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Abstract

Background: Cancer is the leading cause of death in the
world and the new types of cancer are diagnosed
regularly but the advancement in their treatment is
relatively slow and not to mention very costly.
Parasporins (PS), parasporal inclusion proteins from
Bacillus thuringiensis, possess specific cytotoxicity
against different cancer cells which has suggested them
to be potential for cancer treatment due to their specific
binding to cancer cells.

Methods. Computational investigation were performed
to exploit their physicochemical characteristics,
structural properties including three dimensional (3D)
model, model quality analysis, phylogenetic assessment
and functional analysis along with the cancer-cell killing
mechanism of PS-5 and PS-6 proteins using standard
tools of bioinformatics.

Results. PS proteins were found to be slightly acidic
based on their isoelectric points i.e., pl ranging from 5.12-
6.19, and the instability indices (29.03- 42.31) indicate
their highly stable nature in test tubes and higher
(62.54-94.75) their

feature high-level

aliphatic  indices indicate

thermostability, a suitable for

industrial production. In silico analysis of cellular
localization predicts that the parasporins are mostly
located in the cytoplasm and few in the plasma

membrane but devoid of any signal peptide.

Significance | Structural and functional insights of
anti-cancer proteins from Bacillus thuringiensis.
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The generated 3D models of PS proteins upon
verification by Ramachandran plot analysis confirmed
that our prediction lies in the good quality model range
and facilitated the understanding of the very protein
folding, assembly into complexes and cell killing
mechanisms. It could be hypothesized that the PS-5
protein might induce apoptosis or act as - pore forming
toxin to kill specific cancer cells while PS-6 might act
simply as pore forming toxin.

Conclusions. The theoretical overview of this research
would facilitate the researchers with valuable insights of
the PS protein structures, cancer cell killing mechanism
of PS-5 and PS-6 proteins eventually in tumor micro-
environment and their receptor molecules with a view to

develop anti-cancer drugs.
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Abbreviations: Bt, Bacillus thuringiensis; PS, Parasporin; B-PFT, B- Pore
Forming Toxin; CD, Circular Dichroism; Cry, Crystal; pl, Isoelectric point;
Al, Aliphatic Index; GRAVY, Grand average of hydropathy; Pl, Phosphatidyl
Inositol; GPI, Glycosyl Phosphatidyl Inositol; GOL, Glycerol; 13D, 1, 3-
Diaminopropane; Br, Bromide; NGA, N- Acetyle- D- Galactosamine; U1,
Uracil; E64, N- [N- [1- Hydroxycarboxyethyl- Carbonyl] Leucylamino- Butyl]-
Guanidine; HEA, Hydroxyethylamine; MN, Manganese (ll) ion.

Introduction
Bacillus thuringiensis is a gram-positive, spore-forming bacterium
that produces large crystalline parasporal inclusion protein (8-

endotoxin) with specific cytotoxicity against agriculturally and medic-
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ally important insects of several orders including Lepidoptera,
Diptera, and Coleoptera etc. (Beegle & Yamamoto, 1992). Earlier, the
isolation of insecticidal B. thuringiensis strains from Bangladesh
harboring crystal (CrylA) protein was reported which demonstrated
high level of toxicity against Melon fruit fly, Bactocera cucurbitae from
Diptera order (A Shishir et al., 2015; Asaduzzaman Shishir et al., 2012,
2014; M. A. Shishir et al., 2012; M. A. Shishir, Akter, et al., 2015; M. A.
Shishir, Pervin, Sultana, Khan, & Hogq, 2015). The presence of non-
insecticidal Bt strains is as abundant as their insecticidal counterpart
in nature nevertheless very few extensive studies were attempted
(Hastowo, Lay, & Ohba, 1992; Martin & Travers, 1989; Meadows,
Ellis, Butt, Jarrett, & Burges, 1992; Mizuki et al., 1999; M. Ohba, 1996;
Michio Ohba & Aizawa, 1986; Roh et al, 1996). Interestingly, the
parasporal inclusions proteins from certain non-insecticidal Bt strains
had been reported to exert preferential cytocidal activity against
human cancer cells and thus making them potential candidates in
cancer treatment (Ferdous, Shishir, Khan, & Hoq, 2018; Mizuki et al.,
1998, 1999; Okassov, Nersesyan, Kitada, & Ilin, 2015).

To date, 19 parasporin proteins are grouped into 6 classes under
two main categories i.e. three-domain type protein (PS 1, 3 and 6) and
non three-domain type protein (PS 2, 4 and 5) according to the
sequence homology as described by the Committee of Parasporin
Classification and Nomenclature, 2006 (Adang, Crickmore, & Jurat-
Fuentes, 2014; Ferdous et al., 2018; S. Okumura et al., 2010).

Parasporin proteins are primarily produced as inactive precursor
proteins which are eventually activated upon proteolytic digestion. N-
terminal digestion occurs in PS-1 and PS-6 belonging to three-domain
classes, C- terminal digestion occurs in PS-4 and PS-5 of non three-
domain classes and digestions at both termini occur in PS-2 and PS-3
(Michio Ohba, Mizuki, & Uemori, 2009). PS-1 is not a pore forming
toxin. Cancer cell killing mechanism of PS1Aal starts by rapid
increase of the intracellular Ca®* concentration and inducing
apoptosis in HeLa cells through degradation of apoptosis-related
proteins, procaspase-3 and poly ADP-ribose polymerase (Michio
Ohba et al., 2009). PS2Aal exerts cytotoxicity by increasing the plasma
membrane permeability of susceptible cancer cells through receptor
proteins binding and forming oligomers in lipid rafts of plasma
The

oligomerization occurs in the presence of membrane proteins, lipid

membranes leading to pore formation and cell lysis.

bilayer and cholesterols. Substantial homology exists in amino acid
sequences between PS2Aal and Clostridium perfringens epsilon toxin
whose cell-killing mechanism involves the toxin oligomerization in
lipid rafts and pore formation in plasma membrane (Michio Ohba et
al., 2009). Likewise, PS3Aal also acts as a pore-forming toxin
eventually causing increased membrane permeability (Yamashita et
al,, 2005). PS-4 shares homologies with Cryl5Aa, a-toxin, aerolysin,
and e-toxin and a circular dichroism (CD) spectrum of PS-4 contains
51% of B-structure and is a unique cholesterol-independent p-PFT
(Shiro Okumura, Saitoh, Ishikawa, Inouye, & Mizuki, 2011). PS-5 and
PS-6 are two newly discovered proteins and their mode of action is yet
to be described completely (Ekino et al.,, 2014; Ferdous et al., 2018;
Nagamatsu, Okamura, Saitou, Akao, & Mizuki, 2010; Shiro Okumura
etal., 2011).

In order to wield Parasporin proteins as anti-cancer drug,
translating the molecular mechanism underlying the specificity of

ligand- receptor binding is very important.

Here, we have analyzed the physico-chemical parameters,
functional domains, 3D structures and phylogenetic relationship of
Parasporin proteins. The analyses also addressed the active sites of PS
proteins as well as its receptor molecules on the susceptible cancer
cells and the cancer cell killing mechanisms for PS-5 and PS-6 protein

were hypothesized.

Materials and methods

Retrieval of sequences and homology tree construction

Parasporin protein sequences of B. thuringiensis were retrieved in
FASTA format from NCBI. The sequences were subjected for
‘Multiple sequence alignment’ using clustal omega.

Bioinformatic analyses of parasporin

Physico-chemical properties of parasporin were computed using
ExPASy's ProtParam tool (Wilkins et al., 1999). Cellular localization
and solubility of parasporin proteins were determined using PSORT
and SOSUI respectively (Hirokawa, Boon-Chieng, & Mitaku, 1998;
Mitaku & Hirokawa, 1999; Mitaku, Hirokawa, & Tsuji, 2002; Nakai &
1999). GPI (Glycosylphosphatidyl Inositol) anchoring
possibility was examined through big PI (Phosphatidyl Inositol) which

Horton,

also predicted potential sites for PI (Eisenhaber, Bork, & Eisenhaber,
1998, 1999; Eisenhaber, Bork, Yuan, Loffler, & Eisenhaber, 2000;
Sunyaev et al, 1999). Signal peptide of parasporin protein was
predicted by SignallP-4.1 Server for Biological Sequence Analysis
(CBS) platform (Petersen, Brunak, von Heijne, & Nielsen, 2011).
Transmembrane region and orientation of the transmembrane region
was detected using Tmpred.

3D structure Elucidation

The 3D structures of parasporin proteins were predicted using
protein structure homology-modelling server, SWISS MODEL, which
models oligomeric structures of target proteins including evolutionary
conserved ligands (essential cofactors or metal ions) along with
model-quality estimates based on a QMEAN potential and GMQE
values, specifically re-parameterized for models built by SWISS-
MODEL. Target-template alignment (sequence identity, sequence
similarity, HHbits score, agreement between predicted secondary
structure of target and template, agreement between predicted solvent
accessibility between target and template; all normalized by alignment
length) was used to predict the expected quality of most suitable
structure (Arnold, Bordoli, Kopp, & Schwede, 2006; Biasini et al.,
2014; Guex, Peitsch, & Schwede, 2009; Kiefer, Arnold, Kunzli, Bordoli,
& Schwede, 2009). We have also used Phyre2 for 3D structure
determination. Ramachandran plot by PDBsum was used for quality
check of 3D structure.

Domain Analysis

InterPro and Pfam were used for domain analysis (Finn et al., 2016;
Mitchell et al., 2015) while specific domain analysis was performed
using Clustal omega to compare relatedness among different classes of
parasporin (Li et al., 2015; McWilliam et al., 2013; Sievers et al., 2014).

Phylogenetic Analysis

Here, phylogenetic analysis was performed using domain sequences
of all parasporin proteins. Domain sequences were retrieved from
motif search and those sequences were converted to nucleotide
sequences using Emboss transeq (Emboss; EMBL-EBI bioinformatics.
2013) then phylogenetic tree was constructed using MEGA 7 (Kumar,
Stecher, & Tamura, 2016).
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Binding site Detection

Binding sites for parasporin protein was calculated using RaptorX
along with different confidence score (Score, P-value, Score and
uGDT (GDT) and Pocket Multiplicity for potential target molecule
prediction (Kéllberg et al., 2012). Moreover, binding sites were also
identified from PDB database.

Deducing Molecular Docking

Ligand-receptor binding model for parasporin protein and receptor
molecules of the specific cancer cells were deduced by molecular
docking using ZDOCK server (Eisenhaber et al., 2000). We have also
performed ligand-receptor binding for parasporin protein using

PatchDock server and viewed the model using FireDock server.

Results

Retrieval and analysis of parasporin protein sequences

Anti-cancer drug design requires full understanding of the
parasporin protein, their chemical composition, chemical properties,
structure and conformation analysis. Amino acid analysis revealed
that Parasporin 1 was rich in serine and leucine, whereas Parasporin 2
and 5 were enriched with threonine and serine, parasporin 3 was
dominated by asparagine and leucine. Threonine and glycine were
predominant in parasporin 4 while asparagine and isoleucine were
dominant in parasporin 6 (Fig. 1). The relative abundance of amino
acid residues helped to figure out Aliphatic index (Ikai, 1980),
indicating the thermostability of the proteins. A highest Al to class 6
PS proteins (94.79) ranked them as most thermo stable, followed by
class 1 (79.34-82.64) and 4 (81.16), while classes 3 (75.16-76.22), 5
(72.85) and 2 (62.54- 75.00) were less stable, due to the presence of
Aspartic acid, Serine and Threonine.

Isoelectric point of parasporin proteins lie in the acidic range (5.12-
6.19). Instability index calculates the stability of the protein in a test

I(‘olor key ]

Protein
Name

PS1Aal
PS1Aa2
PS1Aa3
PS1Aa4
PS1AasS
PS1Aa6
PS1ADb1
PS1ADL2
PS1Ac1

Al (A)
A ®)
Asn (N)
Asp(D)
Gs(C)
Gln(Q)
Ghn(E)
Gly (G
His (H)
Te ()
Len (L)
Lys (K)
Met (M)
Phe(F)
Pro(P)
Ser(S)
Thr (T)
Tip(W)
Ty (Y)
Val (V)
Pyl (0)
Sec (1)

tube and except PS1Ad1 all parasporin proteins are stable with value
less than 40 (Guruprasad, Reddy, & Pandit, 1990). The GRAVY value
for a protein or a peptide is calculated by adding the hydropathy
values of each amino acid residues and dividing by the number of
residues in the sequence or length of the sequence where increasing
positive score indicates a greater hydrophobicity (Kyte & Doolittle,
1982). Negative values of Grand Average of Hydropathicity Index
[GRAVY] corroborates the hydrophilic nature of parasporin proteins
where PS3Abl (-0.508) and PS4Aal (-0.171) were most and least
hydrophilic respectively (Table 1).

In silico analysis revealed that parasporin proteins are cytoplasmic
except two of PS-3 and four of PS-1 classes are localized in
cytoplasmic membrane. Negative average hydrophobicity of
parasporin proteins determined by SOSUI indicates that these
proteins are soluble in aqueous solution and none of them have any PI
(Phosphatidyl Inositol) sites which indicates that none of the
parasporin proteins are GPI (Glycosyl Phosphatidyl Inositol)
anchored proteins and are not directly accessible from the cytosolic
face of the membrane. SignalP-4.1 web server discriminates signal
peptides from non-signal peptides through D value and parasporin
proteins with D-value less than 0.45 indicates no possession of signal
peptide i.e. the non-secretory inclusion nature of parasporin protein.
Moreover, three-domain  proteins contain some potential
transmembrane helices having TMPred value higher than 500 while
non-three  domain  proteins possesses some insignificant
transmembrane helices with less than 500 TMPred value (Table 1).

3D structure

Tertiary structure analysis revealed that all parasporin proteins had
lower QMEAN4 values except PS2 (Fig. 2 and Sup. Table 2). The
experimentally proved X-ray crystallography crystal structures of two

members of this class are available in PDB database (PDB: 2ZTB &

PS1Ac2
PS1Ad1
PSZAal
PS2Aa2
PS2ADb1
PS3Aal
PS3Ab1
PS4Aal
PS5Aal
PS6Aal

Figure 1| Variability in amino acid richness in different parasporin protein class. Yellow-low value, Red-medium value and Maroon-

Highest value.
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2D42) (Poupon & Janin, 2010), which confirm their higher QMEAN4
value. These structures were used as reference standard to compare
our in silico analyses. Given the fact that QMEAN4 value of -4.0 or
lower indicates poor quality of the structure, our results indicate that
classes 2, 4 and 5 have good quality scores, while classes 1, 3 and 6
have slightly higher negative value than -4.0 indicating poor quality
structure.

¢

v
)
»

[

B
»
4

vy
iy

g

However, all the predicted structures possessed higher GMQE score
ranging 0.41-0.69 indicating the good quality of modeled structure.
The phi-psi torsional angles analysis through Ramachandran plot
revealed that the structure of PS2Aa2, PS4Aal and PS5Aal are more
stable having more than 90% residues in most favored region. Rest of
the structures of parasporins was also stable, because nearly 90%
residue resided in most favored and additional allowed region (Fig. 3)
(Sup. Table 3).

Domain Analysis of parasporin protein

Domain analysis with InterPro and pfam showed three-domain
parasporin except PS6Aal contain Endotoxin_N and Endotoxin_C
domains. The Galactose-binding domain in parasporin protein
(Kitada et al., 2005) showed that Glycosylphosphatidylinositol (GPI)-
anchored proteins are involved in the cytocidal actions and
glycosylation alteration in the glycolipids are the basis for cancer cell
formation (Daniotti, Vilcaes, Torres Demichelis, Ruggiero, &
Rodriguez-Walker, 2013). Galactose-binding domain might play a
role in specific binding with cancer cells. Moreover, parasporin 3
(PS3Aal, PS3Ab1) contains some additional Ricin_B, lectin domain
that binds with simple sugars (galactose or lactose) of cancer cells
containing multi-antennary structures than normal cells (Raymond
W. Ruddon, 2003). InterPro analysis revealed presence of Aerolysin
like toxin, beta complex domain in non-three domain protein, while
Pfam analysis showed Clostridium epsilon toxin ETX/Bacillus
mosquitocidal toxin MTX2 but internal database links of Pfam
showed similarity with Aerolysin (Sup. Table 4). These types of toxin
bind to eukaryotic cells and aggregate to form holes in lipid bilayers
leading to the destruction of membrane permeability and osmotic
lysis (Aerolysin, IPR005830). Domain analysis of PS2Aal, having two

experimentally determined crystal structures (Akiba et al., 2009)

showed similar domain finding compared to InterPro and Pfam
(Wilkins et al., 1999).

Phylogenetic tree construction

Multiple sequence alignment shows that three domain and non-
three domain parasporin proteins differ in amino acid sequences.
Parasporin 1 and 6 shares higher sequence similarity. Non- three

domain parasporin (PS 2, 4 and 5) shares sequence similarity among

Figure 2| 3-D structure of
parasporin protein; Three-
domain parasporin (a)
PS1Aa1 (b) PS1Aa2 (c)
PS1Aa3 (d) PS1Aa4 (e)
PS1Aa5 (f) PS1Aa6

(g) PS1Ab1 (h) PS1Ab2 (i)
PS1Ac1 (j) PS1Ac2

(k) PS1Ad1 () PS3Aal (m)
PS3Ab1 (n) PS6Aal; Non-
three-domain parasporin
(o) PS2Aa1 (p) PS2Aa2 (q)
PS2Ab1 (r) PS4Aal (s)
PS5Aa1l.

themselves. Percent Identity Matrix analysis reveals that parasporin
proteins in each class share more than 80% sequence similarity and
lesser sequence similarity among the classes but interestingly share
similar toxicity towards similar cancer cell lines (Michio Ohba et al,,
2009). Parasporin 6 shares slightly higher sequence similarity with
class 1 compared to other classes and also shares higher toxicity to
HeLa cell lines which is similar to Class 1. It is interesting that
although being a three-domain protein, parasporin 3 shares sequence
similarity with non-three domain parasporin 2, which is not reflective
in Percent Identity Matrix analysis. Therefore, we performed multiple
sequence alignment with specific domain sequence rather than the
whole protein sequence and found that parasporin 1, 3 and 6 resides
closely in the phylogenetic tree and they all showed toxicity towards
Hela cell containing the Endotoxin_N domain. Although being a
non-three domain, parasporin 5 ETX/MTX2 domain resides with the
Endotoxin_N domain, which explains their toxicity towards HeLa
cells. However, ETX/MTX2 domain of class 2 resides distantly from
class 5 and shows cytotoxicity towards HL-60 cells. Aerolysin domain
of class 2 and 3 resides closely in the phylogenetic tree (Fig. 4) and
have cytotoxicity towards HL-60 cells (Aldeewan, Zhang, & Su, 2014).

Prediction of binding sites

We have detected binding sites of parasporin protein but found
only three pockets with more than 40 pocket multiplicity in
parasporin PS3Aal and PS3Abl. Binding site prediction with PDB
revealed that all three-domain classes contain GOL (Glycerol) and
13D (1, 3- Diaminopropane) ligand. RaptorX too predicted Br-
(Bromide Ion), NGA (N-Acetyle-D-Galactosamine), SO4* along with
GOL and 13D. On the other hand, non-three domain class harbors Ul
in addition SO4*, E64 (N- [N- [1- Hydroxycarboxyethyl- Carbonyl]
Leucylamino- Butyl]- Guanidine), HEA (Hydroxyethylamine), Mn**
was found in PS2. In PDB database, PS2Aal (PDB ID: 2ZTB) has
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Figure 3| Ramachandran plot analysis. PS 2, PS 4 and PS 5 class have more than 90% residue in the favored zone indicating their more
structural stability. However, predicted structures of other classes are also stable as they have near 90% residue in the favored region.

similar binding sites 1dentitied by KaptorX binding sites corroborating
the correct binding site prediction by RaptorX (Sup. Table 5).
Moreover, RaptorX predicted some additional binding sites because
PDB showed ligands based on homologous searches of model and
RaptorX predicted the ligands on the basis of amino acid sequences.
However, two protein of Parasporin 1 class (PS1Acl, Ps1AC2) also
have SO4* and Ca®- ligand which might help in dock in different
receptors.

Prediction of Receptor on Cancer cells

We have taken the cancer cells against which each parasporin
protein showed highest toxicity (Michio Ohba et al., 2009). PS 1, 5 and
6 showed higher toxicity towards HeLa cells. PS 2, PS3 and PS 4
showed higher toxicity towards HL-60 (Michio Ohba et al., 2009).
Hence, we have taken their receptor molecule from Endogenous
GPCRs in Common Cell Lines and their PDB ID and binding ligands
were determined using PDB (Sup. Table 6).

Molecular Docking

We have predicted binding orientation of different parasporin
protein to receptors of target cancer cells for understanding cancer cell

kiling mechanism. Endotoxin_N domamn ot parasporin | and 6
contains GOL, SO4* ligand molecule and HeLa cell contains receptor
molecule (Andregenic 2, Endothelin Type-B, Lysophospholipid) that
tends to bind with this ligands. Enotoxin_N and ETX_MTX2 domain
of Parasporin 2 and 3 contains ligand GOL and is cytotoxic towards
HL-60 cells containing receptor molecule Chemokine CCRI.
Parasporin 5 contains Ul, POs ligand molecule on ETX_MTX2
domain through which they bind with Histamine H1 and Muscarinic
receptor of HeLa cell. Parasporin 4 have Ul, GOL ligand molecule on
ETX_MTX2 domain and shows cytotoxicity through binding with
Somatostatin receptor of Caco-2 cells (Sup. Fig. 1) (Sup. Table 5 & 6).

Cancer Cell Killing Mechanism

Domain based phylogenetic analysis revealed that parasporin 1, 3
and 6 contains Endotoxin_N domain. However, PS-6 has greater
sequence similarity with PS-1 and closely related in the phylogenetic
tree, and were reported for their higher cytotoxicity against HeLa cells
(Nagamatsu et al., 2010; Michio Ohba et al., 2009). Both of them have
similar type of activated protein product after protease digestion
(Nagamatsu et al., 2010; Michio Ohba et al., 2009) and posses similar
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ligand molecule (GOL, 13D), and they might follow similar cancer cell

killing mechanism. Briefly, upon activation, PS-6 binds to the receptor
molecule and increases intracellular Ca?*, protein and DNA synthesis
followed by vacuole formation. As a result, cell swelling occurs leading
to degradation of apotosis related protein (Procaspase-3 and Poly

ADP-ribose polymerase) and apotosis of the cells.

Pro-Parasporin 6 protein (84 KDa)

1

Active-Parasporin 6 protein (14+59 KDa)

Binding of ligand molecule with specific
receptor molecule

Increase of Intracellular Ca™

Increase in cellular protein and DNA synthesis

'

Cell swelling and vacuole formation

Degradation of apoptosis related protein
(Procaspase-3 and Poly ADP-ribose
polymerase)

A Apoptosis of cell

Unlike other small parasporin ie. PS-2 and PS-4, PS-5 shows
cytotoxicity towards HeLa cells (Ekino et al., 2014). However, they
have highest sequence similarity with PS-4 protein and likely cytotoxic
towards MOLT-4, TCS, HL-60 and Swano cells. Again, they are non-

Figure 4| Phylogenetic relationship

among domains of different

parasporin proteins by Neighbor-

Joining method. Numbers at nodes

percentages of

occurrence of nodes in 1000

R bootstrap trials Three Domains

; parasporin proteins are clustered

together and non-three domain

proteins domains are clustered

together. However, PS 5 ETX/MTX2

is clustered with three domain

PS1AM Endesonia N proteins, and PS 3 Ricin-type-lectin
are grouped with PS 4 and 5.

represent the

three domain protein which lead to hypothesize that PS-5 might be
a B-PFT protein. Upon activation, they bind to specific receptor
molecule and oligomerize to form pore and increase cell permeability
and lyse the cell (Fig. 5).

Pro-Parasporin 5 protein (33.8 KDa)
EJ'F'mtease treatment
Active-Parasporin 5 protein (29.8 KDa)

Binding of ligand molecule with receptor
molecule of susceptible Cancer cells

Aggregates to form oligomer and pore formation

!

Increase in cell permeability

B Cell lysis

Figure 5| Cancer cell killing mechanism. A)
Parasporin 6 mediated and B) Parasporin 5
mediated.

Discussion
Cancer with leading cause of deaths remains the matter of health
concern for both developed and developing countries (WHO media

center, 2017). Despite the advances in cancer treatments, mortality
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rate due to this deadly disease is still very high. Owing to the
development of resistance by cancer cells towards current anti-cancer
chemotherapeutic drugs, there is an urgent need to add new weapons
in the anti-cancer drug arsenal to fight with this deadly disease.
Parasporal inclusion proteins from B. thuringiensis having specific
cytotoxicity against specific cancer cells together with their low
industrial production cost could shed lights of hope. The thermostable
nature of PS proteins in aqueous solution would make them suitable
for industrial production. Variability in amino acid richness was
found among different classes of parasporin protein, Parasporin 1 and
3 showing richness in leucine while Parasporin 4 and 6 in glycine and
iso-leucine respectively can be categorized as potential anticancer
protein as anticancer protein tend to be rich in these amino acids
(Tyagi et al,, 2013). We have predicted quality 3D structure of the
parasporin proteins and validated with Ramachandran plot analysis to
buttress structural quality which is important to determine the
function of the protein. We have predicted their binding sites and also
detected the receptor molecules to which they are likely to bind. On
the basis of literature review and our analysis we have proposed cell
killing mechanism of parasporin 5 and 6 protein which needs further

validation from experimental evidence.

Conclusion

Although parasporin protein has specific cytotoxicity towards
different cancer cell lines they can not be used directly for treatments
because of the unpredicted immunological reactions to the patients.
This necessitates detailed study of molecular structure-function
relationships involving the unique action of parasporin. Here, we have
performed in silico analyses to elucidate the composition, structural
orientation of parasporin protein along with interaction with cancer
cells. The functionally modular domain structure of the toxin is
obviously advantageous for such a purpose. But The safety assessment
of these proteins needs to be performed on a greater variety of non-
target species to experimentally demonstrate their specificity and

safety.
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