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Abstract: Nine of gram-positive and spore forming bacilli bacteria, showing the presence of parasporal crystals,
were isolated from different Governorates of Egypt. All bacterial strains were identified as Bacillus
thuringiensis (Bt) according to bioassay, against first and second instars larvae of Spodoptera littoralis,
morphological, physiological and biochemical characteristics. Nine of Bt strains as well as one strain of this
species Bacillus thuringiensis  subsp.  kurstaki.  (Dipel 2X) were used in this study. All Bt strains as well as
reference strain had   the   toxicity  to insect larvae, where the percentages of mortality were in the range of 47.5-
100.0 % and 25.0 -100.0 % against first and second instars larvae, respectively. The percentages of larvae
mortality caused by solubilized crystal toxins against first instar larvae of S. littoralis were in the range of 2.5-
98.0%. The best percentage  of mortality was obtained with solubilized crystal toxins at concentration of 200
ppm of toxins, where the percentages of mortality were in the range of 55.0- 98 %. Quantitative analysis of
protein by spectrophotometer showed that amount of proteins was differenced in crystal-spore mixture of the
tested Bt strains. Qualitative analysis of proteins by sodium dodecyl sulphate - polyacrylamide gel
electrophoresis on the basis of molecular masses of proteins showed that the protein profiles of Bt strains could
distinguish into three main protein groups. The group (I) the proteins of low molecular masses of 28 -58 KDa,
group (II) the proteins of moderate molecular masses of 60- 80 KDa and group (III) the proteins of high
molecular masses of 125-150 KDa. Results revealed that the protein profiles of isolated Bt strains as well as
reference strain were similar  in  proteins  in the range of 28- 58 KDa, while the differentiation are clear in
proteins in the range of 60- 80 KDa  and 125- 150 KDa.  The  similarity  levels  among  Bt  strains  were in the
range of 0.48 (48%) to 0.81 (81%).
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INTRODUCTION Bt is ubiquitous in natural environments and is readily

Bacillus   thuringiensis   (Bt)   is   a  rod-shaped, and coniferous trees and grasses and insect habitats [3].
Gram-positive bacterium and normally producing Bt is of special economic importance because its products
parasporal crystal inclusions during sporulation [1]. play a growing role in the biological control of agricultural
These proteins of crystallize parasporal inclusions make and forestry pests and insects that cause many destroyed
up as much as 30% of the cellular dry weight. When of plants [4].
ingested by insects, these inclusions dissolve and the Álvarez et al. [5] isolated twelve of Bt strains from
proteins are cleaved by proteases releasing active toxins larvae and soil samples in Argentina and determined their
that bind to specific receptors on the host’s midgut insecticidal activities against Spodoptera frugiperda and
membrane. These inclusions are toxic to a variety of Peridroma saucia. One isolate produced more than 93%
lepidopteran, dipteran and coleopteran larvae [2]. The mortality on first instar larvae of both species, which was
development and application of Bt in biocontrol of insect higher than  that  produced  by  the  reference  strain of
pests and its potential use in medicine have attracted B. thuringiensis var. kurstaki. A novel strain of Bt
researchers to find novel strains with different toxic isolated  from  soil  samples  in  China,   was  classified
spectra  or  high  activity  and  new  functional  genes  [3]. and  characterized  in  terms   of   its   crystal  proteins.

isolated from soil, warehouse, leaf surface of broadleaf
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The  B.  thuringiensis var. kurstaki strain showed the suspended in 50 ml of sterile distilled water in conical
high toxicity against Spodopetra exigua [4]. Souza et al. flasks and shaken vigorously for 2 min. After incubation
[6] isolated thirty B. thuringiensis strains from soil at 80°C for 15 min, the sample suspension was serially
samples and tested their insecticidal activity against fall diluted from 10  to 10 . One ml of each dilution spread on
armyworm (Spodeptera frugiperda). Luria (L) agar medium [Casien hydrolysate, 10g; sodium

Gel electrophoresis method has been used both chloride, 5 g;  yeast  extract, 5g; agar, 15 g; distilled
singly and in combination with biochemical and water,1 litre and adjusted at pH 7.0] plates. For isolation
phenotypic characteristics to classify and identify from  infected  S. littoralis larvae, firstly the infected
different  species  of bacteria [7-9]. Sodium dodecyl larvae were washed with water, next surface sterilized in
sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) 2% sodium hypochlorite solution for 2 min and then
of bacterial whole-cell protein is a very sensitive method, washed three times in sterilized distilled water and dried
providing mainly valuable information on the similarity between sterilized filter paper. The infected tissues of
within species or subspecies. SDS-PAGE revealed that the larvae  were  streaked  on  the  surface  of  L  medium
crystals of Bt were composed of several polypeptides plates. All inoculated plates were incubated for 3 days at
ranging  from  20  to  130 kDa,  of  which  the 35, 80 and 30°C. The L medium plates without any inoculation were
130 kDa  proteins were the major components [4]. Of 831 used for check. Well-isolated colonies from each sample
B. thuringiensis strains 18 that were found to produce were microscopically examination for Gram positive
130- and 68-kDa molecular weight proteins in SDS-PAGE reaction and the presence of parasporal crystals and
were subjected to bioassay against second instar larvae spores [3]. The parasporal crystals and spore forming
of Spodoptera litura [10]. From reviews, two types of bacterial colonies were transferred on slant agar and were
crystal proteins are recognized in Bacillus thuringiensis stored in 50% glycerol at-20°C for further study.
strains, Cry proteins, the most common and Cyt proteins. Nine bacterial strains,  showing  the  presence of
Cry proteins are generally either 60–80 or 130–150 kDa, parasporal crystals and   spores,   isolated   from   different
the  former  being   truncated   versions   of   the  latter. Governorates, were as follows; Bt , Bt  and Bt
Cyt proteins are approximately 28 kDa and are unrelated (Monufiya);   Bt     and    Bt    (Gharbiya); Bt ,    Bt   and
to Cry proteins, having an affinity for midgut membrane Bt (Dakahliya) and Bt  (Behera), in  addition  to  one
lipids [11]. strain of Bacillus thuringiensis subsp. kurstaki (Bt2X),

This work was aimed to isolation the new Egyptian of commercial product of Dipel 2X, as a reference were
strains of B. thuringiensis and to study the differentiation used in this study. The strains of Bt  and Bt   were
among Bt strains at sporulation by their insecticidal isolated  from  infected  S.  littoralis larvae, while other
activity against first and second instars larvae of strains of Bt Bt , Bt Bt Bt Bt and Bt were isolated from
Spodoptera littoralis and by whole-cellular protein soil samples.
profiles using SDS-PAGE method.

Biochemical Characteristics: The morphological,
MATERIALS AND METHODS physiological  and  biochemical  characteristics of

Sample Collection: Soil samples were collected from species were determined according to the standardized
Monufiya, Gharbiya, Dakahliya and Behera Governorates, methods recommended in Bergey's Manual of Systematic
Egypt, during 2009 season. Samples were obtained in Bacteriology [12].
sterile polyethylene bags. Five soil samples (1kg/sample)
were  collected from each Governorate. Infected cotton Bioassays: For bioassay of insecticidal activity of Bt
leaf  worm  larvae  also  were  collected in sterile tubes strains,  the  crystal-spore mixture (CSM) of the isolated
from   the   same   crop   fields   in   above  Governorates. Bt strains as well as reference strain Bt2X were prepared.
All soil and  infected  larvae   samples   were   transported Each Bt strain was grown separately in Luria broth
into the  laboratory  and  stored  at 5°C for isolation of medium   (Casien   hydrolysate,   10 g;   sodium  chloride,
bacterial strains. 5  g;  yeast  extract, 5 g; distilled water1 litre and adjusted

Isolation and Morphological Characteristics: For The CSM of each Bt strains was collected by
isolation from soil, five soil samples of each Governorate centrifugation (10,000 rpm for 15 min at 4°C) and
mixed together and then 5 grams of collected sample was resuspended in sterile distilled water.
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isolated Bt strains and Bt2X as reference strain of this

at pH 7.0)  for 96 hr  at   30°C   with   shaking  conditions.
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The Crystal-Spore Mixture: The cotton leaf worm larvae washed with saline - EDTA solution (0.2 M sodium
(S. littoralis), were reared on castor leaves in a sterile chloride + 0.1 M Ethylenediaminetetracete, at pH 8),
culture room with environmental simulation of 25±2°C and followed by 0.1 M EDTA solution. About 100 µg of each
relative humidity of 60 ±5% in Pest Rearing Department, CSM pellet were suspended in 400 µl of sterile distilled
Central Agricultural Pesticides Laboratory. The water and sonicated for 3 min on ice using Gallenkamp
insecticidal activity  of isolated Bt (9 strains) as well as Ultrasonic Instrument at 24 amplitude microns [16] and
reference strain Bt2X were tested in Bioassay Department, then the sonicated CSM washed three times with sterile
Central Agricultural Pesticides Laboratory against first distilled water. The sonicated CSM of each Bt strain were
and second instars larvae using the dipping leaf divided into two parts. The first part was used for the
technique. Castor leaves were thoroughly washed and quantitative protein analysis (proteins amount) using
dried under laminar flow and then cut into 5 cm leaf discs. spectrophotometer. The second one was used for
Each castor leaf  disc was dipped into crystal-spore- qualitative protein analysis using SDS-PAGE. These
suspension of the tested Bt strain for 10 s with gentle preparations were stored at-20°C until further use.
agitation and then allowed to dry on towel on both sides
[13]. After drying, one leaf disc was placed in a sterile 9- Proteins Biochemical Analysis
cm-diameter Petri dish. Ten larvae from the same hatching Quantitative  by  Spectrophotometer:  The  proteins
day (first instar) and 3-days-old (second instar) of the test amount in each tested Bt strains was measured
insect, separately, were placed in Petri dish. Four Petri spectrophetometrically  using  JASCO,   Model  V- 530,
dishes of 10 larvae  were  used as replicates for each Bt UV spectrophotometer, by SCICO Diagnostics kits
strain as well as the control at each larvae instar. The Petri (Bovine albumin ), Scientific Co. for Chemical Industries
dishes contained  castor  disc  without  Bt  treatment were [17]. About 0.02 ml of the sonicated proteins was added
used as the control. All Petri dishes were kept at above to 1ml of reagent (1) of diagnostic kits [potassium sodium
environmental conditions. The percentages of mortality tartrate, 32 mM; sodium hydroxide, 200 mM; potassium
levels were recorded at 24 h intervals using Abbott`s iodide, 30 mM and cupper sulphate, 12 mM]. For
formula  [14].  The  mortality  data  were recorded  up to preparation standard sample, 0.02 ml of standard was
5 days. mixed with 1 ml of reagent (1). Max well by vortex and

leaves for 30 min. The absorbance of sample (As) and that
The Solubilized Crystal Toxins: The CSM of Bt strains of standard (A std) were measured against reagent blank
were washed three times with sterile distilled water by at 454 nm. The proteins concentration was calculated
centrifugation at 10000 rpm for 15 min at 4°C. For according to the following formula:
solubilization of the crystal toxins, 100 µg of CSM pellet
were  incubated  overnight  in  400 µl  of  alkaline buffer Proteins concentration (gm/100 ml) = As /A std x 5
[50  mM  Na CO   and  10  mM  Dithiothreitol  (DTT),  at2 3

pH  10]  at 37°C in water bath shaker according to Qualitative by SDS-PAGE: The protein profiles of all
Attathom et al. [15]. Protein concentration of solubilized tested Bt strains were analyzed using SDS-PAGE method
crystal toxins was  determined  spectrophetometrically recommended by Laemmli [18]. Proteins concentration in
using the Bovine albumin.  The solubilized crystal each CSM sample was measured spectrophetometrically
proteins were kept at - 20° until used. using the Bovine albumin. The sonicated CSM was

The  insecticidal  activity  of  solubilized  crystal denatured  by boiling in 5x sample buffer (60 mM
toxins  of  the  tested  Bt  strains was evaluated against Tris–HCl, pH  6.8;  2.0%  SDS;  25%  glycerol;14.4  mM
first instar larvae  of  S.  littoralis using dipping leaf -mercaptoethanol and 0.1% bromophenol blue) in water
technique [13] as mentioned before. The insecticidal bath for 2 min and then quickly transferred to ice water
activity of solubilized crystal toxins were tested at and directly loading of the gel [19]. The gel was prepared
concentrations of 25, 50, 100, 150 and 200 ppm. from monomer solution of 30% acrylamide and 0.8% N-N-

bis-methylene-acrylamide.  The denatured gels prepared
Preparation of Whole Cellular Proteins: For preparation as 12 % separating gel in 1.5 M Tris-HCl buffers (pH 8.8)
of whole cellular proteins, the CSM of each tested Bt and 3 % stacking gel 0.5 M Tris-HCl buffer (pH 6.8).
strain as well as reference strain was prepared as About  10 µl  (About  20 µg proteins) of denatured
mentioned before in the bioassays. The CSM were crystal-spore mixture for each Bt strain were put in each
washed three times in sterile distilled water and then well, as well as, standard protein marker. The Standard
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Protein  Molecular  Weight  Marker Mix   ranged  from 100% mortality, followed by strains of Bt  (95.0%), Bt
17.9- 208 KDa from PIERCE was used. Proteins were
visualized  by  staining  with   Coomassie   blue  R-250.
The protein profiles of the tested Bt strains were scanned
by Gel-Pro Analyzer V. 3.0 Report Program [6].

Similarity Matrix: The pair wise similarity based on
matching Co-migrating band positions between pairs of
protein profiles of different Bt strains were evaluated
using the Dice Coefficient (S ) formula [20].D

S =2a/ (n +n )D 1 2

Where:
a = the number of bands in common between a pair of

profiles
n and n  = the total number of bands, respectively, in the1 2

first and second profiles. 

Statistical Analysis: The bioassay data were analyzed by
ANOVA and the means were compared using LSD at 5%
level of significance [21].

RESULTS

Biochemical Characteristics: Nine of gram-positive and
spore forming bacilli were isolated from soil and infected
cotton leaf worm larvae. The morphological, physiological
and  biochemical  characteristics  are  shown  in  Table  1.
No  clear  biochemical  differences  among  Bt  strains
were detected. All Bt strains showed a positive reaction
in anaerobic growth and gelatin liquefaction tests. The
biochemical data revealed that a positive reaction in
fermentation of glucose without gas production was
obtained with all strains and negative one in arabinose,
trehalose, mannitol and starch. The Bt strains as well as
reference strain could grow in sodium chloride solutions
with concentration were in the range of 5– 10%, except
strains of Bt , Bt  and Bt  couldn't grow in NaCl solution3 4 8

at concentration of 10%. 

Bioassays
The Crystal-Spore Mixture: The bioassay results
indicated that the Bt strains at sporulation were toxic
against  first  and  second instars larvae of S. littoralis.
The percentages of mortality of Bt strains are shown in
Table 2. Among the 9 strains of Bt subjected to bioassays
in this study, only two strains of Bt  and Bt  induced the4 9

mortality above 95% against first and second instars
larvae of S. littaralis (Table, 2).  The  Bt  strain  produced4

9 1

(90.0%), Bt  (90.0%), Bt  (87.5%), Bt  (82.5%), Bt  (70.0%)6 2 7 5

and Bt  (47.5%) against first instar larvae. The8

percentages  of  mortality  were 100.0, 95.0, 87.5, 85.0, 85.0,
70.0, 70.0, 47.5 and 25.0 % with strains of Bt , Bt , Bt , Bt ,4 9 1 6

Bt , Bt , Bt , Bt  and Bt , respectively. Bioassay results2 7 5 3 8

showed that the reference strain (Bt2X) induced 100%
mortality against first and second instars larvae. The
statistical analysis showed that the significant differences
were recorded among nine of Bt strains as well as
reference strain, except between Bt  & Bt2X and among Bt4

strains of Bt , Bt  and Bt  against first and second instars1 2 6

larvae (Table 2). 

The Solubilized Crystal Toxins: The percentages of
larvae mortality caused by solubilized crystal toxins
against first instar larvae of S. littoralis are shown in
Table 3. At concentration of 200 ppm of toxins, the
percentages of mortality were in the range of 55.0- 98 %,
where the percentages of mortality were 98, 97.5, 95, 92.5,
92.0, 90.0, 90.0, 90.0, 65.0 and 55.0% with strains of Bt2X,
Bt , Bt , Bt , Bt , Bt , Bt , Bt ,Bt  and Bt , respectively. No6 4 9 1 2 3 5 7 8

significant  differences  were recorded between strains of
Bt  & Bt2X and among strains of Bt , Bt  and Bt . At6 2 3 5

concentration of 150 ppm, the percentages of mortality
were in the range of 45- 95 %, where the highest mortality
of 95.0, 90.0 and 90.0 % were recorded with strains  of  Bt ,6
Bt  and Bt2X, respectively. Results in Table 3 indicated4

that the mortality % were in the range of 35.0- 85 %, 15.0-
45.0 and 0.0- 5.0% at concentrations of 100, 50 and 25
ppm, respectively. The Bt  and Bt  strains caused the7 8

least larvae death, where the percentages of mortality
were in the range of 0.0- 65%., while Bt  strain caused  the6

highest  mortality  %  were  in  the  range  of 5.0- 97.5% at
tested toxin concentrations. The best mortality % were
98.0, 90.0, 85.0, 45.0, 5.0 % obtained with reference strain
(Bt2X) at concentrations of 200, 150, 100, 50 and 25 %,
respectively.

Proteins Biochemical Analysis
Quantitative by Spectrophotometer: Quantitative
comparison of whole cellular proteins (g/100 ml) of Bt
strains  using   spectrophotometric   approach  showed
that the   amounts   of   proteins   were   ranged  from
0.848-7.785 g/100 ml in crystal-spore mixture (Table 4). The
amount of proteins were 7.785, 6.549, 4.467, 4.255, 4.118,
2.300, 1.921, 1.270 and 0.848 g/100ml with Bt , Bt , Bt , Bt ,7 5 1 4

Bt , Bt , Bt , Bt  and Bt ,  respectively  comparing  with8 2 6 3 9

3.173  g/100ml in crystal-spore mixture of Bt2X (Table 4).
It is clear the amount of whole cellular proteins in crystal-
spore mixture (at sporulation) was differed.



World J. Agric. Sci., 6 (2): 224-233, 2010

228

Table 1: The morphological, physiological and biochemical characteristics of Bacillus thuringiensis strains.

Character and/or reaction  of Bacillus thuringiensis(1)

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Tests Bt Bt Bt Bt Bt Bt Bt Bt8 Bt Bt2X Sneath et al. (1984) Cell1 2 3 4 5 6 7 9

shape rod rod rod rod rod rod rod rod rod rod rod
Gram staining G G G G G G G G G G G+ + + + + + + + + + +

Anaerobic growth + + + + + + + + + + +
Gelatin liquefaction + + + + + + + + + + -
Acid from Arabinose - - - - - - - - - - -
Trehalose - - - - - - - - - - NT
Glucose + + + + + + + + + + +
Mannitol - - - - - - - - - -
Starch - - - - - - - - - - NT
Gas from Glucose - - - - - - - - - - -
Growth at Na Cl 5 % + + + + + + + + + + +

7 % + + + + + + + + + + +
10% + + - - + + + - + + ND

Growth at pH 5.7 + + + + + + + + + + +
pH 6.8 + + + + + + + + + + +

Growth at 10 C - - ± ± - ± - - ± - do

30 C + + + + + + + + + + +o

40 C + + + + + + + + + + +o

50 C - - - - - - - - - - -o

(-) negative reaction, (+) positive reaction, (±) delayed reaction, (G+) Gram positive, (d) 11-89% of strains positive, (ND) no data available and (NT) not(1)

tested.

Table 2: Bioassay of Bacillus thuringiensis strains (at concentration of 5x10 cfu/ml) against first and second instars larvae of Spodoptera littoralis.7

Mortality % against instars larvae International units (cfu/ml)(1)

------------------------------------------------------------- --------------------------------------------------------------------
Bacillus thuringiensis strains First Second At first instar At second instar

Bt 90.0 c 87.5 c 28,800 28,0001
(2)

Bt 87.5 c 85.0 c 28,000 27,2002

Bt 62.5 f 47.5 e 20,000 15,2003

Bt 100.0 a 100.0 a 32,000 32,0004

Bt 70.0 e 70.0 d 22,400 22,4005

Bt 90.0 c 85.0 c 28,800 27,2006

Bt 82.5 d 70.0 d 26,400 22,4007

Bt 47.5 g 25.0 f 15,200 8,0008

Bt 95.0 b 95.0 b 30,400 30,4009

Bt 2X 100.0 a 100.0 a 32,000 32,000

(1)The crystal-spore mixture at the tested concentration of Bt strain causing the mortality of 100% = 32,000 international units.
(2) Mean followed by the same letters in each column are not significant

Table 3: Bioassay of solubilized crystal toxins of Bacillus thuringiensis strains at concentrations of 25, 50, 100, 150 and 200 ppm against first instar larvae
of Spodoptera littoralis.

Bacillus thuringiensis strains
Solubilized crystal -----------------------------------------------------------------------------------------------------------------------------------------------------------
toxin concentrations(ppm) Bt Bt Bt Bt Bt Bt Bt Bt Bt Bt2X1 2 3 4 5 6 7 8 10

200 92.5c 90.0d 90.0d 95.0b 90.0d 97.5a 65.0e 55.0g 92.5c 98.0a(1)

150 85.0d 80.0f 75.0g 90.0b 82.5e 95.0a 60.0h 45.0i 87.5c 90.0b
100 75.0b 70.0c 65.0d 75.0b 70.0c 85.0a 57.5e 35.0f 75.0b 85.0a
50 40.0c 27.5e 20.0f 27.5e 40.0c 42.5b 20.0f 15.0g 32.5d 45.0a
25 5.0a 2.5b 2.5b 5.0a 2.5b 5.0a 0.0 0.0 5.0a 5.0a
Alkaline buffer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(1) Mean followed by the same letters in each column are not significant
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Table 4: The biochemical analysis of whole cellular proteins of Bacillus thuringiensis strains.

Biochemical analysis of proteins
--------------------------------------------------------------------------------------------------------------------------------------------------------------------
Quantitative by Spectrophotometer Qualitativeby SDS-PAGE

Bacillus ------------------------------------------------------------------------------------- -------------------------------------------------------------------
thuringiensisstrains Optical density (OD)(at 545 nm) Protein amount(gm/100 ml) No. of bands Molecular WeightRange (KDa)

Bt 0.528 4.467 17 30-2311

Bt 0.272 2.300 11 30-1522

Bt 0.150 1.270 11 35-2223

Bt 0.503 4.255 16 30-1554

Bt 0.774 6.549 16 30-1955

Bt 0.227 1.921 16 30-2226

Bt 0.920 7.785 16 28-2137

Bt 0.487 4.118 15 29-2528

Bt 0.100 0.848 8 35-2549

Bt2X 0.375 3.173 10 30-195

Fig 1: Protein profiles of whole cellular proteins of Bacillus thuringiensis strains, i.e. Bt , Bt , Bt , Bt , Bt , Bt , Bt , Bt1 2 3 4 5 6 7 8

and Bt  as well as Bt2X (reference strain of Dipel 2X). Protein bands are identified from top to bottom.9

Qualitative by SDS-PAGE: The whole cellular proteins of proteins of low molecular masses of 28 -58 KDa, group II)
nine B. thuringiensis strains as well as reference strain of the proteins of moderate molecular masses of 60- 80 KDa
this species at sporulation were analyzed by SDS-PAGE and group III) the proteins of high molecular masses of
(Fig. 1). On the basis of molecular mass (Molecular 125-150 KDa (Table 6). The number of separated proteins
weight), the protein profiles of Bt strains were separated in group (I), was ranged from 2 -9 proteins. The protein
into several proteins were in the range of 28 - 254 KDa profiles of Bt  and Bt  contained nine proteins of low
(Tables 4 and 5). The electrophoregram (Scans of protein molecular  masses  were  in the range of 30- 58 KDa and
profiles)   revealed   that   the  protein  profiles  of  the 28- 48 KDa, respectively (Table 6). The protein profiles of
tested Bt strains distinguished into different separated strains Bt , Bt , Bt , Bt  and Bt  revealed six proteins of
protein  bands  on  the  basis  of  the  molecular  mass low  molecular  masses were in the range of 30- 58 KDa,
were in the range of 30 - 231 KDa (Bt ), 30 - 152 KDa (Bt ), 30-50 KDa, 35-56 KDa, 30-48 KDa and 29-48 Kda,1 2

35 - 222 KDa (Bt ), 30 - 155 KDa (Bt ), 30 - 222 KDa (Bt ), respectively (Table, 6). The  protein  profiles  of  Bt ,Bt3 4 5

and Bt2X contained five, two and four proteins of low6 7 8

30 - 195 KDa (Bt ) and 30- 195 KDa (Bt2X, reference strain) molecular  masses  were  in  the  range  of  35-  48,  30  and9

[Tables 4 and 5]. The protein profiles of Bt strains could 51 and 30–56 KDa,respectively (Table 6). Group (II)
distinguish into three protein groups, i.e. group I) the consisted  of  1-  3 proteins of moderate  molecular masses

4 6

1 2 3 5 7

8 9

28 -  213 KDa (Bt ), 29 - 252KDa (Bt ), 35 - 254 KDa (Bt ),
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Table 5: Protein profiles of Bacillus thuringiensis strains on the basis of protein molecular weight (M.W.) [KDa] and the percentages of protein amount in
each band.

Protein profiles of Bacillus thuringiensis strains
----------------------------------------------------------------------------------------------------------------------------------------------------------------

BandsNo. Bt Bt Bt Bt Bt Bt Bt Bt Bt Bt2x1 2 3 4 5 6 7 8 9

1 M.W. 231 152 222 155 222 213 252 254 195 195
Proteins % 1.22 5.11 3.34 4.07 0.78 2.44 1.09 0.87 4.91 2.42

2 M.W. 165 108 158 139 195 162 175 175 125 127
Proteins % 2.99 3.48 5.35 1.41 1.10 2.70 3.18 2.77 13.70 11.63

3 M.W. 146 96.0 97.0 108 152 141 148 148 99.0 102
Proteins % 3.77 3.85 3.79 2.46 1.41 2.77 6.45 4.93 20.35 31.21

4 M.W. 130 83.0 70.0 99.0 137 130 125 137 89.0 92.0
Proteins % 3.50 5.20 9. 23 2.67 5.15 3.19 6.40 2.61 3.99 2.84

5 M.W. 120 70.0 64.0 86.0 125 94.0 108 125 79.0 81.0
Proteins % 2.74 15.17 4.35 3.65 2.76 9.38 1.46 3.28 11.46 12.64

6 M.W. 108 51.0 56.0 70.0 112 79 102 108 62.0 64.0
Proteins % 4.77 22.71 6.85 5.90 2.55 4.85 4.22 5.03 13.31 10.07

7 M.W. 92 43 51 68 102 62 88 88 51 56
Proteins % 2.84 7.63 10.60 5.62 3.92 17.15 3.88 7.12 18.85 5.78

8 M.W. 86 37 48 58 89 48 81 75 30 51
Proteins % 4.32 8.03 10.66 3.25 3.97 17.69 4.11 4.81 13.42 5.82

9 M.W. 79 35 45 56 83 42 66 66 - 40
Proteins % 2.72 18.71 7.46 7.84 3.47 4.89 7.01 7.69 - 7.07

10 M.W. 73 33 38 51 62 39 62 62 - 30
Proteins % 6.88 6.52 13.96 9.98 7.68 5.43 8.75 7.31 - 10.50

11 M.W. 64 30 35 48 48 36 48 48 - -
Proteins % 9.25 6.58 22.49 6.07 28.30 6.08 22.55 20.93 - -

12 M.W. 58 - - 43 38 34 40 40 - -
Proteins % 4.22 - - 5.86 5.32 5.77 5.51 6.01 - -

13 M.W. 51 -- - 38 36 33 37 38 - -
Proteins % 9.38 - - 8.77 5.51 5.77 5.10 4.47 - -

14 M.W. 45 - - 35 34 30 34 37 - -
Proteins % 10.53 - - 21.01 13.36 6.50 15.14 4.03 - -

15 M.W. 43 - - 33 33 29 30 35 - -
Proteins % 6.54 - - 4.89 9.45 3.53 2.86 18.15 - -

16 M.W. 39 - - 30 30 28 29 - - -
Proteins % 6.15 - - 6.56 5.25 1.32 2.23 - - -

17 M.W. 30 - - - - - - - - -
Proteins % 10.44 - - - - - - - -

Table 6: The important separated protein groups in profiles of Bacillus thuringiensis strains, as well as reference strain (Dipal 2X), by SDS-PAGE technique.
Molecular masses of protein groups
--------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus thuringiensis strains Group (I)28- 58 KDa Group (II)6- 80 KDa Group (III)125-150 KDa
Bt1 30, 39, 43, 45, 50, 58 64, 73, 79 130, 146
Bt2 30, 33, 35, 37, 43, 51 70 -
Bt3 35, 38, 45, 48, 51, 56 64, 70 -
Bt4 30, 33, 35, 38, 43, 48, 51, 56, 58 68, 70 139
Bt5 30, 33, 34, 36, 38, 48 62 125, 137
Bt6 28, 29, 30, 33, 34, 36, 39, 43, 48 62, 79 130, 141
Bt7 29, 30, 34, 37, 40, 48 62, 66, 80 125, 148
Bt8 35, 37, 38, 40, 48 62, 66, 75 125, 137, 148
Bt9 30, 51 62, 79 125
Bt2X 30, 40, 51, 56 64, 80 127

Table 7: Similarity levels were calculated by Dice coefficient among Bacillus thuringiensis strains as well as reference strain (Dipel 2 X). 
Bacillus thuringiensis strains Bt Bt Bt Bt Bt Bt Bt Bt Bt Bt2X1 2 3 4 5 6 7 8 9

Bt 1.001

Bt 0.64 1.002

Bt 0.63 0.73 1.003

Bt 0.64 0.76 0.75 1.004

Bt 0.48 0.70 0.64 0.59 1.005

Bt 0.61 0.64 0.58 0.59 0.66 1.006

Bt 0.51 0.63 0.58 0.53 0.64 0.63 1.007

Bt 0.49 0.66 0.66 0.61 0.64 0.51 0.81 1.008

Bt 0.66 0.75 0.71 0.70 0.78 0.70 0.70 0.68 1.009

Bt2x 0.66 0.70 0.75 0.64 0.64 0.59 0.70 0.61 0.80 1.00
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were in the range of 60- 80 KDa (Table 6).The protein morphological, biochemical and physiological
profiles of Bt , Bt  and Bt  strains contained three proteins characteristics. The biochemical properties of isolated Bt1 6 3

of  moderate  molecular mass were (64, 73 and 79 KDa), strains were agreed with those obtained with reference
(62, 66 and 80 KDa) and 62,66 and 72 KDa), respectively. strain (Dipel 2X) as well as with the biochemical properties
Two proteins of moderate molecular masses were recorded by Sneath et al. [12]. The previous studies, on
occurred  in  protein  profiles  of   Bt    (64   &   70  KDa), different soil samples from different locations, revealed3

Bt  (68 and 70 KDa) Bt  (62 and 79 KDa), Bt (62 and 79 that the distribution of spore forming bacteria depends on4 6 9

KDa) and Bt2X (64 and 80 KDa). The protein profiles of soil state and conditions. Generally, The Bt strains were
Bt  and Bt  contained one protein of moderate molecular differed in the biochemical reactions [22, 23]. Our results2 5

mass of 70 and 62 KDa, respectively. In group (III), the indicated that no clear biochemical differences among
numbers of clear protein bands were 1- 3 of high molecular nine of the Bt strains were detected.
masses  proteins  were  in  the range of 125- 150 KDa The bioassay data indicated that nine isolated Bt
(Table 6). The three proteins of high molecular masses of strains  as  well  as  reference  strain  were  clearly  differed
125, 137 and 148 KDa were noticed in the protein profile of in  their  toxicity  to  first  and  second  instars   larvae  of
Bt . The electrophoretic data revealed that two proteins of S. littoralis. The percentages of mortality of insect larvae8

high molecular masses were occurred in profiles of Bt were in the range of 47.7 - 100.0% and 25.0 - 100.0 %1

(130  and  146 KDa), Bt  (125 and 137 KDa), Bt (130 and against first and second instars larvae, respectively. The5 6

141  Kda) and  Bt7  (125 and 148 KDa), respectively results showed that some Bt strains had highly effective
(Table 6). The protein profiles of Bt , Bt  and Bt2X in killing the insect larvae population, where the mortality4 9

showed the one high molecular mass  protein  was  139, % was above of 80% with the most tested Bt strains. The
125 and 127 KDa, respectively, while no high molecular bioassay data of solubilized toxins derived from crystal -
mass  proteins in profiles of Bt  and Bt  were detected. spore mixture revealed that the Bt strains also were2 3

The protein profiles of isolated Bt strains as well as differed in their insecticidal activity against first instar
reference strain were similar in proteins were in the range larvae of S. littoralis. Data indicated that the efficacy of
of 28- 58 KDa, while the differentiation are clear in solubilized toxins as insecticidal was increased by
proteins were in the range of 60- 80 KDa and 125-150 KDa. increasing the toxins concentration. It is clear that the

tested Bt strains could toxic to lepidopteron insect [6].
Similarity Matrix: The similarity levels among protein Our results indicated that the biochemical properties only
profiles of nine Bt strains as well as a reference strain, on couldn't determine the clear differences among the tested
the basis of separated proteins, were calculated by Dice strains [10, 24, 25], while the Bt strain were clearly differed
coefficient are shown in Table 7. The similarity levels were in their insecticidal activity against insect larvae. These
in the range of 0.48 (48%) to 0.81 (81%). The similarity by results suggest that some properties such as paracrystal
Dice coefficient could classify into three levels, i.e., A) toxins were responsible for differences of insecticidal
similarity were in the range of 0.48- 0.59, B) Similarity were activity of Bt strains [5, 23].
in the range of 0.60- 0.70 and C) similarity were in the Therefore, in this study depends on the biochemical
range of 0.70- 0.81. The lowest level of similarity about analysis of proteins to determine the differences among Bt
0.48 (48 %) was recorded between strains of Bt  and Bt . strains. Especially, the colorimetric assays by Lowry, who1 5

Data in Table 7 revealed that the highest similarity above developed the first simple method for protein quantization
80% were recorded between strains of Bt  and Bt2x (0.80) in 1951 [17], using a spectrophotometric approach to9

and between strains of Bt  & Bt  (0.81). The Dice determine the protein concentration. SDS-PAGE is widely7 8

coefficient data showed that the similarity levels among used to determine the molecular mass of proteins and to
nine strains of Bt and reference strain (Bt2x) were in the identify the presence of proteins in complex mixtures. The
range of 0.59 (59 %)- 0.80 (80 %). The lowest of similarity development of the discontinuous buffer systems by
level about 0.59 were recorded between Bt  and Bt2X, Laemmli [18] that are still used today greatly improved the6

while the highest level about 0.80 was recorded between resolution and reproducibility of SDS gels and is generally
Bt  and Bt2X (Table 7). credited with its popularity. The quantitative protein9

DISCUSSION their content of proteins at sporulation and no clear

The nine spore-forming bacilli bacteria were insecticidal activity were detected. On the other hand, the
identified as Bacillus thuringiensis according to whole cellular analysis by SDS-PAGA showed some

analysis indicated that the strains of Bt were differed in

correlation between amount of proteins in strain and their
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differences in protein profiles of Bt strains, especially the 5. Álvarez, A., E.G. Virla, L.M. Pera and M.D. Baigori,
separated proteins were ranged from 8 to 17 bands and 2009. Characterization of native Bacillus
the molecular masses in the range of 28 -254 KDa. The thuringiensis strains and selection of an isolate
protein profiles of Bt strains could be distinguished into active against Spodoptera frugiperda and
three groups on basis of molecular masses were in the Peridroma saucia. Biotechnol. Lett., 31: 1899-1903.
range of 28- 58 KDa (group I), 60- 80 KDa (group II) and 6. Souza,   D.A.J.   de,   S.   Jain,  C.M.F.  de  Oliveira,
125- 150 KDa (group III). The differences were occurred in C.F. Ayres and W.A. Lucena, 2009. Toxicity of a
three  proteins  groups,  especially  in  groups  II  and  III. Bacillus thuringiensis israelensis-like strain against
It is obvious that the type of protein was responsible on Spodoptra frugiperda. Biocontrol, 54: 467-473.
differentiations among strains [26,27].The similarity matrix 7. Kersters,  K.  and  J.  De  Ley,  1980.  Classification
was calculated using Dice matching coefficient, showed and  identification  of   bacteria   by  electrophoresis
that the differences in similarity levels among protein of their proteins. pp:273-297, In: Microbiological
profiles of Bt strains,could be classify into three classes. Classification and Identification. The Society for
These results were agreed with those recorded by many Applied Bacteriology Symposium Series, no. 8, M.
workers. Schnepf et al. [28] reported that the Goodfellow and R.G. Board (Eds), New York and
entomopathogenic properties of Bt strains are attributed London, Academic Press.
largely to the parasporal crystals, which contain one or 8. Jackman,  P.J.H.,  1985.  Bacterial   taxonomy  based
more insecticidal protoxins produced during bacterial on   electrophoretic   whole-cell   protein  patterns.
sporulation. The proteins of B. thuringiensis israelensis pp: 115-129,  In: Chemical Methods in Bacterial
separated into proteins of 125- 135 KDa (Cry4A & Cry Systematic, M. Goodfellow & D.E. Minnikin (Eds),
4B), 68 KDa (Cry IIA) and 29 KDa (CytIA & Cyt2B) [29]. New York & London, Academic Press.
Federici et al. [11] reported that the Bt strains are 9. Plikaytis,  B.D.,  G.  M.  Carlone and B.B. Plikaytis,
recognized into types of crystal proteins. Cry proteins are 1986. Numerical analysis of normalized whole-cell
generally either 60- 80 KDa or 130-150 KDa. Cyt proteins protein profiles after sodium dodecyl sulphate-
are approximately 28 KDa. The previous studies revealed polyacrylamide gel electrophoresis. J. General
that separated into several bands were 28, 35 and 50 KDa Microbiol., 132: 2653-2660.
[3] and 29, 70 and 130 KDa [6]. 10. Prabagaran, S.R., S.J. Nimal and S. Jayachandran,

The   obtained   results   suggest    that    the 2002. Phenotypic and genetic diversity of Bacillus
Egyptian B.   thuringiensis   strain   differed in thuringiensis  strains  isolated  in  India  active
insecticidal  activity  against first and second instars against Spodoptera litura. Applied Biochemistry
larvae of S. littoralis as a result for their differences in and Biotechnol., 102-103: 213-226.
protein profiles at sporulation. Therefore, the bioassays 11. Federici, B.A., H.W. Park and Y. Sakano, 2006.
and qualitative protein analysis by SDS-PAGE play an Insecticidal protein crystals of Bacillus
important role for determine the differentiation among Bt thuringiensis. pp:195-236, In: Inclusions in
strains. Prokaryotes, J.M. Shively (Ed.), Published online by
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