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Abstract A novel strain of Bacillus thuringiensis Bt11,
isolated from soil samples in China, was classified and
characterized in terms of its crystal proteins, cry genes
content. The Bt11 strain showed high toxicity against
Spodoptera exigua and Helicoverpa armigera neonates.
Bt11 strain shares morphological and biochemical char-
acteristics with the previously described Bacillus thur-
ingiensis subsp. kurstaki. SDS-polyacrylamide gel
electrophoresis revealed that crystals were composed of
several polypeptides ranging from 20 to 130 kDa, of which
the 35, 80, and 130 kDa proteins were the major
components. PCR-RFLP with total DNA from strain
Bt11 and specific primers for cry1, cry2, cry3, cry4/10,
cry7, cry8, cry9, and cry11 genes revealed that cry1Aa,
cry1Ab, cry1Ia, and cry9Ea genes were present.

Keywords Bacillus thuringiensis, insecticidal activity,
biochemical reaction, PCR-RFLP

1 Introduction

Bacillus thuringiensis (Bt) is a gram-positive spore-
forming bacterium with entomopathogenic properties. Bt
can produce proteinaceous parasporal inclusion bodies
during the sporulation phase (Gill et al., 1992). The crystal
proteins of Bt have been found to have a toxic activity
toward a target organism. Bt is of special economic
importance because its products play a growing role in the
biological control of agricultural and forestry pests and

insects that are vectors of human and animal diseases. This
entomopathogenic property has led to a great interest in
finding new Bt isolates, and consequently, growth within-
species variation has been found. So far, more than 40000
Bt isolates have been isolated (Zhang, 2001), and 82
different serovars have been reported (Lecadet et al.,
1999).
Although serotyping remains as a valuable classification

of Bt strains, some other methods have been developed to
analyze the protein composition of the crystals by
polyacrylamide gel electrophoresis as well as the quick
and easy characterization of toxin genes by PCR. These
methods allow the analysis of a large number of samples,
but the bioassay remains as an essential tool to determine
the insecticidal activity or a wider spectrum of activity.
The purpose of this study was to characterize a new Bt

strain and identify its cry genotype, including crystal
protein composition, cry gene content, and the evaluation
of their biological activity against a number of insects.

2 Methods

2.1 Bt strains and insects

Bt11 strain was stored in our laboratory, and HD-73
standard strain used in this study was obtained from the
Chinese Academy of Agricultural Plant Protection Insti-
tute. Larvae of Spodopera exigua and Helicoverpa
armigera were obtained from laboratory colonies and
reared on the artificial diet.

2.2 Bioassays of insecticidal activity

A modified diet overlay assay method (Zhao et al., 2003;
Guo, 2005) was employed to test the susceptibility of
neonates to Bt11. In each cup, 0.1 mL Bt11 solution was
applied and distributed over the diet surface. Cups were
allowed to air dry for 1.5–2 h before infesting it with the
neonates of Helicoverpa armigera and Spodoptera exigua.
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Ten neonates were transferred into each cup. The cups
were covered with lids and held at (27�1)°C, (50�2)%
RH, and a photoperiod of 16∶8 (L∶D) h for 4 d to
determine the mortality or growth inhibition. The POLO
program (LeOra Software, 1997) was used for probit
analysis of concentration-mortality response data (Russell
et al., 1977). Mortality was adjusted using Abbott’s
formula (Abbott, 1925) for each probit analysis.

2.3 Morphology observation and physiological and
biochemical analyses of Bt11

Bt cultures were grown on a 1/2-LB medium (tryptone
0.5%, yeast extract 0.25%, sodium chloride 0.5%, pH 7.0)
at 30°C for 38 h with agitation until 70%–90% crystal off,
with the number of crystal unit volume counted. Observa-
tion was made on the morphology of Bt11 strain staining
reaction. The method was used to analyze the physiolo-
gical and biochemical properties, following Dai and Wang
(1997) and Yu (1990).

2.4 Growth characteristics

The wild-type strain Bt11 and the standard strain HD-73
were grown on a 1/2-LB medium at 30°C with agitation,
and samples were collected every two hours, respectively.
To examine the growth phase, the optical density at 600 nm
(OD600) of appropriately diluted culture was measured
using a spectrophotometer.

2.5 SDS-PAGE analysis

Cell extracts were prepared by resuspending cell pellets in
40 μL sterilized water and 40 μL 2�SDS sample buffer.
Samples were loaded on a denaturing gradient (10% to
5%) arylamide gel, and the proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Sambrook et al., 1989).

2.6 Identification of cry-type genes by PCR-RFLP

The PCR primers in this work were designed following
Kuo and Chak (1996) and Song et al. (1998). PCR was
performed by predenaturing at 94°C for 4 min, followed by

30 cycles at 94°C for 1 min, 52°C for 1 min, and 72°C for
1 min, with the final extension at 72°C for 10 min. The
genotype analysis was carried out by the PCR-RFLP
following Kuo and Chak (1996) and Song et al. (1998).

3 Results

3.1 Insecticidal activity of Bt11 strain

The bioassay results indicated that the Bt11 strain was
highly toxic against the neonates of Helicoverpa armigera
and Spodoptera exigua (Table 1). The mortality of
Helicoverpa armigera and Spodoptera exigua were
observed as 100% at the concentration of 5.9�
107 spores$mL–1.

3.2 Morphological observation

Under the light microscopy (1000�), the parasporal
inclusions isolated from Bt11 had a diamondoid, spherical,
and squarish morphology, and the spores appeared as oval
(Fig. 1).

3.3 Physiological and biochemical characteristics

The physiological and biochemical characteristics of the
Bt11 strain showed the similarity to those of Bacillus
thuringiensis subsp. kurstaki (Table 2).

Table 1 Bioassay results of Bt11 strain

colony number of larvae tested treatment concentration/spores$mL–1 corrected mortality/%

Helicoverpa armigera 50 5.9�107 100

Spodoptera exigua 50 5.9�107 100

Table 2 Physiological and biochemical characteristics of Bt11 strain

strain myco-
dema

V．P
reaction

lecithinase salicin surcrose cellobiose mannose starch
hydrolysis

protein
hydrolysis

urease

Bt11 – + + + – + – + + +

Note: “+” represents positive; “–” represents negative.

Fig. 1 The spore and crystal of Bt11 strain

160 Front. Agric. China 2009, 3(2): 159–163



3.4 Growth characteristics of Bt11 strain

Compared with the growth curve of Bt11 strain and HD-73
strain (Fig. 2), the growth characteristics of the wild-type
strain Bt11 showed no significant difference with those of
the standard strain HD-73. Both of them could be observed
in three distinct phases: lag phase after 0–2 h, logarithmic
phase after 2–16 h, and stationary phase after 16 h.

3.5 SDS-PAGE analysis

SDS-PAGE analysis of the protein composition demon-
strates that Bt11 strain contained several proteins ranging
from 20 to 130 kDa (Fig. 3). Proteins with molecular
masses of 35, 80, and 130 kDa were observed.

3.6 Identification of cry-type genes

DNA templates were used for PCR amplification with
different universal oligonucleotide primers. The results of
RFLP pattern analysis after different digestion of the PCR
products are shown in Table 3 and Fig. 4. The sizes of the
restriction fragments, the RFLP patterns of the PCR
products, and the predicted cry-type genes are listed in
Table 3. As a result, we detected cry1, cry1I, cry2, and cry9
genes in Bt11 strain.

4 Discussion

Insect pests cause a considerable crop loss in agricultural
production. According to the FAO statistics, the economic

loss that insect pests create every year reaches as high as
14% of the total amount of world agricultural production.
Therefore, biological agricultural chemicals that are highly
effective, safe, low in poison, low in residue, and low cost
are to be developed. Bacillus thuriniensis has a broad
application prospect in the biological control of insect
pests. Therefore, seeking for highly effective strains has a
vital significance to the production of biological pesticides.
The Bacillus thuriniensis crystal has various shapes
including diamondoid, long diamondoid, spherical, circle
or ellipse, mosaic shape, amorphous (Li et al., 1983; Li
et al., 1989), and triangle. In our research, we did not find
the triangle parasporal crystal, but other parasporal crystals
shapes could be seen obviously. It has been reported that
the shapes of parasporal crystals of Bt were responsible for
their insecticidal activity (Li et al., 1983). Therefore, it is
significantly vital that we study the formation, shape, and
structure of the parasporal crystal of Bt and make further
research on the relationship between toxicity and mechan-
ism of Bt.
Wild Bacillus thuringiensis strain Bt11 was preliminary

classified as a subspecies of Bacillus thuringiensis isolated
from the soil samples in China, which further enriched the
resources of Chinese Bt, simultaneously providing new
resources of Bt strains for the development of new highly

Fig. 2 The growth curve of Bt11 strain and standard strain
HD-73

Fig. 3 SDS-PAGE analysis of isolate Bt11
Note: 1 represents protein molecular weight marker (High) (212, 116,
97, 66, 44 kDa); 2 represents Bt11 strain.

Table 3 cry-type gene contents of the isolate Bt11

gene primer product size/bp restriction enzyme RFLP results/bp

cry1Aa
K5un2 /K3un2 1635 Pst I & Xba I 1117, 518

K5un3 /K3un3 1463 EcoR I& Pst I 726, 493, 244

cry1Ab
K5un2 /K3un2 1557 Pst I & Xba I 1039, 518

K5un3 /K3un3 1463 EcoR I & Pst I 726, 493, 244

cry1Ia S5uni /S3uni 1584 Bsp119 I & Ban I 141, 444, 571, 47, 381

cry2Ab S5un2 /S3un2 1231 Hinc II & Msp I 791, 297, 143

cry9Ea S5un9 /S3un9 1550 Msp I & Cla I 1402, 148
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effective bioinsecticides. PCR is the most effective and
rapid method used to identify the aimed DNA sequence
(Saiki et al., 1988), which has already been used to identify
the genes coded for parasporal crystal proteins and forecast
their insecticidal activity (Ceron et al., 1994). In our
research, the PCR method was applied to identify cry-type
genes in Bt11strain. The results indicated that the Bt11
strain simultaneously included cry1Aa, cry1Ab, cry1Ia,
cry2Ab, and the cry9Ea genes. Whether it includes other
kinds of cry genes besides the identified genes needs
further researches.
It is reported that Cry1Aa has certain toxicity to the

larvae of Trichoplusia ni, and Cry1Ab has higher toxicity
to both Helicoverpa armigera and Trichoplusia ni larvae.
However, both Cry1Aa and Cry1Ab are not so poisonous
to Spodoptera exigua larvae (Dankocsik et al., 1990; De
Maagd et al., 1996; Iracheta et al., 2000; Liao et al., 2002).
Cry2Ab has higher toxicity to Helicoverpa armigera and
Trichoplusia ni. Cry1Ia has higher toxicity to Bombyx mori
and Plutella Xylostella, but low toxicity to Spodoptera
litura. The biological activity of Cry9Ea has not been
reported. The results of our research indicated that the Bt11
strain has high insecticidal toxicity to Spodoptera exigua,
Helicoverpa armigera, and Trichoplusia ni larvae, which
indicates that the Bt11 strain can harbor many kinds of cry
genes. In the future, we will clone all the cry genes
identified in Bt11 strain to provide beneficial gene
resources for transgenetic plants as well as the construction
of genetically engineered bacteria.

Acknowledgements This work was supported in part by the Chinese
National Basic Research Program (‘973’Program) (No. 2009CB118902), the
National Natural Science Foundation of China (Grant No. 30771447), and the
Foundation of Agricultural University of Hebei, China. We are grateful to Dr.
Jie Zhang for providing the strain.

References

Abbott W S (1925). A method of computing the effectiveness of an

insecticide. J Econ Entomol, 18: 265–267

Ceron J, Covarrubias L, Quintero R, Ortiz A, Ortiz M, Aranda E, Lina L,

Bravo A (1994). PCR analysis of the cryI insecticidal crystal family

genes from Bacillus thuringiensis. Appl Environ Microbiol, 60(1):

353–356

Dai LY, Wang X P (1997). Progress of Study on Bacillus thuringiensis.

Beijing: Science Press, 15–23 (in Chinese)

Dankocsik C, Donovan W P, Jany C S (1990). Activation of a cryptic

crystal protein gene of Bacillus thuringiensis subspecies kurstaki by

gene fusion and determination of the crystal protein insecticidal

specificity. Mol Microbiol, 4(12): 2087–2094

De Maagd R A, Kwa M S, Van der Klei H, Yamamoto T, Schipper B,

Vlak J M, Stiekema W J, Bosch D (1996). Domain III substitution in

Bacillus thuringiensis delta-endotoxin CryIA (b) results in superior

toxicity for Spodoptera exigua and altered membrane protein

recognition. Appl Environ Microbiol, 62(5): 1537–1543

Gill S S, Cowles E A, Pietrantonio P V (1992). The mode of action of

Bacillus thuringiensis endotoxins. Annu Rev Entomol, 37: 615–636

Guo W (2005). Studies on the inheritance of resistance to Bacillus

thuringiensis Cry1Ac and defense system of Cabbage Looper,

Trichoplusia ni. Dissertation for the Doctoral Degree. Guangzhou:

Zhongshan (Sun Yen-sen) University (in Chinese)

Iracheta M M, Pereyra-Alférez B, Galán-Wong L, Ferré J (2000).

Screening for Bacillus thuringiensis crystal proteins active against

the cabbage looper, Trichoplusia ni. J Invertebr Pathol, 76(1): 70–

75

Kuo W S, Chak K F (1996). Identification of novel cry-type genes from

Bacillus thuringiensis strains on the basis of restriction fragment

length polymorphism of the PCR amplified DNA. Appl Environ

Microbiol, 62(4): 1369–1377

Lecadet M M, Frachon E, Dumanoir V C, Ripouteau H, Hamon S,

Fig. 4 Garose gel eletrophoresis of PCR-RFLP
Note: (a) represents the result of Bt11 cry1 and cry2 gene PCR-RFLP, with M represents ΦX174-Hae III digest DNA marker; 1, 2, 3, 4, 5 and 6
representative of Bt11-K2PCR/Pst I & Xba I, Bt11-K2PCR, Bt11-K3PCR /EcoR I & Pst I, Bt11-K3PCR, Bt11-S2PCR/Hinc II & Msp I and Bt11-
S2PCR, respectively. (b) represents the result of Bt11cry1 I gene PCR-RFLP with M, 1 and 2 representing 100 bp DNAmarker, Bt11-S1iPCR/Bsp119 I &
Ban I and Bt11-S1Ipcr, respectively. (c) represents the result of Bt11cry9 gene PCR-RFLP with M, 1 and 2 representing DNA marker DL2000, Bt11-
S9PCR and Bt11-S9PCR/Msp I & Cla I, respectively.

162 Front. Agric. China 2009, 3(2): 159–163



Laurent P, Thiéry I (1999). Updating the H-antigen classification of

Bacillus thuringiensis. J Appl Microbiol, 86: 660–672

LeOra Software. POLO-PC: probit and logit analysis (1997). Berkeley,

CA: University of California, Berkeley

Li R S, Chen T, Deng H F (1983). The ultramicro structure of Bacillus

thuringiensis. Acta Microbiologica Sinica, 23(4): 343–346 (in

Chinese)

Li R S, Chen T, Luo C (1989).The toxicity and morphology structure of

Bacillus thuringiensis. Acta Microbiologica Sinica, 29(6): 397–404

(in Chinese)

Liao C, Heckel D G, Akhurst R (2002). Toxicity of Bacillus

thuringiensis insecticidal proteins for Helicoverpa armigera and

Helicoverpa punctigera (Lepidoptera: Noctuidae), major pests of

cotton. J Invertebr Pathol, 80(1): 55–63

Russell R M, Robertson J L, Savin N E (1977). POLO: a new computer

program for probit analysis. Bull Entomol Soc Am, 23: 209–213

Saiki R K, Gelfand D H, Stoffel S, Scharf S J, Higuchi R, Horn G T,

Mullis K B, Erlich H A (1988). Primer-directed enzymatic

amplification of DNA with a thermostable DNA polymerase.

Science, 239: 487–491

Sambrook J, Fritsch E F, Maniatis T (1989). Molecular Cloning: A

Laboratory Manual (in Chinese, trans. Jin Dongyan, Li Mengfeng).

2nd ed. Beijing: Science Press, 1992

Song F P, Zhang J, Xie T J, Yang Z W, Dai L Y, Li G X (1998).

Establishment of PCR RFLP identification system of cry genes from

Bacillus thuringiensis. Scientia Agricultura Sinica, 31(3): 13–18 (in

Chinese)

Yu Z N (1990). Bacillus thuringiensis. Beijing: Science Press, 25–47 (in

Chinese)

Zhang G M (2001). Bacillus thuringiensis and its parasporal crystal

protein. In: Cheng J A, Tang Z H, eds. Insect Molecular Science.

Beijing: Science Press, 293–326 (in Chinese)

Zhao J Z, Cao J, Li Y, Collins H L, Roush R T, Earle E D, Shelton A M

(2003). Transgenic plants expressing two Bacillus thuringiensis

toxins delay insect resistance evolution. Nature Biotechnology, 21

(12): 1493–1497

Tinghui LIU et al. Biological characteristics of Bacillus thuringiensis strain Bt11 and identification of its cry-type genes 163


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


