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Abstract–Gut of insects harbors a diverse microorganism which can thrive and multiply within the insect,
play a crucial role in digestion, nutrition and overall growth. Midgut bacteria significantly influence
development and survival of Culex quinquefasciatus larvae also. Through this investigation we have
identified a bacterium CGB1 from the midgut of third instar larvae of Culex mosquito and its symbiotic
relationship has been undertaken. Phenotypic and molecular characteristics of CGB1 reveals it is a rod-
shaped bacterium that forms round, off-white and flat colonies. It produces spores and utilizes sodium
malonate as sole carbon source. It is positive for catalase, methyl-red and urease production; nitrate
reduction, citrate utilization and starch and gelatine hydrolysis tests, while negative for lipid and esculin
hydrolysis, Voges-Proskauer, indole, ONPG and oxidase tests. It produces acid from trehalose and sucrose,
but unable to utilize other twenty carbon sources like lactose,maltose, xylose, fructose, dextrose, mannose,
galactose, raffinose, mellibiose, rhamnose, cellobiose, melezitose, a-methyl-d-mannoside, xylitol, d-
arabinose, sorbose, inositol, salicin, mannitol and ducital. CGB1 is sensitive to kanamycin, vancomycin,
amoxicillin, nalidixic acid, chloramphenicol, levofloxacin, gentamicin, ofloxacin, norfloxacin, tetracycline,
ciprofloxacin, rifampicin, fusidic acid, azithromycin and doxycycline but resistant to ampicillin, bacteriocin
and penicillin. Antimicrobial potential of Moringa oleifera extracts was assessed by well diffusion against the
isolate. Inhibition zone (IZ) for fresh leaf juice and aqueous, methanol and ethyl acetate extracts against the
bacterium measured 21.33±0.58, 25.0±0.53, 24.0±0.58 and 14.67±0.58 mm, respectively. Elimination of midgut
bacteria using antibiotics in the breeding water had an adverse effect on the development of wild mosquito
larvae leading to reduced survival and growth rates. Addition of fresh leaf juice extract of M. oleifera to the
breeding habitat water also lowered larval development and pupal emergence.

INTRODUCTION

Culex quinquefasciatus, commonly called southern
house mosquito is a transmission vector of filariasis
and West Nile fever in tropical and subtropical
regions worldwide. In India also, it is a vector for
filariasis and Japanese encephalitis (Mourya et al.,
1989; Das et al., 2002). Furthermore, mosquitoes,
including Cx. quinquefasciatus, have symbiotic

associations with various bacterial species in their
gut. Removal of these gut microorganisms has been
shown to suppress development from larva to adult
mosquitoes (Mukhopadhya et al., 2016; Roy et al.,
2010). These gut microbes fulfil crucial functions in
nutrition, development and competitive exclusion
(Dillon and Dillon, 2004). Microorganisms of
mosquito intestine help in digestion of food material
by secreting various enzymes (Cambel, 2004; De
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Gairo et al., 2011). For instance, Serratia and
Enterobacter spp. produce haemolytic enzymes that
aid in blood digestion in adult mosquitoes (Gusmao,
2010; De Gairo et al., 2011) and symbiotic association
of Asaiabogorens is in Anopheles stephensi provide
vitamins to the mosquito host (Crotti et al., 2010).
Moreover, compounds released by bacteria in the
mosquito breeding habitat have been found to
impact mosquito larval development e.g. high level
of Pseudomonas aeruginosa in the breeding medium
can enhance growth of Cx. quinquefasciatus larvae
(Peck and Walton et al., 2006). These findings
highlight the intricate interactions between
mosquitoes and gut bacteria which can influence
various physiological processes in mosquitoes like
digestion, blood feeding and larval development.
Indeed, study of gut microbiota of Cx.
quinquefasciatus mosquito larvae could envisage a
promising approach for reducing the transmission
of diseases by inhibiting the larval development of
this mosquito species. Exploration and
manipulation of the symbiotic gut bacteria could
serve as an alternative and effective strategy for
vector control (Beard et al., 2002; Dillon et al., 2000).
Various natural agents have been reported to
effectively control microbial symbionts that use
insects as their hosts (Mickes and Ferguson, 1961;
Beard et al., 2002). Use of synthetic insecticides
against mosquito larvae have detrimental effects on
non-target organisms and environment due to their
non-biodegradable and non-eco-friendly nature
(Chatterjee et al., 2023). In contrast, readily
biodegradable natural plant extracts are safer for
humans and other animals in comparison to
synthetic and chemical insecticides (Sharma, 1993;
Chatterjee et al., 2023). Therefore, exploring
potential of the natural agents, manipulation of
symbiotic gut bacteria etc. could provide eco-
friendly and sustainable approach to control vector-
borne diseases transmitted by Cx. Quinquefasciatus.

Almost every part of morin gatree (Moringa
oleifera) is useful as it possess alkaloids and
triterpenoids having therapeutic properties such as
diuretic, cholagogue, hypoglycemic and tonic effects
(Imohiosen et al., 2014) and bactericidal agents also
(Moura et al., 2012). Therefore, the objective of the
present work was to evaluate the bio-efficacy of M.
oleifera leaf extracts on symbiotic mid-gut bacterial
isolates of larval Cx. quinquefasciatus mosquitoes.

Therefore, this research was delved to decipher
impact of the gut bacteria on development and
survival rates of Cx. quinquefasciatus larvae, as well

as, by oral administration of antibiotics to the larvae,
we aimed to suppress gut bacteria to establish
functional interplay between these bacteria and their
host.

MATERIALS AND METHODS

Mosquito larvae collection and identification

Larvae of Cx. quinquefasciatus were collected from
organic rich larval breeding habitat of some rural
coastal areas of Digha, West Bengal. Standard
dipper of 250 ml capacity was used for larvae
collection and following standard protocols
(Service, 1993). The larvae collected were
transported to the Parasitology and Microbiology
Research Laboratory, Department of Zoology, The
University of Burdwan. Both larval forms and adult
mosquitoes were identified by morphological
examination under a microscope following
established reference keys (Tyagi et al., 2015).

Isolation of bacteria from larval mid gut

Third instar larvae (5 to 10 no.) of Cx.
quinquefasciatus were surface sterilized by
immersing them in 70% alcohol for 3-5 min,
subsequently rinsed thrice in double distilled water
(Chatterjee et al., 2010). Midguts of the larvae were
dissected out within a laminar airflow cabinet under
a binocular dissecting microscope at 4X
magnification.

Midguts were macerated in 1 ml of sterilized
distilled water. From the extract 100 µL sample was
mixed with 100 mL sterilized nutrient agar medium
poured onto five sterile petri plates, plates were
incubated in a B.O.D. incubator at 37±2 °C and of 48
h. Total colonies were counted to  determine
bacterial load in midgut and expressed as colony-
forming units (cfu/ml). Characteristics of the
colonies, such as size, shape, color, opacity, elevation
and consistency were documented. Bacterial
cultures were maintained on nutrient agar slants in
a refrigerator at 4±1 °C for further investigation.

Characterizations of larval gut bacterial isolates

Phenotypic characterizations

Gram staining and presence of endospores in the
bacterial isolate were assessed using Gram’s stain kit
and 5% Malachite green solution, respectively.
Surface morphology of vegetative cells of bacterial
isolates was recorded under a scanning electron
microscope following (Lacey et al., 1997).
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Bio-chemical characterizations

Various physiological and biochemical tests viz.
catalase, methyl red, indole production,Voges-
Proskauer, oxidase, ONPG; starch, protein, lipid,
esculin hydrolysis; citrate, malonate utilization; and
various carbohydrate fermentation tests were
conducted using standard methodologies (Pelczar et
al., 1957; Smibert and Krieg., 1995).

Molecular characterizations

Genomic DNA was extracted from overnight grown
bacterial cultures following Janssen et al. (1994).
Subsequently, 16S rDNA was amplified by
polymerase chain reaction (PCR) using 16s rRNA
primers through the protocol. The 16S rDNA
amplicon was resolved in 1% agarose gel against
standard markers observed under a UV
transilluminator. Amplicon concentration was
determined through a Nanodrop ND800
spectrophotometer.

The amplicons were purified using the GSure
extract gel extraction/PCR cleanup kit of Genetix
Nucleopore. Ribosomal gene sequences were
determined using an ABI 3730xl cycle sequencer
against both forward and reverse primers. After
sequencing, the forward and reverse sequences were
trimmed and the resulting sequences were subjected
to a BLAST analysis using the NCBI database to
identify similar sequences and assess maximum
identity scores.

A subset of the sequences that had the greatest
identity scores was chosen and multiple sequence
alignment was performed using Clustal Omega
software (Thompson et al., 1994).
Nucleotide percentages of the 16S rRNA gene
sequences of the bacterial isolate was assessed
through the Aqua software. Lastly, a phylogenetic
analysis was conducted using the neighbour-joining
method with MEGA X software, following Saitou et
al. (1987).

Investigation on impact of midgut microbe on
development of larval instar and pupal emergence

For each experiment, thirty 1stinstar Cx.
quinquefaciatus larvae were kept in 200 ml of water
with only sucrose solution without antibiotics
(control/wild), and other thirty larvae were released
in 200 ml habitat water with 10% sucrose solution
containing a mixture of tetracycline and doxycycline
(1:1) antibiotics treatment for 12 h. Both untreated
(wild) and antibiotic-treated (cured) larvae (30

larvae/200 ml water for each set) were released in
beakers containing sterile or unsterile habitat water
with 5 ml bacterial suspension (106 cfu/ml) to assess
their beneficial effects on the larvae. To assess effect
of the bacterial strain on subsequent development
from 1st to 4thinstar and pupal emergence were
observed and counted.

Antibiotic sensitivity of bacterial isolates

Susceptibility of the bacterial isolate to eighteen
different commercial antibiotics namely ampicillin
(10 µg), bacitracin (10 µg), nalidixic acid (30 µg),
kanamycin (30 µg), amoxicillin (10 µg), penicillin
(10 µg),gentamicin (50 µg), levofloxacin (5 µg),
chloramphenicol (30 µg), neomycin (30 µg),
tetracycline (30 µg), ofloxacin (5 µg), norfloxacin (10
µg),vancomycin (30 µg), rifampicin (5 µg),
ciprofloxacin (5 µg), azithromycin (30 µg) and
doxycycline (30 µg)  were tested on Muller-Hinton
agar plates by the Kirby-Bauer disk diffusion
method (Bauer and Kirby, 1966). Minimum
inhibitory concentration (MIC, µg/ml) of two broad
spectrum antibiotics viz. tetracycline and
doxycycline against the bacterial isolate was
determined using MIC test strip (Himedia, India).

Collection of plant material

Fresh leaves of moringa plant were gathered from
the Crop Research and Seed Multiplication Farm
(CRSMF) of The University of Burdwan and
authenticated taxonomically by the Botanical Survey
of India (BSI) in Kolkata. A voucher specimen
(BUBS-01) has been archived in the Department of
Zoology at the University of Burdwan. These freshly
collected leaves were cleaned with distilled water
and air dried for 15d at room temperature (27 °C-37
°C) under shade. Subsequently, the dried leaves
were powder edinan electronic grinder to prepare
the crude extract.

Preparation of plant extracts

The 500 g powder was extracted in methanol,
petroleum ether, ethyl acetate and distilled water in
a soxhlet apparatus for 8 h. Extracts were collected
and stored in a refrigerator at 4 °C for antibacterial
sensitivity test (AST), after which it was mixed with
dimethyl sulfoxide (DMSO) and kept in an airtight
container for an antibacterial sensitivity test.

Yield of extracts were calculated using the
formula: Extract yield (%) = R/S×100 (where R is
weight of extracted leaf powder residues and S is
weight of plant raw sample) (Truong et al., 2019).
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Agar well diffusion method
Antimicrobial properties of M. oleifera leaf fractions
were assessed by well diffusion method. To test, 10
µl overnight bacterial cultures containing 105 CFU/
ml was evenly spread onto Muller Hinton Agar
plates. Subsequently, 50 µl each of aqueous, solvent
extracts and tetracycline (30 µg) as reference were
introduced into separate wells on the agar plates.
After incubation for 24 h at 37 °C, antibacterial
activity was determined from diameter of the
inhibition zones surrounding the wells.
Antimicrobial trials were repeated thrice and the
diameters of inhibition zones were recorded from
each of the independent experiment (Barry, 1986).

RESULTS

Morphological and biochemical properties of
bacterial isolates

The bacterial isolate CGB1 formed round, off-white
and flat colonies. It exhibited positive results for
catalase, methyl-red, nitrate reduction, urease
production, citrate utilization, starch hydrolysis and
gelatine hydrolysis tests, while showed negative
results for lipid hydrolysis, Voges-Proskauer, indole,
esculin hydrolysis, ONPG and oxidase tests. CGB1
utilized sodium malonate as a sole carbon source
(Table 1). Scanning electron micrograph showed that
CGB1 is rod-shaped and produced spores (Fig. 1).
CGB1 produced acid from trehalose and sucrose but
unable to utilize other twenty carbon sources viz.
lactose, xylose, maltose, fructose, dextrose,
galactose, raffinose, melibiose, mannose, rhamnose,
cellobiose, melezitose, -methyl-d-mannoside,

xylitol, d-arabinose, sorbose, inositol, salicin,
mannitol and ducital (Table 1).

Antibiotic bioassay

The bacteria was sensitive to the recommended
doses of  kanamycin (30µg/disc), amoxicillin (10µg/
disc), nalidixic acid (30µg/disc), chloramphenicol
(30 µg/disc), levofloxacin (5 µg/disc), gentamicin (50
µg/disc), ofloxacin (5 µg/disc), norfloxacin (10 µg/
disc), tetracycline (30 µg/disc), ciprofloxacin (5 µg/
disc), vancomycin (30 µg/disc), rifampicin (5 µg/
disc), fusidic acid (10µg/disc), azithromycin (15 µg/
disc),doxycycline (30 µg/disc)  but resistant to
ampicillin (10 µg/disc), bacteriocin (10µg/disc)  and
penicillin (10 µg/disc) (Table 2).

Phylogenetic analysis

The nucleotide base composition of 16S rDNA of the
bacterial isolate CGB1 revealed that the AT and GC
content were 47% and 53 %, respectively. The
phylogenetic tree revealed that CGB1, Bacillus cereus
(PQ324272) branched with the cluster containing
B.cereus (DQ289984) and B.cereus (DQ289991) with
90% bootstrap support. The cluster containing
B.cereus (PQ324272), B.cereus (AB 592537) and

Fig. 1. Scanning electron microscopy photograph showing vegetative cell of the bacterial isolate CGB1 (Bacillus
cereus).

Table 1. Carbon source utilization of gut bacterial isolate
CGB1 (Bacillus cereus).

Carbon source Result

Lactose, xylose, maltose, melezitose, Negative
fructose, dextrose, galactose, raffinose,
mellibiose, mannose, rhamnose, cellobiose,
-methyl-D-mannoside, xylitol d-Arabinose,
sorbose, inositol, salicin, mannitol, ducital
Trehalose, Sucrose Positive
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B.cereus (AB592534) branched with cluster
containing B. cereus (NR114582), B.cereus (NR
113266), B. cereus (NR074540), B. cereus (NR112630),
B. cereus (NR 115714), B. cereus (NR115526) with 86%
bootstrap support (Fig. 2).  The restriction map of

the 16S rRNA gene sequence of CGB1 is shown in
Fig. 3.

Effect of eradicating mid gut bacteria from Cx.
quinquefaciatus larvae

The bacterial strain CGB1 was isolated from the
midgut of third instar larvae of Cx. quinquefasciatus
species. This bacterium was a consistent inhabitant
during the larval phases of the mosquitoes. To
elucidate advantages of CGB1 in the developmental
progression of Cx. quinquefasciatus, the larvae were
treated with different antibiotics including
tetracycline and doxycycline which exhibited
sensitivity against it. Minimum inhibitory
concentrations (MIC) for tetracycline and
doxycycline were 0.5 µg/ml and 1.5 µg/ml,
respectively against the bacterial strain which were
potent to restrain growth of the bacterial isolate
Table 3.

In the control, i.e. in breeding habitat water, high
percentage of wild larvae developed into 3rd instar
(96.66%), 4th instar (95.56%) and pupal stage
(95.56%). In sterile breeding habitat water also, wild
larvae developed into 3rd instar (95.56%), 4th instar
(94.43%) and pupal stage (91.1%). However, when
wild larvae were cultured in breeding habitat water
with a combination of tetracycline and doxycycline,
developmental progress was affected. Only 61.33%
wild larvae developed into 2nd instar, 34.43%
developed into 3rd instar, 21.1% developed into 4th

instar and only 16.66% pupae emerged. When

Table 2. Antibiotic sensitivity of gut bacterial isolate CGB1 (Bacillus cereus) against the commercial antibiotics.

Name of the Concentration of Zone diameter of Sensitivity
antibiotics antibiotics inhibition (mm)  (Sensitive /Resistant)

Kanamycin (30µg/disc) 27 Sensitive
Amoxicillin (10µg/disc) Nil Resistant
Nalidixic acid (30µg/disc) 29 Sensitive
Ampicillin (10µg/disc) 20 Sensitive
Chloramphenicol (30 µg/disc) 26 Sensitive
Levofloxacin (5 µg/disc) 26 Sensitive
Gentamicin (50 µg/disc) 34 Sensitive
Ofloxacin (5 µg/disc) 23 Sensitive
Norfloxacin (10 µg/disc) 30 Sensitive
Tetracycline (30 µg/disc) 27 Sensitive
Ciprofloxacin (5 µg/disc) 36 Sensitive
Vancomycin (30 µg/disc) 17 Sensitive
Rifampicin (5 µg/disc) 18 Sensitive
Fusidic acid (10 µg/disc) 28 Sensitive
Azithromycin (15 µg/disc) 24 Sensitive
Penicillin (10 µg/disc) Nil Resistant
Bacteriocin (10 µg/disc) 12 Resistant
Doxycycline (30 µg/disc) 29 Sensitive

Fig. 3. In silico restriction map of the 16S rRNA gene
sequence of the isolate CGB1.

Fig. 2. Phylogenetic tree constructed using partial 16S
rRNA gene sequence of Bacillus cereus CGB1
(PQ324272) with other neighbouring 16S rRNA
gene sequences retrieved from NCBI and RDP
database.
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aqueous leaf extract of M. oleifera was added to the
breeding habitat water, lesser wild larvae developed
into 2nd instar (72%), 3rd instar (40%) and 4th instar
(27%) with 19% of pupal emergence. Moreover,
when pure culture suspension of CGB1 was used in
sterile breeding habitat water, larval development
and pupal emergence rates further improved
showing 95.56% wild larvae developed into 2nd

instar, 91.1% into 3rd instar and 87.76% into 4th instar,
and87.76% of pupal emergence. When cured larvae
were cultured in sterile breeding habitat water with
aqueous leaf extract of M. oleifera, 58% wild larvae
developed into 2nd instar, 38% into 3rd instar, 21%
into 4th instar and 11% of pupal emergence occurred.

Antibacterial activity of indigenous plant extracts

Antibacterial activity assay against the symbiotic
isolate B. cereus CGB1 revealed that the aqueous
extract of M. oleifera exhibited highest sensitivity,
followed by methanol and ethyl acetate extracts
(Table 4). Zone of inhibition (ZOI) for various
extracts viz.fresh leaf juice, aqueous extract,
methanol extract and ethyl acetate extract, against
the bacterial isolate, measured 21.33±0.58 mm,
25.0±0.53 mm, 24.0±0.58 mm, and 14.67±0.58 mm,
respectively. However, chloroform and petroleum
ether extracts showed no significant effect on the
bacteria. Among the different solvent extracts tested,
aqueous extract and fresh leaf juice of M. oleifera
leaves showed the most effective results (Table 4).
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Table 4. Antibacterial sensitivity of M. oleifera leaf
extracts against the gut bacterial isolate CGB1
(Bacillus cereus) of Cx. quinquefasciatus.

Name of the Zone of inhibition
extracts (mm±SE)

Fresh leaf juice 21.33±0.58
Aqueous extracts 25.0± 0.53
Methanol extracts 24.0±0.58
Ethyl acetate extracts 14.67±0.58
Chloroform extracts 0
Petroleum ether extracts 0
Tetracycline (control) 25.33±0.33

DISCUSSION

Over the last few years there has been a growing
interest in targeting the larval stages of mosquito
vectors as the primary vector control strategy
because adults are winged and scattered making the
applications against them difficult and at times,
ineffective. The gut microbiota of mosquitoes plays
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a crucial role in their development, survival, and
vector competence. Among the diverse microbial
communities that inhabit mosquito larvae, symbiotic
bacteria have gained significant attention due to
their potential impact on host physiology and
interactions with pathogens. This bacterium is
known for its ability to endure harsh environmental
conditions and support the nutritional needs of its
host, which may, in turn, influence mosquito growth
and resistance to environmental stresses.Recent
studies have emphasized the intricate relationship
between mosquitoes and their gut bacteria,
highlighting the crucial role these bacteria play in
regulating larval survival and development, which
has increasingly become a focal point for control
strategies (Engeland Moran, 2013). In the current
study, phenotypic, biochemical, and molecular
analyses of the symbiotic bacteria in the mid gut of
third-instar Cx. quinquefasciatus larvae revealed the
presence of Bacillus cereus as the predominant
species (Table 1, Fig. 1, 2). This finding adds new
insights into the symbiotic bacterial community of
Cx. quinquefasciatus larvae. Notably, Asaia sp., which
has previously been identified as a symbiont in Cx.
quinquefasciatus (Suo et al., 2022), as well as in An.
stephensi and Ae. aegypti (Gaio et al., 2011), was also
detected. The biochemical characteristics of the
isolate revealed glucose metabolic activity (Table 1),
suggesting that B. cereus may provide essential
nutrients to the larvae, potentially supporting their
growth and development. The presence of spores in
the CGB1 strain indicates its ability to survive in the
harsh environmental conditions within the gut, as
previously reported by Gray et al. (2019). Previous
studies also reported that B. cereus was a common
inhabitant or symbiotic flora of mosquito larval guts
including Cx. quinquefasciatus (Luxananil et al., 2001;
Mukhopadhyay and Chatterjee, 2016; Colvin et al.,
2020; Seal and Chatterjee, 2022). Maji et al. (2013)
demonstrated involvement of B. cereus in
developmental processes of Drosophila ananassae
also. Similarly, specific species of B. cereus,
Acidomonas sp., Streptomyces aureus, P. fluorescens,
Enterobacter cloacae and Aspergillus niger were also
found in the digestive tracts of Cx. quinquefasciatus
larvae reared in the laboratory (Wang et al., 2021).
Antibiotic sensitivity tests (Table 2) revealed their
effects on the bacteria and effective antibiotics which
can be used to cure the larvae. Previous studies also
suggested that reduction of microbial load in
aquatic habitats (Strand, 2018) and antibiotic
treatment of larvae ofseveral mosquito species

(Wotton et al., 1997; Chouaia et al., 2012; Seal and
Chatterjee, 2022)can delay development of the
larvae into pupae and increase mortality rates.
Introduction of CGB1 variant of B. cereus in the
rearing medium improved development of larvae
and pupae, and reduced mortality (Table 3).
Similarly, introduction of certain bacteria to
antibiotic-treated larvae has been found to promote
normal growth of larvae (Mitraka et al., 2013; Diaz-
Nieto et al., 2016). Furthermore, previous research
endeavours (Wang et al., 2021; Chandel et al., 2013;
Luxananil et al., 2001) also had postulated that B.
cereus can inhabit in the gastrointestinal tract of the
larvae and play a pivotal role in bolstering larval
survival and foster their developmental processes.
Experimental targeting of the antibiotics towards B.
cereus CGB1 decreased both larval survival rate and
adult emergence (Table 3). Therefore, the results
strongly suggest that the presence of CGB1 is crucial
for larval survival and development (Table 3) and
collective reports suggest that absence of CGB1 can
reduce larval survival i.e. interfere with their
development. Moreover, presence of commensal gut
microbiota within mosquitoes would modulate
viability of pathogens or viruses in gastrointestinal
tracts, thereby facilitate their transmission via
mosquito vectors (Ramirez et al., 2014).
Consequently, understanding on the role of gut
bacteria on delineation of vector competence would
pave the way for formulating strategies to
manipulate gut microbiota for vector control.

Secondary metabolites produced by plants, such
as, tannins, flavonoids, alkaloids and other aromatic
compounds play a crucial role ondefence
mechanisms of the microorganisms and insects
(Mukhopadhyay and Chatterjee, 2016; Chatterjee et
al., 2023). Several plant species of different families
have been found to possess insecticidal properties.
M. oleifera, for instance, has been reported to exhibit
antibacterial properties (Pontual et al., 2012) and has
been shown to negatively impact growth and
development of the mosquito larvae. The results
indicate that the application of aqueous leaf extract
of M. oleifera in the breeding habitat water of wild
mosquito larvae led to lower larval development
and pupal emergence. Use of M. oleifera extracts in
breeding waters resulted in lower survival rates and
adult emergence of the larvae which suggests that
presence of CGB1 did not protect from the negative
effects of M. oleifera on larval development and
survival. However, further research is needed to
understand the mechanism of antagonistic effect of
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M. oleifera on Cx. quinquefasciatus larvae and whether
it has specific or broad spectrum effect on all gut
bacteria. Presence of trypsin inhibitor activity in M.
oleifera flowers (Pontual et al., 2012) could be
responsible for larvicidal activity. Trypsin inhibitors
are known to interfere with the activity of trypsin
enzyme which is involved in forming complexes
with trypsin and inhibiting its activity in digestion.
The polypeptide band of 169.9 k Da would bean
aggregate of various molecules or complexes
formed between the trypsin inhibitor and
contaminants from the M. oleifera flower extract. It
suggests that the larvicidal activity of M. oleifera
against A. aegypti larvae may be mediated by trypsin
inhibitor activity which could disrupt larval
digestion and ultimately lead to larval mortality.
Further research could investigate the specific
mechanisms by which the trypsin inhibitor or other
compounds in M. oleifera exert their larvicidal effects
on mosquito larvae. The results of the study
correspond with earlier researches suggesting that
protease inhibitors, like those present in M. oleifera
leaf extracts, may have antibacterial properties due
to their ability to block microbial enzymes or
interact with bacteria’s plasma membrane proteins
which would damage cellular permeability and
ultimately lead to death of the microorganism (Kim
et al., 2005; Fear et al., 2007; Li et al., 2007). Significant
inhibitory effect of M. oleifera leaf extract against B.
cereus which is a symbiotic normal flora of Cx.
quinquefasciatus larvae suggests that the extract could
be used to control the symbiotic bacterial flora of Cx.
quinquefasciatus in mosquito control programs.
Further research would explore the mechanisms
underlying the antibacterial activity of M. oleifera
leaf extract against B. cereus and its potential
application in vector control strategies.

CONCLUSION

In conclusion, the research conducted in this study
suggests that M. oleifera leaf extract possesses
larvicidal activity against Cx. quinquefasciatus larvae,
resulting in larval mortality and arresting of larval
development. Furthermore, the antibacterial activity
of the protease inhibitors present in the leaf extract
could be advantageous for their potential use in
strategies for mosquito borne disease control as they
exhibit inhibitory effects against the symbiotic gut
bacteria B. cereus which is associated with Cx.
quinquefasciatus larvae. Further studies could explore
the specific mechanisms underlying the larvicidal

and antibacterial activities of M. oleifera leaf extract
and its potential application as an agent of mosquito
vector control programs to suppress vector-borne
diseases.
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