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Abstract

Background: Asparginase is known to be one of the most important bedrocks of acute lymphoblastic leukemia (ALL) treatment in
almost all pediatric regimens in treatment protocols. Escherichia coli L-Asparginase (EC 3.5.1.1) is one of the most common resources
to produce this enzyme. One of the affordable methods to overcome the side effects of drug is utilizing bioinformatic tools in the
form of In silico study. In this study we designed a new structure of L-Asparginase to decrease its toxicity, reduce some side effects
and increase the stability.
Methods: We used some bioinformatics software and servers like Toxin red, Popmusic, kobami and I-TASSER server to reduce toxicity
level of enzyme, and to increase stability and enzyme half-life.
Results: We obtained 6 protein sequences in which the best was Mut 6 with four changes in structure: L23G, K129L, S263C and R291F.
In contrast to the wild type, the new predicted protein is not toxic and has 25 hours more half-life and 600 kcal/mol more stable
with no significant change in protein secondary, tertiary structure, antigenicity and allergenicity.
Conclusions: Finally, sequence number 6 was the only sequence with all distinct characteristics: non-toxic, more stability and more
half life.

Keywords: L-Asparginase, Bioinformatics, Acute Lymphoblastic Leukemia, Toxicity, Stability

1. Introduction

Acute lymphoblastic leukemia (ALL) cancer is an un-
controlled division of immature B-cells, which are called
Lymphoblasts, in human bone marrow (1). Different mild
and offensive kinds of treatments are advised for ALL such
as stem cell and bone marrow transplantation, chemo and
radiotherapy and treatments with steroids. Experiments
have shown that chemotherapy is regarded as the best
method of treatment for ALL. In most cases, treatment of
this disease has three phases (Table 1). Prescriptions usu-
ally contain a list of drugs, which include: methotrex-
ate, hydrocortisone, prednisolone, dexamethasone, cy-
clophosphamide, vincristine, daunorubicin, cytarabine,
thioguanine, etoposide, mercaptopurine and Asparginse
(2).

Asparginase (EC 3.5.1.1) is known to be one of the most
important bed rocks of ALL treatment in almost all pedi-
atric regimens of youth and adults’ treatment protocols
(4). Various prokaryotic and eukaryotic resources that are

able to provide this enzyme include different kinds of Bac-
teria, Algae, Fungi and Yeasts play an important role in
amino acids metabolism, and utilization and maintaining
nitrogen balance within cells. By the action of this en-
zyme, asparagines hydrolyzed to aspartate. Then there are
various pathways possible for Aspartate (5). For example,
transamination of aspartate into oxaloacetate (one of crit-
ical compound of Tricarboxylic acid cycle (TCA) or conver-
sion into fumarate during the urea cycle (6). E. Coli pos-
sesses two kinds of this enzyme: Type I, which is the cyto-
plasmic form and is encoded by ansA; and Type II, which is
the periplasmic form and is encoded by ansB (4). Type I is
expressed when asparagines is the sole source of nitrogen,
but type II expresses under nutrient depletion in anaerobic
conditions regulated by cAMP and oxygen-sensing regula-
tor of fumarate and nitrate reduction (FNR) protein. Type
II is the enzyme which is used as a therapeutic agent in ALL
while Type I has no therapeutic activity (7).

According to the source of the enzyme (E. Coli or Er-

Copyright © 2017, International Journal of Cancer Management. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.
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Table 1. Three Phases of Treatment and Different Prescriptions for All

Phase Description Treatment Protocol Ref.

Remission Induction The main goal of this phase is to kill cancer cells and improve the patient’s condition. CNS
prophylaxis starts at this point and continues to phase 2

Asparginse (better tolerance in children) + Prednisolone + Dexamethasone + Vincristine +
Danorubicine (In adults ALL)

(3)

Consolidation/Intensification At this phase, a high volume of multiple intravenous infusions of anti-tumors is used to
reduce the tumor volume

Vincristine + Danorubicine + Etoposide +6-Thioguanin + MercaptopurineFor CNS
Protection: Methotrexate or cytarabine (intrathecal), which is sometimes combined with
Kranyvaspynal radiotherapy For recurrent CNS: Intrathecal infusion of Hydrocortisone +
Methotrexate + Cytarabine

Maintenance therapy The goal is to kill any remaining cancer cells. Despite the low number, they can cause
relapses.

The daily oral uptake of Mercaptopurine + oral uptake of Methotrexate once a week + Once
monthly 5-day course of intravenous Vincristine + Oral administration of corticosteroids
(The duration of this phase of treatment for adults is 3 and for children is 2 years)

winia asparaginase), various side effects of the drug could
be considered as: allergic or hypersensitivity reactions,
Anaphylaxis, coagulation, abnormalities, neurotoxicity,
convulsions, Pancreatitis, diabetes requiring insulin, liver
toxicity, infection and death (8). On the other hand, in its
native form and without any protective treatment, the en-
zyme has been shown low in vivo half-life when it is intro-
duced into the body (9). Since reducing the side effects
of the enzyme and increasing its stability in in vivo sys-
tems are two important achievements as therapeutic aims,
bioinformatic study and in silico study seem to be nice
tricks to predict and estimate before starting the work (10).

Bioinformatics makes the rapid organization and anal-
ysis of biological data. It is a branch of science utilizing
different techniques like computer science, applied math-
ematics, statistics, informatics, chemistry, artificial intelli-
gence and biochemistry to design an algorithm as a tool or
software for biological problem solving usually on molecu-
lar levels (11, 12). With Bioinformatics we can guess and esti-
mate biomolecules’ compounds behavior either in in vitro
or in vivo condition and promote the therapeutic ability of
bio-pharmaceutical compounds like enzymes. It is more
affordable and time-saving to have the results in a Bioin-
formatics study. The main aim of this study is predicting
a molecular solution to decrease enzyme’s toxicity, reduce
some side effects and increase the enzyme’s stability dur-
ing the Bioinformatics job by its amino acids manipulation
to yield better levels of the therapeutic drug.

2. Methods

2.1. Sequence Primary Data Analysis

Related sequence of Escherichia coli L-asparaginase
(isozyme II) was obtained from the national centre for
biotechnology information (13). Multiple sequence align-
ments were accomplished using ClustalW2 software of the
European Bioinformatics Institute website (14). The func-
tional information of protein sequence was achieved from
the Protein Knowledgebase (15).

2.2. Protein Toxicity Analysis and Evaluation of Its Stability

Predicting and designing the least toxic peptide of L-
Asparginase protein, was carried out with ToxinPred which
is a developer in silico method, to predict and design
toxic/non-toxic peptides (16). PoPMuSiC (prediction of pro-
tein mutant stability changes) program was used in order
for L-asparaginase stability improvement. This program
evaluates the stability changes under single-site mutations
and gives a report containing a list of the most stabilizing
or destabilizing mutations (17).

2.3. Bioinformatics Analysis of the Wild Type and Mutant Pro-
tein

The secondary structure of the wild type and 6 mu-
tant proteins, which are probably non-toxic and more sta-
ble than the wild type, were analyzed by GOR 4 server
(18). 3D protein structures of these genes were predicted
by I-TASSER server (19). Accelrys Discovery Studio 2.5 soft-
ware was used to visualize the modeled 3D structures. Fi-
nally the physico-chemical parameters such as: molecular
weight, isoelectric point (pI), half-life, total number of pos-
itive and negative residues, aliphatic and hydrophobic in-
dices were computed using the Expasy’s ProtParam (20).

2.4. Predicting Antigens and Allergens

Although there is no perfect method for antigenic pep-
tide prediction, there are several guidelines which could
be followed to determine how many peptide fragments
of a protein are possibly antigenic, for example, anti-
genic peptides contain both hydrophilic and hydropho-
bic residues and glycoproteins of cell surface eliminate
from primary peptides which contain consensus sites for
N-glycosylation (21). Antigens prediction of all proteins
was performed by the VaxiJen server (22). Immunoglob-
ulin E (IgE) plays an essential role in type I hyperreactive
reactions and an effective role in allergic conditions (23);
therefore, prediction of allergens based on similarity of
known IgE epitopes with any region of protein was ana-
lyzed by the AlgPred server (24).

2 Int J Cancer Manag. In Press(In Press):e5785.
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2.5. Evaluation of Predicting Structure

The energy minimization of wild type protein and all
mutants were calculated by KoBamin (knowledge-based
potential refinement for proteins) server (25). Addition-
ally, the structural stability of the proteins was confirmed
by Ramachandran plot.

2.6. Prediction of B-Cell Epitopes

For prediction of B-cell epitopes, BCPred software was
used to determine the continuous B cell epitope based
on single characters, including antigenicity, hydrophilic-
ity, flexibility, polarity, exposed surface and accessibility
(26). Also, the conformational epitopes for B cells were pre-
dicted by the Discotope server (27).

3. Results

3.1. Sequence Primary Data Analysis

To have a stable enzyme, we have considered some pa-
rameters like mutation effect on different regions of pro-
tein sequence at the beginning of the survey. All the re-
lated protein sequences of Escherichia coli L-asparaginase
(isozyme II) were compared by ClustalW2 software. The re-
sult showed some conflict in the protein sequences (Table
2). The protein’s structural-functional information was ob-
tained from the Protein Knowledgebase (Table 3).

3.2. Protein Toxicity Analysis and Evaluation of Its Stability

ToxinPred software was used to predict the protein’s
toxicity for designing the least toxic peptides. This soft-
ware is an in silico model for predicting toxicity of pep-
tides and proteins that were described by Cho et al. (28).
This software is based on machine learning technique and
quantitative matrix using various properties of peptides
for predicting their toxicity. The protein scanning module
of ToxinPred was used in order to carry out toxic and non-
toxic peptid prediction. This module identified one highly
toxic region in L-Asparginase protein (Table 4). Each amino
acid substitution was tested one by one to reach nontoxic
peptides after structural prediction (Table 5).

PoPMuSiC is a program that uses database-derived
potentials to predict changes in folding free energy
(∆∆Gcomputed-∆Gmutant-∆Gwild-type) upon muta-
tions (17). This software was utilized for evaluation of the
protein’s mutant stability changes improvement. A list
of the most stabilized and destabilized mutants yields
through single-site mutations which are shown in Table 6.

3.3. Bioinformatics Analysis of the Wild Type and Mutant Pro-
tein

Following ToxinPred and PoPMuSiC analysis, 6 variants
were predicted to be more stable and non-toxic than the
wild type. They were selected for Bioinformatics analy-
sis of their stability, solubility, toxicity, secondary struc-
ture, 3D structure, energy minimization and other Physico-
chemical parameters (Table 7).

Garnier-Osguthorpe-robson (GOR) is a method based
on probability parameters which are derived from empiri-
cal studies for alpha helix, beta sheet, turn and random coil
of protein sequences secondary structure prediction (18).
GOR 4 online program analyzes data on secondary struc-
ture of the wild type and 6 mutant proteins -which were
probably non-toxic and more stable than the wild type il-
lustrated some changes on the secondary structure of all 6
mutants rather than wild type protein.

The 3D modeled structure of wild type protein and
six mutants were predicted by I-TASSER server. Iterative
threading assembly refinement (I-TASSER) were produced
to combine multiple pipelines of ab intio folding, atomic
level function and threading refinement to predict full-
length 3D structure of proteins. Wild protein and six mu-
tant constructions were visualized with Accelrys Discovery
Studio 2.5 software (Figure 1). Output data of Expasy’s Prot-
Param on Physico-chemical parameters are presented in
Table 8.

3.4. Predicting Antigens, Allergens and Evaluation of Predicting
Structure

VaxiJen server was the first server which was designed
for alignment-independent prediction of protective anti-
gens. Using physicochemical properties of protein can
classify antigens into different groups without recourse
to sequence alignment. AlgPred server predicts allergens
based on similarity of known epitope with any region of
the protein. By using VaxiJen and AlgPred server, the anti-
genicity and allergenicity of all proteins were analyzed and
positions were identified. Energy minimization of wild
type protein and all mutants were calculated by KoBaMIN
server and PDB required file for minimum free energy cal-
culating prepared by I-TASSER server (Table 5). Ramachan-
dran plot curve on structural stability of proteins showed
in Figure 2.

3.5. B-cell’s Epitopes Prediction

Epitope fishing (B cell epitope mapping) is a method
to scan proteins for potential epitopes (29). Various fac-
tors such as plasticity, antigenicity, exterior accessibility,
hydrophilicity and secondary structure were used to pre-
dict the protein epitopes. Linear and conformational B-cell

Int J Cancer Manag. In Press(In Press):e5785. 3
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Table 2. List of Conflict’s Position in Protein Sequence Obtained from Clustalw2 Analysis

Position Sequence Conflict

49 V → A

86 N → D

206 N → D

268 N → D

274 S → T

284 T → N

314 V → I

Table 3. Protein’s Information Based on Protein Knowledgebase

Properties Description

Protein name L-asparginase 2

EC number 3.5.1.1

Gene name ansB

Locus B2957JW2924

Organism E. coli K12

Sequence length 348AA

Catalytic activity Asn + H2O = L-aspartate + NH3

Subunit structure Homotetramer

Subcellular location Periplasm

Molecular function Hydrolase

Signal peptide 1 - 22

Chain 23 - 148

Substrate binding 80 - 81, 111 - 112

Active site 34

Disulfide bond 99 ↔ 127

Mass 36,851

Entry P00805

epitopes of wild type and 6 mutant’s proteins were ana-
lyzed by BCPreds software (Table 9).

4. Discussion

The drug made by E. Coli L-asparginase II is used as a
therapeutic agent in ALL which indicates the importance
of these enzymes. Researchers have been studying it in-
tensely for a long time. Some of these studies are about
enzyme structure and some of them are about its potency
as an antitumor agent. For example, Swain et al. have pre-
sented the crystal structure of L-asparginase (4). Barnes et
al. have studied the physiology of enzyme synthesis in re-
combinant E. Coli (30). Aghaeepoor et al. showed that the E.

coli-drived asparginase production could be increased sig-
nificantly by manipulating fermentation parameters and
by applying innovative purification processes (31). Guo
et al. have compared the antitumor activity and the ef-
fect of recombinant enzyme both in Vitro and Vivo (32).
But this drug has some essential problems such as toxic-
ity and low half-life. The previous studies show that up to
30% of patients experience a hypersensitivity reaction to E.
Coli L-Asparginase (33). To fix the low half-life problem, sci-
entists like Inada utilizes PolyEthylen Glycol or its deriva-
tives. He has reported a distinct reduction in immuno-
genicity and clearance rate of E. Coli L-Asparginase due
to its modification with monomethoxypolyethylen glycol

4 Int J Cancer Manag. In Press(In Press):e5785.
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Table 4. Finding Toxic Regions in Protein Sequence

Peptides Scanned from Original Protein

Peptide Sequence SVM Score Prediction Hydrophobicity Hydrophilicity

GTDTMEETAY -0.64 Non Toxic -0.18 0.37

TDTMEETAYF -0.60 Non Toxic -0.14 0.12

DTMEETAYFL -0.51 Non Toxic -0.07 -0.02

TMEETAYFLD -0.77 Non Toxic -0.07 -0.02

MEETAYFLDL -1.13 Non Toxic 0.01 -0.16

EETAYFLDLT -1.05 Non Toxic -0.04 -0.07

ETAYFLDLTV -1.16 Non Toxic 0.08 -0.52

TAYFLDLTVK -1.06 Non Toxic 0.03 -0.52

AYFLDLTVKC -0.80 Non Toxic 0.05 -0.58

YFLDLTVKCD -0.46 Non Toxic -0.04 -0.23

FLDLTVKCDK -0.35 Non Toxic -0.16 0.30

LDLTVKCDKP -0.16 Non Toxic -0.22 0.55

DLTVKCDKPV -0.13 Non Toxic -0.22 0.58

LTVKCDKPVV -0.24 Non Toxic -0.10 0.13

TVKCDKPVVM -0.02 Non Toxic -0.12 0.18

VKCDKPVVMV 0.16 Toxic -0.05 0.07

KCDKPVVMVG -0.22 Non Toxic -0.09 0.22

CDKPVVMVGA -0.55 Non Toxic 0.04 -0.13

DKPVVMVGAM -0.77 Non Toxic 0.07 -0.16

KPVVMVGAMR -1.27 Non Toxic -0.04 -0.16

PVVMVGAMRP -1.19 Non Toxic 0.06 -0.46

Figure 1. 3D Model Structure of Predicted Protein Illustrated by I-TASSER Software

(PEG) (34) and Hernandez et al. introduced E. Coli PEG-L-
Asparginase as a potent therapeutic approach in ALL (35).

Fu and Sakamoto has reviewed PEG-Asparginase features
completely in 2007 (36). As a research on physicochemical
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Table 5. Amino Acid Substitution After Structural Prediction- Amino Acid Changes in Mutants are Indicated with Red Color and Star Indicate That All Amino Acids Can Be Used

Original peptide

Peptide Sequence Mutation Position SVM Score Prediction Hydrophobicity Hydrophilicity

VKCDKPVVMV No mutation 0.46 Toxic -0.05 0.07

AKCDKPVVMV 128 0.13 Toxic -0.08 0.17

Mutant Peptide

CKCDKPVVMV 128 0.10 Toxic -0.10 0.12

DKCDKPVVMV 128 0.01 Toxic -0.18 0.52

EKCDKPVVMV 128 -0.15 Non Toxic -0.17 0.52

FKCDKPVVMV 128 -0.09 Non Toxic -0.05 0.22

GKCDKPVVMV 128 0.13 Toxic -0.09 0.17

HKCDKPVVMV 128 -0.39 Non Toxic -0.15 0.04

IKCDKPVVMV 128 -0.06 Non Toxic -0.03 0.52

KKCDKPVVMV 128 -0.06 Non Toxic -0.22 0.04

LKCDKPVVMV 128 -0.18 Non Toxic -0.05 0.09

MKCDKPVVMV 128 -0.17 Non Toxic -0.08 0.24

NKCDKPVVMV 128 0.12 Toxic -0.17 0.22

PKCDKPVVMV 128 0.03 Toxic -0.11 0.24

QKCDKPVVMV 128 0.01 Toxic -0.18 0.52

RKCDKPVVMV 128 -0.00 Non Toxic -0.28 0.25

SKCDKPVVMV 128 -0.06 Non Toxic -0.13 0.18

TKCDKPVVMV 128 -0.37 Non Toxic -0.12 -0.12

WKCDKPVVMV 128 0.06 Toxic -0.07 -0.01

YKCDKPVVMV 128 0.21 Toxic -0.11 -0.28

VACDKPVVMV 129 -0.35 Non Toxic 0.08 -0.33

VCCDKPVVMV 129 1.15 Toxic 0.06 0.07

VDCDKPVVMV 129 0.11 Toxic -0.01 0.07

VECDKPVVMV 129 0.04 Toxic -0.00 -0.48

VFCDKPVVMV 129 -0.04 Non Toxic 0.12 -0.23

VGCDKPVVMV 129 -0.37 Non Toxic 0.07 -0.28

VHCDKPVVMV 129 -0.16 Non Toxic 0.02 -0.41

VKCDKPVVMV 129 -0.33 Non Toxic 0.13 -0.41

VLCDKPVVMV 129 -0.47 Non Toxic 0.11 -0.36

VMCDKPVVMV 129 -0.05 Non Toxic 0.08 0.21

VNCDKPVVMV 129 -0.24 Non Toxic -0.01 -0.23

VPCDKPVVMV 129 -0.37 Non Toxic 0.05 -0.21

VQCDKPVVMV 129 -0.36 Non Toxic -0.01 0.07

VRCDKPVVMV 129 -0.26 Non Toxic -0.12 -0.20

VSCDKPVVMV 129 -0.41 Non Toxic 0.03 -0.27

VTCDKPVVMV 129 -0.36 Non Toxic 0.04 0.38

VWCDKPVVMV 129 -0.03 Non Toxic 0.09 -0.57

VYCDKPVVMV 129 -0.36 Non Toxic 0.06 -0.46

VK*DKPVVMV 130 - - - -

VKC*KPVVMV 131 - - - -

VKCD*PVVMV 132 - - - -

VKCDK*VVMV 133 - - - -

VKCDKP*VMV 134 - - - -

VKCDKPV*MV 135 - - - -

VKCDKPVV*V 136 - - - -

VKCDKPVVM* 137 - - - -

and biological stability of E. Coli L-asparginase, Soares et al.
surveyed the effects of PEG attachment to the enzyme (37).
And finally Alrazzak et al. indicated that IV administration

of PolyEthylen Glycol of asparginase enzyme increases the
incidence hypersensitivity reactions compared with IM ad-
ministration (38).
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Table 6. Single Site Mutation Effect and Different Stabilized and Destabilized Mutants

Position of Amino Acid Mutant Solvent Accessibility, % ∆∆G

44 K → P 58.02 1.9 6

64 L → A 0.52 2.49

72 G → W 32.92 - 0.42

73 E → L 39.74 -1.01

129 K → L 29.01 - 0.76

129 K → F 29.01 - 0.27

135 G → Y 00.00 - 1.41

263 S → C 00.00 - 1.40

291 R → F 0.20 - 1.29

323 K → W 0.89 - 0.88

341 I → S 0.83 3.39

Table 7. Bioinformatic Data of 6 Predicted Variants; Antigenicity of all proteins based on VaxiJen analysis and allergenicity of all proteins based on AlgPred analysis

Variant Energy Minimizing, kcal/mol Negative Allergen, % Positive Allergen, % Antigenicity Half Life, h

Wild type -5885.1443 67.96 85.64 0.5043 5.5

Mut1:K129L -5961.0957 67.96 85.64 0.5174 5.5

Mut 2:K129F -6262.4255 67.96 85.64 0.5213 5.5

Mut 3: K129Land G135Y -5967.9277 67.96 85.64 0.5407 5.5

Mut 4: K129L and S263C -6002.7220 67.96 85.64 0.5191 5.5

Mut 5: K129L , S263C and R291F -6177.2600 67.96 85.64 0.5137 5.5

Mut 6: L23G, K129L , S263C and R291F -6491.9938 67.96 85.64 0.5137 30

Table 8. Physico-Chemical Parameters of Protein Extracted from Expasy’s ProtParam

Characteristics Wild Type Mut 1 Mut 2 Mut 3 Mut 4 Mut 5 Mut 6

Molecular weight 34536.8 34578.9 34612.9 34685.0 34594.9 34585.9 34529.8

Isoelectric point (pI) 5.66 5.43 5.43 5.43 5.43 5.24 5.24

Total number of positive residues 33 33 33 33 33 33 33

Total number of negative residues 30 29 29 29 29 28 28

Aliphatic indices 85.17 86.10 84.91 86.10 86.10 86.10 84.91

Grand average of Hydropathicity - 0.197 -0.174 -0.177 -0.177 -0.164 -0.142 -0.155

There is no expanded study of the reduction of the
drug’s toxicity without any vital change in protein struc-
ture and activity by means of Bioinformatics. Regarding
the growth of Bioinformatics and its help to the pharma-
cology science, we have decided to use this new branch of
science in order to decrease the toxicity at first, and then
to increase available drug’s half-life and stability. It is very
affordable because it reduces the costs of study and pro-
duces new variants of drug and most importantly it helps

children who suffer from cancer. For this purpose, a series
of online software was applied by the study group. “Toxin-
Pred” was being used by colleagues to predict decrement
of the drug’s toxicity and “PoPMuSiC” and “kobamin” to
predict enzyme’s half-life and energy minimizing. “Toxin-
Pred” has revealed the toxic peptide sequences by its algo-
rithms. Also, it is able to substitute amino acids to over-
come toxicity problems. We have identified a high toxic-
ity site that started in position 129 of E. Coli L-asparginase
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Figure 2. Ramachandran Plot Curve on Structural Stability of Proteins

Mut 1: K129L, Mut 2:K129F, Mut 3: K129L and G135Y, Mut 4: K129L and S263C, Mut 5: K129L, S263C and R291F and Mut 6: L23G, K129L, S263C and R291F.

Table 9. B-Cell Epitopes Prediction Based on BCPreds Software Analysisa

Position Epitope Score

Wild Type

40 ATGGTIAGGGDSATKSNYTV 0.999

128 DKPVVMVGAMRPSTSMSADG 0.987

183 TKTNTTDVATFKSVNYGPLG 0.948

205 HNGKIDYQRTPARKHTSDTP 0.923

231 NELPKVGIVYNYANASDLPA 0.913

Mutant

1 125 VKCDLPVVMVGAMRPSTSM 0.978

3 126 KCDLPVVMVYAMRPSTSM 0.948

5 125 VKCDLPVVMVGAMRPSTSMS 0.978

2 128 DFPVVMVGAMRPSTSMSADG 0.966

4 125 VKCDLPVVMVGAMRPSTSMS 0.978

6 125 VKCDLPVVMVGAMRPSTSMS 0.978

aAmino acid changes in mutants are indicated with red color.

as responsible for the toxic properties of the enzyme. Also,
with the substitution of toxic peptide’s amino acids with
the other ones we have reported the new low and nontoxic
peptide sequences. Changing of amino acids in the pri-
mary sequence and creating 6 mutant protein had no sig-
nificant changes in antigenicity and allergenicity of prop-
erties of protein. Here are two important points: first of all,
using the highest score amino acids to overcome toxicity

problems and define the set that is important for us. Sec-
ondly, selecting a series of amino acids, which increase en-
zyme’s stability beside toxicity decrement. Based on these
two important factors, K129L and K129F have been cho-
sen. “PoPMuSiC” software is almost similar to “ToxinPred”
which has been mentioned before, and the difference is in
protein stabilization prediction. The validity of the soft-
ware was proved during “Bottomley” and colleagues study
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in 2007 (39).
K129L and S263C and K129L, S263C and R291F that in ad-

dition to stabilizing, they lead to nontoxic proteins. Due to
N-terminal property of proteins, which reduce or increase
their half-life, we substituted Leucine with Glycine in po-
sition 23 of proteins that increase half-life from 5.5 hours
to 30 hours. After these changes it is necessary to evaluate
physicochemical, secondary and tertiary structure of new
protein to prove the correctness of prediction and keep
the protein active site away from malformation. For this
purpose, we utilized a number of software programs men-
tioned earlier.

4.1. Conclusions

As promising results of the analysis all predictions not
only change active protein’s structure, but also enhance its
half-life and stability and decrease its toxicity by the means
of ∆G minimizing. Of all 6 sequences which we reached at
the end of the analysis, sequences number 1 and 2 were the
only produced non-toxic proteins; numbers 3, 4 and 5 pro-
duced both non-toxic and more stable protein and finally
sequence number 6 was the only sequence with all distinct
characteristics: non-toxic, more stability and more half life
without addition of any components.
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