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Investigation of P-glycoprotein (P-gp) ATPase gene
variation in temephos resistant Aedes albopictus
(Skuse, 1894), Chidambaram, India
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ABSTRACT: The study investigated the role of P-glycoprotein (P-gp) ATPase gene expression in
mediating resistance to the organophosphate larvicide temephos in Aedes albopictus. Larval populations
were subsequently classified into control, susceptible, and resistant groups based on their differential
response to temephos following laboratory-induced selection pressure. Total RNA was isolated, and
relative gene expression was quantified using RT-PCR, with â-actin serving as the endogenous control for
normalization. An upregulation of P-gp expression was observed in resistant larvae compared to susceptible
and control groups. Densitometric analysis revealed P-gp expression levels of 35,863.67 AU in resistant
larvae, 30,761.16 AU in susceptible larvae, and 33,786.40 AU in control larvae, whereas â-actin expression
remained consistent across all groups. The elevated expression of P-gp indicates its involvement in
temephos resistance, likely through enhanced xenobiotic efflux. The finding underscores the potential of
ATP-binding cassette (ABC) transporters as molecular targets for improving vector control strategies.
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INTRODUCTION

Insecticide resistance in medically significant
vectors present a critical obstacle to vector control
strategies (WHO, 2022; Ibrahim et al., 2024).
Principal resistance mechanisms include the
upregulation of detoxification enzymes and target-
site mutations (Han et al., 2024; Wang et al., 2024).
However, contemporary studies implicated
permeability glycoprotein (P-gp), a plasma
membrane-associated ATP-binding cassette (ABC)

transporter, in conferring multidrug resistance (Rani
et al., 2024; Bharathiraja et al., 2024; Lespine et
al., 2024; Elbahnsi et al., 2024). Structurally, P-gp
is composed of two repeating units, each containing
a nucleotide-binding region and transmembrane
helices that together form the functional transporter
(Allikmets et al., 1996; Ayrton and Morgan, 2001;
Buss and Callaghan, 2008). The ATP-driven
expulsion of various substrates from cells is
primarily mediated by P-glycoprotein (See et al.,
1974; Guiral et al., 1994; Schlemmer and Sirotnak,
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1994), contributing to reduced intracellular
accumulation and therapeutic failure (Lanning et
al., 1996). It is ubiquitously expressed across cell
types in diverse organisms, including insects, where
it protects against toxic compounds (Podsiadlowski
et al., 1998; Xu et al., 1998; Buss and Callaghan,
2008). Notably, presence of P-gps hamper entry
of xenobiotics into protected compartments
complicating treatment efficacy (Abu-Qare et al.,
2003; Giacomini et al., 2010; Kido et al., 2024;
Johnston et al., 2024; Huang et al., 2024).”
Functional inhibition or silencing of P-gp in resistant
insect species, including Aedes aegypti and
Helicoverpa armigera, has been shown to
increase susceptibility to insecticides, underscoring
its role in resistance mechanisms (Figueira-Mansur
et al., 2013). The present study investigates P-gp
gene expression in temephos-resistant A.
albopictus larvae to elucidate its contribution to
resistance and inform molecular strategies for
vector control.

MATERIALS  AND  METHODS

For the present study, temephos-resistant A.
albopictus populations were derived from a
susceptible (Manyu et al., 2022), through cyclic
mass rearing under temephos pressure in a
controlled insectary environment in accordance to
protocols prescribed by the International Atomic
Energy Agency (IAEA, 2017).  Samples of resistant
larvae (RL), susceptible larvae (SL) and control
larvae (CL) were chosen. Total RNA was isolated
from each sample (RL, SL, and CL) using the
TRIzol method and centrifuged in RNase-free tubes
at 5000 rpm for 10 minutes to obtain cell pellets
(1X 10^7 cells). Each pellet was lysed with 700μL
of TRIZOL, and the lysate was mixed with 300 μL
of chloroform. It was then centrifuged (12,000 rpm)
for 20 minutes at 4°C, to collect the RNA. RNA
precipitation was done by adding isopropanol
(700μL), followed by centrifugation to obtain a
visible pellet. The RNA pellet was washed with 70
per cent ethanol and dried. The RNA was diluted
in 30μL of double-distilled, autoclaved water, stored
at 80 °C, and quantified with Labman UV–V is
spectrophotometer (Labman, India).

To remove DNA contamination, RNA samples
were treated with DNase-I in a 20μL reaction
volume at 37°C for 30-45 minutes. Following
addition of 2μL of 20μM EGTA, the solution was
incubated for 10 minutes at 66°C. RNA was
precipitated by adding sodium acetate (1/10
volume) and absolute ethanol (2 volumes), incubated
for 60 minutes at -20°C and centrifuged for 20
minutes in 4°C at 12,000 rpm. RNA pellet was
extracted and ringed with 500μL 75 per cent
ethanol. Air dried the sample and 20μL double-
autoclaved nuclease-free Milli-Q water was added.

First-strand complementary DNA (cDNA) was
synthesized from 1.5ìg of total RNA using Moloney
Murine Leukemia Virus Reverse Transcriptase (M-
MLV RT). Reverse transcription was performed
at 25°C for 10 min, followed by 42°C for 59 min.
The reaction was terminated by incubation at 99°C
for 5s to denature RNA–cDNA hybrids and
inactivate the reverse transcriptase enzyme,
followed by holding at 4°C. The synthesized cDNA
was stored at “20°C until use.

Analysis of P-glycoprotein (P-gp) gene
expression (Table 1):  The synthesized cDNA
was used as a template for amplification of the target
P-glycoprotein ATPase (P-gp ATPase) gene by
reverse transcription polymerase chain reaction
(RT-PCR). Amplifications were performed using
2× Taq PCR Master Mix (BioLit, India) according
to the manufacturer’s recommendations. Gene
expression levels were normalized against the
endogenous reference gene ß-actin, which served
as the internal control. PCR amplification of the P-
gp ATPase gene was carried out under the following
thermal cycling conditions: an initial denaturation
at 94°C for 3 min; 30 cycles of denaturation at 94°C
for 30s, annealing at 56°C for 30 s, and extension
at 72°C for 1 min; followed by a final extension at
72°C for 10 min and a hold at 4°C. Amplification
of the ß-actin gene was performed using an initial
denaturation at 94°C for 3 min; 30 cycles of
denaturation at 94°C for 30s, annealing at 60°C for
30s, and extension at 72°C for 1 min; followed by a
final extension at 72°C for 10 min and a hold at
4°C.
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Agarose gel electrophoresis and
densitometric analysis:  PCR amplicons were
resolved by electrophoresis on a 1 per cent agarose
gel prepared in 1× Tris-acetate-EDTA (TAE)
buffer. Agarose (0.3g) was dissolved in 30mL of
1× TAE buffer, heated until completely solubilized,
cooled to approximately 50°C, and stained with
ethidium bromide (1.5μL). The gel was cast using
an appropriate comb and allowed to solidify at room
temperature. Electrophoresis was performed in 1×
TAE running buffer. PCR products (3ìL) mixed with
an equal volume of loading dye were loaded into
the wells and electrophoresed at 70 V for 15–20
min. Amplified DNA fragments were visualized
under ultraviolet illumination using a gel
documentation system. Band intensities were
quantified by densitometric analysis using ImageJ
software (National Institutes of Health, USA).
Relative expression of the P-gp ATPase gene was
determined after normalization against the
corresponding ß-actin expression levels.

Relative expression analysis: Semi-quantitative
assessment of P-gp ATPase gene expression was
performed by comparing the densitometric intensity
of the target gene amplicons with that of the
endogenous ß-actin control. Relative expression
levels were calculated from normalized band
intensities obtained using ImageJ software and
expressed as fold change relative to the control
group.

RESULTS  AND  DISCUSSION

P-glycoprotein (P-gp) gene expression:  There
was a significant upregulation of P-gp gene
expression in temephos-resistant A. albopictus
(Figs. 1, 2). Densitometric analysis indicated
overexpression, with levels recorded as,

35,863.67AU in RL, 30,761.16AU in SL, and
33,786.40AU in CL. The findings are consistent
with those of Figueira et al. (2013), who reported
similar evidence in resistant Aedes aegypti.
Identical overexpression of P-gp is reported in
Anopheles gambiae (Roth et al., 2003), Heliothis
virescens and Helicoverpa armigera (Lanning and
Carter, 2006, Drosophila melanogaster (Grailles
et al., 2003), Teleogryllus commodus (Leader and
O’Donnell, 2005), Rhodnius prolixus (Rheault et
al., 2006), Coptis japonica (Buss and Callaghan,
2008), and Aedes caspius (Porretta et al.,
2008).”.The elevation of P-gp is correlated to
insecticide resistance (Bourguinat et al., 2007;
Aurade et al., 2012).

A comparative analysis of â-actin gene expression
(Fig. 1), alongside P-gp gene expression (Fig. 3),
indicated minimal variation, confirming its suitability
as a reference gene. Expression values were
49,340.06AU (RL), 49,340.97AU (SL), and
49,342.35AU (CL), demonstrating consistent
expression across all groups. P-glycoprotein (P-gp),
first reported by Juliano and Ling (Gottesman and
Ling, 2006), is known to actively effluxes
xenobiotics from cells using ATP hydrolysis (Buss
and Callaghan, 2008; Aurade et al., 2012; Figueira-
Mansur et al., 2013; Thevenod and Lee, 2024; Devi
et al., 2024), that results in reduced drug delivery
efficacy (Abu-Qare et al., 2003; Veider et al.,
2024). Empirical studies have demonstrated its role
in conferring resistance to multiple classes of
insecticides (Buss and Callaghan, 2008; Szpila et
al., 2008; Xu et al., 2023; Tseng et al., 2024). The
P-glycoprotein is a potential molecular target to
enhance insecticide efficacy and manage resistance
(Akhtar et al., 2011; Ma et al., 2013; Parida et al.,
2024).

Table 1. Primers for P-glycoprotein (P-gp) gene

Genes Direction Sequence (5´ – 3´)

P-gp Forward 52 - TAAAATGAAGTTGAACGTATCGT-3'

Reverse 52 - AGATGGTCAGCGGTGATTTC-3'

ß-actin Forward 52 - ATGGTCGGTATGGGGCAGAAGGACTC-3'

Reverse 52 - TCGCACTTCATGATAGAGTTGTA -3'

P-gp ATPase variation in temephos - resistant Aedes albopictus
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Reports have been necessitated the investigation
of P-glycoprotein inhibitors to improve the efficacy
of therapeutic agents and pesticides (Shukla et al.,
2008). Documented P-gp inhibitors include
curcumin, flavonoids, kaempferol, quercetin,
tariquidar, verapamil, cyclosporin A, quinidine,
reserpine, and tamoxifen (Xu et al., 1998; Akhtar

Fig 1. Densitometric analysis of P-gp and â-actin gene expression values in control and experimental Aedes
albopictus larvae.

Densitometric analysis: All the data are expressed as the mean ± S.D measured by RT-PCR. The values are
statistically significant and different at p<0.05. â-actin was used as loading control; RL: Resistant larvae; SL:

Susceptible larvae; CL: Control larvae

Fig 2. Gene expression profile of P-gp using SDS electrophoresis in control and experimental Aedes albopictus
larvae.   RL: Resistant larvae; SL: Susceptible larvae; CL: Control larvae; L: ladder-100 bp

et al., 2011; Lima et al., 2014; Sankar and Kumar,
2023). Among these, verapamil has demonstrated
a significant increase in mortality rates through
effective inhibition of P-gp activity (Kundu et al.,
2024). This strategy may also be relevant for
addressing insecticide resistance by facilitating
improved drug delivery and directly targeting
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resistance mechanisms (Tapadia and Lakhotia,
2005). Elucidation of such molecular study in
insecticide resistance is highly significant to
formulate effective management strategies (Akbar
et al., 2014). Analysis of â-actin gene expression
indicated its suitability as a reference gene. The
elevated expression of P-gp indicates its
involvement in temephos resistance, likely through
enhanced xenobiotic efflux. The finding
underscores the potential of ATP-binding cassette
(ABC) transporters as molecular targets for
improving vector control strategies.
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