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ABSTRACT 

      The aim of this study was to investigate the effect of media and temperature on 

maximizing plasmids patterns (profiles) and elimination, and cured bacteria (competent 

cells) for biotechnology applications and biological control without any risk of inducing 

mutation in bacteria and control the genes on the plasmids. It was known that genetic 

information on these plasmids gets eliminated spontaneously upon plasmid curing. This 

study was carried out on Bacillus thuringiensis kurstaki. The effect of minimal and 

complete media, and exposure to different temperatures was studied in this bacterium. 

The results showed that there was no significant difference in bacterial cell number or 

plasmids patterns, when the bacteria were grown in Luria agar and nutrient agar media 

at 30°C under aerobic conditions. Also the bacteria showed significant difference in 

bacterial cell number and showed changes in the plasmid profiles of some colonies 

exposed to different temperature degrees. The bacteria lost most of plasmids after 

exposure to a very low and high temperature, 5 °C and 45 °C respectively. 

 

INTRODUCTION 

      Two types of toxins are produced by Bacillus thuringiensis (Bt); crystal (cry) and 

Bt toxins, which are encoded by different genes. The cry genes are carried on plasmids, 

and similarly most of the genes coding for Bt toxins. The sequences of many of the 

genes encoding cry toxins (over 50 genes) have been reported, and based on sequence 

similarity they were assigned into over fifteen groups. 

     Previous investigations suggested that loosing crystal production was connected to 

the loss of a single plasmid in each strain studied (José et al. 1981). In other studies, 

plasmids were lost upon exposing cells, such as Rhizobium fredii, to high temperatures. 

This finding is in line with the fact that plasmid replication is temperature sensitive 

(Zurkowski, 1982). Not only were plasmids lost but there were changes in plasmid 

profiles as well (Zurkowski, 1982 and Maria, 1986). 

      When the effect of temperature and aeration on the growth of Bacillus thuringiensis 

was investigated, aeration did not seem to influence the formation and thermoresistance 

of spores within the studied range (25 to 60 mg O2 / litre/minute). On the other hand, 

both spore formation and thermo-resistance doubled upon increasing the temperature 

from 20 to 35°C, and no spores were formed at 40 °C (Ignatenko et al. 1983). In the 

same context, the initiation of replication is temperature sensitive in Escherichia coli K-

12 (Froehlich et al. 1983). 

      In Bacillus thuringiensis var. israelensis (BTI), which produce mosquito-toxic 

crystals, eight plasmids were detected by electrophoresis. A 75-MDa plasmid was 

involved in crystal production in partially cured cells. However, this plasmid was 

absent in 15 (Cry−) mutants independently isolated. It was found out that this plasmid 

could recombine with another partially homologous plasmid of 68-MDa (José et al. 

1984). 

http://www.sciencedirect.com/science/article/pii/0147619X8190010X
http://www.ncbi.nlm.nih.gov/pubmed?term=Ignatenko%20IuN%5BAuthor%5D&cauthor=true&cauthor_uid=6664310
http://www.sciencedirect.com/science/article/pii/0147619X8190010X


202, October, 2014.-47:192Egypt. J. of Biotechnol.,  

 

 

2 

      In order to replicate, plasmids need the host cell enzymes. When the temperature is 

elevated, the host cell enzymes are probably recruited for cell division. Thus, plasmid 

replication is down regulated and plasmids are eventually cured. Prior studies indicated 

that genes carried on chromosomal DNA (For example, protease genes and Lincomycin 

resistance genes) were not affected by increasing the temperature the same way genes 

carried on plasmids were influenced (Guzzo et al. 1990).  

     In some bacteria, such as Escherichia coli K12LE140, plasmid elimination was 

linked to impair cell replication machinery. When DNA gyrase activity was 

compromised, not only cell replication was halted but also plasmid transfer was 

inhibited (Gabriella et al. 2006). 

      A model was developed for Bacillus thuringiensis with the aim of maximizing the 

production of a high copy number plasmid. When cells were grown aerobically, in 

batches, on minimal medium containing glucose, the plasmid patterns were not always 

as expected because some cells tended to lose their plasmids in favor of megaplasmids. 

However, such cells kept the basic group of plasmids as evident by the co-migrating 

bands on agarose gel (Arturo and Jorge, 2008).  

      Likewise, a model was developed for Escherichia coli using similar growth 

conditions. This model showed that temperature significantly affects the plasmid 

replication and copy number. Although changes were observed in cell growth rates too, 

such changes in growth rates could not solely account for the increase in plasmid copy 

numbers upon raising the growth temperature (Drew et al. 2009). 

      The current study aims at controlling the expression of extra-genes located on 

Plasimds by investigating the influence of the growth medium and temperature. 

MATERIALS AND METHODS  

Bacterial strains 

      Bacillus thuringiensis kurstaki isolate was used in this work.  

Media 

Media were prepared according to Ronald Atlas (2004): 

Luria agar (LA): Casien hydrolysate 10g; sodium chloride 5 g; yeast extract 5g; agar 15 

g; distilled water up to1 litre; pH 7. 

Luria broth (LB): Like LA but without agar. 

Nutrient agar (NA): Beef extract 3g; peptone 3g; agar 20g; distilled water up to1 litre; 

pH 7 . 

Nutrient broth (NB): Like NA but without agar . 

All media were sterilized by autoclaving at 120˚C for 20 minutes. Control plates were 

incubated at 30°C and test plates were incubated at different temperatures specified in 

the text. 

Bacteria count Plate 

       The bacteria were grown on LA and NA media at different temperatures of 5, 15, 

25, 35 and 45°C. Then transferred into 100 ml nutrient broth media, and allowed to 
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grow at 15, 25, 35 and 45°C. The control was grown at 30°C on a shaker and 250 rpm 

shaking for seven days. Flasks were incubated at the same temperature and 100µl of 

cell suspension were used to inoculate the subsequent flasks. At the eighth day, 200 µl 

of cell suspension inoculated the nutrient agar plates for bacterial cell counting (three 

plates for each treatment). 

Plasmid DNA extraction  

      Plasmid extraction was carried out according to Arturo and Jorge (2008) with 

modification. TES buffer (30 mM Tris base; 5 mM EDTA; 50 mM NaCl; pH 8.0 

adjusted with 3 N HCl) was kept at -4°C. Each colony was resuspended in 2 ml TES 

buffer and centrifuged under the same conditions. Cells were resuspended in 2 ml lysis 

buffer (TES buffer containing 20% sucrose, 2 mg/ml lysozyme, and 1 µl/ml of RNase 

from a 10-mg/ml stock solution) and incubated at 37°C for 90 min. The suspension was 

supplemented with 3 ml of 8% sodium dodecyl sulfate (SDS) in TES buffer and 

incubated at 68°C for 10 min. Then 1.5 ml of 3M sodium acetate (pH 4.8) was added, 

and the suspension was incubated at -20°C for 30 min. The suspension was centrifuged 

at 14.000 rpm for 20 min at 4°C. The supernatant was translucent; if it was not, 

centrifugation was repeated, and ultimately, it was filtered. Two volumes of cold 

absolute ethanol were added to the supernatant. Plasmid-enriched DNA was pelleted at 

14.000 rpm for 20 min at 4°C. Each pellet was dissolved in 100 µl Tris-EDTA (pH 8.0) 

(10 mM Tris-HCl, 1 mM EDTA),  or appropriate volume of water stored at -20°C. 

Plasmid profiles were checked by gel electrophoresis using 1% agarose gel to which 

0.4 µg/ml ethidium bromide was added. 10 µl of each plasmid-enriched DNA was 

loaded against a similar volume of Bacillus thuringiensis kurstaki plasmid DNA as a 

reference, and DNA marker. The gel was run in 1X Tris-borate-EDTA buffer (0.45 mM 

Tris-borate, 1 mM EDTA) at 100 V for 2 hours at 4°C. 

Statistical analysis  

      Three replicates were used for each treatment. LSD values were calculated using 

the simple equations of variance and standard deviation in excel file. 

RESULTS AND DISCUSSION 

Number of bacterial cells in different media 

      Bacterial count in different media Table (1) showed the number of bacterial cells 

growing on LA and NA media. The bacteria were counted after incubation for 24 h at 

30 °C under aerobic conditions. The results indicated that the change in the number of 

bacterial cells in both media alone cannot account for the significant differences. In a 
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previous study on endospore formation in Bacillus thuringiensis subsp. Israelensis, 

cells were grown on both H4 and NB supplemented with salts and glucose (NBSG) 

media in a 3-litre fermentor. At 48 hr, the viable cell counts were 2.5 × 108 and 1.6 × 

108 cells/ml in H4 and NBSG, respectively (Saovanee et al. 1985). 

Table (1). The mean of Bacillus thuringiensis cells growing on Luria agar and Nutrient 

agar media at 30 °C under aerobic conditions. 

Media  Temperature (°C) 

 

Mean No. Colonies 

Luria agar medium   30 °C 100A 

Nutrient agar (NA) medium 30 °C 106A 

LSD (0.05) 15.51 

*Values connected with the same letter are not significantly different 

Bacterial count at different temperature 

     Colonies count number of Bacillus thuringiensis grown at different temperatures 

were shown in table (2). The bacteria grown on the nutrient agar plates were counted 

after incubation for 24 hr at 5, 15, 25, 35 and 45°C under aerobic conditions. The 

comparison of the number of colonies indicated that the number of colonies in NA 

changes and accounts for the significant difference. The mean no. of colonies at 25°C 

was 76 which was highly significant, followed by 64 colonies recorded at 35°C. At 5°C 

and 45°C, means of 51 and 50 colonies were recorded, respectively, and both were not 

significantly different. At 15°C, 56 colonies were recorded All mean number of 

colonies was highly significant at all temperatures at LSD (0.05) = 10.3 colonies 

Table (2). The mean of Bacillus thuringiensis colonies grown at different temperature 

on Nutrient agar medium plate. 

Media  Temperature (°C) 

 

Mean No. Colonies 

Nutrient agar medium   5 51 C 

Nutrient agar medium 15 56 BC 

Nutrient agar medium 25 76 A 

Nutrient agar medium 35 64 B 

Nutrient agar medium 45 50 C 

LSD (0.05) 10.3 

*Values connected with the same letter are not significantly different.  

     When the growth of Bacillus thuringiensis was studied as a function of temperature 

and aeration, the increase of temperature from 20 to 35 °C doubled the spores titre and 

raised their thermoresistance. On the other hand, aeration did not seem to be influencial 

within the studied range of 25to 60 mg O2 per litre per minute (Ignatenko et al. 1983). 
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     Previous study found that the comparable growth rates in Escherichia coli indicate 

that growth rate changes alone cannot account for significantly different plasmid 

contents. Moreover, after the temperature shift the experimental results were interpreted 

as follows. Increasing temperature increased the copy number in both JM101 and 

PB25t, when grown at 42°C, PB25 maintained a growth rate similar to JM101. 

Comparable growth rates in Escherichia coli indicate changes of growth rate (Drew et 

al. 2009). 

Plasmid patterns in different media 

     Figure (A) showed the plasmid profiles of the B. thuringiensis colonies growing on 

the LA and NA media at 30 °C under aerobic conditions for 24 hours. All colonies 

contain at least nine plasmids. In general, all plasmid patterns on agarose gel were 

similar compared with the control. 

In the previous art, plasmid pLS203 was stably maintained without selection in 

Lactobacillus plantarum, Lactobacillus fermentum, and the plasmid 20 kb (pSF118-20) 

cured derivative strain of L. salivarius UCC118 (strain LS201) (Fang et al. 2008). 

Also, as mentioned earlier in the introduction, a model was developed for E. coli and it 

was observed that temperature significantly affects the plasmid replication and copy 

number. Although changes in growth rates were noticed too. These changes in growth 

rates could not alone justify the increase in plasmid copy numbers when the 

temperature was increased (Drew et al. 2009). 

Plasmid patterns under different temperatures 

      Figures (B to F) showed the plasmid patterns of the B. thuringiensis cells included 

in this treatment. Figure (B) showed the plasmid profiles of the B. thuringiensis 

colonies grown on NA at 5 °C under aerobic conditions.  It can be seen that the control 

isolate contains at least nine plasmids. In general all the colonies exposed to 5°C under 

aerobic conditions contain only three plasmids; plasmid number 1, 2 and 4. 

      In E. coli, this may be a subunit of DNA polymerase, the enzyme processing is 

high. Working when the chromosome uses a P1 individual, not available for plasmid 

replication because it takes the entire cell cycle replicate chromosome. In this case, 

there are copies of the extrachromosomal plasmid present in the bacterial chromosome 

begins replication of plasmid. Chromosomal origin used in low temperatures and is 

replicate DNA extrachromosomal P1 again (Fröehlich et al.1983). 
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      Figures (C) showed the plasmid profiles of the B. thuringiensis colonies growing on 

NA at 15 °C under aerobic conditions.  The control isolate contains at least nine 

plasmids. Only three colonies lost plasmids; one colony lost plasmid number 3; one 

colony lost plasmid number 4 and 7; one colony lost plasmid number 7, compared with 

the control. 

     Figure (D) showed the plasmid profiles of the B. thuringiensis colonies growing on 

NA at 25 °C under aerobic conditions. As with the previous treatment, the control 

isolate contains at least nine plasmids. In the test colonies, two colonies that lost 

plasmid number 3; one colony lost plasmids number 4 and 7; one colony lost plasmid 

number 4, compared with the control. Like mentioned earlier in the introduction, some 

bacteria, such as Escherichia coli K12LE140, plasmid elimination was connected to 

defective cell replication. For example, when DNA gyrase activity was malfunctioning, 

both cell replication and plasmid transfer were negatively affected (Gabriella et al. 

2006). 

     Figure (E) showed the plasmid profiles of the B. thuringiensis colonies growing on 

NA at 35 °C under aerobic conditions. Repeatedly, the control isolate contains at least 

nine plasmids. Regarding the test colonies, two colonies lost plasmid number 7 

compared with the control. 

     From the literature that plasmid pLS203 was stably maintained without selection in 

Lactobacillus plantarum, Lactobacillus fermentum, and the plasmid 20 kb (pSF118-20) 

cured derivative strain of L. salivarius UCC118 (strain LS201) (Fang et al.2008). 

 

      Figure (F) showed the plasmid patterns of the B. thuringiensis growing on NA at 45 

°C under aerobic conditions. As with the previous cases, the control isolate contains at 

least nine plasmids. In general all test colonies contain only one plasmid. Plasmid 

number two, and all plasmid patterns were similar compared to the control .  

     

      In previous investigations, were found on plasmids high molecular weight in all 

strains of Rhizobium fredii studied. Experiences of treatment of plasmid which resulted 

in a change in the features of plasmid strains. Exposure to high temperatures is another 

factor leading to the loss of plasmids, and it has been assumed that this is due to its 

impact on replication process temperature-sensitive plasmid (Zurkowski, 1982). There 

are four types of plasmid profiles in the first group the smaller plasmid is missing 

(Maria, 1986). 
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      Previous investigations have suggested that strains of Bacillus thuringiensis 

spontaneously may lose some of the plasmids harbouring genes cry generally showed 

small plasmids are not the Same migaplasmid comigrating it seems. Strains can lose 

plasmids, but set the basic still, depicts the comigrating gangs in agarose gel. (Arturo 

and Jorge, 2008). 

     The results indicated that DNA replication enzymes operations affected by high 

temperature. This could be the Organization of these enzymes because of the change in 

peptide folding at this temperature, for example enzymes are sensitive to high 

temperature. Plasmids appear to rely on host enzymes for replication, and therefore, can 

be used by most of the proteins manufactured by changing the temperature of the cell 

division, so an opportunity to decrease replication plasmid and treatment occurred. The 

results obtained with high temperature indicates that genes located on chromosome 

DNA of all isolates tested were not affected by high temperature compared with the 

encoded by DNA plasmids. (Gozo et al., 1990). 

       Found in a previous study in an Escherichia coli strain K12LE140 is a necessary 

precondition to prove plasmid elimination, as well as plasmid replication frequency 

dependent on bacterial replication and many subsequent generations. Elimination was 

as low for most of the tested strains. Showed inhibition of plasmid replication is caused 

by Nick one, outside of replication of application structure superhelical. Hampered by 

banning gyrase DNA enzyme. Also can prevent the transfer of plasmid (Gabriela et al. 

2006). 
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Plasmid patterns of Bacillus thuringiensis 

Fig. (A) Plasmid pattern of Bacillus thuringiensis grown on LA (Lane 1 to 5) and NA 

(Lane 6 to 10) at 30 °C under aerobic conditions for 24 hours. 

Fig. (B) Plasmid patterns of B. thuringiensis (Lane 1 to 10) showing cell colonies 

grown at 5°C. 

Fig. (C) Plasmid patterns of B. thuringiensis (Lane 2 to 11) showing cell colonies 

grown at 15°C. 

Fig. (D) Plasmid patterns of B. thuringiensis (Lane 1 to 10) showing cell colonies 

grown at 25°C. 

Fig. (E) Plasmid patterns of B. thuringiensis (Lane 1 to 10) showing cell colonies 

grown at 35°C. 

Fig. (F) Plasmid patterns of B. thuringiensis (Lane 1 to 10) showing cell  colonies 

grown at 45°C. 

The M lane contains the DNA ladder, and Control lane contains the control isolate 

plasmid patterns of bacteria Bacillus thuringiensis. 
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Conclusion 

     The results of present work revealed that there was no significant difference in 

bacterial cell number or plasmids pattern, when the bacteria were grown in Luria agar 

and nutrient agar media at 30°C under aerobic conditions for 24 hours. Also, the 

bacteria showed significant difference in bacterial cell number and there was some 

change in the plasmid profiles of some colonies exposed to different temperature 

degrees. The bacteria lost most of plasmids after exposure to very low and very high 

temperature at 5 °C and 45 °C respectively. 
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