Protein profiles of dengue-infected Aedes aegypti (L)
H.L. Lee#, Y.C. Wong and A. Rohani
Medical Entomology Unit/Infectious Disease Research Centre and
WHO Collaborating Center for Vectors, Institute for Medical Research,
Jalan Pahang, 50588 Kuala Lumpur, Malaysia

Abstract
The protein profiles of DENV-2 and DENV-4 viruses-infected adult Aedes aegypti were analysed using
Coomassie-stained SDS-PAGE samples. For this study, adult female mosquitoes were infected orally with
either DENV-2 or DENV-4 virus using spiked human blood samples. The infections in the individual
mosquitoes were confirmed using the reverse transcription-polymerase chain reaction (RT-PCR). From the
SDS-PAGE analyses, a total of 11 proteins with molecular weights of 22 kDa to greater than 181.8 kDa
were identified in DENV-2 and DENV-4-infected mosquito homogenates. Three proteins (Mr 49, 64
and 200 kDa) from DENV-2-infected mosquitoes and five proteins (Mr 49, 50, 60, 135 and 200 kDa)
from DENV-4-infected mosquitoes were identified at higher concentrations than in uninfected controls.
Further work is now needed to specifically identify these proteins and study their biological roles in
DENV infections.
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Introduction
In Malaysia, classical dengue fever was first
documented in 1901-1902,[1] while the first
reported outbreak of dengue haemorrhagic
fever (DHF) occurred in 1962.[2] Since then
dengue has remained endemic, with one of
the four dengue serotypes circulating in the
country and outbreaks of DHF being reported
periodically. At present, neither an effective
vaccine nor a specific drug treatment for
DF/DHF is available, making the laboratorybased surveillance system an important tool
to provide an early warning of an impending
outbreak of the disease.
#

Vector surveillance allows timely
implementation of emergency mosquito
control measures such as space application
of chemical insecticides against adult
mosquitoes and destruction of their breeding
places to contain an outbreak from spreading.
However, when the adult mosquito density
is low, direct entomological monitoring
is not a sensitive enough indicator to
serve as an early warning surveillance
system for outbreak prevention. It is in this
particular situation that detection of dengue
viruses in vector population becomes an
important element as part of an early alert
system.[3,4,5]
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T h e c u r r e n t “g o l d s t a n d a r d ” f o r
dengue detection in mosquitoes involves
isolation of the virus followed by indirect
immunofluorescence.[5] However, this requires
cell culture facilities which are difficult to
maintain and the technique is not sensitive.
The reverse transcriptase-polymerase reaction
(RT-PCR) technique is sensitive and specific
but very costly, especially during an outbreak
where large-scale screening needs to be
performed. Hence, alternative methods of
detection are needed.
It is observed that dengue is less likely to
cause mortality to the Aedes vector, leading to
the belief that the mosquitoes may synthesize
certain proteins (known as “infection proteins”)
to work against the dengue viruses during
invasion. Detection of these proteins, therefore,
not only provides further understanding of the
interaction between both the dengue virus and
its vector but also could be the potential antigen
used for detecting the presence of the virus in
the mosquito.

Materials and methods
Preparation of dengue virus source for
membrane feeding
The Aedes albopictus cell line C6/36,
maintained with 10% fetal bovine serum in the
minimum essential medium (MEM), was used
to propagate dengue virus (DENV). DENV-2
and DENV-4-infected, as well as non-infected,
C6/36 Ae. albopictus cell-culture supernatants
(DENV-2/-4 ICS and NICS, respectively)
were used to spike normal human blood for
membrane feeding. The DENV-2/-4 ICS and
NICS were clarified by centrifugation, and
confirmed to contain either DENV-2/-4 ICS
or to be uninfected (NICS) using the DENV
serotype-specific RT-PCR (reference) and
stored at –70 °C.
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Preparation of blood meal for artificial
membrane feeding
Initially, equal volumes of blood and phosphate
buffered saline (PBS) were mixed in a 10 ml
culture tube and centrifuged at 500 x g for 10
minutes at room temperature. The supernatant
was then removed and the large blood cells
(erythrocytes and leukocytes) were further
washed five times with PBS using this method
until the supernatant became clear. The blood
cells were then transferred to fresh culture
tubes.

Artificial membrane feeding
An artificial membrane feeding technique
employed was modified from Graves (1980).
Two hundred four- to seven-day-old adult
female Ae. aegypti mosquitoes were collected
into paper cups and starved overnight prior to
blood feeding. A total of 30 female mosquitoes
were placed into each paper cup covered with
netting. A glass feeder fitted with a water jacket
at 37 °C was covered at the bottom by wrapping
a small piece of membrane made from chicken
skin moistened with normal saline.
In the preparation of the artificial infective
blood meal, 6 ml of washed red blood cells
was mixed with 3 ml of D2/4-ICF. One ml
of adenosine 5′-triphosphate (ATP) was
added to the final concentration of 0.02 M
to stimulate mosquitoes to engorge.[6,7] For
negative control, the same ratio of washed
red blood cells, normal CF and ATP was used.
The blood meals were heated to 37 °C before
being presented to the mosquitoes. Blood
was presented to the mosquitoes by placing
the cup containing the mosquitoes below the
feeder, with the surface of the nylon netting of
the cup in contact with the membrane of the
feeder. The mosquitoes were then allowed to
feed for approximately 10 to 30 minutes.
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Rearing of infected mosquitoes
Fully-engorged mosquitoes were selected and
transferred to a small cage. The dengue-infected
mosquitoes were reared at 28 °C and 70%–80%
relative humidity in ACL-2 insectarium for 15
days before being killed. A single mosquito
was transferred into a nuclease-free 1.5 ml
microcentrifuge tube and kept at –70 °C in a
freezer for further analysis.

Detection of dengue virus using RT-PCR
The single mosquito was homogenized on ice
using a homogenizer attached to a Pellet Pestle
Motor (Kontes, Japan) in a nuclease-free 1.5
ml microcentrifuge tube containing 210 µl
of nuclease-free, double-distilled water. The
homogenized samples were then centrifuged
at 5000 x g for 10 minutes at 4 °C. A similar
procedure was performed for non-infected
mosquito homogenates. The rest of the
samples were thawed and put on ice. High
pure viral nucleic acid kit (Roche Diagnostic
Corp., USA) was used to extract the viral RNA
from the mosquito homogenates following the
manufacturer’s guidelines. Extracted RNA was
kept at –20 °C until used.

RT-PCR
The RT-PCR method of Lanciotti et al.
(1992) was employed. DENV-2-specific
primers (GTTCCTCTGCAAACACTCCA and
GTGTTATTTTGATTTCCTTG) or DENV-4specific primers (CCATTATGGCTGTGTTGTTT
and CTTCATCCTGCTTCACTTCT) were used.
The Access RT-PCR System (Promega, USA) was
used to trans cribe the DENV RNA to cDNA.
Each reaction contained 10.25 µl of doubledistilled water, 2 µl of dNTP mixture, 1.25 µl of
dithiotreitol, 0.5 µl of RNAse inhibitor, 5.0 µl of
RT-PCR buffer, 0.5µl of enzyme mixture, 0.5 µl
of each dengue primer and 0.5µl of RNA.
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For dengue virus detection, the reaction
was carried out at 51 °C for 30 minutes to
produce cDNA, which was then amplified by
the following PCR steps: initial denaturation at
92 °C for three minutes, 41 cycles of 92 °C for
30 seconds, 51 °C for 45 seconds and 72 °C
for one minute; followed by 72 °C for five
minutes. For every RT-PCR, a positive control
and a negative control were included.
PCR products were analysed by performing
electrophoresis in 2.0% Nusieve PCR gel (FC
Bio, USA) at 100 volts and staining with
ethidium bromide. The gel was viewed
under ultraviolet illuminator (Ultra Lum Inc,
California, USA) and the resulting bands were
photographed with a polaroid camera.

Protein analysis of DENV-2- and
DENV-4-infected mosquitoes
SDS-PAGE gel was prepared using Dual Slab
Gel system. Both RT-PCR-detected infective
mosquito homogenates and non-infected
mosquito homogenates (negative control) were
homogenized in double-distilled water and the
extract was separated on SDS-polyacrylamide
slab gel using the discontinuous system
consisting of 4% acrylamide stacking gel and
12% acrylamide separating gel. Approximately
10 ul of the mosquito samples were boiled at
100 °C for five minutes before loading onto the
gel. The separated protein bands were visualized
by staining with Coomassie brilliant blue.

Results
The results obtained in a previous study[8]
showed that the extrinsic incubation period
for Aedes mosquitoes (DENV-2-infected)
decreased from Day 11 to Day 17 and
(DENV-4-infected) from Day 7 to Day 19
as the temperature increased from 26 °C to
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Figure 1: Result of agarose gel electrophoresis of individual DENV-2-infected Ae. aegypti
collected on 15th day after dengue viral amplification through RT-PCR assay

30 °C. The mortality rate of mosquitoes was
found to be high at 30 °C compared with that
at 28 °C or 26 °C. Based on these results, the
extrinsic incubation temperature of 28 °C and
incubation period of 15 days was, therefore,
selected in this experiment in order to obtain
a high number of live infected mosquitoes and
a shorter viral replication time.

Figure 2: Protein profiles of DENV-2infected Ae. aegypti sacrificed on 15th day

Protein synthesis in DENV-2-infected
Ae. aegypti
Figure 1 shows the agarose gel electrophoresis
of individual DENV-2-infected Ae. aegypti
after RT-PCR assay. Lane 1, 2, 4, 5, 6, 7
and 9 represent the dengue-infected Aedes
mosquito.
The protein profiles of individual DENV2-infected Ae. aegypti are shown in Figures
2 and 3. There are at least 11 protein bands,
which fall in the range of approximately 200
kDa to less than 24 kDa for both experimental
and control mosquito. The predominant
118

Dengue Bulletin – Volume 33, 2009

Protein profiles of dengue-infected Ae. aegypti (L)

polypeptides are approximately: 181.8 kDa,
135 kDa, 115.5 kDa, 110 kDa, 64.2 kDa, 60
kDa, 50 kDa, 49 kDa, 45 kDa, 30 kDa and
24 kDa.

Figure 3: Schematic diagram of protein
profiles of DENV-2-infected Ae. aegypti
executed on 15th day Bandwidth indicates
intensity (semi-quantitative)

Three polypeptides out of the 11 were
found intensely expressed in DENV-2-infected
Ae. aegypti compared to the control sample.
These included proteins with an approximate
molecular weight of 200 kDa, 64 kDa and 22
kDa. In contrast, one protein with molecular
weight of not less than 60 kDa was found
suppressed compared with the control
sample.

Protein synthesis in DENV-4-infected
Ae. aegypti
Figure 3 represents the agarose gel electrophoresis
of individual DENV-4-infected Ae. aegypti after
RT-PCR assay. Lane 1, 3, 4, 6 and 7 represent
the dengue-infected Aedes mosquito.
Figure 4: Result of agarose gel electrophoresis of individual DENV-4-infected Ae. aegypti
collected on 15th day after dengue viral amplification through RT-PCR assay

Dengue Bulletin – Volume 33, 2009

119

Protein profiles of dengue-infected Ae. aegypti (L)

Figure 5: Protein profiles of DENV-4infected Ae. aegypti sacrificed on 15th day

Figure 6: Schematic diagram of protein
profiles of DENV-4-infected Ae. aegypti
executed on 15th day

The protein profiles of individual DENV4-infected Ae. aegypti are shown in Figure 5.
The predominant protein bands observed
were in the range of approximately 200 kDa
to less than 24 kDa in both experimental and
control mosquito (Figure 6). These proteins
are having molecular weight of approximately
181.8 kDa, 135 kDa, 115.5 kDa, 110 kDa,
64.2 kDa, 60 kDa, 50 kDa, 49 kDa, 45 kDa,
30 kDa and 24 kDa.

Table: Molecular weight of proteins
synthesized in both experimental and
control mosquito

Out of the 11 proteins observed, there
were five proteins with approximate molecular
weight of 181.8 kDa, 135 kDa, 60 kDa, 50
kDa and 49 kDa that were highly expressed
in DENV-4-infected Aedes mosquito.
The Table summarizes the protein
profiles obtained in both DENV-2- and
DENV-4-infected Ae. aegypti. It is obvious
that uninfected mosquitoes also produced
similar protein profiles, although in both
120

No.

Molecular weight, kDa
Control

DENV-2

DENV-4

1

>181.8

>181.8*

>181.8*

2

>135

>135

>135*

3

115.5

115.5

115.5

4

>110

<110

>110

5

64.2

64.2*

64.2

6

>60

>60**

>60*

7

>50

>50

>50*

8

>49

>49*

>49*

9

>45

>45

>45

10

>30

>30

>30

11

>24

>24

>24

* highly expressed protein
** suppressed protein
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DENV-2- and DENV-4-infected mosquitoes
some of the similar proteins were overexpressed.

Discussion
As mentioned earlier, RT-PCR is a powerful
tool which can be used in the detection of
infection due to virus such as dengue. This
technique, however, needs to be used in
the laboratory as it is difficult to carry out
in the field. Therefore, development of an
ELISA-based antigen detection system may be
necessary if anti-dengue viral “proteins” (or
“infection proteins”) are to be obtained from
the dengue virus-infected mosquitoes, and
to be used as an ELISA-based detection kit to
detect dengue infection in mosquitoes.
The “infection proteins” produced in a
vector may act as a kind of defence mechanism
to protect itself from a detrimental condition.
For example, innate immune response is
activated against the infection of plasmodium
in Anopheles gambiae[9] as defensive and
putative Gram-negative bacteria-binding
proteins are synthesized mainly to block the
parasite from entering into the mosquito.
Chee and AbuBakar[10] had identified a tubulin
or tubulin-like C6/36 mosquito cell protein
which was able to bind to DENV-2 virus. It
is believed that Aedes mosquito may also
elicit the defense component (or “infection
proteins”) to protect itself from the invaded
dengue viruses. Yunus[11] found the presence
of “infection proteins” in dengue-infected
Ae. albopictus with molecular weight of 18
kDa, 27 kDa, 28 kDa and 70 kDa, while
Rohani et al.[12] found that there are four such
proteins having molecular weight of 24 kDa,
25 kDa, 31 kDa and 76 kDa from the DENV2-infected Ae. aegypti.
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There are 11 predominant polypeptides
observed in the control with molecular
weight of not less than 181.8 kDa, 135 kDa,
115.5 kDa, 110 kDa, 64.2 kDa, 60 kDa, 50
kDa, 49 kDa, 45 kDa, 30 kDa and 24 kDa.
The result reported herein, however, is not
identical to the findings reported by Rohani
et al. [12] In their study, there were seven
conspicuous proteins in the range of 72 kDa
to 17 kDa detected in the normal blood-fed
Ae. aegypti. The difference could be due to the
concentration of the SDS-PAGE gel used since
10% of separating gel was used to separate the
proteins present in the control mosquito in this
study, as compared with 12% separating gel
employed in Rohani et al.[12] study. Therefore,
the major proteins determined in this study are
relatively higher in molecular weight compared
with the study done by Rohani et al.[12] where
lower molecular weight of polypeptides was
observed. On the other hand, Lee et al.[13]
reported that 29 protein bands were observed
in the sugar-fed Ae. aegypti. This shows that
the protein synthesized in Aedes mosquito
could also be closely related to the food
consumed by the mosquitoes.
The protein profiles of the dengueinfected mosquito were found similar to that of
the control, with an overall of 11 conspicuous
polypeptides found. These proteins, however,
exhibited different expression levels
represented by the bandwidth. Proteins with
molecular weight of not less than 181.8 kDa,
64.2 kDa and not less than 49 kDa were
highly expressed in DENV-2-infected mosquito
compared with the control sample, while
proteins with molecular weight of not less
than 181.8 kDa, 135 kDa, 60 kDa, 50 kDa
and 49 kDa showed a broader bandwidth
in the protein profiles of DENV-4-infected
mosquito compared with the control. Such
patterns may be due to the high expression
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of the ordinary proteins in dengue-infected
Aedes mosquito during dengue virus invasion
in Aedes mosquito. Another possibility could
be the different type of protein(s), or “infection
protein(s)”, having similar molecular weight(s)
to the ordinary protein(s), being synthesized
that hence fall in the same distance of the
SDS-PAGE gel.
Suppression of protein with molecular
weight of not less than 60 kDa was assumed
to occur in the DENV-2-infected Aedes
mosquito when compared with the control.
The molecular weight of 28kDa also seemed to
be suppressed in DENV-2-infected Ae. aegypti
and such finding was also reported before by
Rohani et al.[12] Since no protein suppression
was observed in DENV-4-infected mosquito,
there is a possibility that the protein synthesis
could be serotype-specific.
Alcon et al.[14] reported that NS1 protein,
which is not part of the virion and having
molecular weight of 48 kDa, was found on
the surface of the infected cells or secreted
extracellularly into the blood circulation in
dengue patients. The function of this protein
remains unknown, but it is believed to correlate
with the development of dengue haemorrhagic
fever.[15,16] Tubulin or tubulin-like mosquito cell
protein reported by Chee and AbuBakar[10] is
having similar molecular weight of about 48
kDa. Wang et al.[17] reported that there are
abundant brush borders found in the midgut
of Ae. aegypti, and this element could be the
initial interaction site between dengue virus
and the mosquito. Hence, it is possible that the

“infection protein” synthesized may appear in
the brush border to act as a defence barrier to
block the entry of the dengue viruses.
Huang et al.[18] had successfully proved
that this viral NS1 protein could be used as
an ELISA antigen to detect dengue infection
in patients. The protein with a molecular
weight of about 49 kDa found in this study
is unlikely to be similar to 48 kDa protein
reported in cell culture and dengue patient,
as this protein was also secreted in DENV-2and DENV-4-infected and control adult
mosquitoes. However, although similar
proteins were found in both infected and
control Aedes mosquitoes, several overexpressed proteins observed only in infected
mosquitoes could be considered potential
diagnostic antigens to be used for detecting
dengue infection in mosquitoes, based
on the quantitative differences in protein
concentrations. It is pertinent, therefore, to
quantify the various over-expressed proteins
in any future study.
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