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Abstract

Background: Enterobacter cloacae subsp. dissolvens bacterium is a known commensal of the gut microflora of
Phlebotomus papatasi, the main vector for zoonotic cutaneous leishmaniasis, and nominated for paratransgenesis
in sand flies. In this study, we evaluated dynamics and fitness costs of engineered E. cloacae for its potential to
serve as a 'Trojan Horse' in P. papatasi.

Methods: The engineered strain of E. cloacae transformed with a constantly active expressed red fluorescent
protein plus defensin (EC-DR) plasmid and was fed to sand fly colonies via larval food to larvae. A wild type the
bacterium (EC-WT) and intact food were used as controls. Fitness characters as well as dynamics of the EC-DR at
various development stages of sand fly larvae were tested by plating homogenized specimens and counting
fluorescent expressing colonies on the Tet-BHI agar medium.

Results: Enterobacter cloacae DR producing red fluorescent protein could be isolated from the larvae gut after
36 days when the bacteria were added once in larval pots. The EC-DR with multiple applications had no negative
effect on emergence time of instar II larvae, pupae, and adults but increased slightly mortality rate of P. papatasi
larvae. The experiment also confirmed lack or weak trans-stadial transmission of E. cloacae DR in P. papatasi. It has
minimal fitness cost on P. papatasi feeding behavior and survival.

Conclusion: Results of this study showed that E. cloacae DR is suitable for paratransgenesis of P. papatasi at
only adult stage because it did not transmit transstadially.

Keywords: Sand flies; Paratransgenesis; Phlebotomus papatasi;
Enterobacter cloacae; Defensin

Introduction
Leishmaniasis is one of the ten major tropical diseases that the

World Health Organization (WHO) has been recommending and
supporting research on their various aspects. The leishmaniases are
complex diseases of (sub) tropical regions of the world caused by
different Leishmania species of Trypanosomatidae and spread by sand
flies. The WHO considers the leishmaniases to be prominent among
the global causes of death by infectious diseases [1]. Clinical
manifestations produced by Leishmania comprise the visceral (VL)
and cutaneous forms. The cutaneous forms of the disease include the
cutaneous (CL), diffuse (DCL), and mucocutaneous (MCL)
leishmaniasis, but infections remain asymptomatic in many cases
[1-3]. Leishmaniasis is now endemic in 98 countries, and a total of 350
million people are at risk of developing the disease, including 21
countries in the new world and 79 countries in the ancient world. A
total of 12 million people suffer from this disease, and occur between 1
and 2.1 million new cases of leishmaniasis in the world [4].

In Iran, 80% of reported cases are Zoonotic Cutaneous
Leishmaniasis (ZCL) form [5]. ZCL is caused by the parasite L. major
and transmitted by the sand fly Phlebotomus papatasi. It is endemic in
17 provinces of 31 provinces in Iran [6].

A wide range of leishmaniasis control methods have been used In
Iran, such as indoor residual spraying with DDT, rodenticide,
impregnation of bed nets and curtains with deltamethrin [7].
Application of pesticides in addition to undesirable effects on human
health and the environment, has led to resistance to sand fly [5,8].
Other interventions such as the L. major autoclavable vaccine with
BCG have not been proactive in protecting the disease [9].

Paratransgenesis is an approach in which symbiotic bacteria, fungi,
or viruses of the vector insects are genetically manipulated to deliver
effector proteins that block development or transmission of the
pathogen. This approach attempts to decrease pathogen transmission
without adverse effects on vectors themselves. Further, it is considered
as a gene delivery mechanism to the host and indigenous bacterial
flora of the host vector [10]. The first example of this technique used in
the blood sucking bugs [11]. Also bacterial symbionts of tsetse flies,
mosquitoes, American cockroach and sand flies have been identified
and in some cases successfully transformed and laboratory evaluated
to reduce or eliminate carriage of pathogens by host arthropods
[12-23].

The midgut bacterial flora of wild-caught insects could be very
dynamic and significant fluctuations can be observed depending on
the stage of life, nutrients and the physiological age (31, 44).
Population structure of symbiotic bacteria is considerably changed
post blood meal and gram-negative bacteria will be dominant and

Jo
ur

na
l o

f B
act

eriology & Parasitology

ISSN: 2155-9597

Journal of Bacteriology and
Parasitology Abassi et al., J Bacteriol Parasitol 2019, 10:1

DOI: 10.4172/2155-9597.1000349

Research Article Open Access

J Bacteriol Parasitol, an open access journal
ISSN:2155-9597

Volume 10 • Issue 1 • 1000349

mailto:moshaghi@tums.ac.ir


could survive in harsh condition of midgut with digestive enzymes
(31). Very few of bacteria were only able to transfer from larvae to
adult stages because of harsh condition of histolysis processing at pupal
stage. Some bacteria are able to colonize in the malpighian tubules or
hymolymph (after escaping from midgut wall) and transstadially pass
from larvae to adult and presumably remain for long time in the adult
gut or hemolymph [16]. Therefore, such symbiotic or commensal
bacteria added to the diet of larva insects to pass to adults for
paratransgenesis (60).

Enterobacter cloacae bacterium is a species of gram-negative,
facultative anaerobic, rod-shaped bacterium belonging to
Gammaproteobacteria and Enterobacteriaceae family. The bacteria
species limited the development of Plasmodium berghei and P.
falciparum by stimulate the immune system of An. stephensi and
increases the expression of immune responses compounds such as
serine protease inhibitors (SRPN6) (31). The bacterium was found as
the natural microflora of different insects including mosquitoes
(Anopheles albimanus, An. stephensi, Culex tarsalis,
Psorophora columbiae, Aedes triseriatus, Ae. albopictus, and Ae.
aegypti), cockroaches (Periplaneta americana), as well as sand fly of
Ph. papatasi (57). Gonzalez Ceron et al. (51) reported E. cloacae
restricted the P. vivax development in midgut of An. albimanus
(61-63). E. cloacae has been transformed with a constantly active
expressed red fluorescent protein plus defensin (EC-DR) plasmid.
Defensin is an antimicrobial molecule which can kill parasites.
Defensins are small cysteine rich cationic proteins and found in plants,
vertebrates and invertebrates. They are active against fungi, bacteria,
and many viruses. Dehghan showed that EC-DR inhibited P. berghei
development in An. stephensi. Maleki-Ravasan et al. (46) showed that
the bacterium could obstruct L. major promastigotes in vitro
condition. Due to the ability of E. cloacae to direct and indirect
prevention of Plasmodium and Leishmania parasites, this bacterium
nominated as a candidate for paratransgenesis approach against the
malaria and leishmaniasis. In this study, we evaluated the fitness costs
and dynamics of E. cloacae dissolvens expressing red fluorescent and
defensin proteins (DR) in midgut of P. papatasi larvae, pupae, and
newly emerged adult stages as well as in larval habitats as delivery
system for the sand flies in the laboratory condition. The knowledge of
bacterium dynamics and its effects in sand flies is necessary before
application of the engineered bacterium in the field.

Materials and Methods

Study area
Sand fly sampling was done in July and August 2016 from rural

areas of Habib-Abad in Isfahan province. This province is an endemic
focus for ZCL in central part of Iran. The sand fly collected with
Aspirator from close places to rodent burrows in the night. Live
specimens were transferred to laboratory. Rearing of P. papatasi sand
flies carried out under laboratory condition in 26 ± 2°C and 80%
relative humidity with 14:10(L:D) photoperiod in Insectary of School
of Public Health, Tehran University of Medical Sciences following the
method of Modi & Tesh. Sand fly feeding was carried out with sucrose
and honey and blood fed on BALB/c mice.

The bacteria
Enterobacter cloacae subsp. dissolvens was obtained from P.

papatasi in the field of ZCL in Isfahan, central Iran [19]. The

manipulated strain of E. cloacae contained plasmid expressing difensin
and RFP proteins and a gene resistant to Ampicillin.

Dynamics of Enterobacter cloacae-DR in P. papatasi
development stages

In order to assess E. cloacae-DR colonization at larval stage, in two
separate groups, 107 CFU bacteria per 10 cm diameter of larval growth
medium (pot) was added once to the pot at first-instar larvae for the
first group, and every 3.5 days for the second group. The presence of
the modified bacteria was monitored in the larval instars L1, L2, L3-L4,
pupae, and the newly emerged adults. Enterobacter cloacae-DR
bacteria were measured by plating the homogenates on LB agar plates
and counting the fluorescent colonies using fluorescent microscopy.

In each sampling a number of larvae, pupae, and adults were
selected and kept on in the freezer for 10-15 minutes until they were
numbed. Then the specimen surfaces were washed with sterile PBS
buffer and then their surface bodies were sterilized by ethanol 70% for
5 minutes. After this the individual specimens were washed with PBS
buffer. Finally the total body of specimen was transferred to the micro
tubes containing 50 ml sterile PBS buffer and homogenized. Then
homogenized solution was cultured in the BHI Agar plate contained
ampicillin. The plates were incubated at 37°C for 18-20 hours, and total
cell formed unites (CFUs) on each plates were counted. The washing
solution also was tested for presence of the bacteria ensuring surface
sterilization.

Bacterium transstadial transmission
To test the transstadial transmission of E. cloacae-DR bacteria from

larvae to adult stage the early and late pupae of both sexes and newly
emerged male and female adults were sampled immediately after
leaving the puparium. Presence of E. cloacae-DR was tested as above.
A number of newly emerged adults were fed either with 20% sucrose
and or blood, and existence of E. cloacae-DR was verified in the fed
specimens as previously described above.

Results

Dynamics of Enterobacter cloacae-DR in larva, pupa, adult P.
papatasi

At larval stage, when the engineered bacteria was added to larval
pot only one time in the first instar larvae, except for two positive
larval specimens with a few colonies, all of the samples including
different larval stages (I-IV), pupa and newly emerged adults were
negative for E. cloacae D-R. When the bacteria were added every 3.5
days to pots, E. cloacae-RD was found in the guts of P. papatasi larvae
(Figures 1 and 2), however, it inadequately transmitted transstadially
from larvae to adult stage. On average, the bacterial infection rate in
the larval guts and pupae was 24.4% and 22.5% respectively.
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Figure 1: Trend of E. cloacae-DR in the gut of Ph. papatasi larvae.
107 CFU bacteria per 10 cm diameter of larval growth medium
(pot) were added every 3.5 days.

Figure 2: Average population of E. cloacae–DR in P. papatasi
midgut. 107 CFU bacteria per 10 cm diameter of larval growth
medium (pot) were added every 3.5 days.

Transstadial transmission
Result of this study showed that the E. cloacae RD was not

transmitted transstadial from larvae to adults. Among the adult
specimens tested only one post blood-fed specimen harboring 226
CFUs in its gut was positive for the bacterium indicating very low
transstadial transmission (Figure 3).

Figure 3: Transstadial Transmission of E. cloacae-DR in P. papatasi.

Effect of E. cloacae-DR on Mortality Rate of P. papatasi
larvae and pupa

At first instar larvae, a greater mortality was observed in the group
of sand flies treated with E. cloacae wild-type strain every 3.5 days,
although the difference was not statistically significant with other
groups. The highest mortality rate was observed in the second to forth
instar larvae in all groups. The highest mortality rate was related to the
larvae that were treated every 3.5 days with transgenic bacteria and the
lowest mortality rate was observed in control group. The differences
among three groups were not significant. Also there were no
significant differences in the mortality rate of pupae among the three
groups (Figure 4).

Figure 4: Effect of E. cloacae-DR on Mortality Rate of P. papatasi
larvae and pupa. Bars indicate mean and standard error mean
(Mean ± SEM). 1 and 3.5 refer to the larvae treated with the
bacterium once or every 3.5 days respectively.

Dynamic trend of E. cloacae population in pot
In this experiment, the bacterial was studied in the experimental

medium, which was added to the larval culture media once or every
3.5 days. The observed results showed that the bacterium was present
in the paste environment and the results of culture were always positive
when bacteria added every 3.5 days. The number of bacteria was often
uncountable, and counting the number of colonies was done diluted,
and then the number of colonies was counted. In the case of a patch
that was added only once at instar-1 larvae, it was observed that over
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time the number of colonies in the cultured samples decreased and
finally reached close to zero after 35 days (Figure 5).

Figure 5: Trend of E. cloacae–DR in the larval pot of P. papatasi.

Discussion
In this study, we first studied the dynamics of Enterobacter cloaca

bacteria, a subspecies of dissolvens capable of producing defensin
molecules along with a red fluorescent protein (RFP) marker in the P.
paparasi sand flies, an important vector of rural leishmaniasis in Iran
and many endemic areas illness in the old world. This bacterium is the
candidate of the paratransgenic method to control rural cutaneous
leishmaniasis as well as control of malaria [19,20].

Reviews of Maleki-Ravasan et al. Showed that the microbioum of
sand flies Isfahan foci is very rich and there are 40 bacteria species in
the gastrointestinal tract of the immature and adult P. papatasi. The
researchers were found two species of Bacillus subtilis and
Enterobacter cloaca dissolvens subspecies with a high relative
abundance in the digestive tube, larval habitats (nest material), and
adult food sources. Due to the high correlation of these two bacteria
with/by sand flies and living and nonliving factors affecting the
epidemiology of rural cutaneous leishmaniasis and the natural
rotation/circulation of these two bacteria between sand fly vectors, the
disease reservoir, the Salsola plant, supplies sugar sources for vectors
and food for the reservoirs, and the rodent feces supplying/providing
larval food vectors, were introduced these two bacteria as two suitable
paratransgenic candidate sand flies. Due to the failure of the transgenic
bacteria B. subtilis in the study, focused on bacteria Enterobacter
cloacae [19]. The bacteria were successfully modified/manipulated and
the genes producing the two proteins, defensin and red fluorescence/
fluorescent, were added to the Bacteria genome. Enterobacter cloacae
are natural human and animal digestive bacteria and are not
considered as a primary pathogen [24]. This Bacterium is found in
water, sewage and soil [25]. This bacterium is the most abundant
bacteria in the gut of insects of medical importance [26]. These
bacteria are found in the gut of insects such as Aedes albopictus and
Ae. aegypti, An. gambiae, An. albimanus and in P. papatasi sand flies
[19,27]. This Bacteria is an optional anaerobic and therefore can be
adapted to with different environments [25]. This Bacterium produces
hemolysin against some of the parasites [28]. It is also a rhizobacter
and stimulates plant growth [29]. The present study investigates the
effect and determination of population dynamics of Enterobacter
cloacae in the on immature stages of P. papatasi.

In this study, Enterobacter cloacae bacteria produce defensin
molecules. This molecule is a plant defensin and able to kill the
parasites. Defensin of insects and mammals, unlike plant defensins are
active against bacteria. Plant defensin often act against fungi. They are
not only active against pathogenic fungi of plants (such as Fusarium
culmorum and Botrytis cinerea) but also are against human
pathogenic yeast and fungi (such as C. albicans). Plant defensins
inhibit trypsin and alpha-amylase enzymes. Trypsin enzymes are
involved in blood digestion swallowed and the survival of the parasite
in the early stages of the conversion of amastigotes to promastigotes.
Alpha amylase plays a role in the digestion of carbohydrates in plants
sap.

Defensin used in this study (RsAFP1), which is related to radish
plant, is classified in the ninth and third subgroup of plant defensin.
Defensin protein (Rs-AFPs 0.5%) forms the whole protein of radish
seeds. During germination, the seed loses its protective coating and is
exposed to soil microorganisms. Rs-AFPs are released after fusing the
protective coating and make up 30% of the protein released from the
seed coating. This amount of released proteins is such that they
suppress the growth of fungi in the soil.

The study found that Enterobacter cloacae is not stable in the liver
containing diet and is rapidly disappearing. According to previous
studies, liver has been found to contain vitamin C. This vitamin has
anti-bacteria properties. In a study of 148 animals, it was found that
vitamin C can reduce the contamination of bacteria, viruses and
protozoa, or completely prevent inflammation [30]. That's why it's
likely that liver or its composition with larval food produces
metabolites prevent the growth of the bacteria in the food. The results
of our study showed that the number of bacteria increased when the
liver was removed from the food, and the bacteria stability was much
better.

In a survey of attractiveness of larval food containing the bacteria,
we also observed that larvae do not absorb bacteria food; on the other
hand, bacteria do not have a high stability in the pot and rapidly
decrease their population, which may be due to environmental
humidity/ambient humidity or other causes. These two factors
primarily affects in the receiving bacteria in gut of larvae, at a later
stage if the bacteria enters the gut larvae, the number of bacteria inside
the larvae is greatly reduced, it is may be due to the unfavorable
conditions of the gut, pH, presence of various enzymes, immune
system of insects, lack of appropriate food conditions or the presence
of other microorganisms.

The results of this study showed that E. cloacae bacteria are not
stable in Pot (growth environment of larvae of sand flies) and over
time; their populations are reduced, which may be due to various
factors, including moisture/humidity in the pot environment. It seems
that high humidity prevents the growth of these bacteria which was
also observed in the other study [20]. They showed that the population
of E. cloacae bacteria in Anopheles larva habitat (water) drastically
reduced. Reduce the population of bacteria in a pot indirectly reducing
the number of bacteria in the gut of the sandflies larvae. In addition,
the lack of attractiveness of bacteria for larvae also reduces the amount
of bacteria in the larvae. In the test of attractiveness of the food
containing the bacteria E. cloacae was found that P. papatasi sand flies
larvae were not attracted into the bacteria contaminated food. The
repellent/repulsion/defatting property can be due to the undesirable
odor of the bacteria and the fragrance of the larval and bacteria food
complex. The results of this study showed that E. cloacae bacteria did
not increase significantly in the gut of larvae.
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The lack of attractiveness of the bacteria for larvae and the bacteria
instability in the pot due to external factors, and the adverse/
unfavorable physical and chemical conditions of the larvae gut, pH, the
presence of various enzymes, insect immunity, lack of suitable food
sources for Bacteria growth, the presence of other microorganisms are
internal factors Influencing the E. cloacae bacteria is inside the larvae.

In this study, we used two different treatments to infect larvae and
infective larval food feed larvae from bacteria contaminated food. In
the first treatment only once and in the second treatment, every 3.5
days, the infected food was added to the pot. The results showed that
the bacteria were not adapted to the laboratory conditions in the larval
growth medium. In the first treatment, the bacteria gradually
decreased, and on day 36 it was close to zero. But in the second
treatment, there was a slight decrease in the number of bacteria over
time, but the number of bacteria, even after 50 days, never dropped
below 10,000/did not fall below ten thousand. So if these bacteria are
used to infect larvae in a paratransgenic, infecting the larva
environment should be repeated at least once a week, which is not very
appropriate and may not be operational in the desert.

In this study, it was found that as the age of larvae increases, the
amount of bacteria increases in the larvae gut. And the maximum
number of bacteria was observed at the end of age 3 and early larval
age 4. And as the age of larva increases, the number of bacteria
gradually decreases as it approaches the pupa. Maximum nutrition is
done in larvae of age 3 and early age 4. And the amount of nutrition
has a direct impact on the bacteria eaten and inserted into the insect
gut there is a direct relationship between the age and feeding activity of
the larvae with the number of bacteria found in their gut.

In investigate the effect of transgenic and wild strains of E. cloacae
the growth rate of larvae age 2, with two different diets/regimes,
adding one or more than one bacteria into the pot, it was found that E.
cloacae bacteria has no effect on the time of the emergence of the
second instar larvae. This point, with the advice of researchers, seems
appropriate to believe that the candidate bacteria for paratransgenic
should not have a negative effect on insect adaptation but the effect of
bacteria on the emergence of pupae and adult, it was found that the
Bacteria strain of transgenic and wild E. cloacae delayed the emergence
of pupae and adult diets is once bacteria adding. In justifying this
phenomenon, the effect of bacteria inhibition on larval nutrition can
be mentioned. It seems that food containing bacteria has a negative
effect on larval nutrition therefore, feeding the larvae was
inappropriate and consuming a small amount of food at each feeding
time, which is why their growth and development period has been
prolonged. When larvae were fed with bacteria every 3.5 days, it was
observed that the transgenic E. cloacae diet had no effect on the
appearance of pups, but the wild strain of the bacteria prolonged the
time of emergence of pupae and mature. It seems transgenic bacteria
producing antimicrobial defensin is that other bacteria in the
environment, destroys or reduces their population. Some of these
bacteria are harmful to the growth of larvae. Therefore, the presence of
transgenic bacteria and the production of defensin reduce bacteria and
even fungi, and thus the growth trend in these insects does not differ
significantly from the control group but the wild strain of bacteria that
does not produce any defensin and the inhibitory bacteria of growth
remain intact, and overall the larvae grow longer. In our study, based
on the observations, it seems that the delay occurred to convert larvae
to pupae in the pre-pupa stage. Studies show that the minimum
number of bacteria in the pot environment is more than 10,000 per
square millimeter of the pot. Possibly, the olfactory receptors of the

insect are saturated and the masking happens and the insect does not
react to the smells and bacteria and behaves like the control group. The
wild strain Bacteria does not have defensin, which is why the bacteria
agent itself has a negative effect, causing a delay in growth, and the
effect of defensin in saturated state can be considered to justify this
phenomenon. There may, of course, be other reasons to justify this
situation, which requires more investigation.

In this study, it was found that when E. cloacae transgenic bacteria
were added to the peripheral environment every 3-5 days, the
mortality rate increased in larvae. Mortality also occurs in larvae of age
2-4. It seems that transgenic bacteria, producing defensin, or affecting
the level of larval nutrition, have an adverse effect on larval consistency
and survival. However, E. cloacae bacteria did not show a significant
difference in the mortality rate with the control group. In the stage of
pupal, the mortality rate between different groups is not statistically
different. The main reason for this is the lack of transstadial and the
absence of bacteria in the pupal stage, and different treatments are
similar in the presence or absence of bacteria condition, and our
studies showed that in most groups, most puppies are bacteriologically
negative. Therefore, the There is no difference between the control and
transgenic groups and the wild strain [22-31].

Conclusion
In this study, it was found that E. cloacae bacteria are not

transstadial from larvae to mature P. papatasi, or transmission of larvae
to mature animals is negligible. In this study it was found that only one
of the 70 adults tested was positive. The lack of transstadial of E.
cloacae bacteria is an undesirable point for using these bacteria in the
paratransgenic strategy against P. papatasi sandflies. In practice, these
bacteria cannot be used in immature stage of sand flies, and only can
be used in adult stage. In the study of Dehghan et al. on Anopheles
stephesi bacteria, it was observed that the bacteria in the Anopheles
was not transstadial or very weak. The lack of transstadial of bacteria
according to the results of other studies, which all acknowledge that
most bacteria in the pupa stage under the influence of enzymes and
adverse conditions (histolysis) lose their survival and very few bacteria
that, can be transstadial. Most transstadial bacteria are of the
intracellular type, such as: Asaia bacteria in mosquitoes An. Stephensi
and Wolbachia bacteria. However, some extracellular bacteria such as
Seratia in Anopheles stephensi and B. subtilus bacteria in P. argentipes
sand flies, Pseudomonas bacteria also occur in An. stephensi are
transstadial.

Results of this study showed that due to the incompatibility of E.
cloacae bacteria in a pot with a single use, lack of sufficient growth in
larvae and its lack of transstadial, E. cloacae is not suitable for
paratransgenesis of P. papatasi at larval stage and should be used at
adult stage.
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