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Abstract: Native strains of B. thuringiensis were isolated from soil samples collected from different

locations and characterized. The various parameters viz., shape, motility, gram reaction, presence of spores,
crystals, catalase activity and growth on D-mannitol were considered as criteria for authentication of B.

thuringiensis isolates. A miniaturized characterization system using API50CHB  kit (BioMérieux SA.©

69280 Marcy-l Étoile, France). API50CHB  is an identification system for the genus Bacillus using©

miniaturized biochemical tests for characterization with a specially adopted database. All the isolates were
rod shaped, gram positive, having both spores and crystals, catalase positive and reduced nitrate to nitrite.

The protein profile for isolates of B. thuringiensis was made out by running eight per cent SDS-PAGE.
It was found that there was variation in the protein banding pattern. The intensity of bands were very high

in the isolates which showed higher mortality whereas it was less intense in the case of isolates showed
lower mortality.
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INTRODUCTION

The insecticidal bacterium Bacillus thuringiensis

Berliner is the most successfully commercialized

biocontrol agent, currently used in many countries to

control a number of lepidopteran and coleopteran pests

of vegetable, forest and field crops and to control the

larvae of many species of vectors, nuisance mosquitoes

and blackflies. The success of B. thuringiensis can be

attributed to the high efficacy of its insecticidal

proteins, existence of a diversity of proteins that are

effective against a range of important pests.

Based on the experiences gained over 50 years,

with pest resistant crop varieties developed through

conventional genetic selection, the scientists suggest

that, unless effective strategies are developed and

implemented, the pests will adapt to transgenic crops

within a short time. When resistance becomes

widespread, alternative insecticidal toxic genes will be

required to maintain the benefits of agricultural

biotechnology. However, issues related to sustaining the

effectiveness of transgenic crops are more complex

when compared to the environmentally benign foliar

spray of B. thuringiensis toxins . One simple strategy[7]

could be searching for newer native strains of

pathogens  with  broad  spectrum  activity  for safe

and  effective  biological  control.  In  this  study we

isolated  and  characterized  a strain of B.

thuringiensis, called ALA2B2, which had moderate

toxicity against P. xylostella.

MATERIALS AND METHODS

Isolation  of  B.  thuringiensis from Soil Samples: B.

thuringiensis strains were isolated employing the

technique developed by Travers et al.,  from the soil[9]

samples of ten different locations of Tamil Nadu. Soil

samples (0.5 g) were incubated in a water bath shaker

for 4 hours at 30 C along with 10 ml Luria Broth (LB)o

in 0.25 M sodium acetate. For 100 ml preparation, 50

ml of LB 2X; 12.5 ml sodium-acetate 2M and 37.5 ml

distilled water were taken. To that sodium acetate 2 M

(to pH 6.8 with 2 M acetate) was added. From the

samples 2 ml solution was taken and heat-shocked in

water bath at 60 C for 1 hour. Then the samples wereo

diluted with phosphate buffer saline (eg. 5X, 25X,

3125X) and spread on T  agar plates. 

3T  agar plates were incubated at 26 C for 2 dayso

and checked for the presence of B. thuringiensis. The

acetate in the aliquots delayed the germination of B.

thuringiensis spores.

3The colonies that formed on T  medium were of B.

thuringiensis, which were confirmed by the presence of

spores and crystals , catalase activity, Voges-Proskauer[2]

test (for acetyl methyl carbine production) and growth

on D-mannitol  agar medium.[8]

Characterisation of the Collected B. Thuringiensis

Isolates: 

Endospore and Crystal Staining: Sporulated cultures

were used for the structural staining. Air-dried smear

was  heat fixed and incubated at 100 C for ten o
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minutes. The hot slide was placed into amido black

10B (1.5 g in 100 ml 35% glacial acetic acid) solution

for ten minutes. Excess strain was washed  thoroughly

in tap water, air-dried, flood with giemsa stain for 2-5

min. Excess  stain  was  washed thoroughly in tap

water, air-dried and observed under oil immersion

objective. Crystals stain dark blue and spores pale to

light blue with dark margin.

Catalase Activity : A loop full of 24 hour old[10]

culture from slant was transferred to a glass test tube

containing 0.5 ml distilled water and mixed thoroughly.

Hydrogen peroxide 3 per cent solution (0.5 ml) was

added.  Oxygen  effervescence  indicated  the

presence of catalase.

Voges-proskauer Test : Inoculated MR-Voges-[3 ]

Proskauer medium with a loop full of 24 hour old

culture. Incubated at 31 C on rotary shaker (100 rpm)o

for 48 h. Mixed 1 ml culture with 0.6 ml VP reagent

A and 0.2 ml VP reagent B. Placed the open tube in

a slanting position to increase the contact with air. The

change of surface colour to pink in 10-15 minutes

indicated the positive acetyl methyl carbinol production.

Growth and Acid Production from D-mannitol as

Carbohydrate Source : Added D-mannitol (filter[5 ,6]

sterilized using 0.22 m M filter) to make 1 per cent

final concentration of sterilized ammonium salts and

sugar medium contained in test tubes before slants

were made. Incubated for 15 days at 31 C aftero

inoculation of the 24 hour old test culture. No change

in colour of the medium indicated negative test for the

fermentation of D-mannitol. B. thuringiensis seldom

utilizes D-mannitol.

Other Substrates / Enzymes: For some purposes a

presumptive characterization based on colony

appearance on differential, selective isolation media

may be considered adequate, while in others a small

number of tests are required for identification.

However, for complete characterization larger number

of tests must be performed. Hence a miniaturised

characterisation systems using API50CHB kit©  

(BioMérieux S.A. 69280 Marcy-1Étoile, France).

API50CHB  is an identification system for the genus©

Bacillus using Miniaturised biochemical tests for

characterization with a specially adopted data base.

U sing this  the reactions to  the fo llowing

substrate/enzymes by different isolates of B.

thuringensis were determined.

Protein Profile for B. thuringiensis Isolates:

Preparation of Samples: B. thuringiensis strains were

subcultured in 9 ml of nutrient broth and incubated for

24h at 25 C. They were then grown on a nutrient agaro

for 48 h at 25 C. Cells were collected and washed witho

phosphate buffer (pH 7.3:10 m Ml ) containing 0.8%-1

NaCl. Cell extracts were prepared from approximately

400 mg of bacterial cells (wet weight) and suspended

in 1 mol of tris - HCl buffer (pH 6.8:62 mM l )-1

containing 2% Sodium Dodecyl Sulphate (SDS), 5%

(v/v) 2-mercaptoethanol and 10% (w/v) glycerol. The

cell suspension was heated for 10 min. at 100 C,o

cooled  on  ice  and  centrifuged  at 4 C for 15 min.o

at  10,000  rpm.  The   supernatant   obtained

(protein extract) was stored at -20 C and used for SDS-o

PAGE analysis .[10]

Sodium Dodecyl Sulphate Polyacrylamide Gel

Electrophoresis (Sds-page): One gram of each B.

thuringiensis isolate from freshly prepared slants were

extracted with one millilitre of 0.1M sodium phosphate

buffer (pH 7.0) at 4°C. The homogenates were

centrifuged for 20 min. at 10000 rpm. and the

supernatant was used for the SDS-PAGE. The protein

content  of the sample was determined as per

Bradford .[1]

100 microgram of protein from different treatments

was taken and mixed with 10 microlitre of sample

buffer in a microfuge tube, boiled for 4 min and

incubated at 4°C for 30 min. The samples containing

equal amount of proteins were loaded into the wells of

polyacrylamide gels (Sigma-Aldrich Techware system,

Sigma, USA). The medium range molecular weight

markers (Bangalore Genei, India) were used and

electrophoresis was carried out at constant voltage of

75 volts for 2 h. The gels were stained with 0.2 %

Coomassie brilliant blue (R250) solution. Based on the

Rf value of each protein band stained, the molecular

weight was calculated. 

Migration of protein marker band

RF = -----------------------------------------------

Total length of the gel

Insect Toxicity Assays: Primary bioassay and

quantitative bioassay were done. In primary bioassay,

P. xylostella, H. armigera, and S. litura were tested. In

quantitative bioassay, sporulated cultures of B.

thuringiensis were serially diluted and applied to the

surface of cauliflower leaf disc for ten larvae per disc

in three replications to second, third and fourth instar

P. xylostella. Larval mortality was recorded in 3 days

in the P. xylostella assay. Statistical analysis of data

was performed with probit analysis and the data on

protein profiles were converted to binary values and

subjected to cluster analysis employing SPSS package.
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RESULTS AND DISCUSSIONS

Results: The various parameters viz., shape, motility,

gram reaction, presence of spores, crystals, catalase

activity and growth on D-mannitol were considered as

criteria for authentication of B. thuringiensis isolates. A

miniaturized characterization system using API50CHB©

kit (BioMérieux SA. 69280 Marcy-l Étoile, France).

API50CHB  is an identification system for the genus©

Bacillus using miniaturized biochemical tests for

charac teriza tion   wi th  a  spec ia l ly  ad op ted

database(Table 1). All the isolates were rod shaped,

gram positive, having both spores and crystals, catalase

positive and reduced nitrate to nitrite.Further tests

revealed positive reactions to substrates such as sodium

pyruvate, D-mannose, D-trehalose, xylitol, raffinose, d-

xylose, nitrate, urease, esculine, para-nitro-phenyl-(beta)

d-galactopyranoside and negative reactions for growth

on mannitol, D-fructose, maltose, nitrate reduction, N-

acetyl-glucosamine, gluconite, caprate, adipate, malate,

phenyl-acetate. The similarity indices matrix of isolates

of B. thuringiensis based on relatedness measured by

biochemical  characterisation  were  worked  out.

(Table 2).The protein profile for isolates of B.

thuringiensis was made out by running eight per cent

SDS-PAGE with an objective to find the variation in

the protein banding pattern of all the isolates. It was

found  that  there  was  variation in the protein

banding  pattern.  The  intensity of bands (Plate 1)

were very high in the isolates which showed higher

mortality whereas it was less intense in the case of

isolates showed lower mortality.

Discussion: The entomopathogenic bacterium B.

thuringiensis is characterized based on 29 physical and

biochemical variables. Generally the genus Bacillus is

recognized by being rod shaped, usually gram positive,

producing catalase and being aerobic or facultatively

anaerobic . In practice differentiation of Bacillus from[4]

other genera rarely present any difficulty. Identification

is readily made on the basis of colony and cellular

morphology. However, culturing in Luria broth along

with sodium acetate excludes the possibilities of

contamination other than B. thuringiensis. Nevertheless,

inter isolate variation can be characterized by

subjecting the colonies to biochemical tests. Although

biochemical tests are very important, the process is

tedious. Hence, a miniaturized characterization kit

AP50CHB  (Bioméreux, France) was used, which was©

rather rapid and accurate. However typing of the

isolates have to be done employing serological tests

that were beyond the scope of this investigation.

Accordingly comparison among the isolates was made.

Fig 1: Dendrogram of the isolates of B. thuringiensis

based on biochemical characterization

Plate 1: Protein profile for B. thuringiensis   isolates

A perusal of the relatedness among the isolates

indicates the diversity of B. thuringiensis. Although all

the isolates belong to B. thuringiensis, variation in

reaction to different enzyme substrates recorded might

probably due to the ecological niche, where the isolates

been there. However building up of genetic pool by a

selection process of the newer strains is always

necessary to keep in check the pests that are co-

evolving to biological control agents.

Based on biochemical analysis, dendrogram

obtained by UPGMA clustering method for the isolates

of B. thuringiensis, very high similarities were

observed among the isolates of B. thuringiensis. Out of

28 characters, 14 were common to all the isolates and

a number of characters are common for most of the

isolates.  The similarity indices for more than 77 %

(Fig 1) and hence, its difficult to differentiate these

groups and this rules out the incipient speciation

among the isolates of B. thuringiensis.

Based on protein profiles, dendrogram obtained by

UPGMA clustering method for the isolates of B.

thuringiensis. Very high similarities were observed

among the isolates of B. thuringiensis. Generally, the

similarities  were  more  than   60   percent.  
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Table 1: Characterization of different isolates of B. thuringiensis 

S. Character / Test ALA PON UKK KOV PUD SRI M AW KAR M EL M AO B.t k.

No. 2B2 6B3 8B2 10B1 14B2 18B3 19B1 22B1 26B2 26B2 (HD-1)

1 Shape R R R R R R R R R R R

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 M otility M M M M M M M M M M M

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 Gram test + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 Spores + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 Crystals + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 Catalase activity + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 Growth on mannitol - - - - - - - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 Voges Proskauer (VP) + + + + + + + + + + +

test (Sodium  pyruvate)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 D-Fructose (FRU) - - - + - - - - - - +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 D-M annose (M NE) + + + + + + + + + + -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

11 M altose (M AL) - - - - - + - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 D-Trehalose (TRE) + - - - + + - + - - +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

13 Xylitol (XLT) + - - - + + + + - - +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 Nitrate reduction (NIT) - - - - - - - - - - +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15 Alkaline phosphatase (PAL) - - - + - - - - + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16 Raffinose (RAF) + + + - + + + - + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

17 D-Xylose (XYL) + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

18 Alpha-M ethyl-D-Glucoside (M DG) + - - - + - + + - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

19 N-Acetyl-Glucosamine (NAG) - - - - - - - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

320 Nitrate (NO ) + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

21 Tryptophan (TRP) - + - - - - - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

22 Urease (URE) + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

23 Esculine (ESC) + + + + + + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

24 Para-Nitro-Phenyl-(beta) + + + + + + + + + + -

D-Galactopyranoside (PNPG)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

25 Gluconite (GNT) - - - - - - + - + + -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

26 Caprate (CAP) - - - - - - - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

27 Adipate (ADI) - + - - - - - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

28 M alate (M LT) - + - - - - - - - - -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

29 Phenyl-Acetate (PAC) - - - - - - - - - - -

R – Rod shaped; M  – M otile; + Positive reaction; - Negative reaction

However,  the  isolate MEL26B2 evolved as an off

shoot among the isolates. The high similarity indices

indicated that they are disjunctly distinct The high

similarity indices indicated that they are disjunctly

distinct the  gene  flow  on the isolates. Although they

are disjunctly distinct.
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Table 2: Similarity indices matrix of isolates of B. thuringiensis based on biochemical characterization

ALA PON UKK KOV PUD SRI M AW KAR M EL M AO B.t k.

2B2 6B3 8B2 10B1 14B2 18B3 19B1 22B1 26B2 26B2 (HD-1)

ALA2B2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PON6B3 0.77

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UKK8B2 0.90 0.84

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KOV10B1 0.81 0.76 0.89

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PUD14B2 1.0 0.77 0.90 0.81

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SRI18B3 0.94 0.77 0.90 0.81 0.94

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M AW19B1 0.94 0.77 0.90 0.81 0.88 0.88

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KAR22B1 1.0 0.77 0.90 0.81 0.76 0.88 0.94

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M EL26B2 0.81 0.82 0.89 0.93 0.81 0.81 0.87 0.81

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M AO28B1 0.84 0.80 0.93 0.81 0.84 0.84 0.90 0.84 0.96

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B.t k. (HD-1) 0.82 0.66 0.73 0.87 0.82 0.82 0.76 0.84 0.75 0.78
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