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India induces apoptosis in cancer cells through intrinsic pathway
THOMAS CHUBICKA1, DEVAKI GIRIJA2, KIZHAKKEETTIL DEEPA2, SASIDHARAN SALINI1,
NAIR MEERA1, ACHUTHAN CHATHRATTIL RAGHAVAMENON1, MENON KUNNATHULLY DIVYA1
and THEKKEKARA DEVASSY BABU1*
1

Department of Biochemistry, Amala Cancer Research Centre, Amala Nagar P O, Thrissur, Kerala 680 555,
India
2
Department of Agricultural Microbiology, College of Horticulture, Kerala Agricultural University P O,
Thrissur, Kerala 680 656, India
*Corresponding author (Email, babutd@amalaims.org, babutharakan@gmail.com)
MS received 23 December 2017; accepted 12 April 2018; published online 3 May 2018

Parasporins, a class of non-insecticidal crystal proteins of Bacillus thuringiensis (Bt) are being explored as promising
anticancer agents due to their speciﬁc toxicity to cancer cells. The present study has identiﬁed 25 Bt isolates harbouring
parasporin genes from Western Ghats region, the hotspot of biodiversity in India. Among these, the isolate, KAU 41
(Kerala Agricultural University isolate 41) contained non-hemolytic homogenous crystals showing speciﬁc cytotoxicity
towards cancer cells. SDS-PAGE analysis of this crystal, isolated by aqueous biphasic separation, revealed a 31 kDa sized
peptide. The N-terminal sequence deciphered in BLAST analysis showed homology to a hypothetical Bt protein. Upon
proteolysis, a 29 kDa active peptide was generated which exhibited heterogenic cytotoxic spectrum on various cancer cells.
HeLa cells were highly susceptible to this peptide with IC50 1 lg/mL and showed characteristics of apoptosis. RT-qPCR
analysis revealed the overexpression of APAF1, caspase 3 and 9 by 14.9, 8 and 7.4 fold, respectively which indicates the
activation of intrinsic pathway of apoptosis. However, at higher concentrations of peptide ([3 lg/mL), necrotic death was
prominent. The results suggest that the 31 kDa protein from Bt isolate, KAU 41 is a parasporin that may have high
therapeutic potential.
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1. Introduction
The Gram-positive soil bacterium, Bacillus thuringiensis
(Bt) is a well-known insecticide, attributed by the presence
of d-endotoxin crystals which are lethal to certain types of
insect larvae. It acts by creating pores in the intestinal duct
leading to a drastic ion ﬂux that disrupts and destroys the
endothelial cells causing death of the insect larvae (Ibrahim
et al. 2010). Studies have revealed that some of the proteins
are non-insecticidal in nature and are more widely distributed than insecticidal ones (Ohba and Aizawa 1986).
These non-insecticidal crystals have cytotoxic and non-hemolytic properties and are now classiﬁed as a unique family
of proteins designated as ‘parasporins’ (Mizuki et al. 1999;
Lee et al. 2000). Recently, the parasporins have received a
tremendous attention in the ﬁeld of cancer research due to
their speciﬁc toxicity to cancer cells (Ohba et al. 2009).
Currently, a growing number of Bt strains and parasporin
toxins are explored worldwide with varying levels of cytotoxicity and different types of mechanisms. Based on
http://www.ias.ac.in/jbiosci

structure and the level of activity, the parasporins are categorized into six groups; PS1 to PS6 (Okumura 2010).
Among these, parasporin 1 (Katayama et al. 2005), parasporin 2 (Kitada et al. 2006) including parasporin 2Aa and
2Ab (Hayakawa et al. 2007), parasporin 3 and 4 (Okumura
et al. 2011) were studied in detail. The cytocidal effect of
most of these proteins is considered to be receptor mediated,
however diverse types of mechanisms of action have been
described. Various reports suggest that the speciﬁc toxicity
of parasporins towards transformed cells may be due to the
over expression of its targeted receptor molecules than in
normal cells. Thus, the protein recognizes and kills transformed cells speciﬁcally (Namba et al. 2003; Saitoh et al.
2006). The genetic diversity of Bt crystals is reported by the
diverse plasmids and their conjugal transfer, recombination
and some extrinsic factors like mutation, nutritional inﬂuences etc. This remarkable diversity among the Bt strains is,
therefore, beneﬁcial which enhances the scope of discovering novel toxins and urges for extensive exploration for
more strains.
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Considering this, some studies have attempted to explore
the Western Ghats of India, the hot spot of biodiversity, for
Bt isolates with cytotoxic potential on cancer cells and
reported some parasporin producing Bt populations in natural environments of India (Poornima et al. 2010; Lenina
et al. 2014). A huge repository of Bt isolates from the
Western Ghats region has been maintained at the Department
of Agricultural Microbiology, College of Horticulture, Kerala Agricultural University, Thrissur, Kerala, India, as part of
the screening of Bt insecticidal proteins. The aim of this
study was to screen these Bt isolates for the presence of
parasporins that can be utilized in the cancer drug
development.

light or phase contrast microscope (Ramalakshmi and
Udayasuriyan 2010).

2.2 Screening of parasporin genes in Bt isolates
by PCR analysis
Plasmid DNA isolated from 70 Bt native isolates by alkali
lysis (Birnboim and Doly 1979) were used for the screening
of parasporin genes. Standard Bt strains containing ps1, ps2,
ps3 and ps4 genes obtained from Dr. E Mizuki, Biotechnology and Food Research Institute, Japan were used as
positive controls. Nucleotide sequences of ps1, ps2 and ps3
genes available from GenBank were aligned separately by
Clustal W program. Since only one sequence was available
for ps4 gene, primers were designed manually (table 1). The
reaction mix (25 lL) comprised of plasmid DNA: 1 lL (25
pg), 109 Taq buffer A: 2.5 lL, dNTP mix (10 mM): 1 lL,
forward primer (10 pmol): 1 lL, reverse primer (10 pmol):
1 lL, Taq DNA polymerase (0.3 U/lL): 2 lL and sterile
water: 17.5 lL. Ampliﬁcation was carried out in Eppendorf
Gradient Mastercycler with the following temperature
parameters: initial denaturation: 94°C for 2 min, denaturation: 94°C for 1 min, annealing: 57/60°C 1 min, primer
extension: 72°C for 1 min, ﬁnal extension: 72°C for 10 min
(30 cycles). PCR products were separated on 1% agarose
gel.

2. Materials and methods
2.1

Bt culture

Bacillus thuringiensis isolates were separated from soil
samples collected from the Western Ghats of Kerala (India)
by sodium acetate method. Brieﬂy, 0.5 g soil was added to
10 mL of LB (Luria-Bertani) broth and incubated with
0.25 M sodium acetate for 4 h at 30°C. In this culture,
higher concentrations of sodium acetate selectively inhibited the germination of Bt spores, while most of the
undesired spores germinated (Travers et al. 1987). At this
stage, the culture was heated at 80°C for 3 min to eliminate
the germinated spores. Then, 1 mL of the culture was taken
and diluted 103 times, plated on LB agar and further
incubated. The colonies with morphological features characteristic of Bt strains were examined under a microscope
with 100 9 oil immersion objective (Leica) as described
previously (Rampersad and Ammons 2005). The colonies
of Bt were sub-cultured individually. Sporulation was
induced by culturing them in T3 medium (pH 6.8) containing tryptone (3 g), tryptose (2 g), yeast extract (1.5 g),
sodium phosphate (1.2 g) and magnesium chloride
(0.005 g) in 1000 mL at 28°C for 72 h with shaking at 180
rpm. To conﬁrm the sporulation and subsequent protein
production, at least 90% lysis of the sporulated cells were
stained with Coomassie brilliant blue and observed under

2.3

Extraction and puriﬁcation of crystal proteins

The sporulated and lysed cells were harvested and washed 3
times using Tris-EDTA buffer (pH 7.2) and 0.5 M NaCl
solution by centrifugation at 10,000 rpm for 10 min. The
pellet was resuspended in deionized water with a trace
amount of phenylmethanesulfonyl ﬂuoride (PMSF). The
crystal proteins were separated from spores by aqueous
biphasic system consisting of polyethylene glycol (PEG) and
sodium dextran sulfate (Goodman et al. 1967). The puriﬁed
crystals were solubilized in 50 mM Na2CO3 (pH 10.0) at
37°C for 1 h in the presence of 10 mM dithiothreitol and
1 mM EDTA (Yasutake et al. 2006). The samples were

Table 1. Primers synthesized for ampliﬁcation of parasporin genes
No.
1
2
3
4

Primer
PS1F
PS1R
PS2F
PS2R
PS3F
PS3R
PS4F
PS4R

Sequence
0

0

5 ATGCGAAATACTCTATGCARAGATTTACC3
50 ATCTTGACTTGTTATACCGCCTGGTATTCC30
50 GATGGTATTGCATTAAATAATGAAAC30
50 GCTGGTTGYACTAYAGTTTGGAAGT30
50 TGAATGGGCACTTCGAAAACA30
50 ACATCGCGGRCCCAAAATTC30
50 TGGTGTGCTGCAAGGGGATA30
50 CCGCTTGGTAGCGAAACTGG30

bp length

Annealing temperature °C

Amplicon size (bp)

29
30
26
25
21
20
20
20

57

1059

60

700

60

912

60

828
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centrifuged at 20,000 g for 5 min at 4°C to remove the
insoluble materials and pH of the solution was adjusted to 8.
For activation, the solubilized protein (1 mg mL-1) was
treated with different protease enzymes such as proteinase K,
trypsin and chymotrypsin (ﬁnal concentration 0.2 mg mL-1)
and incubated for 1 h at 37°C. The reaction was stopped by
the addition of 1 mM PMSF. The activated samples were
sterilized by passing through 0.45 lm syringe ﬁlter (Pall,
USA) and used for various assays.

2.4

Cytotoxicity screening

The crude protein preparations from Bt isolates were screened
for cytotoxic activity in DLA (Daltons Lymphoma Ascites)
cells by trypan blue dye exclusion method. DLA cells obtained
from Cancer Institute, Adayar, Chennai, India were maintained
in the peritoneal cavity of Swiss albino mice. The cells were
aspirated aseptically from the peritoneal cavity on 15th day and
washed using phosphate buffered saline (PBS). The experiment
was set up by incubating 1 9 106 cells in 1 mL PBS with
100 lg of protease activated proteins at 37°C for 3 h. Trypan
blue (100 lL of 0.1% in normal saline) was added to the
incubated samples and the number of dead cells that appeared
blue were counted using a hemocytometer.
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analysed using an automated sequencer (facility provided by
Indian Institute of Science, Bangalore, India). The amino
acid sequence obtained was compared with the sequences of
existing proteins in SWISS-PROT and PIR by using FASTA
(Wilbur and Lipman 1983).

2.8

Cell lines and culture conditions

Mouse lung ﬁbroblast tumor cells (L929), monkey kidney
normal cells (Vero), human leukemic T cells (Jurkat), uterus
cervix cancer cells (HeLa), breast adenocarcinoma cells
(MCF7), gastric signet ring carcinoma cells (Kato III), colorectal adenocarcinoma cells (HT29), intestinal epithelial
cancer cells (Caco2), larynx cancer cells (Hep2) and gastric
adenocarcinoma cells (AGS) were used for the study. The
cells were obtained from National Centre for Cell Science
(NCCS), Pune, India and cultured in respective medium
supplemented with FBS (10%, v/v) and antibiotics as recommended by the suppliers. Normal splenocytes and thymocytes, collected from mouse tissues were suspended in
RPMI medium with 10% FBS and used for cytotoxicity
analysis.

2.9

Cytotoxicity analysis by MTT

Protein concentration of the samples was measured by the
method of Lowry et al. (1951). The proteins were resolved
on 15% SDS-PAGE (Laemmli 1970), silver stained (Sigma
Aldrich, USA) and the separation proﬁles were documented
by gel documentation system (UVItec, UK) and molecular
weight was determined.

The cytotoxicity of the protein was estimated by MTT
assay. Approximately, 1 9 104 cells were seeded in 96
well plates and allowed to attach (for adherent cells) and
incubated with different concentrations of proteins at
37°C for 72 h. MTT, (3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (1 ll of 5 mg mL-1 PBS)
was added to the treated cells and incubated for 4 h. The
absorbance of the colored formazan crystals dissolved in
dimethyl sulfoxide (DMSO) was measured at 570 nm.
The experiment was done in triplicate. The average
absorbance of untreated samples was taken as 100% cell
survival (Mosmann 1983). The cytotoxic activity of the
protein was determined by comparing the percentage
death of treated cell population with the untreated control.
The morphology of the cells was analysed by Hoechst
staining and phase contrast microscopy. The DNA isolated
from the treated cells (Elmore 2007) was electrophoresed
on 1.5% agarose gel and visualized under the UV transilluminator by staining with ethidium bromide.

2.7 N-terminal sequencing of parasporal inclusion
protein

2.10 Apoptotic gene expression proﬁle analysis using
RT-qPCR

The parasporal inclusion protein of the isolate KAU 41,
resolved on SDS-PAGE was transferred to a PVDF membrane (Bio-Rad) and the NH2-terminal sequence was

The cDNA was synthesized from the treated and untreated
HeLa cells using cDNA DirectTM kit (GeNei) and the
expression of apoptotic genes caspase 3, caspase 8, caspase

2.5

Hemolytic assay

Hemolytic activity of isolated protein was determined using
human erythrocytes (RBC). The cells were washed three times
in PBS and re-suspended to 1 9 108 cells mL-1. One milliliter
of the erythrocyte suspension was treated with 100 lg of
protein. After incubation for 18 h at 37°C, the suspension was
centrifuged at 1500 g for 10 min and the supernatant was read
at 570 nm using spectrophotometer (PG Instruments, UK).

2.6

SDS-PAGE analysis
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Figure 1. Bacillus thuringiensis colonies in culture.
Table 2. Ampliﬁcations of parasporin (PS) genes in various
isolates obtained by PCR analysis

Genes
ps1
ps2
ps3
ps4

Isolates with amplicons of expected size
KAU6, 41, 374, 375, 376, 369, 378, 379, 354
KAU 6, 341, 343, 346, 353, 358, 398, 365, 392,
326, 342, 259, 283, 256, 399, 343, 346
KAU 5, 6, 14, 17, 41, 65, 102, 160, 285, 399
KAU isolates-5, 14, 65, 102, 160, 301, 305,
306, 314

No. of
?ve
isolates
9
17
10
9

9 and APAFI using real time PCR (Applied Biosystems
7300) with respective primers was analysed. The experiments were done in triplicate. The PCR reactions were
performed using SYBR Premix Ex Taq (Tli RNaseH Plus)
from TaKaRa. PCR reaction mix (25 lL) contained 12.5 lL
of 2x SYBR Premix (containing TaKaRa Ex Taq HS, dNTP
mixture, Mg2?, Tli RNase H and SYBR Green I), 1 lL (0.2
lM) of both forward and reverse primers, 0.5 lL of ROX
reference dye (50 X), 5 lL of cDNA synthesized and 5 lL
of distilled water. The ampliﬁcation was done by following
the thermal cycling program: Step 1: 95°C for 30 s, Step 2:
95°C for 5 s and 60°C for 34 s (40 cycles), Step 3: 95°C for
27 s, 60°C for 1 min, 95°C for 15 s and 4°C for 5 min. For
the relative quantiﬁcation, the threshold was set to 0.2 using
the SDS software and Ct values were calculated.

2.11 LDH efﬂux assay
The ability of puriﬁed protein to cause the membrane
damage in cells was determined by estimating the amount of
lactate dehydrogenase (LDH) enzyme efﬂuxed to the medium. The cells were treated with different concentrations of

protein and incubated for 24 h at 37°C. After incubation, the
culture was centrifuged to remove ﬂoating cells and the LDH
activity in the medium was measured using LDH assay kit
(Synergy Bio, India). The amount of LDH released from the
treated cells was compared to the untreated control cells.

2.12

Statistical analysis

The values are presented as mean ± SD of 3 individual
experiments each in duplicate. The differences between the
groups were calculated using one-way analysis of variance
(ANOVA) followed by Dunnet post hoc test using GraphPad
Instat 3 software (La Jolla California, USA).

3. Results
Approximately, 40 colonies of Bt were obtained from each
plate by the dilution of 10-2 of the sample. In pure culture,
done by streak plate (quadrant streak) method, Bt formed white
and rough colonies, which spread out and expanded over the
plate very quickly (ﬁgure 1). Out of 70 isolates screened, 9
isolates produced amplicons of expected size to ps1, 17 isolates
to ps2, 10 isolates to ps3 and 9 isolates to ps4 genes (table 2),
the remaining 25 did not produce any amplicons.

3.1 Microscopic analysis of sporulated culture of Bt
isolates
In sporulated culture of Bt, deeply stained parasporal crystals
were observed when stained with Coomassie brilliant blue.
The crystals were found adjacent to the spores throughout
the smear and most of them were roughly spherical or
bipyramidal in shape and smaller than that of the accompanying spores. Under the transmission electron microscope

Parasporin from Bacillus thuringiensis induces apoptosis in cancer cells
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Figure 2. Microscopic view (1009) of crystal proteins of sporulated culture of B. thuringiensis isolates. (A) KAU 41 (spherical),
(B) KAU 5 (bipyramidal) by light microscopy and (C) Transmission Electron Microscopic (TEM) view of KAU 41 crystal. The arrows
(c) indicate the crystals and (s) indicate the spore.

(TEM), the inclusion bodies were found with diameters
ranging from 0.5 to 0.8 lm. The crystals obtained from
KAU 41 and KAU 5 is shown in ﬁgure 2.

3.2

N-terminal end. These N-terminal residues shared no homology
with the existing Cry or Cyt proteins but were listed as those
representing a hypothetical B. thuringiensis protein in BLAST
analysis.

Hemolytic and cytotoxic activity
3.5

The cytotoxic activity of 45 crude crystal protein preparations of Bt isolates was analysed. Of these, 12 were found to
be signiﬁcantly cytotoxic ([80%) to DLA cells at
100 lg mL-1 when treated for 3 h at 37°C. But, protein
preparations from only 3 isolates (KAU 5, 41 and 102) were
found to be non-hemolytic, while all other isolates lysed
human RBC as evidenced from the increased hemoglobin
release in to the medium from the treated cells (table 3).

3.3 SDS-PAGE analysis of native and enzymatically
cleaved proteins
Crystals isolated from 3 non-hemolytic isolates were puriﬁed
and resolved by SDS-PAGE. The results revealed that only
KAU 41 shows a single polypeptide and the size of the peptide
was calculated to be approximately 31 kDa. However, in case
of KAU 5 and 102, many polypeptides were observed in the
puriﬁed sample, hence these isolates were excluded from further studies. When 31 kDa protein of KAU 41 was treated with
different enzymes such as proteinase K, trypsin and chymotrypsin, proteolysis was evident as shown in ﬁgure 3. This
peptide showed signiﬁcant cytotoxic effect on cancer cells
when cleaved by proteinase K (ﬁgure 4) and the size of the
cleaved peptide was approximately 29 kDa.

3.4

N-terminal sequencing

The parasporin peptide from KAU 41 had tyrosine-phenyl alanine-serine-aspartic acid-leucine-glutamic acid residues at the

Anti-proliferative effect of protein

The protein of KAU 41 showed differential cytotoxicity on
various cell lines in a concentration dependent manner. Maximum cytotoxicity was observed in HeLa cells with an IC50 value
of 1 lg mL-1. The Jurkat cells were also found to be signiﬁcantly sensitive to the protein with an IC50 value of 4 lg mL-1.
The protein was found to be less toxic to Hep2 and MCF7 cells.
The normal cell, Vero was not sensitive to the protein up to the
concentration of 100 lg mL-1 and in normal mouse splenocytes
and thymocytes, the peptide showed minimal toxicity. The IC50
values of the sensitive cell lines are shown in ﬁgure 5. Altered
morphology and disrupted cell membrane with cytoplasmic
blebbing in about 70% of treated HeLa cells (ﬁgure 6) and DNA
fragmentation observed (ﬁgure 7) indicate the apoptotic pattern
of death. The percentage of apoptotic cells in respective concentrations of peptide is shown in ﬁgure 8. At the same time, the
treated Vero cells didn’t show alteration in their morphology and
fragmentation in DNA.

3.6

Gene expression proﬁle

The gene expressions were calculated by the relative quantiﬁcation using DDCT method. A positive DDCT indicates
down-regulation and a negative DDCT shows upregulation.
In RT-qPCR, caspase 9, caspase 3 and APAF1 were up
regulated and caspase 8 was down regulated. The DDCT
values obtained are plotted as the bar diagram and shown in
ﬁgure 9. The extent of target gene expression is shown as
fold difference from that of the endogenous house-keeping
gene, b-actin. Caspase 3, Caspase 9 and APAF1 showed 8,
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Table 3. Cytotoxic and hemolytic effects of crude preparations of
crystal proteins of 23 Bt KAU isolates
KAU isolates

% of Death

KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU
KAU

13.79
50.00
02.30
03.50
100.0
100.0
23.00
10.12
13.10
09.80
07.20
100.0
85.50
81.30
04.50
93.00
80.00
85.00
82.00
11.00
90.00
92.00
95.00

1
2
3
4
5
6
7
8
9
11
12
14
16
17
18
41
65
67
102
105
148
160
224

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

1.7
4.8
0.8
1.3
0.0
8.9
3.5
4.7
2.3
1.6
1.5
9.9
8.8
6.5
1.2
5.7
6.8
7.9
9.0
2.4
4.6
7.3
5.5

Hemolytic activity
?
?
?
?
2
?
?
?
?
?
?
?
?
?
?
2
?
?
2
1
?
?
?

Figure 4. Cytotoxic effect of different proteases cleaved crystal
proteins on cancer (Jurkat) cells.

Figure 5. Cytotoxicity of the protease cleaved crystal protein on
different cell lines.

7.4 and 14.9 fold increase in expression respectively while
caspase 8 showed a decrease in expression by 0.37 fold.

3.7

LDH release

The release of LDH from the cells was corresponded to the
sensitivity to the protein. HeLa, Jurkat and HT29 cells
showed a high level of LDH release in to the medium at
higher concentration of the peptide but not Vero and Hep2
cells (ﬁgure 10). The amount of LDH released from the cells
was comparable to the H2O2 treated cells which served as
the control in this experiment.
Figure 3. SDS-PAGE analysis of crystal protein of Bt isolate
KAU 41. Approximately, 10 lg protein was loaded on a 15%
polyacrylamide gel and the bands were detected by silver staining.
Lane 1, molecular weight marker; lane 2, crude preparation of
protein; lane 3, puriﬁed protein (A-31 kDa) by aqueous biphasic
separation and lane 4, cleaved protein with proteinase K (B29 kDa).

4. Discussion
Bacillus thuringiensis produces various types of toxic crystal
proteins like insecticidal, non-insecticidal, Vip (vegetative
insecticidal proteins), Cyt (cytocidal) proteins and

Parasporin from Bacillus thuringiensis induces apoptosis in cancer cells
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Figure 6. Morphology of HeLa (3 lg mL-1) and Vero (100 lg mL-1) cells treated with KAU 41 crystal protein.

parasporins (Palma et al. 2014). Among these, parasporins
have received a great attention in cancer drug development
due to their non-hemolytic characteristics and speciﬁc
cytotoxicity towards cancer cells. Other classes of toxins
like, Cyt protein with hemolytic nature (Crickmore et al.
1998; Bravo et al. 2007) are fruitless as an anticancer drug
candidate as it exerts toxicity to RBC.
The present study has documented the presence of
parasporin genes in 65% of the Bt isolates screened. Among
these, ps2 gene is the most harboured one (38%) compared
to other classes of parasporin genes including ps1, ps3 and
ps4 genes (*20–23%). However, only 3 isolates (KAU 5,
41 and 102) were found to be non-hemolytic. Interestingly,
the crystal protein from KAU 41 isolate was found to be
cytotoxic to various cancer cells and remained non-toxic to
normal cells like mouse thymocytes, splenocytes and Vero
cells. However, KAU 5 and 102 caused signiﬁcant cell death
in normal cells also. Previous studies report that the parasporins are characterized by lack of toxicity towards normal

cells and are non-hemolytic (Kitada et al. 2006). Thus, it is
assumed that the crystal proteins produced by KAU 41
belongs to the parasporin family. In aqueous biphasic
puriﬁcation, KAU 41 yielded homogenous crystals while
other two isolates, KAU 5 and 102 produced heterogeneous
types of crystals. This heterogeneity in crystals of KAU 5
and 102 might have contributed to their toxicity towards
normal as well as tumour cells. The homogenous parasporin
of KAU 41 (P-KAU 41), thus, is an ideal candidate for
cytotoxic drug development.
Further, we have determined the size of the protein in
KAU 41 as 31 kDa and upon proteolytic digestion by proteinase K, it generated a 29 kDa peptide. A similar observation has been made by Mizuki et al. (2000) in A1470 Bt
strain, in which a 31 kDa protein digested to 29 kDa peptide, was identiﬁed as PS4. Generally, a proteolytic processing is unavoidable for the d-endotoxins to exhibit their
activities (Baum and Malvar 1995). In our studies also, the
cleaved product was found to be the active peptide which
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Figure 7. DNA analysis of HeLa cells treated with P-KAU 41.
Lane M; Eco R1/Hind III double digest of Lambda DNA, Lane 1,
untreated, lane 2, 3, 4 and 5 treated with 0.5, 1, 2 and 5 lg mL-1,
respectively.

Figure 8. Percentage of cytotoxicity in MTT assay and apoptotic
cells at different concentrations of P-KAU 41 on HeLa cells.

showed heterogeneous cytotoxic spectra on various cell
lines. The most sensitive cell was found to be HeLa. It has
been reported that a peptide of similar molecular size
(28 kDa) produced by proteinase K digestion of the 32 kDa
nascent protein of the B. thuringiensis subsp. (shandongiensis A1470 strain) exhibited cytotoxicity towards
human leukemic cells (Lee et al. 2000). Its IC50 against
MOLT-4 was 0.23 lg mL-1 and it induced necrosis-like
cytotoxicity. Various reports have revealed that each parasporin is known to have unique cell killing mechanisms.
Generally, PS1 induces apoptosis (Katayama et al. 2007)
while PS2 (Kitada et al. 2006), PS3 (Yamashita et al. 2005)
and PS4 (Okumura 2010) create pores in the plasma membrane of cells.

Figure 9. The gene expression proﬁle of HeLa cells treated with
1 lg mL-1 P-KAU 41. The cDNA synthesized from the treated
and untreated cells were ampliﬁed using speciﬁc primers of
respective genes. The gene expression was calculated by relative
quantiﬁcation using DDCT method. A positive DDCT indicates
down regulation and negative DDCT indicates up regulation.

Figure 10. The effect of crystal protein on cell membrane
permeability assessed by LDH release assay. Cells were treated
with different concentrations of crystal protein for 24 h at 37°C.
After incubation, the LDH activity in the medium was measured.
The data represent three independent experiments in duplicates and
representative data were plotted with standard deviations.

In this study, HeLa cells showed typical characteristics of
apoptosis at the earlier phase of protein exposure. Additionally, 3 genes, caspase 3, caspase 9 and APAF1 were
signiﬁcantly over expressed in these cells suggesting the
activation of intrinsic pathway. Down regulation of caspase
8 in these cells ruled out the possibility of extrinsic pathway
activation. Surprisingly, the peptide induced apoptosis only
at lower concentrations (1 lg/mL), while at higher concentrations ([3 lg/mL), the HeLa cells showed LDH leakage
and necrotic cell death. There are other proteins reported in
literature that shows similar characteristics. One such candidate is Aerolysin, a cytolytic pore forming toxin produced
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by a Gram negative bacterium Aeromonas hydrophila.
Nelson et al. (1999) reported that Aerolysin caused apoptosis in T cells at very low concentrations. They suggested
that apoptosis was caused by the production of a small
number of channels in the cell membrane that resulted in the
rapid increase in intracellular calcium. In our study, the
parasporin peptide from the Bt isolate KAU 41 showed
apoptotic properties at low concentrations speciﬁcally
towards cancer cells. We are in the process of carrying out
further studies to reveal the exact mechanism of action of the
parasporin.
The N-terminal amino acid residue of the peptide did not
show any homology with existing parasporins, but showed
homology with a hypothetical Bt protein. Thus, the protein
could be a novel one with a distinct mode of action. In
conclusion, we report the presence of a novel parasporin
peptide in Bt isolate KAU 41 having preferential cytotoxic,
non-hemolytic and non-insecticidal nature.
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