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Abstract 

Bacillus thuringiensis (Bt) isolation from the environments of boron mines, the characterization 

based on cry gene content, boron tolerance, insecticidal crystal protein production and bioactivity 

of Bt isolates were examined in this study. PCR analysis indicated the presence of Bt strains with 

cry1 (100%), cry2 (41%) and cry1 plus cry2 (41%) genes. Boron tolerance of Bt isolates grown 

in different boric acid concentrations changed from 25 to 75 mM. Moreover, boric acid prolonged 

the lag phase of the growth curve. Furthermore, Bt-KE63-64 isolate at 50 ppm caused 76% 

mortality against Cadra cautella larvae. Two protein bands at 130 kDa and 65 kDa were detected 

with SDS-PAGE analysis. Increasing concentration of boric acid resulted in a decrease at the 

level of Cry protein expression. Finally, addition of 1% boric acid to spore-crystal mixtures of Bt 

isolate didn’t cause any additive effect on the bioactivity. In conclusion, it is the first time that Bt 

with high bioactivity was isolated from the environments of boron mines and boric acid tolerance 

of some of the Bt isolates was up to 75 mM.   
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1. INTRODUCTION  

Gram-positive and spore-forming bacterium Bacillus thuringiensis has entomopathogenic effect due to its 

insecticidal crystal (Cry) proteins (ICP) formed during the stationary phase of the growth [1]. cry genes 

encoding the Cry proteins are generally known to be carried on plasmids [2]. ICPs were classified according 

to their insecticidal activities. cry genes encode lepidoptera specific-Cry1, lepidoptera and diptera specific-

Cry2, coleoptera specific-Cry3 and diptera specific-Cry4 proteins [3]. 

Nowadays, ICP and spore mixtures of Bt have been widely used to control pests in agriculture as an 

alternative to chemical pesticides. However, commercial application of these pesticides requires economic 

and adequate manufacturing processes. Therefore, there have been numerous research in the literature to 

reach the optimum level of Bt growth, sporulation and ICP production. For instance, İçgen et al. [4] 

investigated the effects of different mineral elements and pH on Bt growth and crystal protein synthesis. 

They found that Mg and Cu were the most important metals for biosynthesis of Cry1 and Cry2 proteins. In 

addition, Özcan et al. [5] indicated that the pretreated poultry litter with 2 N HCl yielded 95% more Cry1 

and Cry2 protein than the poultry litter pretreated with 2 N NaOH in Bt kurstaki. In another study, addition 

of tannic acid into a diet increased the efficacy of Bt kurstaki against Heliothis virescens larvae by 68-84% 

[6].  

Boron is an intermediate element between metals and non-metals and has semiconductor property [7]. It is 

essential for plant growth [8], embryonic development of zebrafish [9] and frogs [10]. In addition, boron 

stimulates growth in yeast [11].  Furthermore, increasing evidence suggests the function of boron in animal 

metabolism as well [12]. However, there have been no studies on the occurrence of Bt in boron containing 

environments and effects of boric acid on Bt isolates. Therefore, the aim of this work was to isolate Bt from 

boron-related environments and to investigate cry gene profile, the effect of boric acid on the Cry protein 

production and bioactivity. 
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2. MATERIALS AND METHODS 

2.1.  Bacillus thuringiensis Reference Strains 

Reference strains Bt subsp. kurstaki (BGSC 4D1), Bt subsp. aizawai (BGSC 4J3), Bt biovar. israelensis 

(BGSC 4Q2) were obtained from Bacillus Genetic Stock Center, Colombus, Ohio, USA. 

2.2. Sample Collection 

Thirty-five soil samples were collected from 5 different locations in Balıkesir (Bandırma-Yıldızlar) and 

Kütahya (Simav-Emet-Hisarcık) boron mineral deposits and their environments.  About 200 g of soil 

samples were collected with a sterile spatula at 10 cm depth. Samples were placed in sterile plastic bags 

and stored at 4°C until processed. 

2.3. Bacillus thuringiensis Isolation 

Bt strains were isolated according to the method of Santana et al. [13]. Briefly, soil samples were exposed 

to heat treatment for 5 hr at 80°C. After suspending the samples in saline solution, they were exposed to 

heat treatment again for 12 min at 80°C, plated on LB agar and allowed to grow overnight at 37°C. Bt-like 

colonies described as cream-coloured and fried egg appearance on the plates [14] were labeled and 

subcultured 3 times. Each pure subculture was grown on nutrient agar (NA), dispersed in sterile water and 

examined with phase contrast microscope for the crystal formation. Duplicate stock samples in 25% 

glycerol were kept at -80°C. 

2.4. DNA Template and PCR Analysis  

PCR analysis was carried out to determine cry gene content of Bt isolates. Five pairs of universal primers 

for cry1, cry2, cry3, cry4 and cry9 genes as described by Ben-Dov et al. [15,16] were used. Genomic DNA 

was isolated according to the method of Hansen and Hendriksen [17] and reference strains served as 

positive control for PCR reactions. Each amplification process was carried out in a 50 µl reaction mixture 

containing 200 µM dNTP, 0.5 µM of each universal primer; 1.5 mM MgCl2, and 2 U of Taq DNA 

polymerase (Fermentas, Vilnius, Lithuania) in an Advanced Primus 96 Thermal Cycler (PeqLab, Erlangen, 

Germany). PCR conditions were as described in Alper et al. [18]. After amplification, 10 µl of each PCR 

product were electrophoresed on 1% ethidium bromide agarose gel and DNA bands were visualized in a 

gel documentation system (Vilber Lourmat, Marne-la-Vallée, France). 

2.5. Boron Tolerance and Growth Curve 

One single colony of each Bt isolate grown on NA was transfered to 5 ml PBS. After adjusting to Mc 

Farland 3 density (OD600 of 0.05), the bacterial suspension was diluted to 1, 0.2, 0.06, and 0.03 densities 

and 4 µl of each bacterial suspension was spotted on NA containing 0,20,30,40,50,75 mM boric acid and 

incubated for 48 hours at 37 0C in order to determine the boric acid tolerance. 

For the growth curve, each Bt isolate was inoculated to NA and incubated overnight at 37 0C. A single 

colony was transferred into 5 ml of PBS and adjusted to Mc Farland 3 density. One ml of the bacterial 

culture was inoculated into 50 ml LB broth containing different concentrations of boric acid and incubated 

at 150 rpm at 37 0C in a shaking incubator. Bacterial growth was monitored by OD600 measurements with 

a spectrophotometer  (Shimadzu UVmini-1240) and growth curves were drawn using Microsoft Excel 

program. 

2.6. Extraction of Spores plus Crystals and SDS-PAGE Analysis 

A procedure described in Alper et al. [18] was used for protein extraction. Spore plus crystal mixture was 

washed twice in 1.4 mL of 0.5 M NaCl,  and resuspended in ice-cold 1.4 mL of Tris EDTA buffer (10 mM 

Tris, 1 mM EDTA pH 8 and 0.5 mM PMSF) and centrifuged for 10 min at 10,000 rpm at 4 °C. After that, 

spore plus crystal mixture was dissolved in sterile H2O with 1mM PMSF.  The protein concentration of 

each sample was measured by Bradford assay [19]. SDS-PAGE of each sample (5µg /lane) was performed 

as described by Laemmli [20].  
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2.7. Bioactivity 

Second instar larvae of Cadra cautella were grown as described by Magana et al. [21] and used to test the 

toxic potency of boric acid and/or Bt isolates. A spore-crystal mixture was prepared according to the 

technique of Bravo et al. [22]. Briefly,  Bt culture was grown in 100 ml of nutrient broth at 28 0C by shaking 

at 150 rpm for 3 days. The culture was centrifuged at 4 0C at 5000 rpm for 20 min. The pellets were washed 

twice with ice-cold 1M NaCl and 3 times with sterile H2O. The pellets were dried overnight at 37 0C and 

stored as powder at – 20 0C until used.  

Spore-crystal powders were suspended in distilled water containing 0.1% Tween80. Suspensions were 

mixed with a diet that included wheat bran/corn powder (3:1) at the concentration of 500 ppm (i.e., 2500 

μg of spore-crystal mixture in 5 gr compost) and dried. Assays were carried out using 15 larvae per dose 

with three replicates. Diet without toxin served as negative control. Toxicity tests were carried out at 25°C, 

70% RH with 16:8h, L:D schedule; and larval mortality was recorded after 7 days. The mortality data were 

corrected by Abbott’s formula [23]. 

2.8. Statistic Analysis 

The difference among the treatments in bioassay was tested by using one way analysis of variance 

(ANOVA). Data normality and homogenity of variance were tested using the Shapiro-Wilk test and 

Bartlett’s test. Post-hoc comparisons were conducted with Tukey’s honestly significant difference test at α 

= 0.01. 

3.    RESULTS 

3.1. Bacillus thuringiensis Isolation and cry gene Profile 

In total, 17 Bt isolates were obtained from 35 soil samples collected from the environments of Balıkesir 

and Kütahya boron mines. PCR analysis showed that all isolates were positive for the cry1 genes; however, 

isolates carrying cry2 genes constituted 41% of all isolates. The percentage of isolates carrying both cry1 

plus cry2 genes was 41.2. On the other hand, cry3, cry4 and cry9 genes were not detected in any of the 

samples examined (Table 1). 

Table 1. Bt isolates and cry gene profile 

Location Bt isolates cry gene content 

Kütahya-Emet Bt-KE63-64 cry1, cry2 

Balıkesir-Bandırma Bt-BB99 cry1 

Kütahya-Hisarcık Bt-KH58 cry1, cry2 

Balıkesir-Bandırma Bt-Ba11 cry1 

Kütahya-Hisarcık Bt-KH3 cry1, cry2 

Kütahya-Emet Bt-KE20 cry1 

Kütahya-Emet Bt-KE67-68 cry1 

Balıkesir-Bandırma Bt-Ba14 cry1 

Kütahya-Emet Bt-KE30 cry1 

Balıkesir-Yıldızlar Bt-BY7 cry1, cry2 

Kütahya-Hisarcık Bt-KH51 cry1, cry2 

Kütahya-Emet Bt-KE50-51 cry1 

Kütahya-Hisarcık Bt-KH63 cry1, cry2 

Balıkesir-Bandırma Bt-BB48 cry1 
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Balıkesir-Simav Bt-Bsi6 cry1 

Kütahya-Hisarcık Bt-KH1 cry1 

Kütahya-Emet Bt-KE12 cry1, cry2 

3.2 Boron Tolerance of Bt Isolates 

Boron tolerance test was performed in order to determine the boron tolerance of Bt isolates. According to 

the results, the isolates Bt-KE20 and Bt-KE63-64 tolerated 20 mM and 30 mM boric acid, respectively. 

The majority of the isolates could grow in medium containing 50 mM boric acid (Table 2). Only 3 isolates, 

Bt-KH1, Bt-KE12 and Bt-KE67-68 had ability to grow in 75 mM boric acid concentration. 

Table 2. Boron tolerance of Bt isolates 

Isolate name 0 mM  20 mM 30 mM 40 mM 50 mM 75 mM 

Bt-KE63-64  + + + +  + + + + +  + - - -  -  -  - -  -  -  - -  -  -  - 

Bt-BB99 + + + + + + + + + + + +  + + + + + + + + -  -  -  - 

Bt-KH58 + + + + + + + + + + + +  + + + + + + + + -  -  -  - 

Bt-Ba11 + + + + + + + + + + + +   + + + + + + * *  -  -  -  - 

Bt-KH3 + + + + + + + + + + + +   + + + + + + + + -  -  -  - 

Bt-KE20 + + + + + + + + -  -  -  - -  -  -  - -  -  -  - -  -  -  - 

Bt-KE67-68 + + + + + + + + + + + + + + + + + + + +    * * * * 

Bt-Ba14 + + + + + + + + + + + + + + + + + + + +    * * - -      

Bt-BY7 + + + + + + + + + + + + + + + + + + + *  -  -  -  - 

Bt-KH51 + + + + + + + + + + + + + + + + + + + *   -  -  -  - 

Bt-KE50-51 + + + + + + + + + + + + + + + + + + + *    -  -  -  - 

Bt-KH63 + + + + + + + + + + + + + + + + + + + *      -  -  -  - 

Bt-BB48  + + + + + + + + + + + + + + + + + + + *    -  -  -  - 

Bt-Bsi6 + + + + + + + + + + + + + + + + + + + *    -  -  -  - 

Bt-KH1  + + + + + + + + + + + + + + + + + + + *    * * * * 

Bt-KE12 + + + + + + + + + + + + + + + + + + + *     * * * * 

B.t.  kurstaki + + + + + + + + + + + + + + + + * * * * -  -  -  - 

E. coli  + + + + + + + + + + + + + + + + + + + + + + + + 

P. tolasii  -  -  -  - -  -  -  -    -  -  -  - -  -  -  - -  -  -  - -  -  -  - 

+ : Strong growth;  * : Weak growth; -  : No growth 

Based on the growth curve, Bt-KE63-64 isolate could grow up to 25 mM boric acid concetration and lag 

phase of the growth cycle was found to be 2 times longer than that of the isolate grown in boric acid-free 

medium. However, in both medium, the Bt isolate entered stationary phase at the same time (Figure 1A). 

Similarly, Bt kurstaki (4D1) entered into log phase immediately in boron-free medium, but lag phase of Bt 

kurstaki took 3 hr and 9 hr at 25 mM and 50 mM boric acid, respectively (Figure 1B). Other isolates also 

showed the similar pattern of growth curve at 25 mM boric acid whereas initiation of log phase changed 

from isolate to isolate at 50 mM boric acid (Data not shown). 
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Figure 1. Growth curve of Bt-KE63-64 isolate (A) and Bt kurstaki (B) grown in different boric acid 

concentrations. 

3.3.The Effect of Boric Acid on Cry Protein Production 

Bt-KE63-64 isolate and Bt kurstaki (4D1) were grown in medium containing 0-5-10-20-40 mM boric acid 

and the amount of protein production was determined by Bradford analysis.  The highest protein level was 

observed in the boric acid-free medium. However, the level of protein production decreased gradually by 

increasing amount of boric acid in the culture medium (Figure 2A, 2B). For example, the concentration of 

protein was reduced approximately by twofold in the presence of 5 mM boric acid. The boric acid 

concentration at 40 mM gave rise to ninefold and fourfold decrease in the amount of protein produced by 

Bt kurstaki (4D1) and Bt-KE63-64 isolate, respectively.   
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Figure 2. Determination of Cry protein level of Bt-KE63-64 isolate (A) and Bt kurstaki (B) grown in 

different boric acid concentrations.  

 

SDS-PAGE analysis exhibited 2 main protein bands, 130 kDa for Cry1 and 65 kDa for Cry2 proteins 

(Figure 3A, 3B). Increased concentration of boric acid caused a decrease in the amount of the Cry proteins 

produced. The most significant decrease was observed in the medium containing 40 mM boric acid. This 

is most likely to be due to a decrease in the number of bacterial cells that were able to survive in the high 

boric acid concentration as well as due to the retardation of log phase. 
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Figure 3. SDS-PAGE analysis of Cry proteins from Bt-KE63-64 and Bt kurstaki grown in different boric 

acid concentrations. Bt-KE63-64 (A) or Bt kurstaki (B). M: marker; lane 1: 0 mM; lane 2: 5 mM; lane 3: 

10 mM; lane 4: 20 mM; lane 5: 40 mM. 

3.4. The Effect of Boric Acid on Bioactivity 

Bioactivity of spore crystal mixture of Bt-KE63-64 isolate or in combination with boric acid were tested 

on C. cautella larvae. In our previous study, we showed that 9MY and 44 MY isolates exhibited low 

bioactivity (10% and 30% mortality), whereas 42MY isolate indicated high bioactivity (97% mortality) on 

C. cautella larvae at 500 ppm [18] and they were used as control in this present study. Bt-KE63-64 isolate 

was chosen for bioactivity assay, because it had the highest incidence of crystal inclusions among the other 

isolates in comparision with reference strain 4D1 by phase contrast microscopy. Figure 4 indicated that 

none of the boric acid treatments alone was statistically (p <0.01) different from the control. Addition of 

1% boric acid to the spore-crystal mixtures of 9MY (50 ppm) and 44MY (50 ppm) isolates, did not cause 

any increase in the bioactivity compared to spore-crystal mixture alone (Figure 4). Spore-crystal mixture 

of 42MY (50 ppm) showed toxic effect over 80%. However, no statistically significant difference was 

observed when this toxin was applied with 1% boric acid (p<0.01) (Figure 5). In addition, Bt-KE63-64 

isolate (50 ppm) alone showed 76% toxic effect on C. cautella larvae. Similarly, there was no statistical 

difference between bioactivity of 50 ppm spore crystal mixture of Bt-KE63-64 and that of combination 

with 1% boric acid treatment (Figure 5). The results showed that, 1% boric acid, applied to C. cautella 

larvae with Bt toxin had no additive effect on the mortality. 
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Figure 4. Mortality of Bt spore-crystal mixture in combination with different boric acid concentrations 

on C. cautella larvae.   

 

Figure 5. Mortality of Bt-KE63-64 or Bt kurstaki spore-crystal mixture in combination with boric acid on 

C. cautella larvae. Values sharing the same letter are not significantly different at p < 0.01. 

 

4. DISCUSSION 

In recent years, Bt based biopesticides have been widely used in agricultural applications. However, in 

order to overcome the development of insect resistance against Bt preparations, isolation of new Bt strains 

from different geographycal environments is important. In addition, identification of the optimum growth 

conditions and improving the bioactivity of Bt strains are important in terms of the pesticide production at 

the economic level. Boron element has been known to be required for many organisms. Although there 

have been studies on the metabolic function of boron on plants and animals, there are very few data on Bt 

in the literature. Therefore, Bt isolation from boron containing environment and the effects of boric acid on 

these Bt isolates were carried out in this study.  

Isolation of 17 Bt strains from 35 soil samples implies that Bt may have ability to tolerate the boron element 

available at different concentration. Range of the boron level among soil samples from Eskisehir-Kırka 

boron mines and environments was found to be between 1 ppm and 75000 ppm [24]. Thus, these isolates 

may serve as an important source for investigation of boron metabolism in bacteria. Substantial work in the 

literature examined the distribution of cry genes and showed that occurrence of cry1 and cry2 genes are 

higher than that of the other cry genes [22, 25, 26, 27]. Similarly, when the cry gene distributions of the 17 

Bt isolates from boron containing environments was analyzed, the presence of cry1 and cry2 genes was 
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detected. In other words, soil from boron containing environment didn’t play a negative role on the presence 

of plasmids carrying these genes among Bt strains. In addition to boron, pH of soil, nutritional and other 

environmental factors may play an important role in the presence or absence of the plasmids carrying the 

certain cry genes in Bt isolates. Future studies on detailed examination of each parameter will clarify this 

issue. 

According to the boron tolerance test, Bt isolates except Bt-KE63-64 and Bt-KE20 generally showed boron 

tolerance up to 50 mM boric acid. Ahmed and Fujiwara [28] determined that different genus of bacteria 

such as Arthrobacter, Rhodococcus, Lysinibacillus, Algoriphagus, Gracilibacillus and Bacillus isolated 

from soil samples in Kütahya and Tokyo  showed  boron tolerance at 80, 100, 150, 300 and 450 mM . 

Likewise, boron tolerance of different species of bacteria isolated from Bursa Kestelek boron mines and 

their environment was shown to vary between 50 mM and 300 mM [29]. In the same study, boric acid 

tolerance of 37 standart microorganisms ranged between 25 mM - 75 mM. These studies suggest that 

different molecular structures might be developed for boron tolerance in different genera and species of 

bacteria.  

When the growth rates of Bt isolates at various boric acid concentration were examined, boric acid at 25 

mM and 50 mM delayed the initiation of logaritmic phase compared to the control group (Figure 1 A, B). 

Extension of the lag phase in the presence of increased boric acid concentration may result from the 

biosynthesis of some proteins and receptors in order to overcome the toxic effects of boric acid. In addition, 

no contribution of boric acid on the Bt growth may imply that boron may not be necessary for Bt or probably 

it is sufficient for the growth at very low level such as less than 5mM. Indeed, boron is one of the micro-

nutrients in plant growth [8] and there is a small difference between the boron levels that causes deficiency 

or toxicity in plants [30]. 

Bt kurstaki and Bt-KE-63-64 were grown in different boric acid concentration in order to see how boric 

acid affect the Cry protein level. Increasing boric acid concentration from 5 mM to 20 mM caused a gradual 

decrease in the level of Cry protein. However there was a sharp decrease in the Cry protein level at 40 mM 

boric acid concentration. This could be due to the inhibition of bacterial growth rather than a direct effect 

of boric acid on the transcriptional or translational expression of Cry protein genes. Indeed, growth curves 

demonstrate that increasing boric acid concentrations delayed the lag and log phases of the growth. 

Therefore, the late initiation of the stationary phase caused a delay in the crystal protein synthesis because 

it is known that sporulation and crystal protein synthesis occurs in the stationary phase of the growth [1].  

In the literature, there are studies about how combination of spore-crystal mixture of Bt with different 

compounds affect the mortality of agricultural pests. For example, Doane and Wallis [31] demonstrated 

that application of boric acid and Bt endotoxins together increased mortality of Porthetria dispar larvae. In 

addition, Govindarajan et al. [32] searched mortality by applying Bt toxin with boric acid to Spodoptera 

litura. In that study, Bt caused 100 % larval mortality when it was applied in combination with 0.1, 0.5, 

1.0, 1.5 and 2 % boric acid. However, application of boric acid or Bt toxin alone was less effective than the 

combination of them. In addition, when boric acid was applied alone, it did not cause mortality in the 

concentrations of 0.1% and 0.5%. In contrast, concentrations of 1% and 2% boric acid resulted in nearly 

100% mortality at the end of day 5. Finally, Khan [33] aimed to increase the pathogenicity against various 

termite species by using Bacillus thuringiensis with 1% boric acid together. It was shown that 1% boric 

acid application increased Bt virulence by 1.8 folds.  

In contrast to the above data, 1% boric acid application in this present study did not show any toxic effects 

on the mortality of C. cautella larvae. Additionally, the boric acid did not increase the toxicity of various 

Bt strains against C. cautella. The reason could be due to the type of the Bt strain and various species of 

larvae used. In general, the toxic effect of Bt depends on the type, age, and the physiology of larvae.  These 

results may imply that boric acid, known as a stomach poison, doesn’t cause a damage in the protective 

membrane of the digestive system of C. cautella larvae at low concentrations (1%).  In fact, spore-crystal 

mixture of Bt, activated by proteases, form large pores on the cell surface by binding to receptors on the 

epithelial surface [34]. In this present study, boric acid does not appear to provide a further contribution to 

this mechanism.  

As a result, Bt occurrence was detected in boron containing soil samples in this present study and spore-

crystal mixture of Bt-KE63-64 from boron containing environment, had higher toxicity (76%) than that 
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(65%) of B. kurstaki at 50 ppm against C. cautella larvae. However, addition of 1% boric acid did not cause 

any additive effect on the toxicity of the spore-crystal mixture. Therefore, it seems that the use of boric acid 

at more than 1% concentrations may not provide an economical contribution on the toxic effects of Bt-

KE63-64 isolate. On the other hand, detection of Bt-KE63-64 isolate with 76% toxic effect at 50 ppm 

against C. cautella larvae will serve as an important alternative to available Bt formulations in the case of 

development of insect resistance. 

ACKNOWLEDGEMENT 

This work is a part of Burcu Şahin’s Master of Science Thesis and partially supported by grant 108T178 

and 107T796 from TÜBİTAK. We thank Dr. Cem Özkan at the Plant Protection Department in Ankara 

University for providing Cadra cautella larvae. 

CONFLICT OF INTEREST  

No conflict of interest was declared by the authors 

REFERENCES 

[1] Schnepf, E., Crickmore, N., Van, R.J., Lereclus, D., Baum, J., Feitelson, J., Zeigler, D.R., Dean, D.H., 

‘Bacillus thuringiensis and its pesticidal crystal proteins’, Microbiol Mol Biol R., 62: 775-806, (1998). 

[2] Gonza´lez, J.M., Dulmage, H.T., Carlton, B.C., ‘Correlation between specific plasmids and d-endotoxin 

production in Bacillus thuringiensis’, Plasmid, 5: 351-365, (1981). 

[3] Chambers, J.A., Jelen, A., Gilbert, M.P., Jany, C.S., Gawron-Burke, C., ‘Isolation and Characterization 

of a Noval Insecticidal Crystal Protein Gene from Bacillus thuringiensis subsp. Aizawai’,  J Bacteriol., 

173: 3966-3976, (1991). 

[4] İçgen, Y., İçgen, B., Özcengiz, G., ‘Regulation of crystal protein biosynthesis by Bacillus thuringiensis. 

I. Effects of mineral elements and pH’, Res Microbiol., 153: 599-604, (2002). 

[5] Özcan, O., İçgen, B., Özcengiz, G., ‘Pretreatment of poultry litter improves Bacillus thuringiensis-based 

biopesticides production’,  Bioresourc Technol., 101: 2401–2404, (2010). 

[6] Gibson, D.M., Gallo, L.G., Krasnoff, S.B., Ketchum, R.E., ‘Increased efficacy of Bacillus 

thuringiensis subsp. kurstaki in combination with tannic acid’, J Econ Entomol Apr., 88: 270-277, 

(1995). 

[7] Bolanos, L., Lukaszewski, K., Bonilla, I., Blevins, D., ‘Why boron?’, Plant Physiol Biochem., 42: 907-

912, (2004). 

[8] Warrington, K., ‘The effect of boric acid and borax on the broad bean and certain other plants’, Ann 

Bot (Lond)., 37: 629-672, (1923). 

[9] Rowe, R.I., Eckhert, C.D., ‘Boron is required for zebrafish embryogenesis’, J Exp Biol., 202: 1649-

1654, (1999). 

[10] Fort, D.J., Propst, T.L., Stover, E.L., Strong, P.L., ‘Adverse reproductive and developmental effects 

in Xenopus from insufficient boron’, Biol Trace Elem Res., 66: 237-259, (1998). 

[11] Bennett, A., Rowe, R.I., Soch, N., Eckhert, C.D., ‘Boron stimulates yeast (Saccharomyces cerevisiae) 

growth’, J Nutr., 129: 2236-2238, (1999). 

[12] Goldbach, H.E., Wimmer, M.A., ‘Boron in plants and animals: Is there a role beyond cell-wall 

structure?’, J Plant Nutr Soil Sci., 170: 39-48, (2007). 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gibson%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gallo%20LG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Krasnoff%20SB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ketchum%20RE%22%5BAuthor%5D


 

Burcu ŞAHİN et al. / GU J Sci, 30(1):223-234(2017)                                                             233  

  

[13] Santana, M.A., Moccia, V.C., Gillis, A., ‘Bacillus thuringiensis improved isolation methodology from 

soil samples’, J Microbiol Methods., 75: 357-358, (2008). 

[14] Travers, R.S., Martin, P.A.W., Reichelderfer, C.F., ‘Selective process for efficient isolation of Bacillus 

spp.’, Appl Environ Microbiol., 53: 1263-1266, (1987). 

[15] Ben-Dov, E., Zaritsky, A., Dahan, E., Barak, Z., Sınal, R., Manasherob, R., Khamraev, A., Troitskaya, 

E., Dubitsky, A., Berezina, N., Margalith, Y., ‘Extended screening by PCR for seven cry-group genes 

from field collected strains of Bacillus thuringiensis’ , Appl Environ Microbiol., 63: 4883- 4890, 

(1997). 

[16] Ben-Dov, E., Wang, Q., Zaritsky, A., Manasherob, R., Barak, Z., Schneider, B., Khamraev, A., 

Baizhanov, M., Glupov, V., Margalith, Y., ‘Multiplex PCR Screening To Detect cry9 Genes 

in Bacillus thuringiensis Strains’, Appl Environ Microbiol., 65: 3714–3716, (1999). 

[17] Hansen, B.M., Hendriksen, N.B., ‘Detection of enterotoxic Bacillus cereus and Bacillus thuringiensis 

strains by PCR analysis’, Appl Environ Microbiol., 67: 185-189, (2001). 

[18] Alper, M., Güneş, H., Tatlıpınar, A., Çöl, B., Civelek, H.S., Özkan, C., Poyraz, B., 

‘Distribution, occurrence of cry genes, and lepidopteran toxicity of native Bacillus thuringiensis 

isolated from fig tree environments in Aydın Province’, Turk J Agric For., 38: 898-907, (2014). 

[19] Bradford, M.M., ‘A rapid and sensitive method for the quantitation of microgram quantities of protein 

utilizing the principle of protein dye binding’, Anal. Biochem., 72:248-254, (1976). 

[20] Laemmli, U.K., ‘Cleavage of structural proteins during the assembly of the head of 

bacteriophage T4’, Nature, 227: 680-685, (1970). 

[21] Magana, C., Hernandez-Crespo, P., Ortego, F., Castanera, P., ‘Resistance to malathion in field 

populations of Ceratitis capitata’, J Econ Entomol., 100: 1836–1843, (2007). 

[22] Bravo, A., Sarabia, S., Lopez, L., Ontiveros, H., Abarca, C., Ortiz, A., Ortiz, M., Lina, L., Villalobos, 

F.J., Pen˜a, G., Nun˜ez-Valdez, M., Soberon, M., Quintero, R., ‘Characterization of cry genes in a 

Mexican Bacillus thuringiensis strain collection’,  Appl Environ Microbiol., 64: 4965-4972, (1998). 

[23] Abbott, W.S., ‘A method of computing the effectiveness of an insecticide’, J Econ Entomol., 

18: 265-267, (1925). 

[24] Akgüç, N., ‘Isolation and characterization of highly boron tolerant bacteria from Eskişehir-

Kırka boron mine and surrounding regions and investigation of genes related to boron 

tolerance’, PhD thesis, Muğla Sıtkı Koçman University, Graduate School of Natural and 

Applied Sciences, Muğla, (2013). 

[25] Wang, J., Boets, A., Van Rie, J., Ren, G., ‘Characterization of cry1, cry2, and cry9 genes in Bacillus 

thuringiensis isolates from China’ J Invertebr Pathol., 82: 63-71, (2003). 

[26] Çınar, C., Apaydin, Ö., Yenidünya, A.F., Harsa, S., Güneş, H., ‘Isolation and characterization of 

Bacillus thuringiensis strains from olive-related habitats in Turkey’, J Appl Microbiol., 104: 515-525, 

(2008). 

[27] Thammasittirong, A., Attathom, T., ‘PCR-based method for the detection of Cry genes in local isolates 

of Bacillus thuringiensis from Thailand’, J Invertebr Pathol., 98: 121-126, (2008). 

[28] Ahmed, I.,  Fujiwara, T., ‘Mechanism of boron tolerance in soil bacteria’, Can J Microbiol., 56: 22-

26, (2010). 

http://www.ncbi.nlm.nih.gov/pubmed/5432063
http://www.ncbi.nlm.nih.gov/pubmed/5432063
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boets%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Rie%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ren%20G%22%5BAuthor%5D


 

234      Burcu ŞAHİN et al. / GU J Sci, 30(1):223-234(2017)  

[29] Karakaya, R., ‘Determination of boron tolerance and SDS-PAGE profiles of some bacteria species and 

isolation of bacteria with high boron tolerance from Bursa-Kestelek mineral deposits’, M.Sc. thesis, 

Muğla Sıtkı Koçman University, Graduate School of Natural and Applied Sciences, Muğla, 

(2012). 

[30] Keren, R., Bingham, F.T., ‘Boron in Water, Soils and Plants: Advances in Soil Society’,  Springer-

Verlag, New York, pp. 230-276, (1985). 

[31] Doane, C.C., Wallis, R.C., ‘Enhancement of the action of Bacillus thuringiensis var. thuringiensis 

Berliner on Porthetria dispar (Linnaeus) in laboratory tests’, J Insect Pathol., 6: 423-429, (1964). 

[32] Govindarajan, R., Jayaraj, S., Narayanan, K., ‘Mortality of the tobacco Caterpillar, Spodoptera litura 

(F.), when treated with Bacillus thuringiensis combinations with boric acid and insecticides’,  

Phytoparasitica, 4: 193-196, (1976). 

[33] Khan, K.I., ‘Enhancement of virulance of Bacillus thuringiensis and Serratia marcescens by 

chemicals’, J Res Sci., 17: 35-43, (2006). 

 [34] Baum, J.A., Malvar, T., ‘Regulation of insecticidal crystal protein production in Bacillus 

thuringiensis’, Mol Microbiol., 18: 1-12, (1995). 


