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ABSTRACT 

 
Nine bacterial strains isolated from different insect hosts were identified by using Sherlock Microbial Identification 

(MIS) system. Cell suspensions of the bacteria were tested for their larvicidal activity against the larvae of Culex 

pipiens L. (Diptera: Culicidae) under laboratory conditions. Fatty acid methyl esters (FAMEs) profiles and profiles of 

nutrient substrate utilization by the most effective strains were determined. Nitrogen fixation, antibiotic resistance and 
salt tolerance of these strains were also investigated. Separately, they were tested for toxicity in non-target aquatic 

organisms, including common water fleas, Daphnia magna and Nile tilapia (Oreochromis niloticus L.). Tested strains 

were identified as Bacillus thuringiensis (6 strains), Bacillus sphaericus (2 strains) and Brevibacillus brevis (1 strain). 

The identification was also confirmed by BIOLOG system. A mortality of 100% of Culex larvae was observed after  

24 and/or 48 hrs, following treatment with the cell suspension of Brevibacillus brevis FD1, B. sphaericus FD48 and  

B. sphaericus FD49 strains. Major fatty acids of B. sphaericus FD48 and FD49 strains were C15:0 iso, C15:0 anteiso 

and C16:1 w7c alcohol. Major fatty acids of the B. brevis FD1 strain was C15:0 anteiso, C15:0 iso and C17:0 anteiso. 

B. sphaericus FD48 and FD49 strains had similar substrate utilization patterns. Methyl pyruvate was the only substrate 

utilized by FD1, FD48 and FD49 strains. The strains grew in N-free Döbereiner culture medium, toleranced to salt and 

were resistant to amikacin, kanamycin, penicillin, tobramycin, ofloxacin and sulphamethoxazole. B. brevis FD1,  

B. sphaericus FD48 and FD49 whole culture gave an LC50 of approximately 103 cells/ mL for susceptible C. pipiens 
larvae, whereas a concentrated 109 cells/ml culture had not affected any in common water fleas and Nile tilapia survival. 

No mortality was observed throughout the 3-week experiment. In conclusion, B. brevis FD1, B. sphaericus FD48 and 

FD49 strains can be developed and recommended for biocontrol of mosquitoes. 

 

Key words: Bacillus sphaericus, bacterial toxins, Culex pipiens, biolarvicide, vector control, non 

target organisms. 

  

INTRODUCTION 
 

Mosquitoes (Family Culicidae) usually cause 

various kinds of direct and indirect harmfulness to 
public health worldwide. In addition to bothering 

and irritating humans and other animals, provoking a 

drop in work productivity and livestock production, 
many species transmit pathogenic agents. Mosquito 

borne diseases such as; malaria, filariasis, yellow 

fever and dengue cause extensive morbidity and 

mortality and are a major economic burden within 
disease-endemic countries (Boutayeb, 2006). In 

humans alone, microorganisms that cause serious 

diseases are transmitted during the blood meals of 
these insects, resulting in periodic outbreaks in the 

populations of various countries (Spielman et al., 

2004).  

 
The incidence of mosquito-borne diseases is 

increasing due to uncontrolled urbanisation creating 

mosquitogenic conditions for the vector mosquito 
populations. Therefore, mosquito control forms an 

essential component for the control of mosquito 

borne diseases. Chemical pesticides are largely used 
to control harmful organisms. However, because of 

the mutagenic and cancerogenic effects of some of 

such chemicals and ability of organisms to develop 
resistance to pesticides, biological methods have 

been developed as an alternative. Therefore, a need 

of alternate, more effective and environment-
friendly control agents became urgent. The last 

decade has evidenced an increased interest in 

biological control agents. More number of 

biocontrol agents was screened for their efficacy, 
mammalian safety and environmental impact. Many 

organisms have been investigated as potential agents 

for vector mosquito control, including viruses, fungi, 
bacteria, protozoa, nematodes, invertebrate predators 

and fish (Poopathi and Tyagi, 2004). 

 

Larvicidal effects of Bacillus species on various 
mosquito types are known. Among them, Bacillus 

sphaericus and B. thuringiensis demonstrate very 

high toxicity towards mosquitos’ larvae (Brown et 
al., 2004; Poopathi and Abidha, 2010). B. 

sphaericus has become an alternative agent for 
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microbial control of mosquitoes since the isolation 

of highly larvicidal strains of these bacteria. B. 

sphaericus is an aerobic, gram-positive, spore-

forming bacterium. It produces two groups of 
proteinaceous toxins, binary and mosquitocidal 

toxins (Mtx). Binary toxin consists of BinA and 

BinB that act together to kill mosquito larvae. It is 
produced in crystal form during sporulation. Mtx is 

produced during the vegetative phase of growth and 

completely degraded during sporulation (Charles et 
al., 1996). Unlike the binary toxin, Mtx toxins can 

act independently without the requirement for any 

other proteins (Chan et al., 1996).  
 

The objective of this study was to determine the 

potential of Bacillus species as biological control 
agents of Culex spp. larvae. 

 

MATERIALS AND METHODS 

 

Bacterial strains, mosquito larvae and non-target 

aquatic organisms 

The bacterial strains used in this study were 
obtained from Dr. Recep Kotan (Atatürk University, 

Faculty of Agriculture, Department of Plant 

Protection, Erzurum, Turkey). They were isolated 
from larvae of Yponomeuta evonymella, Hypera 

postica, Malacosoma neustria and adults of Apion 

spp., collected from the Eastern Anatolia region of 
Turkey. The bacterial cultures were grown on 

Nutrient Broth (NB) for routine use, and maintained 

in Luria Broth (LB) with 15% glycerol at -80°C for 

long-term storage. Larvae of C. pipiens were 
obtained from colonies maintained at the 

Department of Environmental Protection and 

Development Directorate of Environmental 
Protection, the İstanbul Metropolitan Municipality in 

Turkey. The common water fleas (Daphnia magna) 

and Nile tilapia (Oreochromis niloticus L.) were 
obtained from the Freshwater Research Station of 

the Faculty of Fisheries, University of Cukurova, 

Adana, Turkey.  
 

Identification of the bacterial strains by 

Microbial Identification System (MIS) 

Preparation and analysis of Fatty acid methyl 

esters (FAMEs) from whole cell fatty acids of 

bacterial strains were performed according to the 
method described by the manufacturer`s manual 

(Sherlock Microbial Identification System version 

4.0, MIDI, Inc., Newark, DE, USA) (Miller and 
Berger, 1985). FAMEs were separated by gas 

chromatography (HP6890, Hewlett Packard, Palo 

Alto, CA, USA) with a fused-silica capillary column 
(25 m x 0.2 mm) with cross-linked 5% phenyl 

methyl silicone. FAME profiles of each bacterial 

strain were identified by comparing the commercial 

databases (TSBA 40) with the MIS software  
package.  

Determination of substrate by usage of Biolog 

Microplate System (BIOLOG) 

Identification of the tested bacterial strains was 

confirmed by using BIOLOG systems (Miller et al., 
1993). This assay was conducted using the Biolog 

GP2 MicroPlate which contains 96 wells, the first 

well contained water while the remaining wells 
contained 95 different carbon sources, each in a 

single well. A pure culture of a bacterium was 

streaked on a Biolog Universal Growth (BUG) agar 
plate using "plus" sign streaking technique. After 24 

h incubation at 27 °C, the bacterial growth was 

swabbed from the surface of the agar plate and 

adjusted to the appropriate density (10
8 

cfu/ ml) by 
using inoculating fluid. An aliquot (150 μl) of 

bacterial suspension was pipetted into each well of 

the GP2 Microplate. The Microplate was incubated 
at 30°C for 24 h and then was read with the Biolog 

MicroStation and compared to the GP database. The 

development of color was automatically recorded 
using a microplate reader with a 590-nm wavelength 

filter. Carbon source utilization rates of the strains 

were estimated as percentages. 
 

Optical density of bacterial strains in different 

culture media  

Optical density (600 nm) of the bacterial isolates 

was determined on three different culture media 
including; Nutrient Broth, Loria Broth and Triptic 

Soy Broth at different incubation times (12, 24, 36, 

48 h). This assay was conducted using Microplate as 
previously mentioned. The Microplate was 

incubated at 30°C for 12, 24, 36 and 48 hs. Several 

control wells containing uninoculated medium were 

included on each plate. To prevent evaporation of 
the medium water, holders were placed in the 

incubator. Optical density (OD) was measured using 

a BIOLOG microplate reader with a 600-nm 
wavelength filter.  

 

Growth conditions of bacterial strains  

Tryptic Soy Agar (TSA, Merck, Germany) and 
Tryptic Soy Broth (TSB, Oxoid) plates were used in 

the experiments. All bacterial isolates were 

incubated in TSA at 27C for 24 h. After incubation 
period, a single colony was transferred to 500-ml 

flasks containing TSB, and grown aerobically in the 
flasks on a rotating shaker (150 rpm) for 48 h at 

37±2ºC (Merck KGaA, Germany). The culture was 

centrifuged at 2000g for 10 minutes to collect the 
cell pellet. This bacterial biomass was used for the 

bioassay.  
 

Larvicidal activity of the cell suspension of 

bacteria against Culex pipiens larvae  

The bacterial suspension was diluted in sterile 

distilled water (sdH2O) to a final concentration of 10
8
 

cfu/ ml with a turbidimeter. One ml of each dilution 

was added to 100 ml distilled water in 200 ml plastic 

cups. Twenty, 3
rd

 instar larvae of C. pipiens were  
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placed in each cup and suitable amount of larval 

food was added (ground dried bread: dried Brewer’s 

yeast as 2:1). Experiments were conducted at room 

temperature of 28±2°C. Each experiment included 3 
concentrations in triplicates, as well as appropriate 

control. Larval mortality was scored after 24, 48, 72, 

96 and 120 hs and corrected (when needed) for 
control mortality using Abbott’s formula (Abbott, 

1925). 
 

Sensitivity of the most effective bacterial strains 

to Antibiotics 

All the isolates were tested for antibiotic 

susceptibility using disc diffusion method and as per 
clinical and laboratory standards institute guidelines 

on Tryptic Soy Agar (TSA, Merck, Germany) 

(Bauer et al., 1996). Bacterial cultures were grown 
in Tryptic Soy Broth (TSB, Merck, Germany) and 

their suspension (100 µl) containing 1x10
8
 cfu ml

-1
 

of bacteria spread by a sterile swab on TSA medium. 

Standard antibiotic discs (Oxoid) used were 
Amikacin (30 μg/disk), Kanamycin (30 μg/disk), 

Penicilin (10 μg/disk), Tobramycin (10 μg/disk), 

Ofloxacin (5 μg/disk), Sulphamethoxazole (25 
μg/disk). The disks (6 mm in diameter) were put in 

the middle of the inoculated plates. The bacterial 

cultures were incubated at 27±2ºC for 48 h, and then 
inhibition zones were measured in diameter (mm) 

around the discs. The absence of such a clear zone or 

the presence of some colonies within the clear zone 

indicated that the collected strains were resistant to 
that antibiotic. All the tests were triplicated. 

 

Salt tolerance 
The salt tolerances of the bacterial isolates were 

determined on NA. Media were prepared by adding 

different concentrations of NaCl of 2, 4, 6, 8, 10, 12 

and 14 % (w/w) (Rohban et al., 2009). Bacterial 
isolates were grown on NA, and than growth 

bacterial culture were spread on salt NA using sterile 

cotton swab. The culturs were incubated at 30°C. 
After 48 hrs of incubation, bacterial growth in 

different salt concentrations was recorded. Sterile 

NA media were used as a control. Four replications 
of the plates for each isolate were maintained along 

with control.  
 

Nitrogen fixation 
Each isolated strain was inoculated in plates 

containing NFb medium with or without addition of 

NH4Cl as a unique nitrogen source (Döbereiner et 
al., 1995). Plates were incubated at 28°C for 7 days 

and bacterial growth was observed as qualitative 

evidence of the atmospheric nitrogen fixation.  
 

Toxicity and Lethal concentration (LC50) of the 

effective bacterial strains against Culex pipiens 

larvae and non-target aquatic organisms 

The most effective bacterial strains (B. brevis 
FD1, B. sphaericus FD48 and FD49) were tested  

for toxicity and lethal concentration (LC50) on  

C. pipiens larvae and non-target aquatic organisms 

including common water fleas (Daphnia magna) and 

Nile tilapia (Oreochromis niloticus). For this 
experiment, a total of 420 water fleas, C. pipiens 

larvae and Nile tilapia (2,52± 0,494 g) were used. 

They were acclimated to laboratory conditions for 3 
weeks before the beginning of the trial. Two 

hundred and ten C. pipiens larvae, water fleas and 

tilapia were divided into 8 equal groups in two 
replicates. Two replicate groups of 14 C. pipiens 

larvae, water fleas and fish were randomly stocked 

in 50-L glass aquariums at 28°C throughout the 

experiment. For each bacterial strains, seven 
different bacterial concentrations (8x10

8
, 8x10

7
, 

8x10
6
, 8x10

5
, 8x10

4
, 8x10

3
 and 8x10

2
 cfu/ml) were 

used for toxicity and lethal concentration 
applications. Serial dilutions of the previously 

resuspended bacterial suspension were prepared in 

sterile saline solution (0.85%, w/v). For C. pipiens 
larvae and water fleas, one ml of each dilution was 

added to 100 ml distilled water in 200 ml plastic 

containers (Khyami-Horani et al., 1999). For tilapia, 

40 μl of each dilution was injected intraperitoneally 
into each fish. Sterile saline solution was used as 

control. The containers were covered by a mosquito 

net to avoid external contamination. Test animals 
were fed daily with commercially pelleted feed 

twice a day to satiation, and monitored to check their 

mobility/death for 21 days. The average number of 

dead test animals was recorded throughout the 3-
week experiment. If mortality in the control 

treatment exceeded 10%, the test was discarded and 

repeated (Finney, 1971). Relative mortality rate 
index was calculated by relative susceptibility 

described by Ramathilaga et al., (2012). Relative 

susceptibility (RS) = (LC50) standard/ LC50 bacterial 
isolate. Where the standard value is the highest value 

of LC50 in the bacterial isolates. 

 

Data analysis 
In order to determine significant differences in 

toxicity among the insecticidal activities, analysis of 

variance (ANOVA) was carried out using the SPSS 
11.0 statistical software package at the P<0.01 level.  

 

RESULTS AND DISCUSSION 
 

The MIS and BIOLOG identification results of 

the bacterial strains, their similarity index (SIM) are 

shown in table (1). According to the MIS and 
BIOLOG results, 6 bacterial strains (FDP8, FD16, 

FD50, FD51, FDP41 and FDP42) were identified as 

B. thuringiensis at the species level isolated from 
Yponomeuta evonymella, Hypera postica and Culex 

sp. larvae. In addition, two strains (FD48 and FD49) 

were identified as B. sphaericus isolated from Culex 

sp. larvae and one strains (FD1) as B. brevis isolated  
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Table (1): MIS and BIOLOG identification results of tested bacterial strains 

Strain no. 
MIS 

identification Results 

SIM 

% 

BIOLOG 

identification results 

SIM 

% 
Hosts (larvae) 

FD48 Bacillus sphaericus GC subgroup D 59 Bacillus sphaericus 53 Culex sp. 

FD49 Bacillus sphaericus GC subgroup D 68 Bacillus sphaericus 55 Culex sp. 
FD1 Brevibacillus brevis 62 Brevibacillus brevis 44 Malacosoma neustria 

FD16 Bacillus thuringiensis var. kurstaki 80 Bacillus thuringiensis 40 Yponomeuta evonymella 

FDP8 Bacillus thuringiensis var. kenyae  42 Bacillus thuringiensis 57 Hypera postica 

FD50 Bacillus thuringiensis var. kurstaki 42 Bacillus thuringiensis 46 Culex sp. 

FD51 Bacillus thuringiensis var. kurstaki 37 Bacillus thuringiensis 42 Culex sp. 

FDP41 Bacillus thuringiensis var. kurstaki 55 Bacillus thuringiensis 44 Hypera postica 

FDP42 Bacillus thuringiensis var. kenyae  45 Bacillus thuringiensis 72 Hypera postica 

SIM: Similarity index 

 
Table (2): Evaluation of larvicidal activity of tested bacterial strains against Culex pipiens  

larvae measured after 24, 48, 72, 96 and 120 h under laboratory conditions 

Applications 
The mortality rate (%) of mosquito larvae after* 

24 h 48 h 72 h 96 h 120 h 

FD48 100±0.0 c 100±0.0 d 100±0.0 c 100±0.0 c 100±0.0 c 
FD49 100±0.0 c 100±0.0 d 100±0.0 c 100±0.0 c 100±0.0 c 

FD1 16.6±20.0 ab 53.3±40.4 c 100±0.0 c 100±0.0 c 100±0.0 c 

FD16 33.3±28.8 b 33.3±28.6 bc 33.3±28.8 b 33.3±28.8 b 33.3±28.8 b 

FDP8 6.6±11.5 a 6.6±11.5 ab 10±1.0 a 10±0.0 a 10±1.0 a 

FD50 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 3.3±5.7 a 16.6±5.7 a 

FD51 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 3.3±5.7 a 

FDP41 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 

FDP42 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 

Control 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 

*Means and standard deviations of the mortality number of mosquitoes larvae 

 
Table (3): Profiles of fatty acid methyl esters (FAMEs) of tested bacterial strains 

FAMEs FD-48 FD-49 FD-1 FAMEs FD-48 FD-49 FD-1 

15:0 Iso 59.73 46.69 17.53 16:1 w11c 2.64 1.35 1.04 

15:0 Anteiso 14.85 20.01 50.61 17:0 Iso 3.16 1.96 4.26 

14:0 Iso 2.03 3.01 1.58 17:0 Anteiso 2.41 3.58 13.17 

16:0 Iso 4.25 9.39 3.66 Summed future 1.74 1.86 2.16 

16:00 0.00 0.00 2.21 Others 1.71 1.02 2.75 

16:1 w7c alcohol 7.48 11.13 1.03     

  

from Malacosoma neustria larvae. MIS results were 

confirmed at the species level and not to subspecies 

and showed that MIS and BIOLOG alone were 
accurately enough to serve as a primary method for 

identifying entomopathogenic Bacillus species, at 

least to the genus level. 
 

Larvacidal effects of the tested bacterial strains 

on C. pipiens are summarized in table (2). The 
results showed that, especially B. sphaericus strains 

FD48, FD49 and B. brevis strain FD1 were toxic and 

had significant insecticidal effects on C. pipiens 

larvae. On the first day, the highest mortality rate 
(100%) was recorded by B. sphaericus FD48 and 

FD49 strains. The mortality rates of B. brevis strain 

FD1 and B. thuringiensis strain FD16 ranged 
between 33.3 to 53.3% on the 2

nd
 day. These 

mortality rates were different from the control 

applied to TSB medium. The low mortality rates 
(3.3-10.0%) resulted by B. thuringiensis strain 

FDP8, FD50 and FD51. B. thuringiensis strains FD41 

and FD42 caused no mortality to C. pipiens larvae on 

the 4
th
 day. The highest mortality rates were 

observed at B. sphaericus strains FD48, FD49 and B. 

brevis strain FD1 on the 4
th
 day. B. thuringiensis 

strains FDP8, FD50 and FD51 caused mortality rate 
ranged between 3.3 to 16.6% but it was not different 

from the control. Generally, the larvicidal activities 

of B. sphaericus FD48 and FD49 on the 7
th
 day were 

higher than on the 1
st
 and 4

th
 days. Thus, some 

strains need time to adapt to the environmental 

conditions, and 24 or 48 h probably are not enough 

to produce spores for the Bacillus species. 
 

Fatty acid compositions of the strains are 

presented in table (3). The most abundant fatty acids 
in B. sphaericus strains FD48 and FD49 were C15:0 

Iso (59.73 and 46.69%), C15:0 Anteiso (14.85 and 

20.01%) and C16:1 w7c Alcohol (7.48 and 11.13%), 
respectively. In addition, the major fatty acids in  
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B. brevis strain FD1 were C15:0 Anteiso (50.61%) 

and C15:0 Iso (17.53%). C14:0 Iso, C16:0 Iso, 

C16:1 w11c, C17:0 Iso, C17:0 Anteiso were 

detected in small amounts at B. brevis strain FD1 
and B. thuringiensis strains FD48 and FD49. Fatty 

acid compositions of 19 Bacillus species were 

studied by Kaneda (1977) who divided these 
organisms into six groups Kaneda groups A-F). All 

thew groups, except D, in which cyclohexane fatty 

acids were most abundant, contained numerous 
branched chain acids (iso and anteiso).  

 

Carbon source utilization rates of the tested 

bacterial strains including B. sphaericus FD49, B. 

brevis FD1 and B. sphaericus FD48 were 14.73, 
18.94 and 20.00%, and were tolerant to 10, 12 and 

8% salt consentrations, respectively. In addition, 

they showed capacity to grow in nitrogen-free 
conditions. These are very important for potential 

entomopatogenic bacteria to adapt easily to the 

environmental conditions. High salt-tolerant 
organisms were reported earlier from different 

sources (Arahal et al., 1999 and Palmisano et al., 

2001). Resistance to bile salts is of great importance 

to survival and growth of bacteria in the intestinal 
tract, and thus, is a prerequisite for bacteria to be 

used as probiotics.  
 

Nutrient substrates used by bacterial isolates 

 

showed that the bacterial strains using the greatest 

number (19) of substrates were B. sphaericus strain 

FD48, followed by B. brevis strain FD1 and  

B. sphaericus strain FD49, transforming 14 and  
18 substrates, respectively (Table 4). Data in the 

table indicated the categories in which the substrates 

used by tested bacteria. Carboxylic acids (acetic 
acid, α-hydroxy butyric acid, γ-hydroxy butyric acid, 

α-keto valeric acid, methyl pyruvate, mono-methyl 

succinate, propionic acid and pyruvic acid) and 
amino acids (L-alanine, L-alanyl-glycine, L-

asparagine, L-glutamic acid, glycyl-L-glutamic acid 

and L-serine) were utilized predominantly by  

B. sphaericus strain FD48. However, use of these 
substrates was limited by B. sphaericus strain FD49. 

Miscellaneous (2, 3-butanediol, glycerol, adenosine, 

2’-deoxy adenosine, inosine, thymidine, uridine, 
adenosine-5’-monophosphate and thymidine–5’-

monophosphate) were utilized predominantly by B. 

sphaericus strains FD48 and FD49. Carbohydrates 
(D-fructose, gentiobiose, α-D-glucose, maltose,  

3-methyl glucose, β-methyl-D-glucoside, palatinose, 

D-psicose, D-ribose, salicin, D-trehalose, turanose 

and D-xylose) and polymers (dextrin and tween 80) 
were utilized predominantly by B. brevis strain FD1. 

However, use of the carboxylic acids was limited to 

B. brevis strain FD1. Amino acids utilized 
miscellaneous were not utilized by this strain. 

 

Table (4): Profiles of nutrient substrates used by bacterial strains showed strong larvicidal activity 
 

Test substrates FD1 FD48 FD49 Test substrates FD1 FD48 FD49 

Carboxylic acids (8) 2 6 3 Amino acids (6) 0 6 2 

Acetic Acid - + - L-Alanine - + - 

α-Hydroxy Butyric Acid + - - L-Alanyl-glycine - + + 

γ-Hydroxy Butyric Acid - + - L-Asparagine - + - 

α-Keto Valeric Acid, - + + L-Glutamic Acid - + + 

Methyl Pyruvate + + + Glycyl-L-Glutamic Acid - + - 

Mono-methyl Succinate - + - L-Serine - + - 

Propionic Acid - + -     
Pyruvic Acid  - - +     

Carbohydrates (13) 13 0 1 Miscellaneous (9) 0 7 8 

D-Fructose + - - 2,3-Butanediol - + - 

Gentiobiose  + - - Glycerol - - + 

α-D-Glucose  + - - Adenosine - + + 

Maltose  + - - 2’-Deoxy Adenosine - + + 

3-Methyl Glucose + - - Inosine - + + 

β-Methyl-D-Glucoside  + - - Thymidine - + + 

Palatinose + - - Uridine - + + 

D-Psicose  + - - Adenosine-5’-Monophosphate - - + 

D-Ribose + - + Thymidine–5’-Monophosphate - + + 

Salicin + - -     

D-Trehalose + - -     
Turanose + - -     

D-Xylose + - -     

Polymers (2) 2 0 0 Amides-amines (1) 1 0 0 

Dextrin + - - Succinic Acid + - - 

Tween 80 + - -     
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Table (5): Optical density (600 nm) of bacterial strains in different culture media measured after different 

time 
 

Medium Time 
Optical density (650 nm) after 

FD-1 FD-48 FD-49 

Nutrient Broth Control 1.33±1.36 a 1.33±1.36 a 1.33±1.36 a 

12 h 71.50±3.39 ab 83.33±13.96 ab 171.83±9.80 ab 

24 h 97.00±12.68 bc 137.66±19.84 bc 214.50±16.97 b 

36 h 133.33±41.28 bcd 203.50±17.93 cd 262.66±11.75 b 

48 h 161.33±58.82 cde 206.16±17.03 cd  

Lauria Broth Control 51.16±2.92 ab 51.16±2.92 ab  

12 h 173.16±18.35 cde 320.33±63.17 e  

24 h 217.33±82.85 def 289.33±80.69 de  

36 h 230.16±33.56 ef 351.33±148.22 e  

48 h 297.66±37.08 f 355.66±43.90 e 971.66±134.38 d 

Triptic Soy Broth Control 200.50±2.66 de 200.50±2.66 cd 200.50±2.66 ab 

12 h 622.00±47.84 g 587.50±24.41 f 585.50±222.16 c 

24 h 644.66±81.59 g 676.33±211.04 fg 1177.33±303.08 e 

36 h 649.83±201.52 g 748.00±130.52 g 1190.83±255.22 e 

48 h 701.16±62.28 g 761.50±134.15 g 1200.16±185.64 e 

NB: Nutrient Broth, LB: Loria Broth, TSB: Triptic Soy Broth 

 
Table (6): Antibiotic resistance profile of tested bacterial strains against some antibiotics 
 

Bacterial strains 
Mean inhibition zone values  as mm 

AMK KNM PNC TOB OFX STX 

FD1 20 23 30 20 25 26   

FD48 24 24 27* 21 23 28*   

FD49 26 22 33 24 22 34   

* Bacteriostatic effect; AMK: Amikacin (30 μg/disk), KNM: Kanamycin (30 μg/disk), PNC: Penicilin (10 μg/disk), 

TOB: Tobramycin (10 μg/disk), OFX: Ofloxacin (5 μg/disk), SXT: Sulphamethoxazole (25 μg/disk) 

 
Table (7): Salt tolerance and nitrogen fixation of the tested bacterial strains  
 

 

Table (8): Evaluation of lethal concentration (LC50) of the bacteria against Culex pipiens larvae at different 

bacterial concentrations  
 

Applications 
The mortality rate (%) of mosquito larvae after treatment with*   

8x108 8x107 8x106 8x105 8x104 8x103 8x102 8x101   

Culex pipiens           

FD48 100 100 90 87 75 56 43 36   

FD49 100 100 89 82 78 54 42 29   

FD1 53 52 45 42 35 33 26 28   

Control  0 0 0 0 0 0 0 0   

Daphnia magna           

FD48 0 0 0 0 0 0 0 0   

FD49 0 0 0 0 0 0 0 0   

FD1 0 0 0 0 0 0 0 0   

Control 0 0 0 0 0 0 0 0   
Oreochromis niloticus           

FD48 0 0 0 0 0 0 0 0   

FD49 0 0 0 0 0 0 0 0   

FD1 0 0 0 0 0 0 0 0   

Control  0 0 0 0 0 0 0 0   

*Means and standard deviations of the mortality number of mosquitoes larvae 

 
 

Bacterial  

strains 

Salt tolerances (w/w %) 
Growth N-free medium 

2 4 6 8 10 12 14 

FD-48 + + + Z+ - - - + 

FD-49 + + + + Z+ - - + 

FD-1 + + + + + Z+ - K+ 
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The optical densities of B. brevis FD1, B. 

sphaericus FD48 and FD49 strains growth in 

different liquid media (Nutrient Broth, Lauria Broth 
and Triptic Soy Broth) at different times (12, 24, 36 

and 48 h) are presented in table (5). All bacterial 

strains showed maximum growth in Triptic Soy 
Broth culture. The optical densities for B. brevis 

FD1, B. sphaericus FD48 and FD49 were measured 

as 701.16, 761.50 and 1200.16, respectively. Triptic 

Soy Broth was determined as the most suitable 
medium for bacteria.  

 

As shown in table (6), all the tested strains 

including B. brevis FD1, B. sphaericus FD48 and 
FD49 were sensitive to Amikacin (30 μg/disk), 

Kanamycin (30 μg/disk), Penicilin (10 μg/disk), 

Tobramycin (10 μg/disk), Ofloxacin (5 μg/disk) and 
Sulphamethoxazole (25 μg/disk) antibiotics. 

 

Salt tolerance and nitrogen fixation of the tested 

bacterial strains showed that B. sphaericus FD48, B. 
sphaericus FD49 and B. brevis FD1 strains were 

tolerant to 8, 10 and 12 % salt consentration (Table 

7). In addition, all tested isolates showed capacity to 

grow in nitrogen-free conditions. 
 

As shown in table (8), B. brevis FD1, B. 

sphaericus FD48 and FD49 strin whole cultures had 

an LC50 of approximately 8x10
3
 cfu/mL for 

susceptible C. pipiens larvae, whereas a 

concentrated 8x10
8
 cells/ml culture did not affect 

any of the water fleas and the Nile tilapia  survival. 
No mortality was observed throughout the 3-week 

experiment. General fish behavior was observed as 

normal in all fish throughout the trial. No loss of 
appetite and movement disorder was observed in the 

fish. None of the fish showed external and internal 

clinical signs or abnormalities after bacterial 

injection. Also, no mortality or infection was 
observed in fish for each two strains.  

 

Luna et al., 2007 reported that B. thuringiensis 

isolates were resistant to amoxicillin, ampicillin, 
ceftriaxone, penicillin and oxacillin. Obtained results 

disagree with the previous literature reports on 

antibiotic resistance of B. brevis and B. sphaericus 
strains. Sarker et al. (2010) stated that the high level 

of drug resistance in tested bacterial strains can be 

related to the production of antimicrobial 

compounds found in some bacterial isolates belong 
to the genus Bacillus. The penicilin resistance in this 

strain maybe due to penicillinase activity (Aslım et 

al., 2002). It was reported that the resistance of B. 
subtilis strains to streptomycin and of B. cereus 

strains to tetracycline was controlled by plasmid 

DNA (Bernhard et al., 1978). 
 

Triptic Soy Broth (TSB) was determined as the 

most suitable medium for the bacteria. This medium 

consists of peptone from casein (17 g/L), peptone 

from soymeal (3 g/L), D(+) glucose (2.5 g/L), NaCl 

(5 g/L) and K2HPO4 (2.5 g/L). TSB medium maybe 
much more appropriate for the industrial production 

of these mosquito-pathogenic bacilli. In view of 

these facts, the application of peptone based culture 
medium appears to be quite promising and feasible 

for the mosquito control program in the field. 
 

A major challenge for achieving successful 

mosquito control is overcoming the insecticidal 
resistance and B. sphaericus is one of the effective 

biolarvicides for controlling Culex species. 

Monitoring of larval susceptibility is essential to 
avoid resistance development (Surendran and 

Vennison, 2011). B. sphaericus and B. thuringiensis 

serovar israelensis deBarjac (Bti) provide effective 

alternatives to broad spectrum larvicides in many 
situations, with little or no environmental impact. 

Taking into account environmental benefits 

including safety for humans and other non-target 
organisms, reduction of pesticide residues in the 

aquatic environment, increased activity of most 

other natural enemies and increased biodiversity in 

aquatic ecosystems, their advantages are numerous 
(Poopathi and Abidha, 2010). Surendran and John 

Vennison. 2011 reported that the isolates of B. 

sphaericus showed a significant level of variation in 
their larvicidal activity against Culex 

quinquefasciatus. In the present study, B. brevis 

FD1, B. sphaericus FD48 and FD49 were the most 
effective strains among all the tested bacterial 

strains.      
 

In conclusion, B. brevis FD1, B. sphaericus 

FD48 and FD49 strains could be developed and 
recpmmended for biological control of mosquitoes. 

But, further studies are necessary to determine the 

mechanism of insecticidal activity of these strains. 
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