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Bacillus thuringiensis (Bt) is the most widely applied type of microbial pesticide due to its high 
specificity and environmental safety. The activity of Bt is largely attributed to the insecticidal crystal 
protein encoded by the cry genes. Different insecticidal crystal proteins of Bt have different bioactivity 
against distinct agricultural insect pests, and combination of these proteins not only increases 
insecticidal activity, but also overcomes and delays development of resistance. A Bt strain, S185, was 
isolated from a soil sample collected in Songfeng Shan district, Heilongjiang Province, China. Bt S185 
has highly specific insecticidal activity against Coleoptera, and was determined to contain cry8-type 
genes by peptide mess fingerprint (PMF) analysis. Application of polymerase chain reaction-restricted 
fragment length polymorphisms (PCR-RFLP) analysis further determined the genotype due to the high 
homology of cry8Ea1 and cry8Fa1 genes. Through the full-length primers design, two insecticidal 
crystal protein genes cry8Ca and cry8Ea were obtained. Using prokaryotic cloning vectors, the 
recombinant plasmids pEB-cry8Ca and pEB-cry8Ea were transferred into expression host strain 
Escherichia coli Rosetta, thus the two genes were successfully expressed in heterologous bacteria. 
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INTRODUCTION 
 
Bacillus thuringiensis (Bt) is a gram-positive soil 
bacterium characterized by its ability to produce 
crystalline inclusions named cry or cyt during sporulation 
(Höfte and Whiteley, 1989). These inclusions consist of 
proteins with highly specific insecticidal activity (Aronson 
et al., 1986; Whiteley and Schnepf, 1986). The 
insecticidal spectrum varies within the 82 different 
serotypes reported (Lecadet et al., 1999), and affects 

insects primarily from the orders Lepidoptera, Diptera and 
Coleoptera (Rasko et al., 2005). There are also reports of 
Bt active against mosquitoes (Orduz et al., 1995). 

Up to August 2013, 712 cry and 38 cyt proteins have 
been identified, of which 49 are cry8-type proteins, which 
consist of 1160 to 1210 amino acids and have molecular 
weights of 128 to 137 kDa 
(http://www.lifesci.sussex.ac.uk/home/Neil_Crickmore/Bt/;
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Shu et al., 2007; Yu et al., 2006). The cry8-type protein 
has specific insecticidal activity against a variety of 
Coleopteran pests such as Scarabaeidae, Curculionidae 
and Chrysomelidae. Many kinds of Scarabaeidae are 
major pests of crops and trees, due to the difficulty of 
prevention and control of soil-dwelling pests. Their larvae 
(white grub) are one of the largest underground pest 
groups and cause great damage to many plant species. 
In China, every year about 16.47 million hectares is 
affected by the larvae, in a serious year reaching 52.72 
million hectares, with yield losses of about 20 to 40%, 
933 thousand hm2 peanuts were only planted in 2002, 
and there were serious occurrence area of more than 40 
hm2; there was, economic losses of 600 million yuan (Wei 
et al., 1985; Wang et al., 2012). Therefore, it is of great 
importance to isolate and clone high-activity cry8-type 
genes for constructing engineered bacteria and 
genetically modified plants for prevention and control of 
Coleopteran pests.  

In this context, it is essential to clone and express cry8 
genes from new Bt isolates. The present study describes 
the identification, cloning and expression of cry8Ca and 
cry8Ea from a new indigenous isolate of Bt S185 strain, 
which has high-virulence against Holotrichia parallela. 
 
 
MATERIALS AND METHODS 
 
Bacterial strains, plasmids and growth conditions 
 
Bt  
 
The Bt strain S185 used in this study was isolated from soil 
obtained from Songfeng Shan district, Heilongjiang Province, 
China. The 1 g soil sample was suspended in 15 mL sterilized 
distilled water and shaken. After heat treatment at 80°C for 20 min, 
the appropriately diluted upper-layer of the suspension was 
incubated on ½ Luria Broth (LB) medium (0.5% tryptone, 0.25% 
yeast extract and 0.5% NaCl; pH 7.0) at 30°C for three days. 
Colonies were examined microscopically for the presence of 
parasporal crystals (Hastowo et al., 1992). Bt strains were 
incubated in LB medium for three days with shaking at 30°C at 250 
rpm (Maniatis et al., 1982). 
 
 
Escherichia coli  
 
The Institute of Plant Protection, Chinese Academy of Agricultural 
Sciences supplied E. coli JM109 as the cloning host and E. coli 
Rosetta as the expression host. The strains were grown in LB 
medium at 37°C for 12-16 h. 
 
 
Plasmids  
 
pMD19-T (TaKaRa Biotechnology Company) was used as cloning 
vector. pEB vector, an improvement of pETblue-2 vector was used 
as the expression vector modified by CL Shu in 2009 (Changlong et 
al., 2009). 
 
 
Microscopy 
 
Optical microscopy observation 
 
The tested strains were dyed with carbol fuchsin after cultivation on 
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solid ½ LB medium at 30°C for 2 dayd, and then examined under 
an oil immersion objective (Gundersen et al., 1988). 
 
 
Electron microscopy observation  
 
Spores and crystals of Bt S185 were collected by centrifugation at 
12 000 rpm for 10 min. The pellet was washed three times with 
distilled water, and suspended in phosphate buffer containing 3% 
glutaraldehyde, then dehydrated in dilute ethanol-propylene oxide 
series and embedded in an Epon resin mixture (Sangon Ltd. 
China). The sample was photographed by a New Bio-TEM electron 
microscope (Hitachi Ltd. Japan) operating at an accelerating 
voltage of 80 kV, after undergoing ultrathin sectioning by a Reichert 
ultramicrotome (Leika Aktiengesellschaft. Wien Austria) and 
staining with uranyl acetate and lead citrate.  
 
 
Plasmid DNA extraction  
 
Bt strain plasmid DNA extraction was as described by Song et al. 
(2003). The E. coli strain plasmid was prepared and further purified 
by a plasmid kit (Axygen Products), used according to the 
manufacturer’s instructions. Plasmid profiles were determined for 
each strain by electrophoresis through 0.7% agarose gel. 
 
 
Protein analysis  
 
Bt S185 was grown with shaking at 180 rpm at 30°C in ½ LB 
medium until sporulation was complete, as determined by 
microscopy. The spores and crystals were harvested by isoelectric 
point deposition (Guo et al., 2005). 

Recombinant E. coli cells were grown overnight at 37°C in LB 
containing ampicillin (amp). Bacterial cells were added to 200 ml 
LB/amp (200 μg/ml) medium and shaken at 180 rpm at 25°C to an 
OD600 of 0.6 to 0.7 (Srimonta et al., 2012). Expression was 
induced by adding 0.1 mM isopropyl-β-d-thiogalactoside (IPTG) at 
low temperature (20°C) for 6 h. The cells were gathered by 
centrifugation at 8 000 rpm for 10 min at 4°C. For experiments, the 
cells were resuspended in TE buffer (20 mM Tris, 1 mM EDTA, pH 
8.0) and lysed using ultrasonic waves, repeated the 3 / 3 s intervals 
until the clock reached 10 min. The supernatant was collected and 
the precipitate was suspended in TE buffer; both stored at −20°C.  

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was performed on 8% gel as described by Laemmli (1970). 
The molecular weights were estimated by comparison with the 
protein ladder (GenStar Biosolutions Co. Ltd).  

Protein samples used for PMF were derived from SDS-PAGE. 
The enzymatic digestion was performed as described by Fernandez 
et al. (1998) and Gharahdaghi et al. (1999). Mass spectrometric 
analysis was done by the Beijing Genomics institution Co. Ltd. 
 
 
Cloning and expressing of insecticidal crystal protein gene.  
 
Total DNA of S185 was isolated as described by Iizuka et al. 
(1981). Primers were generated based on the published sequence 
of cry8Ca and cry8Ea genes. The primer sequences used in this 
study were as follows (SangonCo.Ltd): 
cry8C5:5’ATGAGTCCAAATAATCAAAATG3’; 
cry8C3:5’TTACTCTTCTTCTAACACGAGTTC3’; 
cry8E5:5’ATGAGECCAAATAATCAAAATG3’; 
cry8E3:5’TTACTCTACGTCAACAATCAATTC3’. 

PCR was carried out for 30 cycles under the following conditions: 
94°C for 5 min, 94°C for 30 s, 52°C for 60 s, 72°C for 2 min and 
72°C for 10 min. Restriction digestion and ligation were carried out 
as per the manufacturer’s instructions (TaKaRa Biotechnology
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