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Abstract

Bt strains were isolated from alluvial soils of two places and characterized by molecular and
analytical methods. Diversity in protein profiles and cry gene profiles was observed in the isolates.
Majority of them showed 95 kDa protein band on SDS-PAGE while rest showed 130, 44 and 29 kDa
bands. PCR analysis revealed dominance of cry1 and cry2 genes in these isolates. Some of the isolates
also demonstrated presence of cry11 and cyt genes. RFLP analysis of full length cry1 genes and partial
cry2 genes showed diverse cry1 genes but similar cry2 genes. Prevalence of similar Bt strains in the
soils of two sites was observed.
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Introduction

Bacillus thuringiensis (Bt) has become the
most well known microbial biocontrol agent due to
its Cry, Vip and Cyt toxins1. The key feature for its
wide acceptance as biocontrol agent lies in specific
action of these insecticidal toxins especially cry
proteins towards large group of insects. Ease of
commercial production and use has added to its
advantage over other microbial biopesticides. As a
result of this, it occupies more than 90% of the world
biopesticide market2. Along with the use of cry
genes in transgenic plants recently, it has
contributed significantly to reduce environmental
pollution by chemical pesticides.

Worldwide isolation of Bt have established
it to be a natural inhabitant of soil3, 4, 5. However
isolation of Bt from diverse environments such as
phylloplane, dead insects, stored grains, brackish
sediments, aquatic environments etc. has created
an enigma about the role of Bt in nature6, 7, 8.

Isolation of Bt was possible from environments
where no respective insect population was present3.
Similarly a firm correlation between frequency of
active strains and geography or type of sample was
not observed9.

Isolation of Bt from alluvial samples would
thus contribute to a better understanding of the
role of Bt in nature. Also novel Bt isolates if found,
could be used to test its potential against resistant
insect pests or against sap sucking pests such as
planthoppers and leafhoppers (Delphacidae &
Cicadellidae). Considering these aspects, isolation
of Bt from alluvial soil samples in present study
was carried out.

Experimental

Soil sample collection
Two stratified exposed sections of alluvial

soils unaffected by anthropogenic activities were
selected at Rayka and Jaspur sites situated along
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Mahi river basin, Gujarat, western India.  Both sites
were at fourteen kilometers of distance from each
other. Soil samples were collected after removing
five centimeter surface soil. Seven soil samples from
Rayka and four from Jaspur were collected at
heights of one meter interval from bottom of the
exposed section. All samples were collected as
triplicate composite mixture of soils.

Isolation of Bt

Bt isolation was carried out by three
different methods. Sodium acetate selection and dry
heat pretreatment was performed as described in
reports10, 11. Enrichment method was performed by
aseptically adding one gram soil sample into 20 ml
Glucose Yeast extract Salt medium prepared in 250
ml flask [GYS per liter: 1 g glucose, 2 g yeast extract
powder, 2 g NH4(SO4)2, 0.06 g MnSO4.H2O, 0.4 g
MgSO4.7H2O, 0.08 g CaCl2, 5 g K2HPO4]. Mixture
was incubated at 30°C with 200 rpm shaking
conditions for 48 hours. One ml supernatant was
withdrawn from this mixture and given brief
centrifugation at 1000 rpm for 1 min., followed by
heat treatment at 80°C for 3 min and serial dilution
up to 10-8. A 200 µl aliquot from 10-6 to 10-8 dilutions
were spread on L.B. plates. Plates were incubated
at 30°C for two days and Bt like colonies were
observed. Bt like colonies were confirmed by
microscopy, SDS-PAGE and PCR analysis.

SDS-PAGE analysis

Bt colonies were inoculated in 250 ml flask
containing 20 ml GYS sporulation medium and
incubated at 30°C for two days with 200 rpm
shaking conditions. Two ml sample was centrifuged
at 10,000 rpm for 10 minutes. One ml of Tris-EDTA-
PMSF buffer (Tris 10 mM, EDTA 1 mM, phenyl
methyl sulphonyl fluoride 1 mM) was added to the
pellet, resuspended and incubated for 10 minutes
at room temperature (RT) followed by
centrifugation at 10,000 rpm for 10 minutes. Pellet
was washed with 0.5 ml of 0.85% saline. Finally
pellet was dissolved in 100 µl 0.1 N NaOH,
incubated at RT for 5 min, 20 µl of 6X SDS-PAGE
loading dye was added and boiled for ten minutes.
20 µl sample was loaded onto 10% SDS-PAGE gel
and electrophoresis was carried out.

PCR analysis

Total DNA extraction was carried out as
described in report12 with modifications in DNA
spooling step. Instead of spooling, DNA precipitates

were centrifuged at 10,000 rpm for 10 min in 1.5
ml microfuge tube followed by dissolving pellet in
10mM Tris buffer pH 8.0. Total DNA (~25 ng) was
used as template in a 30 µl PCR reaction. PCR
analysis was carried out by using universal and
specific primers for cry genes as shown in Table 1.
Standard strain Bacillus thuringiensis var. kurstaki
HD1 was used as positive control for cry1 and cry2
genes. Amplification products were cloned into E.
coli DH5 using InsTA clone kit, Fermentas, USA
as per manufacturer instructions. Sequencing of
the cloned amplification products was done
commercially at Banglore Genei Pvt. Ltd.,
Bangalore, India.

RFLP analysis

PCR products of size 3.4 kb were amplified
for cry1 genes to be used for RFLP analysis. Primers
1AF and GrC were used as forward primers for
full length cry1 gene amplification (Table 1). Primer
CJ213 was used as common reverse primer. Primers
II(+) and II(-) (Table 1) was used for partial
amplification of cry2 genes (1.5 kb). Restriction
enzyme digestion was carried out by using 5 units
of Hae III enzyme and ~500 ng of PCR amplification
products in 20 µl systems, incubated at 37°C
overnight. Digests were resolved in 2% agarose and
stained with Ethidium bromide (0.5µg/ml).

Results

Isolation of Bt

Eight alluvial samples out of eleven were
found to contain Bt isolates (Figure 1). Bt could
not be isolated from two samples of Rayka site and
one of Jaspur by any of the methods.  Seventy
isolates from Rayka site and eighty isolates from
Jaspur showed Bt like colony morphology and
crystal inclusions. Bt index in the samples varied
broadly from the lowest 0.11 in Rayka 4 sample to
the highest 0.72 in Jaspur 2 sample (Table 2). Bt
index observed in present study was comparable
to reports of Bt isolation from Indian soils14, 15.

SDS-PAGE analysis

Isolates showed distinct protein profiles of
sporulated mixture as shown by representative
isolates (Figure 2). Many of the isolates from two
sites showed similar protein profile. Surprisingly,
a ~95 kDa protein band was found to be present in
most of the distinct profiles of isolates. Bt strains
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Table 1.  Different pair of primers used to amplify respective cry genes

Primer pair Sequence Gene(s) Annealing  Reference

recognized Temp. (oC)
CJ1/ TTATACTTGGTTCAGGCCC

CJ2 TTGGAGCTCTCAAGGTGTAA cry1 49.5 13

II(+)/ TAAAGAAAGTGGGGAGTCTT
II(-) AACTCCATCGTTATTTGTAG cry2 50 32

CJIII20/ TTAACCGTTTTCGCAGAGA
CJIII21 TCCGCACTTCTATGTGTCCAAG cry3, 7 8 50 13

gral-nem/ TTACGTAAATTGGTCAATCAAGCAAA cry5,12, 51 20
gral-nem(r) AAGACCAAATTCAATACCAGGGTT 14, 21

gral-cry11(d)/ TTAGAAGATACGCCAGATCAAGC cry11 51.5 20
 gral-cry11(r) CATTTGTACTTGAAGTTGTAATCCC

gral-cry13(d)/ CTTTGATTATTTAGGTTTAGTTCAA cry13 47 20
 gral-cry13(r) TTGTAGTACAGGCTTGTGATTC

gral-cyt(d)/ AACCCCTCAATCAACAGCAAGG cyt1 55 20
 gral-cyt(r) GGTACACAATACATAACGCCACC

1AF/ ATGGATAACAATCCGAACATC
CJ2 TTGGAGCTCTCAAGGTGTAA cry1A 49.5 33

GrC ATGGADATAARTMAYCARAA cry1C,1D, Present
CJ2 TTGGAGCTCTCAAGGTGTAA 1G, 1J  49.5 study

Table 2.  Characterization of Bt isolates from alluvial soil samples

Soil sample Bt index Major protein profile bands (kDa) cry genes
Rayka 1 5.6 130, 95, 55, 44 cry1, cry2
Rayka 2 6.0 95, 80, 29 cry1, cry2, cyt
Rayka 3 0.0 — —
Rayka 4 1.1 130, 95, 29 cry1, cry2, cry11
Rayka 5 1.6 130, 95, 80, cry1, cry2, cry11
Rayka 6 0.0 — —
Rayka 7 6.6 130, 95, 80, 55, cry1, cry2
Jaspur 1 3.3 140, 130, 95, 80, 55, 29 cry1, cry2, cyt
Jaspur 2 7.2 140, 130, 95, 80, 29 cry1, cry2, cry11
Jaspur 3 6.6 130, 95, 80 cry1, cry2, cyt
Jaspur 4 0.0 — —

isolated from western Ghats, India also showed a
band of ~95 kDa protein15. Some of the isolates
revealed presence of 130-140 kDa bands of Cry
proteins as reported by many authors16,17.
Interestingly, many of the isolates showing 130 kDa
protein band did not showed 66 kDa band
characteristic of activated Cry1A toxin. Few of the
isolates showed an intense band of ~29 kDa size as
reported18. Concurrent to report19, many of the
isolates in present study also showed a band of 44
kDa protein along with other bands.

PCR analysis

Abundance of cry1 and cry2 genes was
observed in Bt isolates from both sites (Figure 2).
Simultaneous presence of both genes was found in
most of the isolates. Few isolates revealed presence
of cry11 and cyt genes along with cry1 and cry2
genes. However, none of the isolates from both sites
used in present study showed amplification with
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primers for cry3, 7, 8, cry4, cry5, 12, 14, 21, cry9
and cry13 genes. Diversity in cry gene profiles was
observed with isolates. Isolates GE R18 and GE
R38 from Rayka site and GE J44 from Jaspur site
harbored only cry2 gene, whereas isolates GE R30
from Rayka site and GE J82 from Jaspur site had
only cry1 gene. Few of the isolates from both sites
were found to contain cry1-cry2-cry11 and cry1-
cry2-cyt gene combinations.

RFLP analysis

RFLP analysis was performed for cry1 and
cry2 genes in order to explore diversity of these
genes in the isolates. Restriction enzyme Hae III
producing distinct digestion pattern for each of the
known cry1 and cry2 genes was selected on basis
of in silico restriction digestion analysis using NEB
cutter V2 online software.  A similar digestion
pattern was observed in cry2 gene partial
amplification products of all isolates tested in
present study (data not shown). Thus it indicated
the probable presence of the same cry2 gene in all
isolates. Full length amplified cry1 gene instead
showed four distinct digestion patterns (Figure 3).
Three distinct digestion patterns were observed in
isolates from Jaspur 2, Rayka 2 and Rayka 7
samples indicating presence of different cry1 genes
in these samples. One digestion pattern matching
to that of in silico cry1Ac Hae III digestion pattern
was observed to be the most frequent pattern in
isolates from all three sites (Figure 3, lanes 1, 2, 4,
6, 10, 12, 13 and 15). Sequencing of the partial cry1
gene amplification product of the isolate GE J25
confirmed it as cry1Ac gene. Isolate GE R15 showed
a unique digestion pattern. Few other patterns did
not match to any of the known cry1 genes and thus
could be novel cry1 gene or variant of a known gene
(Figure 3, lanes 5, 8, 9, 11, 16).

Discussion

Isolation of Bt from nine out of eleven
alluvial soil samples which are unaffected by any
anthropogenic activities indicated Bt to be a natural
inhabitant of soils. Alluvial soil samples being the
sedimentary samples deposited by river since ages
and devoid of insect, suggested Bt survived in these
soils since long time without obligate interaction
with insects. Thus results of the Bt isolation in
present study supports survival of Bt irrespective
of insects being present as reported3.

Distinct protein profiles of isolates
demonstrated high diversity in isolates from both

sites. However, similar protein profiles observed
in isolates from two sites indicated prevalence of
similar strains of Bt. Isolates showing protein bands
of 130 kDa without 66 kDa band could possess novel
cry proteins other than cry1 as reported16. Similarly
isolates producing 95 kDa protein could harbor
novel cry genes as reported15 for native Indian Bt
isolates. Thus, presence of diverse and novel cry
proteins could be expected in alluvial samples.

Abundance of cry1 gene in Bt isolates from
alluvial soils supported dominance of this gene
worldwide as reported by many authors6, 20, 21, 22.
Abundance of cry1 gene in Bt strains isolated from
mountain soil, phylloplane and aquatic
environments have been reported22, 23, 24, 25. Thus
dominance of cry1 gene could be concluded to be
established in diverse environments including
alluvial soil. Cry2 gene was observed as second
dominant gene in present study. In support to
reports4, 6, 26, cry2 genes were found in combination
with cry1 gene in most of the isolates. Striking
feature for cry2 gene dominance was that the band
of 66 kDa size protein representing cry2 proteins
was not observed in any of the isolates in SDS-
PAGE analysis. It could be due to low or no
expression of the gene as reported by22, 23. Many
authors reported simultaneous presence of cry11
and cyt genes6, 20, 27, 28, 29. Interestingly, in present
study presence of cry11 and cyt genes was not
observed simultaneously but in combination with
cry1 and cry2 genes. Low frequency of cry3 and
cry5 genes in tropical regions has been reported6,

20, 23. Sites selected for Bt isolation in present study
being present under tropical region, absence of cry3
and cry5 genes could be attributed to it. However
absence of cry4, cry9 and cry13 genes cannot be
explained.

RFLP analysis indicated prevalence of
probably one cry2 gene in contrast to five different
cry1 genes in isolates from two sites. Similarly just
one cry2 gene compared to 12 cry1 genes from 178
Bt strains was found21. Other reports26, 30 showed
low diversity with just three cry2 genes. It could
be attributed to the reason that only five different
cry2 genes are reported worldwide compared to
more than 42 cry1 genes31. It indicates low diversity
in cry2 genes globally. Thus, probably there are
fewer chances for cry2 gene diversity in an
environment such as alluvial soil in present study.
Nevertheless, digestion with another tetra cutter
restriction enzyme or sequencing needs to be
performed in order to conclude presence of a single
cry2 gene in the isolates. Results of similar protein
profile in Bt isolates from both sites were supported
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Fig. 1.  SDS-PAGE Analysis of Representative Bt
Isolates. Lane M: Protein Molecular Weight

Marker, Lanes 1-8: Bt Isolates From Alluvial
Samples Fig. 2.  Percentage of cry Genes and cry Gene

Profiles

Fig. 3.  RFLP Analysis of cry1 Genes. Lane M: DNA Molecular Weight Marker, Lanes 1-16: Bt Isolates
From Alluvial Samples
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by occurrence of common cry1 gene digestion
patterns. Thus prevalence of diverse Bt strains but
common between the two locations can be
concluded.

Bt isolates showing 130 kDa protein band
and presence of cry1 genes could be toxic to
Lepidopteran insects. Similarly isolates showing 44
kDa and 29 kDa bands along with cry11 or cyt genes
could be toxic to dipteran insects. Isolates with
unmatched digestion pattern could harbor novel
cry1 genes. Thus future investigation of this study
will include bioassays against resistant insects and
various other insects to explore their toxic potential
and cloning of novel cry genes.

Acknowledgements

All authors are greatly thankful to the grant
provided by University Grant Commision (UGC),
Government of India, New Delhi, for the project
and research fellowship. We would like to
acknowledge Mr. Gangavarpu Subrahmaniam
Chaudhary and Dr. G. Archana for kindly providing
alluvial soil samples.

References

1. Lambert B and Peferoen  M. 1992. Insecticidal promise
of Bacillus thuringiensis. Bioscience, 42: 112-
122.

2. Feitelson JS, Payne J and Kim L. 1992. Bacillus
thuringtensis: insects and beyond. Nature
Biotechnology, 10: 271-275.

3. Martin PAW and Travers RS. 1989. Worldwide
abundance and distribution of Bacillus
thuringiensis isolates. Applied and
Environmental Microbiology, 55: 2437–2442.

4. Hernandeza CS, Andrewa R, Bela Y and Ferrea J.
2005. Isolation and toxicity of Bacillus
thuringiensis from potato-growing areas in
Bolivia. Journal of Invertebrate Pathology, 88:
8–16.

5. Ramalakshmi A and Udayasuriyan V. 2009. Diversity
of Bacillus thuringiensis isolated from Western
ghats of Tamil Nadu state, India. Current
Microbiology, 61: 13-18.

6. Chen FC, Tsai MC, Peng CH and Chak KF. 2004.
Dissection of cry gene profiles of Bacillus
thuringiensis isolates in Taiwan. Current
Microbiology, 48: 270-275.

7. Iriarte J, Porcar M, Lecadet MM and Caballero P.
2000. Isolation and characterization of Bacillus
thuringiensis strains from aquatic
environments in Spain. Current Microbiology,
40: 402–408.

8. Maeda M, Mizuki E, Hara M, Tanaka R, Akao T,
Yamashita, S and Ohba, M. 2001. Isolation of
Bacillus thuringiensis from intertidal brackish
sediments in mangroves. Microbiology Research,
156: 195–198.

9. Bernhard K, Jarrett P, Meadows M, Butt J, Ellis DJ,
Roberts GM, Pauli S, Rodgers P and Burges HD.
1997. Natural isolates of Bacillus thuringiensis:
Worldwide distribution, characterization, and
activity against insect pests. Journal of
Invertebrate Pathology, 70: 59–68.

10. Travers RS, Martin PAW and Reichelderfer C. 1987.
Selective process for efficient isolation of soil
Bacillus species. Applied and Environmental
Microbiology, 53: 1263–1266.

11. Santana MA, Moccia V and Gills AE. 2008. Bacillus
thuringiensis improved isolation methodology
from soil samples. Journal of Microbiological
Methods, 75: 357-358.

12. Delecluse A, Jean-Francois C, Klier A and Rapoport,
G. 1991. Deletion by in vivo recombination shows
that the 28-Kilodalton cytolytic polypeptide
from Bacillus thuringiensis subsp. israelensis is
not essential for mosquitocidal activity. Journal
of Bacteriology, 173: 3374-3381

13. Ceron J, Ortiz A, Quintero R, Guereca L and Bravo
A. 1995. Specific PCR primers directed to
identify cryI and cryIII genes within a Bacillus
thuringiensis strain collection. Applied and
Environmental Microbiology, 61: 3826-3831.

14. Das J and Dangar TK. 2007. Diversity of Bacillus
thuringiensis in the rice field soils of different
ecologies in India. Indian Journal of
Microbiology, 47: 364–368.

15. Ramalakshmi A and Udayasuriyan V. 2009.
Diversity of Bacillus thuringiensis isolated from
Western Ghats of Tamil Nadu state, India.
Current Microbiology, 61: 13-18.

16. Balasubramanian P, Jayakumar R, Shambharkar
P, Unnamalai N, Pandian SK, Kumaraswami
NS, Ilangovan R and Sekar V. 2002. Cloning and
characterization of the crystal protein-encoding
gene of Bacillus thuringiensis subsp.
yunnanensis . Applied and Environment
Microbiology, 68: 408–411.

17. Kim HS and Li MS. 2001. Molecular cloning of a new
crystal protein gene cry1Af1 of Bacillus



Journal of  Advances in Developmental Research 2 (1) 2011 : 14-2020

thuringiensis NT0423 from Korean sericultural
farms. Current Microbiology, 43: 408–413.

18. Manonmani AM, Hoti SL and Balaraman K. 1987.
Isolation of mosquito-pathogenic Bacillus
thuringiensis strain from mosquito breeding
habitats in Tamil Nadu. Indian Journal of
Medical Research, 86: 462–468.

19. Saitoh H, Higuchi K, Mizuki SH and Ohba M. 1996.
Characterization of mosquito larvicidal
parasporal inclusions of a Bacillus thuringiensis
serovars higo  strain. Journal of Applied
Microbiology, 84: 883-888.

20. Bravo A, Sarabia S, Lopez L, Ontiveros H, Abarca C,
Ortiz A, Ortiz M, Lina L,  Villalobos FJ, Pena G,
NunezValdez ME, Soberon M and Quintero R.
1998. Characterization of cry genes in a Mexican
Bacillus thuringiensis strain collection. Applied
and Environmental Microbiology, 64: 4965–
4972.

21. Martinez C, Ibarra JE and Caballero P. 2005.
Association analysis between serotype, cry gene
content, and toxicity to Helicoverpa armigera
larvae among Bacillus thuringiensis isolates
native to Spain. Journal of Invertebrate
Pathology, 90: 91–97.

22. Jara S, Maduell P and Orduz S. 2006. Diversity of
Bacillus thuringiensis strains in the maize and
bean phylloplane and their respective soils in
Colombia. Journal of Applied Microbiology, 101:
117–124.

23. Chak KF, Chao DC, Tseng MY, Kao SS, Tuan SJ and
Feng TY. 1994. Determination and distribution
of cry type genes of Bacillus thuringiensis
isolated from Taiwan. Applied and
Environmental Microbiology, 60: 2415–2420.

24. Kaelin P and Gadani F. 2000. Occurrence of Bacillus
thuringiensis on cured tobacco leaves. Current
Microbiology, 40: 205–209.

25. Martinez C and Caballero P. 2002. Contents of cry
genes and insecticidal toxicity of Bacillus
thuringiensis strains from terrestrial and
aquatic habitats. Journal of Applied
Microbiology, 92: 745–752.

26. Ben-Dov E, Zaritsky A, Dahan E, Barak Z, Sinai R,
Manasherob R, Khamraev A, Troitskaya E,
Dubitsky A, Berezina N and Margalith Y. 1997.
Extended screening by PCR for seven cry-group
genes from field-collected strains of Bacillus
thuringiensis. Applied and Environment
Microbiology, 63: 4883–4890.

27. Ibarra JE, Del Rincon MC, Orduz S, Noriega D,
Benintende G, Monnerat R, Regis L, De Oliveira
CMF, Lanz H, Rodriguez MH, Sanchez J, PenaG

and Bravo A. 2003. Diversity of Bacillus
thuringiensis strains from Latin America with
insecticidal activity against different mosquito
species. Applied and Environment Microbiology,
69: 5269–5274.

28. Jensen GB, Larsen P, Jacobsen BL, Madsen B, Smidt,
L and Andrup L. 2002. Bacillus thuringiensis
in fecal samples from greenhouse workers after
exposure to B. thuringiensis-based pesticides.
Applied and Environment Microbiology, 68:
4900–4905.

29. Geetha I, Prabakaran G, Paily KP, Manonmani AM
and Balaraman K. 2007. Characterisation of
three mosquitocidal Bacillus strains isolated
from mangrove forest. Biological Control, 42: 34–
40.

30. Sauka DH, Cozzi JG and Benintende GB. 2005.
Screening of cry2 genes in Bacillus thuringiensis
isolates from Argentina. Antonie van
Leeuwenhoek 88:163–165.

31. Crickmore N. 1993. Bacillus thuringiensis Toxin
Nomenclature. http://biols.susx.ac.uk/home/
Neil_Crickmore/Bt/index.html

32. Masson L, Erlandson M, Puzstai-Carey M, Brousseau
R and Juarez-Perez. 1998. A holistic approach
for determining the entomopathogenic potential
of Bacillus thuringiensis strains. Applied and
Environmental Microbiology, 64: 4782-4788.

33. Sauka DH, Amadio AF, Zandomeni RO and
Benintende GB. 2007. Strategy for amplification
and sequencing of insecticidal cry1A genes from
Bacillus thuringiensis . Antonie van
Leeuwenhoek, 91: 423-430.


