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Abstract— Aedes aegypti is a vector of several pathogens
including dengue fever/dengue hemorrhagic fever virus. Five
hundred thousand dengue hemorrhagic fever new cases occur every
year throughout the world. Vector control is an effective way to break
the transmission; unfortunately constant insecticide used caused
resistance. The purpose of research was to identify the Leul014Phe
point mutation in the VGSC gene of Ae.aegypti in Palembang.
Population were all 3rd and 4th instar larvae of Ae.aegypti derived
from breeding eggs obtained from villages of Bukit Kecil, Ilir Timur
I and Sukarami sub district. Results showed that there has been
Leul014Phe point mutation. It can be concluded that synthetic
pyrethroid insecticides resistance in Palembang on its Ae.aegypti was
due to the target site mechanism.

Index Terms—Aedes aegypti, insecticide resistance,
Leul014Phe, point mutation VGSC gen, target site mechanism

I. INTRODUCTION

edes aegypti is a vector of various pathogens, including

dengue virus. The fatal form of dengue is dengue shock
syndrome (DSS) in children. It is estimated that approximately
2,5 billion people at risk of infection with dengue cases per
year [1]. In 2011, the total dengue cases in all provinces in
Indonesia reached 26,015, with as many as 389 deaths
(CFR=1,53%), and in Palembang incidence rate stood at
49.68%. With 3 highest incidence of cases in the district Ilir
Timur | (IR=90.77%), Bukit Kecil districts (IR=79,89%) and
Sukarami subdistrict (68,31%) [2].

Until now there is no treatment nor vaccine to prevent
dengue fever, and vector control is the best way to break the
chain of transmission. Dengue prevention efforts have been
applied such as the use of insecticides through fogging
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technique, abatization and mosquito nest eradication.
Unfortunately incidence rate of last few years were yet high
and there have been several dengue outbreaks [3]. Resistance
can occur due to the constant use of the insecticides
intensively for a long time [4]. Insecticides resistance in
Ae.aegypti can easily widespread throughout the world.
Starting from the dichloro diphenyl trichloroetane (DDT) in
the Caribbean in 1955 and Thailand [5]. Resistance also
occurs in synthetic pyrethroids in Brazil [6], Thailand [7], and
Indonesia [8].

Three ways on how to detect synthetic pyrethroid resistance
are bioassay, biochemistry and molecular test. Biochemical
detection mechanism is to detect elevated levels of enzymes
that detoxify insecticides (metabolic resistance). The enzymes
that often used as a marker of change include cytochrome
P450 monooxygenases (P450s) [9]), glutathione S-transferases
(GSTs) [10] and carboxy/cholinesterases (CCES) [11]. Further
investigation discovered that there was incidence of resistance
in the absence of increase biochemical detoxification enzyme
[12], suggesting experts to explore deeper mechanism behind
the resistance using molecular test. The test detected that the
synthetic pyrethroid resistance was due to the point mutations
on voltage-gated sodium channels gene as the target site where
the insecticide could bind (resistance targets) [13].

In previous Palembang city monitoring vector control
program, biochemical test on Ae.aegypti turn out normal level
despite incidence rate of dengue were high enough [14]. The
molecular studies was necessary to applied as it can detect
gene mutations (VGSC), whilst the decrease of target site
sensitization can caused insecticide resistance.

1. MATERIAL AND METHODS

A. Genetic Material

Population were all 3" and 4" instar larvae of Ae.aegypti
derived from breeding eggs which obtained since July 2012
until August 2013 from local residents of Bukit Kecil, Ilir
timur | and Sukarami sub distric. Identification took place in
Balai Besar Laboratorium (BBLK) Palembang while
molecular test took place both in BBLK and Clinical
Microbiology Department of Muhammad Hoesin Hospital
Palembang.
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B. DNA Extraction

DNA was extracted from whole larva body. DNA was then
extracted using a procedure of Promega Wizard Purification
protocol [14]. A total of 0,02 g from each pool was grounded
thoroughly on mortar and then transfer into universal tube
containing 600 ul of nuclei lysis solution. The tube was gently
agitated and incubated with 17,5 ul of protein kinase C at
65°C for 15-30 minutes. Then 3 mL RNAase solution was
added and homogenized, later incubated at 37°C for 30
minutes. Next 200 mL precipitation of protein solution was
added, agitated, cooled for 5 minutes and centrifugated in
13.000 rpm for 4 minutes. Supernatant was transferred into the
tube containing 600 mL isopranol. The tube was gently stirred
until the white thread is formed. Then the tube was
centrifugated in 13,000 rpm at room temperature for 1 minute.
Next the supernatant was discarded, and transfer to a tube
containing cool 70% ethanol. Later the tube was centrifugated
13,000 rpm at room temperature for 1 minute. The extracted
DNA pellet was resuspended with 100 mL solution of DNA
dehydration. RNase was inactivated by heating at 65° C for 1
hour. The preparation of the semi-nested PCR was conducted
in two steps. The first step was pre-amplification to produce
DNA template. And the second step was selective
amplification (RFLP) to produce specific fragment that will be
appeared on electrophoresis gel.

C.DNA Mix Preparation

The composition of first step 25 ul are 7,5 pl ddH20; 10 ul
Go tag green (dATP, dCTP, dGTP, dTTP, MgCI2 and Taq
polymerase); @0,5 pl Primer AgF_Kdr and An_Kdr_R2 and 5
pl DNA template. And the second composition of first step of
25 pl, are 7,5 pl ddH20; 10 ul Go tag green (dATP, dCTP,
dGTP, dTTP, MgCI2 and Taq polymerase); @0,5 pl Primer
AgF_Kdrand Ag_R_Kdr and 5 pl DNA template.

The composition of second step consist of 12 ul are 2,6 i
ddH20; 1,2 pl buffer, 0,2 pl restriction enzyme 8 pl amplicon.

D.DNA Fragment Amplification
Fragment gene was amplified by PCR using sequence primers:

- AgF kdr was 5’GACCATGATCTGCCAAGATGGAATS’;
- An kdr R2 was : 5’ GAGGATGAACCGAAATTGGACA3’;
- Agr kdr >GCAAGGCTAAGAAAAGGTTAA GCA3’;.
Preamplification to produce DNA template was using PCR
Thermal Cycler® apparatus set up for pre-denaturation and
denaturation cycles. Pre-denaturation cycles was a set up of 5
minutes of initial denaturation step at 94°C, 5 minutes
denaturation step at 94°C, 30 seconds annealing step 51°C and
90 seconds elongation at 72°C. Denaturation cycles was a
setup of 29 cycles of 30 seconds denaturation step at 94°C, 30
seconds annealing at 51°C, and 60 seconds elongation 72°C,
finally the last stage of additional extension phase 7 minutes at
72°C. And the amplicon was being again preamplified with
the second step mixing component, with following pre-
denaturation and denaturation cycles as follow. Pre-
denaturation cycles was a set up of 5 minutes of initial
denaturation step at 94°C, 5 minutes denaturation step at
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94°C, 30 seconds annealing step 57°C and 60 seconds
elongation at 72°C. Denaturation cycles was a setup of 39
cycles of 30 seconds denaturation step at 94°C, 30 seconds
annealing at 57°C, and 40 seconds elongation 72°C, finally the
last stage of additional extension phase 7 minutes at 72°C.

E. Data Analysis

Gel Doc 1000® (Biorad USA) provided, as output, an image
of DNA fragment bands of electrophoresis gel. The bands was
interpretated and scored using software; the presence of band
was scored as one (1) and the absence was scored as zero (0),
and the data were transferred to figure to be determined for
analysis.

Il. RESULTS

A.RFLP Loci
RFLP (restriction fragment length polymorphism) analyzed

of forty five loci from total sub districts revealed by size of
DNA bands consisting of the fragment of 138 bp and 61 bp.

B. Correlation and Analyses
Positive point mutation in the gene Leul014Phe expressed
with a band with a length of 138 bp and 91 bp after the RFLP,
while wild-type (susceptible) DNA will not be cutted by the
both restriction enzymes.
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Picture 1. DNA fragment not yet cutted by RFLP enzyme

RFLP Digest by Apol
Picture 2. DNA fragment cutted by Apol enzyme
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Picture 3. DNA fragment cutted by MuCl enzyme

IV. DISCUSSION

Synthetic pyrethroid insecticide works on the nervous
system of insects that inhibit axon on ion channels resulting in
a continuous action potential [15]. Synthetic pyrethroid binds
in of voltage-gated sodium channel (VGSC) that regulate
nerve impulses rate. As a result, nerve impulses will undergo
continuous stimulation and lead the insect to hyper excitability
and convulsions.

Molecular ways on detection of synthetic pyrethroid
insecticide resistance known in two ways: detoxification
enzyme changes and changes in the target site, voltage-gated
sodium channel (VGSC). Detection of detoxification enzymes
detect the point mutations in the gene that can cause increased
levels of enzymes that detoxify insecticides (metabolic
resistance).

Three enzymes associated with insecticide detoxification
cytochrome P450 monooxygenases (P450s) [9], glutathione S-
transferases (GSTs) [10] and carboxy/cholinesterases (CCES)
[16]. Detection of the target site resistance detects the point
mutation in the gene that cause insecticide not to bind to
VGSC. VGSC mutation was first identified in domain 11 S6
L1014F VGSC gene of Musca domestica, where the codon
encoding leucine substituted by fenilalanin [17].

First molecular synthetic pyrethroid insecticide resistance
research in Palembang came out negative result on VGSC
gene point mutations [18]. The point mutation which
examined was F1534C, the same gene mutation that expressed
in case of insecticide resistance of Ae.aegypti from Cayman
Island [19]. Until now there had been 26 point mutations
found which associated with resistance VGSC in various
different point, and seven points on known gene mutations
occur in Ae.aegypti, are: (1) 1lel011Met; ATA encoding
isoleucine at codon changed into ATG [16]; (2) lle1011Val,
ATA at codon encoding isoleucine turned into GTA [12]; (3)
F1552C, TTC at codon encoding alanine phenyl turned into
TGC [20,21]; (4) F1534C, TTC at codon encoding alanine
phenyl turned into TGC [19]; (5) Val1023Gly, codon encoding
valine turned into glycine [22]; (6) Vall016Gly, codon
encoding valine turned into glycine [23]; (7) F1023C, TTC at
codons encoding phenylalanine turns into TGC [24].

Continued research in biomolecular insecticide resistance in
Palembang proceed with other point mutation, Leul1014Phe,
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found in the population of Ae.aegypti in Brazil and Anopheles
aconitus in Lampung [25]. Positive point mutation in the gene
Leul014Phe expressed with a band with a length of 138 bp
and 91 bp after the RFLP, while wild-type (susceptible) will
not showed the two DNA fragment.

V.CONCLUSION

From the molecular resistance diagnostic tests on the VGSC
gene mutations on Leul014Phe founded that, the insecticide
resistance mechanisms was the decreseased sensitivity of
targets site. This study provides an alternative diagnostic test
on synthetic pyrethroid insecticide resistance, especially in
areas with a high incidence of dengue but negative result on
biochemical insecticide resistance tests.
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