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Abstract
The DEN-2 prM RNA-3XP3-EGFP gene cassette was constructed into the piggy Bac
transposable element vector under the control of the vitellogenin gene promoter (Vg).
The piggy Bac transposable element-helper based was introduced into Aedes aegypti
embryos by microinjection. 400 embryos were injected, 42 were surviving to be adults,
and the survival rate was 10.5%. 7 mosquitoes were exhibited for green fluorescence
protein (GFP), two lines of transgenic Ae. aegypti were established and the
transformation efficiency was 4.76%. The insertion of the EGFP gene and piggy Bac
were detected in the genome of the transgenic lines (G4-G3) by PCR and inverse PCR
respectively. The results demonstrated that the transgenes were transferred into the
next generation of the transgenic Ae. aegypti mosquito through normal Medilian
inheritance. We report the possibility to create transgenic Ae. aegypti mosquitoes that

are unable to transmit dengue viruses.
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Introduction

Mosquito borne diseases are still a major cause of morbidity and mortality in
many countries. Human diseases transmitted by mosquitoes include malaria, filariasis,
yellow fever, Japanese encephalitis and dengue fever (DF). The presence of multi-drug
resistant strains of pathogens and the lack of availability of effective drugs for viral
diseases have led to difficulty in controlling these diseases. New vaccine development
also faces the problem of antigenic variation of the pathogens. Chemical control used to
be the primary strategy for controlling mosquito borne diseases, but concerns about the
impact of such compounds on human health and the environment together with the
development of insecticide resistance in mosquitoes has limited the usefulness of this
approach (Beerntsen et al., 2000). Through advances in the knowledge of mosquito-
pathogen relationships and the molecular biology of the mosquito, it may be possible to
produce mosquito strains that are unable to transmit various parasites or viruses (Collins
and James, 1996). There are a number of molecules when expressed or introduced into
mosquitoes that are able to block the transmission of pathogens. For example,
monoclonal antibodies directed against a circumsporozoite protein of the avian parasite,
Plasmodium gallinaceum, blocks sporozoites from entering the salivary glands of the
mosquito, Aedes aegypti, when injected into the hemolymph (Warburg et al., 1992).
Anti-sense RNA fragments directed to the premembrane (prM) coding region of the
Dengue type 2 virus inhibit the replication of the virus within Ae. aegypti and thus
prevent its transmission (Olson et al., 1996). In similar experiments, the transmission of a
West African yellow fever virus strain was blocked with antisense RNA molecules
derived from the prM or polymerase coding regions of the virus (Higgs et al., 1998).
Intrathoracic inoculation of a double subgenomic Sindbis (dsSIN) virus TE/3'2J/anti-luc
(Anti-luc) into transformed Aedes aegypti line which expressed luciferase (LUC) from
the mosquito Apyrase promoter reduced the expression of LUC in transformed
mosquitoes by 90% (Johnson et al., 1999). Expression of such similar molecules in
genetically transformed mosquitoes could lead to the production of strains that can be

used in the control of transmission of pathogens (Coates et al., 1999).



Dengue is the most important aboviral infection of man, approximately 100 million cases
annually and 2.5 billion people at risk. There are 4 dengue virus serotypes (DEN1-4)
contain a positive sense RNA genome (11Kb) that encodes three structural (C-preM-E)
and seven nonstructural proteins (NS1-NS2a-NS2b-NS3-NS4a-NS4b-NS5). The three
structural genes are translated into proteins that form the shell of mature viral particles.
Non-structural proteins are assumed to be important during different stages of virus
replication and maturation in the host cell (Hayes and Halstead, 1996). The
epidemiology of the 4 dengue virus serotypes is similar, all have worldwide distribution
in the tropics and are maintained in most tropical urban centres in a mosquito-human-
mosquito cycle. The principal mosquito vector is Aedes aegypti which was originally
indigeous to North Africa, but has spread throughput other parts of the tropical world via
ships or other commercial vessels. This species become highly adapted to living in
intimate association with humans and is a highly efficient epidemic vector in urban
setting. Dengue virus is transmitted from human to human by the bites of female
mosquito, Ae. aegypti can transmit dengue either immediately by a change of host or
after an incubation period of 8-10 days during which time the virus multiplies in the
salivary gland of the mosquito. Dengue virus infection causes a spectrum of clinical
illness, ranging from inapparent infection to mild non-specific viral syndrome to classical
dengue fever to severe and fatal haemorrhagic disease (dengue haemorrhagic fever,
DHF).

The lack of specific treatment for dengue virus and unavailability of effective
vaccine against the virus, the interruption of pathogen transmission by mosquito control
provides the only effective approach to the control of dengue infection. Chemical control
used to be the primary strategy for controlling mosquito borne diseases, but concerns
about the effect on the environment and human health together with the presence of
insecticide in mosquitoes have limited the usefulness of this approach. A possible
alternative approach to control dengue is to create mosquito strains that are unable to
transmit the virus.

A recombinant double stranded Sinbis (dsSIN) virus containing 567bp antisense
RNA fragments directed to the premembrane (prM) coding region of the Dengue type 2

virus (DEN-2 prM RNA) when introduced into mosquitoes could inhibit the replication of



dengue type 2 virus within Ae. aegypti mosquitoes and thus prevent its transmission
(Olson et al., 1996). The C6/36 (Ae. albopictus) cells transfected with dsSIN virus
containing antisense DEN-2 prM RNA were completely resistant to DEN-2 challenge
(Gaines et al., 1996).

With the microinjection technique now developed and the availability of a
number of transposable element based vector-helper systems, it is now possible to
routinely introduce exogenous DNA into Aedes mosquitoes as described previously. If
the gene encoding for antisense DEN-2 prM RNA could be introduced and expressed in
mosquitoes as a part of a transposable element based expression construct, it may be
possible to block dengue replication in mosquitoes. Building on this technology, we
would like to create transgenic Aedes mosquitoes that are unable to transmit dengue

virus.

Objectives

-To construct a Hermes transposable element based vector containing the Apy-gene
and a gene encoding for antisense DEN-2 prM RNA-EGFP cassette.
-To evaluate the stability of the Apy-antisense DEN-2 prM RNA-EGFP cassette when

introduced into the mosquito by microinjection.

Materials and Methods

Mosquito rearing

Ae. aegypti mosquitoes were maintained in an insectary of the Department of
Parasitology, Faculty of Medicine, Chulalongkorn University. Conditions were set at
28°C + 1°C at 80% + 5% relative humidity under 12/12 hours light/dark photo-period.
Adults were supplied with a damp cotton wool pad contained 10% sucrose solution as a
carbohydrate source. For blood feeding, female mosquitoes were allowed to feed on
anaesthetized mice for 30 minutes twice a week subsequently. Eggs were laid by
inseminated females 3-4 days after the bloodmeal on moist filter papers. Four days after
oviposition, the egg papers were allowed to dry in the insectary and sealed in plastic
bag for storage. Egg were stimulated to hatch by immersion in a dilute solution of hay

infusion, prepared by soaking dried grass in tap water for 24 hours at 28°C. Twenty four



hours post-hatching, and daily thereafter, the hay infusion was replace with fresh tap

water to which grind mouse food was added.

Plasmid Construction

Amplification of Antisense Den2-PrM RNA gene

The antisense Den2-PrM RNA gene was amplified from the clone of pDisplay expression
vector (gift from Dr. Preeda Malasit). The clone PrM gene was originally derived from
dengue 2 virus strain 16681 (Sriburi et al.). Forward and reverse primers were designed
to amplify the antisense Den2-PrM RNA gene which starts from nt 439-936 of whole
genome nucleotide sequences. Bam HlI restriction site and ATG start codon were added
to 5 end of the forward primer. The primer sequences were
5’actggatccatgttccatttaaccacacgtaac3d’. Asc | restriction site and TAA stop codon were
added to 5 end of the reverse primer, the primer sequences were
5'ttggcgcgcctaatgtcattgaaggagtgaca3’. The restriction sequences were underlined. The
PCR reaction was composed of 30ng of Den2-PrM clone pDisplay DNA, 50pmol of each
primer, 20uM of dANTP mix, 10X l\/Ig++ free PCR buffer, 2mM MgCl,, 0.5 unit of Taq
polymerase and distilled water to a final volume of 25ul and was performed in the
thermal cycler using the following programme: 1 cycle of 95°C for 5 minutes, 35 cycles
of 95°C for 1 minute and 55°C for 30 seconds and 72°C for 1 minutes and 1 cycle of
72°C for 10 minutes. 20ul of each PCR reaction was electrophoresed through a 2%,
which was then stained with Et-Br and visualized on a transilluminator. Figure 1 shows
the 522bp PCR product, corresponding to the antisense Den2-PrM RNA encoding

region.

Sequencing

PCR products were purified through a spin column using the protocol described by the
manufacturer. Purified products were quantified by electrophoresis on a 1.2% agarose
gel sequenced using automated sequencing ABI Model 310 (Applied Biosystems). The
seguence data obtained by automated sequencing was subjected to a DNA databank
search using BLAST (Basic Local Alognment Search Tool, Altschul et al, 1990).The

sequence of the PCR product corresponded to the PrM of Den2 virus.



Insertion of PCR product into plasmid vector using TA cIoning® Kit (Invitrogen)

PCR products generated by Tag polymerase have 3’ A-overhang. The linearized vector
supplied in the kit () has a single 3’ T residue, which allows PCR inserts to ligate to the
vector. The method was followed the manufacturers specifications. The cloning was
carried out using 1ul (10ng) of fresh PCR product without any further purification. The
ligated vectors were transformed into TOPO 10°’F competent cells and plate out on to LB
agar plates containing 50ug /ml ampicillin, X-Gal 24ug/ml and IPTG 20pg/ml. White
colonies were selected and confirmed as recombinant clones using plasmid minipreps,

restriction digestions (Fig) and PCR.

Construction of Expression Vectors (piggyBac-Vg-Antisense Den2-PrM RNA-3XP3-
EGFP)
Microinjection of mosquito embryos

The microinjection technique has been developed to introduce exogenous DNA
into insect embryos. The technique for microinjection of mosquito embryos was based
on that used to introduce DNA into the developing embryos of D. melanogaster (Rubin
and Sprading, 1982). The germline transformation experiments involving microinjection
have been carried out with aedine mosquitoes (McGrane et al, 1988; Morris et al, 1989)
and with An. gambiae (Miller et al, 1987). Microinjection has proved to be an effective
means of delivering recombinant DNA into Ae. aegypti embryos for analysis of embryo-
specific putative promoter sequences (Morris et a/,1995).

To facilitate germline transformation, the exogenous DNA must be introduced
into developing embryo prior to pole cell formation. The introduced plasmid will be
incorporated into the developing pole cells and integrate into the chromosomal DNA.
The integrated DNA sequences may then be expressed throughout the somatic tissue of
subsequent generations.

The microinjection technique performed in this experiment followed the method
described by Morris et al (1997). Briefly, eggs were collected from female mosquitoes 3-
4 days after a blood meal using moist filter papers as an oviposition site. 20-30 mid-dark
grey embryos, which were approximately 90-120 minutes old were oriented with their

posterior aligned. The oviposition paper was dried by blotting with dry filter paper and



the embryos were transferred onto a coverslip with double-sided sticky tape attached
their posterior poles close to the edge of the coverslip. The embryos were then left to
desiccate for 15-60 seconds, with the state of desiccation observed under a dissecting
microscope. To prevent further desiccation, embryos were covered with water-saturated
halocarbon oil (Sigma). Embryos were injected with 0.2-0.5 nl of DNA solution into their
posterior poles using microinjection apparatus (Femto Jet, Eppendrof). Microinjections
were performed within 2 hours of oviposition. The injected embryos were incubated at
28°C and 80% relative humidity for 30 minutes and then transferred onto moist filter
paper and returned to the insectary at 28°C and 80% humidity for 3-4 days before

hatching.

Result

Amplification of the prM gene

The antisense Den 2 prM RNA gene was amplified using forward primer contains Bam
HI restriction site and ATG start codon to the 5 end. The primer sequences were
5’actggatccatgttccatttaaccacacgtaacd’. Asc | restriction site and TAA stop codon were
added to 5 end of the reverse primer, the primer sequences were
5’ttggcgcegcctaatgtcattgaaggagtgaca3’. The 522 bps of antisense Den 2 prM RNA gene
was amplified (Fig1). The PCR products were sequenced and compared with data in

Gen bank and confirmed to be the antisense Den 2 prM RNA gene.

Figure 1. 2% agarose gel demonstrates the amplified antisense Den 2 prM RNA gene.



Construction of Expression Vectors (piggyBac-Vg-Antisense Den2-PrM RNA-3XP3-
EGFP)

The antisense Den 2 prM RNA gene was insert into the vector piggyBac-Vg-3XP3-EGFP
to construct Expression Vectors (piggyBac-Vg-Antisense Den2-PrM RNA-3XP3-EGFP).
The inserted antisense Den 2 prM RNA gene in the expression vector was presented

when digested the expression vector with Bam HI and Asc | (Fig 2).

Figure 2. 2% agarose gel electrophoresis demonstrates the construced expression
vectors (piggyBac-Vg-Antisense Den2-PrM RNA-3XP3-EGFP) digested with BamHI and

Asc | restriction enzymes.

Microinjection of Ae. aegypti embryos

The microinjection technique performed in this experiment followed the method
described by Morris et al (1997) and Catteruccia et al (2000). In essence, eggs were
collected from female mosquitoes 3-4 days after a blood meal using moist filter papers
as an oviposition site. 20-30 mid-dark grey embryos (Fig. 3), which were approximately
90-120 minutes old were oriented with their posterior poles aligned (Fig. 4). The
oviposition paper was dried by blotting with dry filter paper and the embryos were
transferred onto a coverslip with double-sides sticky tape attached, with their posterior
poles close to the edge of the coverslip. The embryos were then left to desiccate for 15-
60 seconds, with the state of desiccation observed under a dissecting microscope. To
prevent further desiccation, embryos were covered with water-saturated halocarbon oil
(Sigma). Embryos were injected with 0.2-0.5 nl of DNA solution into their posterior poles

(Fig. 4) using microinjection apparatus (FemtoJet, Eppendrof). Microinjection were
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performed within 2 hours of oviposition. We injected 2 mosquito species Aedes aegypti
and Ae. aegypti. The embryos were injected with a mixture of the pBac [3xP3- EGFP
afm, Vg-Def A] construct and the phsp-pBac helper plasmid at a final concentration of
0.3 and 0.25 Hg/ml respectively in 5mM KCI and 0.1 mM NaH,PO,(pH 6.8). Injected
embryos were incubated at 28°C and 80% relative humidity for 30 minutes and then

transferred onto moist filter paper and returned to the insectary. 24 hours after injection,

injected embryos were incubated at 37 °C for 60 minutes to facilitate the heat shock
promoter. The injected embryos were then transferred into the insectary for 72 hours
and stimulated to hatch in fresh water.

Percentage survival of injected embryos

The experiment was performed with two mosquito species Aedes aegypti and
Ae. aegypli.The survival rate was calculated by

Total number of adults surviving microinjection x 100

Total number of injected embryos

From 400 injected Ae aegypti embryos, 42 were hatch. The survival rate was
10.5 % . These 42 larvae were maintained in the insectary (Table 1).

Next step of experiment, we will detect the EGFP in these injected larvae (G,)

and mate them with wile type mosquito when they develop into adults.

Table 2 Survival rate from both experiments

Mosquito No. of embryo No. of embryo hatch Servival Rate
injected
Ae aegypti 400 42 10.5%

Detection of transformants and establishment of transgenic lines

Select transform mosquitoes (F,) using fluorescence microscope

The injected larvae (G,) were examined for transformation using fluorescence

microscope. We observed green color in some injected larvae (Fig. 5). Then G,adults
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were set up to mate with wild type virgin females or males. The subsequent generation
(G,) were examined for the expression of green fluorescence protein under a
fluorescence microscope. Three females of G, progeny showed transient GFP

expression in their eyes during adult stages (Fig. 6, 7).

Figure 3. Aedes aegypti eggs

Figure 4. Microinjection, embryos were injected with 0.2-0.5 nl of DNA solution into their

posterior poles
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N

Arrow

Figure 5. Transformed Aedes aegypti larva (G,), suspected green fluorescence protein

(GFP) was found at the abdominal end

Arrow

N

Figure 6. Transformed Aedes aegypti mosquito (G,, right), suspected GFP was found at

the eyes (arrow) compare to wild type mosquito (left)
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Figure 7. Transformed Aedes aegypti mosquito (G, ), suspected GFP was found at the

eyes (arrow)

Detection of the EGFP gene in transformed mosquitoes using PCR and DNA
sequencing

PCR were performed in order to detect the transgenes in the transformed mosquitoes.
Genomic DNA of the transformed mosquitoes were prepared using Blood and Tissue Kit
(QIAGEN).

PCR was used to amplify a region of the EGFP gene (Fig. 8). Primer sequences were
designed to anneal specifically to the EGFP gene. Primers were purchased from
Invitrogen, the primer sequenced are listed in table 2.

Each PCR reaction mixture containing 2.5ul of 10X buffer, 2mM each dNTP, 10pmol
each primer (2F and 4R), 2.5mM MgCl,, 3yl DNA extract, 1U of Taq polymerase
(Invitrogen) and ddH,O to a final volume of 25ul. The reaction was performed in a
GeneAmp PCR System 2400 thermal cycler (Applied Biosystem, Foster city, CA) by two-
step PCR using the following conditions; initial denaturation step of 95°C for 3 min
followed by 5 cycles of 95°C for 0.45min, 56°C for 0.45 min and 72°C for 1.5 min,
followed by 25 cycles of 95°C for 0.45 min, 60°C for 0.45 min and 72°C for 1.5 min and
followed by 72°C extension for 10 min. PCR products were detected on a 1% agarose

gel (Fig.8-9).
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Figure 8. PCR for EGFP gene with genomic DNA extracted from G, transgenic
mosquitoes; M=100bp marker; lane 1= positive control; lane 2= negative control; lane 3-

6= genomic of G, mosquitoes

Figure 9. PCR for EGFP gene with genomic DNA extracted from G, transgenic
mosquitoes; M=100bp marker; lane 1= positive control; lane 2= negative control; lane 3-

9= genomic of G, mosquitoes
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DNA Cloning and Sequencing.

The PCR products were purified from agarose gel using a Perfect” Gel Cleanup
(Eppendorf; Germany) following the manufacturer’s instructions. 50ul of PCR reaction
was electrophoresed through a 1% agarose gel and stained with ethidium bromide. The
desired PCR product was excised from the gel and placed in a 1.5ml microcentrifuge
tube. The gel slice was weight, 3 volumes of Binding Buffer was added into the gel slice,
the mixture was incubated at 50°C and vortexing every 3 min until the gel slice was
completely dissolved. After the gel slice has completely dissolved, 1 volume of
isopropanol was added into the solution mixture and mixed by inversion. The solution
mixture was loaded into a Spin Column and centrifuged at 10,000g for 1 min then
discarded the flow through. 700ul of Wash Buffer was add into the Spin Column and at
10,000g for 1 min then discarded the flow through. The column was spin again at
10,0009 for 1 min to remove any residual Wash Buffer. The column was placed into a
new collection tube, 25ul of Elution Buffer was added, the column was spin again at
10,0009 for 1 min. Discard the column, DNA solution was subjected to a Perkin Elmer
310 Sequencer.

In order to obtain complete sequence, the PCR product was inserted into pGEM-T easy
cloning vector (Promega) which contains T7 RNA polymerase promoter sequences. A
sample of each fly species was randomly selected for sequencing.

The sequence data was 98% identical to EGFP sequences of the GenBank.

Inverse PCR

In order to determine site of integration of the piggyBac in the genome of the transgenic
Aedes mosquitoes, inverse PCR were performed. The genomic DNA was extracted and
digested with Dra | restriction enzyme. The digested DNA was circularized by ligation
with T, ligase overnight at 4°C, ligated DNA was used as template for inverse PCR. Each
PCR reaction mixture containing 2.5ul of 10X buffer, 2mM each dNTP, 10pmol each
primer (LHF and LHR for left hand insertion or RHF and RHR for right hand insertion),
2.5mM MgCl,, 2ul of ligated DNA , 1U of Tag polymerase (Invitrogen) and ddH,O to a
final volume of 25pul. The reaction was performed in a GeneAmp PCR System 2400
thermal cycler (Applied Biosystem, Foster city, CA) by PCR using the following

conditions (for left hand insertion); initial denaturation step of 96°C for 2 min followed by
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35 cycles of 96°C for 15 sec, 56°C for 30 sec and 72°C for 2 min, and followed by 72°C
extension for 4 min. PCR products were detected on a 2% agarose gel (Fig.10). For right
hand insertion the PCR were carry out with the same conditions except that annealing

was performed at 65°C (Fig. 11).The PCR products were cloned in to pGEM-T and

seqguenced.

Primer Sequence

LHF 5-ATCAGTGACACTTACCGCATTGACA-3’
LHR 5-TGACGAGCTTGTTGGTGAGGATTCT-3
RHF 5-TACGCATGATTATCTTTAACGTA-3’
RHR 5-GGGGTCCGTCAAAACAAAACATC-3’

Table primer sequences for inverse PCR

Figure 10. Inverse PCR for left hand insertion: lane M: 100 bp marker; lane 1 and 2:
genomic DNA of G, transgenic mosquitoes; lane 3-6 genomic DNA of G, transgenic
mosquitoes; lane 7: genomic DNA of G, transgenic mosquitoes; lane 8-9: genomic DNA

of G, transgenic mosquitoes.
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Figure 11. Inverse PCR for right hand insertion: lane M: 100 bp marker; lane 1 and 2:
genomic DNA of G, transgenic mosquitoes; lane 3-6 genomic DNA of G, transgenic
mosquitoes; lane 7: genomic DNA of G, transgenic mosquitoes; lane 8: genomic DNA of

G, transgenic mosquitoes.

Discussion

400 Ae. aegypti embryos were injected, 42 were survive to be adults. Surviving rate of
injected embryos was 10.5%. Among the 42 mosquitoes 7 were positive for GFP under
the fluorescence microscope. All survived mosquitoes were set up to mate with wild
type mosquitoes and the G, progeny were examined for GFP. Only two line from 7 was
showed to be positive for GFP, transformation efficiency of this experiment was 4.7%.
We used this line for detection of the EGFP gene and insertion of piggyBac in the
genome. The EGFP gene was detected in G,-G,, this confirmed that the transgene was
transferred to the next generation through normal Medilian inheritance.

The presence of the inverted terminal repeats of piggyBac was demonstrated by inverse
PCR and the characteristic TTAA sequence at the borders of all the analyzed inserts
from sequences of the inverse PCR products, confirmed that transformation resulted
from precise transposition events. These results are similar to the previous reports in

mosquito species such as Ae. aegypti and Culex quinquefasciatus.
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Conclusions and future prospects

The aim of the work described in this experiment was to investigate the concept that
exogenous gene could be inserted into the malaria vector An. dirus. If the exogenous
gene could be expressed in the transgenic mosquitoes, it could inhibit development of
malaria parasites in the mosquitoes. The findings of this work may be summarized as
follows:

-The survival rate of microinjection of the Ae. aegypti was 10.5% and the transformation
efficiency of Ae. aegypti with piggyBac transposable element based system was 4.76%.
- The experiments showed that piggyBac transposable element —helper based system
was capable of mediating stable germline transformation in Ae. aegypti.

- GFP was efficient to detect transformants.

- piggyBac was inserted into the Ae. aegypti genome specifically at the TTAA site.

Future prospects

Once transgenic mosquitoes have been create, it is necessary to consider the problems
likely to be faced in applying the technology in experimental and natural populations.
There are several issues that must be addressed.

Fitness cost

Fitness cost is defined as the relative success with which a genotype transmits its genes
to the next generation (Marrelli et al., 2006). There are two major components of the
fitness cost, survival and reproduction which can be evaluated by analyzing several
parameters, such as fecundity, fertility, larval biomass productivity, developmental rate,
adult emergence, male ratio and mating competitiveness. Fitness of genetically modified
mosquitoes can be reduced from the negative effect of transgene products such as a
fluorescent marker and an anti-pathogen protein or from the insertional mutagenesis
after a transposition event (Catteruccia et al., 2003; Marrelli et al., 2006). Catteruccia et
al., (2003) demonstrated that the reductions of fitness of the transgenic An. stephensi
mosquitoes are caused by the expression of an exogenous gene and the mutations from
insertion of the transgene. The fithess cost of transgenic Ae. aegypti mosquitoes were
examined by Irvin et al., 2004, the results showed that fitness of transgenic mosquitoes

were reduced significantly compared to not-transgenic mosquitoes. The fithess of the
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genetically modified mosquitoes should therefore be evaluated under laboratory
conditions for planning release strategies.

Stability
Stability of the integrated gene is crucial issue for application, in either mass-rearing
factory of field. The problems posed by these two environments differ greatly, since in
the former there will be control over the genotype while in the field it will not be the case
except for the particular case of field release of sterile transformants. In the field, the
release of fertile transformants may lead to potential interactions between the transgene
and other genes or transposable elements that will affect stability (Asburner et al., 1998).
The stability of transformants should therefore be tested under experimental conditions
before any release can be completed.

Safety
There are other concerns that will dictate the use of transgenes in mass-rearing factory
conditions. Transgenes that might be considered safe under laboratory conditions may
face severe regulatory tests before being cleared for use in the factory or field. The
problem of containment needs to be addressed. Transgenes requiring selection with a
toxic agent or conferring pesticide resistance should not be used.

Field Objective
The objectives of field release will differ among target organisms but include
eradication, population suppression and population replacement. However, there are
some general principles. Firstly, the need for markers for field-release organisms,
enabling the unambiguous distinction between transformants and the endemic
population. Secondly, the consideration of the consequences of a successful field
release of another transgenic strain of the same species. Some designs may be
essentially “one-shot”, for example, any release of a mobile transgene that leads to the
evolution of a transposition suppression may prevent any subsequent release of a
transgene carried by the same vector (Ashburner et al., 1998).
For target species where population replacement is an objective there is an urgent need
for research on how this may be achieved. One possible mechanism is meiotic drive.
This describes any event occurring during meiosis, by which one particular

chromosome is recovered preferentially over its homologue. Such a mechanism has
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been demonstrated in Ae. aegypti when linkage to the M locus was used to drive the
marker gene, re (red eye) into cage population (Wood et al., 1977). Transposable
elements, the possible basis of a gene transfer system, also have potential as drive
mechanism. The efficiency of transposon-mediated drive mechanism is such that it is
theoretically possible to spread even and unfavorable trait through a population, before
natural selection can act on it, in spite of the sometime deleterious consequences of
transposition itself (Ribiero and Kidwell, 1994). The rapid spread of a transposable
elements through a natural population has already been demonstrated by the P element,
which has invaded populations of D. melanogaster worldwide within the past fifty years
(Anxolabehere et al., 1988), having invaded the species from the distantly related D.
willistoni. Another advantage of transposable elements is that some have shown
themselves capable of transferring across species boundaries (Houck et al.,, 1991).
However, the impact of releasing fertile transgenic mosquitoes in the gene pool of the

natural population needs to be fully assessed.

Risk evaluation and public acceptance

The release of any transgenic organism to the field will be governed by local and
national regulatory agencies. Any proposal to release will generate concern among both
the general public and pressure groups. Both the must be addressed earlier, rather than
later, if field release is the intended end-point of technology development (Hoy, 2003).
Although stability of these transgenic mosquitoes in caged population could be made,
but the fitness of the transgenic mosquitoes is diminished compare to wild type
mosquitoes. Once the problem of the fitness of transgenic mosquitoes has been
overcome, the safety and effect of releasing these transgenic mosquitoes into
environment need to be fully assessed. Before contemplating release of transgenic
mosquitoes containing active transposable elements, one must be aware of the
possibility of horizontal transmission of the transgene to non-target species. Public

acceptance of the release of transgenic mosquitoes must also be considered.
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lar techniques have been developed to
identify vertebrate DNA in mosquito
blood meals (Ngo and Kramer, 2003; Kent
and Norris, 2005). The advantages of these
procedures are that they are highly spe-
cies specific and sensitive. Multiplex PCR
has been developed to identify vertebrate
host DNA from mosquito using a primer
set specific for human, dog, cow, pig and
goat (Kent and Norris, 2005). The primers
were designed to anneal specifically to cy-
tochrome oxidase b gene of vertebrate
hosts (Kent and Norris, 2005). The objec-
tives of this study were to determine the
time course of the multiplex PCR detec-
tion of host blood DNA in Ae. aegypti mos-
quito, to compare different methods for
collecting mosquito specimens and to
study the prevalence and type of verte-
brate blood from field caught Ae. aegypti.

MATERIALS AND METHODS

Time course analysis

Five dav-old female Ae. aegypti mos-
quitoes were allowed to feed on human
blood through a membrane feeding appa-
ratus. Fully fed mosquitoes were then
reared in an insectary at 28°C + 1"C and
80% + 5% humidity, and supplied with a
damp cotton wool pad containing 10%
sucrose solution as a carbohydrate source.
DNA extraction was performed at 24, 48,
72 and 96 hours after feeding, and ex-
tracted DNA samples were kept at -20"C
until used.

To determine the best method for pre-
serving host DNA in collected mosquito
specimens, blood fed mosquitoes were col-
lected in a microcentrifuge tube contain-
ing 70% ethanol and kept at room tempera-
ture, or in a microcentrifuge tube without
ethanol, and kept at 4’C and -20"C. Host
DNA was extracted from the collected
mosquitoes every week for 4 weeks.

44

Mosquito collection

Mosquitoes were collected from vari-
ous areas of Ratchaburi Province (approxi-
mately 100 km from Bangkok, Thailand)
using an electronic aspirator during
March-July 2008. The total number of fe-
male mosquitoes was 890, and after iden-
tification mosquitoes were stored in
microcentrifuge tubes at -20°C until used.

DNA extraction

DNA from whole blood sample was
extracted using an AquaPure Genomic
DNA Isolation Kit (Bio-Rad, CA) followed
the manufacturer’s instruction. Human
(Homo sapiens), dog (Canis familiaris), cow
(Bos tarsus) and pig (Sus scrofa) blood
samples preserved in EDTA were used,
and the extracted DNA samples were kept
at-20°C.

DNA was extracted from individual
mosquito using the method described by
Kent and Norris (2005). Mosquito abdo-
men was ground in 100 pl of extraction
buffer [0.1M NaCl, 0.2M sucrose, 0.1M
Tris-HCl, 0.05M EDTA, pH 9.1 and 0.5%
sodium dodecyl sulfate (SDS)] and incu-
bated at 65°C for one hour. A 15 ul aliquot
of cold 8 M potassium acetate was added
and the solution was incubated on ice for
45 minutes. The sample then was centri-
fuged at 15,000¢ for 10 minutes. To pre-
cipitate DNA, 250 ul of 100% ethanol were
added to the supernatant, which was in-
cubated at room temperature for 5 min-
utes and centrifuged at 15,000¢ for 15 min-
utes. DNA pellet was dried at room tem-
perature, resuspended in 10 ul 0.1x SSC
(15 mM NadCl, 1.5 mM sodium citrate) and
40 ul of double-distilled water and keptat
-20°C until used.

Multiplex PCR

The procedure was modified from
that of Kent and Norris (2005). PCR reac-
tion (25 ul) contained 2.5 ul of 10x buffer,
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Abstract. Quantitative studies of total salivary gland protein of Armigeres subalbatus mosquito
revealed that the total salivary gland protein increased dramatically during the five days after
emergence as adults, The amount of salivary gland protein of female and male mosquitos at day
five after adult emergence were on the average 11.55 and 1.32 pg/pair gland respectively. SDS-
PAGE studies showed that salivary gland protein profiles of Armigeres subalbatus demonstrated
9 major polypeptide bands of 68, 65, 60, 55, 40, 30, 28, 21, and 15 kDa, The 21 and 65 kDa
bands were found only in the distal lateral region of the mosquito salivary gland and were de-
pleted after the female mosquito took a blood meal.

INTRODUCTION

Mosgquito-borne diseases still remain a ma-
jor health problem in poth human and veteri-
nary sectors. Diseases transmitted by mosqui-
tos include malaria, dengue hemorrhagic fever.
Japanese encephalitis, yellow fever, and filari-
asis. The pathogens are transmitted to a verte-
brate host when the female mosquito takes a
blood meal. Many pathogens take up residence
in the mosquito salivary glands before being
transmitted to a new vertebrate host. In addi-
tion, the mosquito saliva may enhance or facili-
tate infectivity (Ribeiro, 1995; Osorio et al, 1996,
Edwards et al, 1998). Mosquito salivary gland
extracts contain a-glucosidases and a-amylases
that initiate the digestion of carbohydrates
present in dietary carbohydrate sources and
other enzymes and peptides involved in blood
feeding and ingestion such as anticoagulants,
vasodilators, and platelet aggregation inhibitors
(Ribeiro and Francischetti, 2003). The saliva also
contains molecules that provoke a humoral and
cellular immune response in the vertebrate host
(Peng et al, 1995; Peng and Simons, 1997;
Malafront et al, 2003).

Correspondence: Dr Padet Siriyasatien, Department
of Parasitology, Faculty of Medicine, Chulalongkorn
University, Bangkok 10330, Thailand.

Tel: 66 (0) 2256-4387
E-mail:fmedpsy@md.chula.ac.th

64

The proteins present in the salivary glands
of several mosquito species have been investi-
gated (Mellink and van Zenben, 1976; Poehling,
1979; Al-Ahdal et al/, 1990; Marinotti et al, 1990;
Andrews et al, 1997; Saliman et al, 1999;
Nascimento et al, 2000; Moreira et al, 2001;
Jariyapan and Harnnoi, 2002; Suwan et al,
2002), however, little is known of Armigeres
subalbatus, a major vector of a heart dog filaria,
Dirofilaria immitis. In Thailand, Ar. subalbatus is
the most common early morning and early night
biting mosquito and is found throughout the
country especially in the rural areas. It feeds on
both human and domestic animals (Srinivas et
al,(1994) . The study on salivary gland protein of
Ar. subalbatus mosquito has never been re-
ported. Therefore, in this study the salivary gland
proteins of Ar. subalbatus were determined and
analysed. Our initial finding on the salivary gland
proteins showed significant reduction of some
major proteins after blood feeding.

MATERIALS AND METHODS

Maintenance of Ar. subalbatus mosquitos

Ar. subalbatus mosquitos were maintained
in an insectary of the Department of Medical Sci-
ences, National Institute of Health, Bangkok,
Thailand. Conditions wereset at 28°C + 1°C at
80% + 5% relative humidity under 12/12 hours
light/dark photo-period. Adults were supplied
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with a damp cotton wool pad contained 10%
sucrose solution as a carbohydrate source. For
blood feeding, female mosquitos were allowed
to feed on anesthstized mice for 30 minutes.
Groups of mosquitos were reared simultaneously
from the same cohort of eggs. Adult mosquitos
aged 1 to 5 days after emergence were used.

Salivary gland dissection

Mosquitos were anesthetized on ice and
salivary gland dissection was performed as de-
scribed by Suwan et al (2002). Mosquito sali-
vary glands were transferred to a microcentrifuge
tube containing a small volume of PBS (phos-
phate buffer saline solution) and kept at -70°C
until used.

Protein quantification

Amount of total mosquito salivary gland
protein was determined using a Bio-Rad Pro-
tein Assay (Bio-Rad) following the manufacturer’s
instruction. Two pairs of female or 10 pairs of
male Ar. subalbatus salivary glands at day 1, 3,
and 5 after emergence were used in this study.
Each determination was repeated 3 times.

SDS-PAGE analysis and protein staining

SDS-PAGE was performed according to
Laemmli (1970) and the proteins were silver
stained using a Silver Stain kit (Bio-Rad) accord-
ing to the manufacturer’s instruction.

RESULTS AND DISCUSSION

The salivary glands of adult Ar. subalbatus
are paired organs, located in the thorax. The fe-
male salivary glands display difference in struc-
ture when compared to the male ones. The fe-
male gland is composed of two identical lateral
lobes and a shorter and wider median lobe (Fig
1). The lateral lobes can be divided into two re-
gions, proximal and distal. The male gland con-
sists of three morphologically homogenous lobes
and is approximately one-fifth size of the female
(Fig 1). Morphological pattern of Ar. subalbatus
adult salivary glands followed the same pattern
as described for Ae. aegypti (Mellink et al, 1976;
Poehling, 1979), Ae. albopictus (Marinotti et al,
1996), Ae togoi (Jariyapan and Harnnoi, 2002),
Cx. pipiens and Ae. caspius (Saliman et al, 1999).

Total protein contents of male and female
mosquito salivary glands were determined. Table
1 demonstrates the average amount of total sali-
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Fig 1-Salivary glands of Armigeres subalbatus mos-
quito. A: a male salivary gland; B: female salivary
gland, M: median lobe; L: lateral lobe; PL: proxi-
mal region of lateral lobe; DL: distal region of
lateral lobe. The photographs were taken using
an Olympus (AH) microscope at 100x magnifi-
cation.

vary gland protein content in male and female
mosquitos at various times after emergence. To-
tal salivary gland protein content of male mos-
quito on day 1 after emergence was 0.44 + 0.10
ug/gland pair and increased to 1.32 = 0.14 pg/
gland pair at day 5. In females, total salivary
gland protein content of mosquito at day 1 after
emergence was 1.85 = 0.53 pg/gland pair and
increased dramatically to 11.55 £ 1.71 pg/gland
pair at day 5. Comparison of protein content be-
tween male and female mosquitos at day 5
showed that a pair of male glands contained ap-
proximately 10% of that found in female ones.
Similar results were found in Cx. pipiens (Saliman
et al, 1999) and Ae. togoi (Jariyapan and Harnnoi,
2002). o

SDS-PAGE analysis of the proteins present
in the salivary glands of male and female mos-
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Fig 2-Protein electrophoresis pattern of salivary glands
of adult male and female Armigeres subalbatus
at day 5 after adult emergence. Ten pairs of
sugar fed female salivary glands (lane 2) and 15
pairs of male salivary glands (lane 1) were sub-
mitted to SDS-PAGE in a 12% polyacrylamide
gel followed by silver staining. Molecular mass
markers (M) are in kilodalton (kDa).
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Fig 3-Electrophoretic profile of polypeptides from fe-
male Armigeres subalbatus mosquitos salivary
gland lobes. Proteins were separated on a 12%
SDS-PAGE gel and silver stained. Lane 1,ten
whole female salivary glands; lane 2, twenty
proximal lateral lobes; lane 3, ten median lobes;
lane 4, twenty distal lateral lobes. M: molecular
weights markers of sizes (kDa) indicated on the
left side of the picture.

quitos at day 5 of emergence was performed.
The analysis of both female and male salivary
gland proteins revealed the presence of at least
9 major and several minor protein bands (Fig
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Fig 4-Protein electrophoretic profile of salivary glands
of blood fed Armigeres subalbatus mosquitos.
Ten pairs of salivary glands were dissected from
blood fed mosquites at 0, 6, 24 and 48 hours
after a blood meal and submitted on 12% SDS-
PAGE and silver stained. M: molecular weight
markers of sizes (kDa) indicated on the left side
of the picture. Number at the top indicate hours
after a blood meal.

Table1
Total salivary gland protein contents of male
and female Armigeres subalbatus mosguitos
after the adult emergence.

Post emergence (day)

Male Female
1 3 5 1 3 5

Protein content (ug/gland pair)*
044 049 132 185 653 11.55
+ + S * + +
0.10 0.14 0.14 053 0.78 1.71

A =mean = SD; n=10

2). Protein bands with estimated molecular
masses of 68, 60, 55, 40, 30, 28 and 15 kDa
were found in salivary glands of both sexes
whereas the 65 and 21 kDa protein bands were
observed only in females.

The different morphological regions of the
female salivary glands displayed distinct pro-
tein profiles (Fig 8). The 65 and 21 kDa proteins
appeared predominantly in the distal-lateral lobe.
The protein profile of the female proximal-lat-
eral lobe was similar to that of the male salivary
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gland. The protein profiles at 0, 6, 24, and 48
hours after a blood meal was also analyzed (Fig
4). Immediately after blood feeding, the 85 and
21 kDa protein bands were barely detected, but
both proteins started to appear gradually 6 hours
later and returned to the unfed level in 48 hours.
Further investigations in molecular, biochemi-
cal, and immunological aspects of Ar. Subalbatus
salivary glands will provide information for bet-
ter understanding of the role of mosquito sali-
vary gland proteins in blood feeding and dis-
ease transmission.
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Prevalence of Dengue Virus in Aedes Mosquitoes During
Dry Season by Semi-Nested Reverse Transcriptase-
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Dengue hemorrhagic fever remains a major health concern in Thailand. Much effort has focused onthe prevention
and control of the disease. Detection of dengue virus infection rate in mosquitoes would evaluate dengue control programs
and predict the epidemics of dengue hemorrhagic fever. To determine dengue virus infection rafe in mosquitoes by Semi-
nested RT-PCR. A total of 400 mosquitoes were collected from Rom Kao Community representing a crowded community
and another 9 non-crowded communities in Bangkok. Mosquitoes were then divided into 40 pools, each contained 10
mosquitoes. A total of 391 Aedes aegypti and 9 Aedes albopictus were screened for dengue virus. The mosquito infection
rate in the Rom Klao community was 5% of the mosquito pool equal to that found in non-crowded communities. Both
groups were found to have dengue virus serotype 3. The present study suggests a circulation of dengue virus serotype 3 in

both crowded and non-crowed communities, the infection rates of which are indifferent during the dry season.

Keywords : Dengue virus, Aedes aegypti, Aedes albopictus, Mosquito infection rate
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Dengue hemorrhagic fever (DHF) continues
to present a major health problem in many areas of the
world especially in Southeast Asia. The infection is
caused by the dengue virus which has four serotypes
(Denl, Den2, Den 3 and Den 4). Dengue virus is
transmitted to humans via mosquito bites. In Thailand,
there are two major dengue vectors described, dedes
aegypti and Ae. albopictus -,

The first outbreak in Thailand was documented
in 1958, and a total of 2158 cases were reported. The
prevalence of the disease has increased dramatically
in recent decades. Morbidity and mortality rate of DHF
is highest in children especially at the age of 5-9 and
10-14. More recently, DHF in adults has been documented
in Thai patients (V. At present, the transmission of the
disease has spread throughout the country . Due to
the lack of specific treatment of the dengue virus and
unavailability of effective vaccine against the virus,
the interruption of pathogen transmission by mosquito
control provides the only effective approach to the
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control of dengue infection®®. The most effective
strategy to control a dengue outbreak is to eliminate
mosquitoes and larval breeding habitats. The strategy
is commonly operated before the rainy season when
the population densities of mosquitoes arzs lower, and
hence easier to control ™. The surveillance of dengue
infection in mosquitoes at such times provides useful
data for prevention and control of the disease before
the beginning of an epidemic in the rainy season. In
Thailand, the dengue control relies solely on surveillance
for Aedes larval habitat and mosquito population
density. Although the surveillance has been regularly
operated for many years, it has never prevented an
outbreak of dengue infection in Thailand. This pheno-
menon coincided with the reemergence of dengue
outbreaks in Singapore despite the reduction of Aedes
mosquito population to a relatively low level'?. As
described previously, entomologic surveillance per se
may not serve as an effective tool to forecast a dengue
outbreak. Monitoring of the dengue virus in field
mosquitoes is more relevant and can complement the
current dengue surveillance. It directly detects the pre-
valence of dengue virus serotypes ") and pockets of

8129












n5d1539A2 W TNv89T8 Dengue viruslugea1ataenguadlag 35 Semi-nested Reverse
Transcriptase - Polymerase Chain Reaction (Semi- nested RT- PCR)

SUms MNBNITINGG, WIANT AUIEWIA, AT WIASAUINTY, Uniy sisagm, manus Ansinas,
wAs @oziades

hmﬂnﬂanmm;ﬂuﬂrymmﬁ'nmﬁ-zmmﬂrywwmnﬁIwmm sunretsanalunidunsiusenideelsd
mmﬁjuﬂafmmmvnma Dengue virus ﬂ\maq 4 serotypes A DEN-1, DEN-2, DEN-3 U@z DEN-4 fmﬂyqqmﬂmu
‘Aedes aegypl) UAZENAIEA (Aedes albopictus) uw e sARignAty aesingdineuazinFudiusy
msinswazdeaiulfidoasen msrwquqaﬂwi'ozﬂumw*u'vTmﬂ‘mﬂuaﬁﬁfﬁﬂ?zﬁnﬁmw#s«gn?umfﬁmﬁu
WANMTIEAYEITEA ﬂﬂ7.Jun~mfh?::fwTrnfnamfrml‘mvmqnmqamy uﬂzmmuqqmmﬂuuanummh:
snmnIUANMsTELInYed (e laegheiit sz @ngn muumsm:aeﬂﬁmmqqmﬂnumﬂhmimamaﬂnwmmﬁm
Avrronsnlunindrssialan ﬂwmdf:mnIwm’:mugﬂqﬂfm Imﬂﬂmﬂﬂnw:mﬂﬂumjﬂwummuqqmﬁ
frs:."a:.m'm:mn'lqum ﬁm.uﬂ':mmwvryﬂlomlﬁmﬂnﬂﬂnYus;m'm'ﬂ'wqq;uﬁwwmmmmmlﬂu
1y amrf"mmmfs'nm-*mmuluqqdu mmmmﬁmmqamaIwwqgm’wuammzmuvuz,wme;ﬁ’mifa
HiFensanendlainn Anfumsmsiav 1:9hm'lus;qmﬂwﬁmzﬂuowm'mJ'l'mﬁ EANNIUNIZGI 35 semi-nested
=7-PCR humaiafitanul uazPINSUMZgIneTREA TR e Tt wrﬁmmuaﬂuw g,'f.‘rwlé'ﬁvn'rm'ma
Iremissugeate lungammasnuass oy 400 79 Tasduanguausundrialuguauuess uas mnmuw'lmgﬂu
FHTULBTAIN O 19 WU 391 M:ﬂuqcmamuum 9 dnflugatedau gegnuriatu 40 nﬁumﬁmhm
¥idemeanlaeis RT-PCR wmvm 2 unmuqaﬁmifﬂhtﬂﬂﬂﬂan 5% uazilu serotype 3 @1nm$mr0@mmﬂ
Imﬁfmﬂaniuwmamnqwum 2 wivlutagguay lnwuddanuuansaniy

1

J Med Assoc Thai Vol. 87 Suppl. 2 2004 5133



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf



