. 7A) for most of the
hRz were consistent with the IFA determination of
virus titer, with hRz-C6/36 cell lines # 2, 5, 7 and 11
exhibiting suppression of DENV replication by up
to nearly 100 fold compared to the infected wild-
type samples. 
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Real-time PCR quantitation of DENV titer in whole cell RNA 
Method & Result

Viral RNA samples were obtained from total cell
RNA extraction at 7 dpi. ANOVA test was
performed using GraphPad Prism 3.0 software.
Asterisk indicate no significant differences
relative to the Infected control (Dunnett's, p<0.01) 
Plot is based on the average titer from 4
independent experiments. Rz # 1–14: 14 different
infected hRz cells; No Rz: infected C6/36 cells
transduced with the lentivirus vector lacking a
hRz insert

Figure 7 in cells infected with DENV and expressing
hRzs A: Absolute quantitation of genome equivalents
in cells infected with DENV and expressing hRzs. 
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Real-time PCR quantitation of DENV titer in cellular medium 
Method & Result

The results (Table 1 and Fig. 7B) demonstrated
that the titers of extracellular virus genomic RNA
obtained for hRz-C6/36 cell lines # 2, 5, 7 and 11
were consistent with genome copies detected in
whole cell extracts. 

Similar levels of reduction were seen for most of
the other hRz as well. 

Together, these qRT-PCR findings confirmed that
most of the highly effective hRzs affected viral
RNA replication and not DENV assembly and
release from the cells. 
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Real-time PCR quantitation of DENV titer in ce﻿llular medium  
Method & Result

The levels of extracellular virion RNA for hRz # 6
were more closely related to the TCID50 results
than to the qRTPCR results of total cellular RNA,
reinforcing the possibility that this ribozyme's
effect was related to interference with virion
production rather than direct suppression of
viral genomes.

Figure 7 in cells infected with DENV and expressing hRzs 
B: Absolute quantitation of viral titers from different hRz cells.
Viral RNA samples were obtained from collected cell
supernatant at 7 dpi. ANOVA test was performed using
GraphPad Prism 3.0 software. Asterisk indicate no significant
differences relative to the Infected control 
(Dunnett's, p < 0.01). Rz # 1–14: 14 different infected hRz cells;
No Rz: infected C6/36 cells trasnduced with the lentivurs
vector lacking a hRz insert. Plots are based on the average
titer from 4 independent experiments.
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Discussion

In this study, it has confirmed the effectiveness of expressed hRzs as suppressive agents of DENV in
transduced mosquito cells. 

These ribozymes can cleave their target RNA at an NUH triplet site, and may recycle themselves
provided there are short sequence homologies between the ribozyme arms and the
corresponding target sequence. 

Northern analyses, immunofluorescence assays, and quantitative real-time PCR demonstrated
that C6/36 cells expressing certain hRzs were able to suppress DENV-2 NGC viral replication by at
least 25%, with hRz-C6/36 cell lines # 2, 5, 7 and 11 having a more pronounced effect, of nearly 2
logs (100 fold) reduction in viral titer compared to the untransduced C6/36 cells. 
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Discussion

This research demonstrate that the hRz approach has significant potential as a strategy for
suppressing DENV in transgenic mosquitoes, either alone or in combination with alternative
genetic suppression strategies. While complete suppression of virus infectivity in infected
mosquito tissues may not be possible, significant reduction of virus titers within mosquito tissues
could result in a decreased efficiency of transmission for the virus, thereby reducing the
prevalence of the disease among associated human populations.
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