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Abstract: A total of 11 bacterial isolates were isolated from internal body of the mosquito,Culexpipiens(eggs, 4th larval instars, pupae,
adult males and adult females)in one gonotrophic cycle.Two bacterial isolates were Gram +ve stained (Staphyllococcusepidermidis and
Bacillussubtilis) and the other nine bacterial isolates were Gram –ve stained. Phenotypic, biochemical biotyping and differential media
were used to characterize and identify our isolate. These methods could differentiate our isolates to species level.In addition, many of the
obtained strains were proved to have economic and commercial importance. Bacterial antagonism was studied and it was noticed that B.
subtiliswas antagonistic to bothE. coli and S. aureus; while S. flexneriwas antagonistic to S. typhimurium;and S. epidermidis was
antagonistic to the multi-drug resistant strain,S. aureus.
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microbiota communities isolated from both immature and
mature stages of the mosquito Culexpipiens.

1. Introduction
Insects are considered holobiont units in which the insect
host and its microbiota are involved in complex reciprocal
multipartite interactions (Rosenberg and Zilber-Rosenberg,
2011). Insects contain large communities of diverse
microorganisms that probably exceed the number of cells in
the insect itself(Dillon and Dillon, 2004). One of these
microorganisms is bacteria that present on integument,
inhabit digestive tract and in some cases inhabit unique
structures within insect body (Chen et al., 2000 and
Fukatsuet al., 2000). The bacterial association in insects
plays significant role in host insect morphogenesis, food
digestion, antifungal toxin production, pheromone
production, pH regulation, vitamin synthesis, temperature
tolerance, resistance against parasitoid development and
detoxification of noxious compounds as well as nutrition,
reproduction, development or protection against enemies
(Dillon and Dillon, 2004, Gentaet al.,2006 and Douglas,
2011).In addition to fecundity and viability of insect host the
bacterial communities play a role on the establishment of
parasites within the host gut (Pumpuniet al., 1993) as well as
on maturation of the innate immune system of the host
(Weiss et al., 2011).
Moreover, symbiotic relationships between mosquitoes and
several microorganisms most probably have important
implications in mosquitoes’ evolutionary success, including
their widespread distribution. Furthermore, the resident
microbiota of mosquito vectors may inhibit the development
of pathogens they transmit )Cirimotichet.al., 2011(. In this
context several microbes may offer opportunities to
successfully manipulate the vector competence of
mosquitoes to reduce their abilities to transmit human
pathogens.
The aim of our study is to understand the microbial
community structure as a step to enable us to understand the
organisms that play significant roles in the maintenance of
these communities and to identify interaction between the
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2. Materials and methods
2.1. Colonization of Cx. pipiens
A colony of the mosquito, Cx. pipiens was maintained under
controlled laboratory conditions (27 + 2 °C, 60-70% RH and
10L: 14D photoperiod) in the insectary of the Department of
Entomology, Faculty of Science, Cairo University, Giza,
Egypt up till now. This colony was used for supplying
immature stages (eggs, larvae and pupae) during this study.
Briefly, eggs were set up to hatch, 1st instar larvae were
seeded into plastic cups 25x35x7 cm3 containing water at a
constant density of 300 individuals per cup. Larvae were
provided with activated yeast or tetramin every 2 days until
pupation. Water was changed on feeding days to avoid
bacterial growth on the water surface. On pupation, cups
were placed inside an emergence cage (27x40x35 cm3) and
provided with a source of 10% sugar solution for the
emerged adults.
2.2. Bacterial isolation
2.2.1.Bacterial isolation from the insect
Twenty individuals of Cx. pipiens(egg rafts, fourth instar
larvae, pupae, adult male and adult female) were surface
sterilized with 70% ethanol for 5 min followed by twice
washing in phosphate buffered saline (PBS) to remove
possible contamination. The surface sterilized samples were
homogenized in Ringer's solution using a glass grinder. 0.1
ml suspension was spread on 20 cm diameter plates
containing Nutrient agar, MacConkey agar, Mannitol salt
agar, Brilliant green agar and Salmonella-Shigella agar
(S.S.) agar media separately using a sterilized scalpel inside
laminar air flow hood (Thiery and Frachon, 1997).These
plates were incubated at 30 ºC for 1-2 days and then
investigated for bacterial isolation and identification.
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2.2.2. Bacterial isolation from the insect environment
0.1 ml was collected from breeding water (immature
breeding environment) as well as sucrose water and air
(mature breeding environment), then spread separately on20
cm diameter plates containing Nutrient agar, MacConkey
agar, Mannitol salt agar, Brilliant green agar and S.S. agar
media separately using a sterilized scalpel inside laminar
flow hood (Thiery and Frachon, 1997).These plates were
incubated at 30 ºC for 1-2 days and then investigated for
bacterial isolation and identification. In the case of isolation
from the air, the plates were exposed to air inside the cage
for 30 minutes, incubated at 30 ºC for 1-2 days and then
investigated for bacterial isolation and identification.

Results of bacterial identification revealed that we got 11
different bacterial strains (Table 1). From these 11 bacterial
strains only E. coli was the most persistent one that appeared
in all mosquito developmental stages (egg, larva, pupa and
adult female and male). E. coli was followed by
Shigellaflexneri which appeared in all developmental stages
except larval stage, then Salmonella typhimurium which lost
in egg and pupal stages and appeared in other stages.
Meanwhile,Chryseobacteriumindologenes was the least
persistent one and isolated only from mosquito larval stage.it
is worthy mentioned that all bacterial isolates were isolated
from the adult mosquitoes, female and male except Proteus
mirabilis andChryseobacteriumindologenes (Table 1).

2.3 Characterization of the Bacterial Isolates

3.1.2. Bacterial isolates from mosquito environment
Out of the 32 bacterial isolates, 4 isolates were identified
from the breeding environment of mosquito (3 from air and
water and 1 from sucrose). Bacterial identification results
revealed that no additional strains were recognized. E. coli,
Shigellaflexneri and Salmonella typhimurium were isolated
from both air and breeding water, as well. Meanwhile,
Pseudomonas aeurginosa was the only strain isolated from
sucrose water (Table 1). All successfully identified bacterial
strains were propagated and characterized phenotypically,
biochemically and by using differential media, as well.

2.3.1. Phenotypic characterization
Phenotypic characterization of all isolates studied were
performed and compared to phenotypic data of known
organisms described in the Bergey’s Manual of systematic
Bacteriology (Noel ,1985) as well as Gram’s staining
according to the standard gram staining protocol (Gram,
1884).
2.3.2. Biochemical characterization
Indole test, Methyl red test (MR), Voges-Proskaeur's test
(VP), Citrate test, Urease test, Catalase test, Oxidase test,
Sugar fermentation test (glucose, lactose and sucrose), Triple
Sugar Iron (TSI) and Hydrogen sulfide production
(H2S)tests were employed in the identification system.
2.3.3. Differential media characterization
MacConkey Agar, Brilliant Green Agar, Mannitol salt agar
and S.S. agar media were inoculated separately with
bacterial isolates at 30 °C for 1-2 days.
2.4 Antagonistic activity between bacterial isolates
For testing antagonistic activity, agar medium was used.
Aftersolidification, agar surface was inoculated with 0.5 ml
suspension of the bacterial strain. Agar diffusion method was
used; 0.5 mm paper disks were inoculated with
bacterialsuspension. Cultures were examined for the
presence of clear inhibition zone around discs. These clear
inhibition zones were measured and compared to control.
Each experiment was repeated thrice.

3.2. Characterization of bacterial strain
The eleven bacterial strains isolated from internal organs of
Cx. pipiens developmental stages and from the breeding
environment were definitely characterized.
3.2.1. Phenotypic characterization
3.2.1.1. Characteristics of the colony
Bacterial strains were characterized by shape, size,
elevation, opacity and margins shown in (Table 2). It was
observed that all bacterial colonies were circular in shape
exceptShigellaflexneri, Proteus Mirabilis and Bacillus
subtilis ones which were irregular in shape. One large, 7
medium and 3 small–sized colonies were noticed. Four
convex, 4 raised, 2 falt and one umbonate–elevated colonies
were reported. All colonies were seen opaque except E. coli,
Shigellaflexneri andEnterobacteraggelomoranswhich were
seen translucent. In addition, one undulate, 4 lobate and 6
entire-margined colonies were reported (Table 2).

A total of 32 bacterial isolates were identified during this
study. These isolates were isolated from different mosquito
developmental stages and their breeding environment as
well.

3.2.1.2. Gram characteristics of the isolates
Gram staining and bacterial cell morphology of 11 bacterial
isolates were summarized in (Table 3). It was noticed that all
bacterial cells were gram-stained negative except
Staphylococcus epidermidis and Bacillus subtilis. Cell
morphology examination revealed that all cells were rodshaped
except
Staphylococcus
epidermidis
and
Pseudomonas aeurginosawhich were cocci and coccobacilli
in shape (Table 3).

3.1.1. Bacterial isolates from mosquito developmental
stages
Out of 28 bacterial isolates were isolated from different
developmental stages of the laboratory bred mosquito, Cx.
pipiens. Out of these 28 isolates, 3, 4, 3, 9 and 9 isolates
were isolated from egg, larval, pupal and adult male and
female stages respectively.

3.2.2. Biochemical characterization of bacterial strains
Specific biochemical assays were carried out to assess the
economic and commercial viabilities of the isolates. It was
observed that all bacterial isolates could secrete catalase
enzyme, only 4 isolates (Chryseobacteriumindologenes,
Bacillus subtilis, Klebsiellaozonae and Pseudomonas
aeurginosa) could secrete oxidase and 6 isolates

3. Results
3.1. Bacterial isolates
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(Enterobacteraggelomorans,
Bacillus
subtilis,
Chryseobacteriumindologenes, Proteus mirabilis and
Staphylococcus epidermides) could secrete urease (Table 3).
These enzymes can be commercially harnessed and
marketed.

coli,Shigellaflexneriwas
antagonistic
to
Salmonella
typhimurium. It was reported that both Bacillus subtilis
andStaphylococcus epidermides were antagonistic to the
multi-drug resistant Staphylococcus aureus bacteria (Table
6).

IMViC tests indicated that only 3 bacterial strains (E. coli,
Shigellaflexneri andChryseobacteriumindologenes) could
secret tryptophanase enzyme and indole, as well; 6 bacterial
strains
(E.
coli,
Shigellaflexneri,
Salmonella
typhimurium,Chryseobacteriumindologenes,
Proteus
mirabilis and Klebsiellaozonae) were glucose-acidicfermenters; 4 bacterial strains (Bacillus subtilis,
Pseudomonas aeurginosa,Enterobacteraggelomorans and
Serratiamarcescens) were glucose-alkaline-fermenters.
Sugar fermentation tests revealed that 8 bacterial strains (E.
coli, Shigellaflexneri, Salmonella typhimurium, Proteus
mirabilis,Chryseobacteriumindologenes, Klebsiellaozonae,
Pseudomonas aeurginosa and Enterobacteraggelomorans)
were non-sucrose-fermenters and 8 bacterial strains
(Shigellaflexneri,
Salmonella
typhimurium,
Proteus
mirabilis,
Chryseobacteriumindologenes,Bacillus
subtilis,Klebsiellaozonae, Pseudomonas aeurginosa and
Serratiamarcescens) were non-lactose-fermenters.

4. Discussion

In addition, TSI and H2S tests revealed that 4 bacterial
strains (Salmonella typhimurium, Proteus mirabilis,
ChryseobacteriumindologenesandKlebsiellaozonae)
were
trisugar-acidic-fermenters producing H2S gas with CO2
production; 4 bacterial strains (Shigellaflexneri,Bacillus
subtilis, Enterobacteraggelomoransand Serratiamarcescens)
were trisugar-acidic-fermenters lacking both CO2 and H2S
gas production; E. coli was trisugar-acidic-fermenter
producing CO2 and lacking H2S gas production;
Staphylococcus epidermideswas trisugar-acidic-fermenter
producing H2S and lacking CO2 gas production; and
Pseudomonas aeurginosa was trisugar-non fermenter.
3.2.3. Differential media characterization:
Six differential media were employed to characterize and
differentiate between the obtained bacterial isolates.
Bacterial growth and characteristic colors of bacterial
colonies were summarized in Table (5). Seven growths with
two characteristic colors were observed with MacConkey
agar media, 4 growths with 4 characteristic colors with
nutrient agar media, 3 growths with 2 characteristic colors
were observed with S.S. agar media, 2 growths with 2
characteristic colors were observed with BGA media and
one growth with a characteristic color was observed with
both MSA and MHA media (Table 5). These results revealed
that the more number of differential media was used, the
best differentiation was obtained.
Characterization by using differential media showed
insufficient differentiation between all bacterial strains and it
need further differentiation.
3.3. Antagonistic activity between bacterial strains
Combination of 2 or more microorganisms in a single
culture medium may indicate synergism if all of them can
grow on the medium and it may indicate antagonism when
only single specie could grow on the medium. Our results
revealed that Bacillus subtilis was antagonistic to E.
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Studies on mosquito-microbiota interaction are growing
subject in many laboratories. Understanding the role of
symbiotic bacteria in insect internal organs and their
interactions with other pathogens is very important.
Thesemicrobiota may interact with the host development, as
well. In consequence, these naturally acquired microbial
flora
can
modulate
the
mosquitoes’
vectorial
capacity(Kumar, 2013).
In the present study, eleven bacterial strains namely; E. coli,
Staphylococcus epidermides, Shigellaflexneri, Salmonella
typhimurium,
Proteus
mirabilis,
Chryseobacteriumindologenes,
Bacillus
subtilis,
Klebsiellaozonae,
Pseudomonas
aeurginosa,
Enterobacteraggelomorans and Serratiamarcescens were
isolated from the internal organs of Cx. pipiens and 4 of
them were isolated from their environmental sources, as
well. Symbiotic bacteria were ubiquitously located in insect
guts with other symbioses ranging from pathogenic to
mutualistic and from facultative to obligaterelationship
(Wegensteiner, 2007).Many authors studied the association
between bacteria and mosquitoes (Merritt etal., 1992;
Demaioetal., 1996; Foudaet al., 2001;Akmanet al.,
2002;Mouryaet al.,2002and Kumar et al., 2013). Foudaet
al. (2001) isolated Wolbachia from the gut of Cx. pipiens
mosquito andFaviaet al. (2007) studied thebacteria of the
genus Asaia and found that it was stably associated with
Anopheles stephensi, an Asian malarial mosquito vector.
Many bacterial strains such as Acinetobacter, Serratia,
Pseudomonas,
Stenotrophomonas,
Flavimonasand
Enterobacter, were isolated from environmental sources.
The same bacterial strains were found to be associated with
the guts of insects living in the same environment (Oliveira
etal., 1998; Campbell et al., 2004; La Scola&Raoult, 2004
and Zayed& Bream, 2004).These findings suggested
bacteria to be part of thenatural or transient flora of these
insects. Generally, these observations support the idea that
field studies are necessary to get an integrated view of
mosquito-associated microbiota. Combining our results with
the previous studies, it can be concluded that colonization of
bacteria in mosquitoes occurs early during their
development. It is reasonable to assume that infection of
mosquitoes occurs by acquisition of different bacterial
species from the environment.
Horizontal transmission is also possible when mosquitoes
pick up bacteria from microhabitats when emerging and/or
depositing eggs. In adults, symbiotic bacteria determine their
fitness and efficiency at which they can transmit pathogens.
Indeed, Hoffmann et al. (2011) and Walker et al. (2011)
demonstrated that the ability of Aedesaegyptito transmit
dengue fever virus greatly reduces when infected with
certain strains of Wolbachiabacteria. This may explain why
some species are more efficient vectors than others. Lastly,
as is the case in most hematophagous insects, symbiotic
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bacteria in mosquito provide hemolytic enzymes required
for blood digestion to aid in the development of eggs
(Minardet al., 2013a; and Gaioet al., 2011).
Transstadial transmission mechanisms could be the reason
behind the observed similarity in bacterial composition
between habitats, larvae and adults. This is due to the
ingested microhabitat bacteria may evade gut sterilization
mechanisms during metamorphosis; and in the process get
transferred to later stages of development where they may be
required as symbionts(Brioneset al., 2008; Lindhet al.,
2008a). These symbionts benefit the hosts by breaking down
complex food substances for easy assimilation through
provision of degradative enzymes or essential vitamins to
the hosts (Minardet al., 2013a). Apart from transstadial
transmission, adults may horizontally acquire the bacteria
from aquatic microhabitats when laying eggs or during adult
emergence. Minardet al. (2013b) demonstrated that Asaiasp
bacteria found in adult Ae. albopictushad a strong positive
correlation with Asaiasp in the mosquitoes’ sampling sites
pointing towards either of these mechanisms as the primary
form of acquisition.
Bacterial symbionts associated with mosquito vectors have
recently been found to interact with pathogens they transmit,
modifying the outcome of the multipartite interactions. For
instance, it was shown that removing bacterial communities
from Anopheles gambiae increased its susceptibility to
Plasmodium falciparum infection (Dong et al., 2009). On
the contrary, Boissièreet al. (2012) demonstrated that the
presence of some bacteria could favor parasite infection, as
they found a positive correlation between the abundance of
members of the Enterobacteriaceae family in the mosquito
midgut and the Plasmodium infection status. Conversely,
Zouacheet al. (2012)demonstrated that chikungunya virus
infection could modify the diversity of symbiotic bacteria
inAe. albopictus.
The eleven bacterial strains isolated from internal organs of
Cx. pipiens developmental stages and from the breeding
environment were definitely characterized phenotypically,
biochmeically and by using differential media. These
charactering methods were used and sufficiently
differentiated and identified our bacterial strains to the
species level.Insect-associated microorganisms, particularly
endosymbionts, were known to produce bioactive
compounds that protect the host against adverse
environmental conditions, predators or competitors;thus,
they have been suggested as suitable for biotechnological
applications (Chaveset al., 2009). Studies on microbial
diversity can contribute to the discovery of new substances
that can be used in the pharmaceutical and food industries
(Chaveset al., 2009).Our bacterial strains were proved to
have the ability to produce enzymes and other products that
can be harnessed and commercially marketed. In addition,
many strains were proved to be sugar-fermenters. The
fermentation process was proved to be very important in
many biotechnological applications.
Combination of 2 or more microorganisms in a single
culture medium revealed that Bacillus subtilis,
Shigellaflexneri and Staphylococcus epidermides could
inhibit growths of some other pathogenic bacterial strains.
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More studies is necessary to throw the light on the true
causes of this antagonistic activity.
In mosquitoes, the origin of commensal bacteria has not yet
been fully resolved. Usually bacteria can be acquired in two
ways, either by vertical inheritance through generations or
through continual acquisition from the environment.
Moreover, the mosquito gender is also an important factor
that affects bacterial microbiota composition, as already
demonstrated . This difference is mainly due to the fact that
male and female mosquitoes exhibit different ecological
behaviors in terms of nutritional capabilities.
Conclusively, the present study described the isolation and
characterization of 11 bacterial strains from the internal
organs of different developmental stages of Cx. pipiens
mosquito. Out of these 11 strains, only 4 were isolated from
mosquito and their environment. The mosquito was then
incriminated in transmission of the other 7 bacterial strains
to human and animals. In addition, isolation from 3 bacterial
strains from more than one developmental stage of the
mosquito increased interest to study the possibility of
vertical, trans-stadial and venereal transmission of these
bacteria. Moreover, combination and integration of the
characterization methods used in this study showed that they
could differentiate and characterize the 11 bacterial strains to
species level. Consequently, many of the obtained bacterial
strains were proved to have economical and commercial
importance in many applications. Finally, the phenomenon
of antagonistic activity is worth to be sufficiently studied in
a separate investigation.

References
[1] Akman, L.; Yamashita, A.; Watanabe, H.;Oshima,
K.;Shiba, T.; Hattori, M. andAksoy, S.(2002):
Genome sequence of the endocellular obligate
symbiont of tsetse flies, Wigglesworthiaglossinidia.
Am. J.Trop. Med. Hyg.,(70): 597-603.
[2] Briones, A.M.;Shililu, J.;Githure, J.; Novak, R.
andRaskin, L. (2008):Thorselliaanophelisis the
dominant bacterium in a Kenyan population of adult
Anopheles
gambiaemosquitoes.
Inter.Soc.
Microbial.Ecol., 2: 74-82.
[3] Boissière, A.;Tchioffo, M.T.;Bachar, D., Abate, L.;
Marie, A.;Nsango, S.E.;Shahbazkia,H.R.;AwonoAmbene, P.H.;Levashina, E.A.; Christen, R.
andMorlais, I.( 2012):Midgutmicrobiota of the malaria
mosquito vector Anopheles gambiae and interactions
with Plasmodium falciparum infection. PLoSPathog.,
8:e1002742
[4] Campbell, B.C.(1990): On the role of microbial
symbionts in herbivorous insects. In E.A. Bernays [ed.],
Insect plant interactions. CRC, Boca Raton, FL., pp. 145.
[5] Chaves, M.M.;Flexas, J. andPinheiro, C.(2009):
Photosynthesis under drought and salt stress: regulation
mechanisms from whole plant to cell. Ann. Bot., (103):
551-560.
[6] Chen, D.Q.;Montllor, C.B. and Purcell, A.H.(2000):
Fitness effects of two facultative endosymbiotic bacteria
on the pea aphid, Acyrthosiphonpisum, and the blue

Volume 4 Issue 5, May 2015
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

2685

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438
alfalfa aphid, A. kondoi.Entomol. Exp.Et. App.,(95):
315-323.
[7] Cirimotich,
C.M.;
Dong,
Y.;Clayton,
A.M.;Sandiford, S.L.; Souza-Neto, J.A.;Mulenga, M.
and Dimopoulos, G. (2011): Natural microbe-mediated
refractoriness
to
Plasmodium
infection
in
Anophelesgambiae. Nature, 13:855-858.
[8] Demaio, J.;Pumpuni, C.B.; Kent, M. and Beier,
J.C.(1996): The midgut bacterial flora of wild
Aedestriseriatus,
CulexpipensandPsorophoracolumbiaemosquitoes. Am.
J. Trop. Med. Hyg., (54): 219-223.
[9] Dillon, R.J. and Dillon, V.M. (2004): The gut bacteria
of insects: nonpathogenic interactions. Annu.
Rev.Entomol., (49): 71-92.
[10] Dong, Y.; Manfredini, F. and Dimopoulos G.
(2009):Implication of the mosquito midgutmicrobiota in
the defense against malaria parasites. PLoSPathog.,
5:e1000423.
[11] Douglas, A.E. (2011):Lessons from studying insect
symbioses. Cell Host Microbe, 10:359–367.
[12] Favia, G.; Ricci, I.;Damiani, C.;Raddadi, N.;Crotti,
E. andMarzorati, M.(2007): Bacteria of the genus
Asaia stably associated with Anopheles stephensi, an
Asian malarial mosquito vector. Proceed. Nat. Acad.
Sci. U.S. A., (104): 9047-9051.
[13] Fouda,
M.A.;
Hassan,
M.I.;
Al-Daly,
A.G.andHammad, K.M.(2001):Effect of midgut
bacteria of Culexpipiens L. on digestion and
reproduction. J. Egypt. Soc.Parasitol.,( 31): 767-780.
[14] Fukatsu, T.;Nikoh, N.;Kawal, R. and Koga, R.
(2000): The secondary endosymbiotic bacterium of the
pea aphid Acyrthosiphonpisum (Insecta: Homoptera).
Appl. Environ. Microbiol., (66): 2748-2758.
[15] Gaio, A.D.;Gusmao, D.S.; Santos, A.V.;BerbertMolina, M.A.;Pimenta, P.F.andLemos, F.J. (2011):
Contribution of midgut bacteria to blood digestion and
egg production in Aedesaegypti(Diptera: Culicidae)
(L.). Parasites &Vectors, 4.
[16] Genta, F.A.; Dillon, R.J.;Terra, W.R. and Ferreira,
C.(2006):Potential role for gut microbiota in cell wall
digestion
and
glucoside
detoxification
in
Tenebriomolitor larvae. J. Insect Physiol., (52): 593601.
[17] Gram, C. (1884):Ueber die isolirteFärbung der
Schizomyceten in Schnitt-und Trockenpräparaten.
Fortschritte der Medcin. (2): 185-189.
[18] Hoffmann, A.A.; Montgomery, B.L.;Popovici,
J.;Iturbe-Ormaetxe, I.; Johnson, P.H.;Muzzi, F.;
Greenfield, M.;Durkan, M.; Leong, Y.S.; Dong, Y.;
Cook, H.;Axford, J.; Callahan, A.G.; Kenny,
N.;Omodei, C.;McGraw, E.A.; Ryan, P.A.; Ritchie,
S.A.;Turelli, M. and O'Neill, S.L.( 2011): Successful
establishment of Wolbachiain Aedespopulations to
suppress dengue transmission. Nature, 476: 454-U107.
[19] Kumar, R.;Chattopadhyay, A.;Maitra, S.; Paul, S.
and Banerjee(2013): Isolation and Biochemical
Characterizations of Mid Gut Microbiota of Culex
(Culexquinquefasciatus) Mosquitoes in Some Urban
Sub Urban & Rural Areas of West Bengal. J. Entomol.
Zool. studies., (1): 67-77.

Paper ID: SUB154718

[20] La
Scola,
B.
andRaoult,
D.(2004):Acinetobacterbaumannii in human body
louse. Emerg. Infect. Dis., (10): 1671-1673.
[21] Lindh, J.M.; Borg-Karlson, A.K. and Faye, I.
(2008a):Transstadial and horizontal transfer of bacteria
within a colony of Anopheles gambiae(Diptera:
Culicidae) and oviposition response to bacteriacontaining water. ActaTropica, 107: 242-250.
[22] MacFaddin, J.F. (2000): Biochemical tests for
identification of medical bacteria, 3rd ed.
[23] Merritt,
R.W.;Dadd,
R.H.
and
Walker,
E.D.(1992):Feeding behavior, natural food and
nutritional relationships of larval mosquitos. Annu. Rev.
Entomol., (37): 349-376.
[24] Mourya, D.T.;Gokhale, M.D.;Pidiyar, V.;Barde,
P.V.;Patole, M.S.; Mishra, A.C. andShouche,
Y.S.(2002): Study of the effect of the midgut bacterial
flora of Culexquinquefasciatuson the susceptibility. Nat.
Genet., (32):402-407.
[25] Minard, G.;Mavingui, P. and Moro, C.V. (2013a):
Diversity and function of bacterial microbiota in the
mosquito holobiont. Parasites and Vectors,6: 146.
[26] Minard, G.; Tran, F.H.;Raharimalala, F.N.;Hellard,
E.;Ravelonandro, P.;Mavingui, P. and Valiente
Moro, C. (2013b): Prevalence, genomic and metabolic
profiles of Acinetobacterand Asaiaassociated with fieldcaught Aedesalbopictusfrom Madagascar. FEMS
Microbiol. Ecol., 83: 63-73.
[27] Noel, R. (1985): Bergey's Manual of Systematic
Bacteriology. Gros. Ver. Berlin.,(28): 222–231.
[28] Oliveira, S.M.; Moraes, B.A.; Gonçalves, C.A.;
Giordano-Dias, C.M.; D'almeida, J.M.; Asensi,
M.D.; Mello, R.P. and Brazil, R.P.(2000):Prevalence
of microbiota in the digestive tract of wild females of
Lutzomyialongipalpis Lutz & Neiva, 1912) (Diptera:
Psychodidae). Rev. Soc. Bras. Med. Trop. (33): 319322.
[29] Pumpuni, C.B.;Beier, M.S.;Nataro, J.P.;Guers, L.D.
andDavis,
J.R.(1993):Plasmodium
falciparum:
Inhibition of sporogonic development in Anopheles
stephensiby gram-negative bacteria. Exp. Parasitol.,
(77): 195-199.
[30] Rosenberg, E. andZilber-Rosenberg, I.(2011):
Symbiosis and development: the hologenome concept.
Birth.Defects Res. Embryo.Today., 93(1):56–66.
[31] Thiery, I. andFrachon, E. (1997): Identification,
isolation,
culture
and
preservation
of
enthomopathogenic bacteria, pp. 55–73. In:Lacey A.L.
(ed.), Manual of Techniques in Insect Pathology,
Academic
Press,
London,
409
pp.
ISBN:
0124325556,9780124325555
[32] Walker, T.; Johnson, P.H.; Moreira, L.A.;IturbeOrmaetxe, I.;Frentiu, F.D.;McMeniman, C.J.;
Leong, Y.S.; Dong, Y.;Axford, J.;Kriesner, P.;
Lloyd, A. L.; Ritchie, S.A.; O'Neill, S.L. and
Hoffmann, A.A. (2011): The wMelWolbachiastrain
blocks
dengue
and
invades
caged
Aedesaegyptipopulations. Nature,476: 450-U101.
[33] Wegensteiner, R. (2007): Pathogens in bark beetles. In:
Lieutier F, Day K.R., Battisti A., Grégoire J.C., Evans
H.F., editors. Bark andWood Boring Insects in Living
Trees in Europe: A Synthesis. Dordrecht. Springer:
291–314.

Volume 4 Issue 5, May 2015
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

2686

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438
[34] Weiss, B.L.; Wang, J. andAksoy, S. (2011):Tsetse
immune system.PLOS Biol., 9 (5):e1000619.
[35] Zayed, M.E. and Bream, A.S.(2004): Biodiversity of
the microbial flora associated with two strains of
Culexpipiens(Diptera: Culicidae). Commun. Agric.
Appl. Biol. Sci.

[36] Zouache,
K.;Michelland,
R.J.;Failloux,
A.B.;Grundmann,
G.L.andMavingui,
P.(2012):Chikungunya virus impacts the diversity of
symbiotic bacteria in mosquito vector. Mol. Ecol.,
21:2297–2309.

Tables
Table 1: Internal bacterial isolates from eggs, larvae, pupae, adult maleandadult female, and from their environment.
Stages

Eggs Larvae Pupae Males Females

Bacteria
E.coli
Proteus mirabilis
Shigellaflexneri
Salmonella typhimurium
Chryseobacteriumindologenes
Enterobacteraggelomorans
Staphylococcus epidermidis
Bacillus subtilis
Klebsiellaozonae
Pseudomonas aeurginosa
Serratiamarcescens

√
√
√

√
√

√

√

√

√

√
√

√
√

√
√
√
√
√
√

√
√
√
√
√
√

√
√

Environment
Breeding sucrose Air
water water
√
√
√
√

√
√

√

√ : appearance
Table 2: Colony characteristics of the bacterial isolates
Colony characteristics
Bacterial colony
E. coli
S.epidermidis
Shigellaflexneri
Salmonella typhimurium
Proteus mirabilis
C.indologenes
B.subtilis
K.ozonae
P.aeurginosa
E.aggelomorans
Serratiamarcescens

Shape

Size

Elevation

Opacity

Margin

Circular
Circular pinhead colonies
Irregular
Circular
Irregular
Circular
Irregular
Circular
Circular
Circular
Circular

Small
Small
Medium
Medium
Medium
Small
Large
Medium
Medium
Medium
Medium

slightly raised
Convex
Convex
Convex
Raised
Convex
slightly raised
Flat
Raised
Flat
Umbonate

Translucent
Opaque
Translucent
Opaque
Opaque
Opaque
Opaque
Opaque
Opaque
translucent
Opaque

Entire
Entire
Entire
Entire
Lobate
Entire
Lobate
Entire
Undulate
Entire
Entire

Table 3: Gram characteristics of the obtained bacterial isolates
Cell parameters
Bacteria
E. coli
Staphylococcus epidermides
Shigellaflexneri
Salmonella typhimurium
Proteus mirabilis
Chryseobacteriumindologenes
Bacillus subtilis
Klebsiellaozonae
Pseudomonas aeurginosa
Enterobacteraggelomorans
Serratiamarcescens

Cell Gram
Character
-ve
+ve
-ve
-ve
-ve
-ve
+ve
-ve
-ve
-ve
-ve

Cell
Morphology
Rod
Cocci
Rod
Rod
Rod
Rod
Rod
Rod
coccobacillus
Rod
Rod

+ve : positive gram stain, -ve: negative gram stain
Table 4: Biochemical characterization of the obtained bacterial isolates
E. coli
Staphylococcus epidermides
Shigellaflexneri
Salmonella typhimurium
Proteus mirabilis
Chryseobacteriumindologenes
Bacillus subtilis
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Ind
+
+
+
-

MR Vp
+ - +
+ + + +
- - +

C
+
+
+

Ur
+
+
+
+

Ox
+
+

Cat
+
+
+
+
+
+
+

Glucose
+Gas
+No gas
+No gas
+Gas
+Gas
+No gas
-No gas

Sucrose
-No gas
+No gas
-No gas
-No gas
-No gas
-No gas
+No gas
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Lactose TSI
+ Gas A/A G
+Gas A/A
-No gas K/A
-No gas K/A G
-No gas K/A G
-No gas A/A G
-No gas K/A

H2S
+
+
+
+
-
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Klebsiellaozonae
Pseudomonas aeurginosa
Enterobacteraggelomorans
Serratiamarcescens

-

+
-

+
+

+
+
+
+

+
-

+
+
-

+
+
+
+

+Gas
-No gas
+Gas
+No gas

-No gas
-No gas
-No gas
+No gas

-No gas
-No gas
+No
gas gas
-No

A/A G
K/K
A/A
K/A

+
-

(+) positive result, (-) negative result, (Ind) indole, (MR) methyl red, (VP) Voges-Proskaeur, (C) citrate, (U) urease, (Ox)
oxidase, (Cat) catalase, (+) fermentation (-) non fermentation, (K) alkaline, (A) acid, (G) gas.
Table 5: Differential media characterization of the obtained bacterial isolates.
Media
Macconkey agar

MSA
SS agar

BGA
NA

Bacteria
E.coli,EnterobacteraggelomoransandKlebsiellaozonae
Shigellaflexneri, Salmonella typhimurium,Proteus
mirabilis and Pseudomonas aeurginosa
Staphylococcus epidermidis
E. coli
Shigellaflexneri
Salmonella typhimurium
E. coli
Salmonella typhimurium
Staphylococcus epidermidis
Bacillus subtilis
Pseudomonas aeurginosa
Serratiamarcescens
Chryseobacteriumindologenes

MHA

Color
pink colonies
colorless colonies with
dark centers
red colonies
pink colonies
colorless colonies
green colonies
pink colonies
white colonies
cream color colonies or
brown
greenish color colonies
red color colonies
Yellow color colonies

Table 6: Antagonistic activity of the obtained bacterial strains

Bacterial combination

Strain
antagonistic
activity
E. coli + individual other strains
-ve
Staphylococcus epidermides+ individual other strains -ve
S. epidermides+ S. aureus
+ve
Shigellaflexneri+ Salmonella typhimurium
+ve
Shigellaflexneri+ individual other strains
-ve
Salmonella typhimurium+ individual other strains
-ve
Proteus mirabilis + individual other strains
-ve
Chryseobacteriumindologenes+ individual other strains -ve
Bacillus subtilis + E. coli
+ve
Bacillus subtilis+ individual other strains
-ve
Bacillus subtilis + S. aureus
+ve
Klebsiellaozonae+ individual other strains
-ve
Pseudomonas aeurginosa+ individual other strains
-ve
Enterobacteraggelomorans+ individual other strains
-ve
Serratiamarcescens+ individual other strains
-ve
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Growths

E. coli growth was inhibited by B. subtilis
No inhibition of growth was observed
S. aureus growth was inhibited by S. epidermides
Salmonella typhimuriumgrowth was inhibited by Shigellaflexneri
No inhibition of growth was observed
Salmonella typhimuriumgrowth was inhibited by Shigellaflexneri
No inhibition of growth was observed
No inhibition of growth was observed
E. coli growth was inhibited by B. subtilis
No inhibition of growth was observed
S. aureus growth was inhibited by B. subtilis
No inhibition of growth was observed
No inhibition of growth was observed
No inhibition of growth was observed
No inhibition of growth was observed
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