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L-asparaginase is widely distributed among microorganisms, animals and plants. L-asparaginase has
been utilized as a drug in the treatment of lymphoid malignancies and plays a crucial role in asparagine
metabolism in plant stress response mechanisms. Multiple sequence alignment of Neighbor—Joining
phylogenetic tree was executed utilizing Mega 4.0. Two plants asparaginase were identified whose
three dimensional structures compared well with two bacterial samples of L-asparaginase used in
humans as a therapeutic drug. Prediction of antigen cites, B-cell epitope identification and prediction
of epitopes by use of Cytotoxic T-lymphocyte was performed using various in silico server resources.
The survey showed that between the 40 plants, 2 identified items of human, 12 bacteria and 6 algae
of asparaginase genes, generally two main branches created that samples of green algae is in the
neighborhood of to the bacterial samples. Interestingly the data showed that the two bacterial samples
of L-asparaginase used in medicine, when compared to plant asparaginase genes, have less similarity
to asparaginase genes of human, while the two human asparaginase genes are located perfectly
between the plant groups with their sequence revealing high similarity with plant species. Although
there was some allergen epitope found in plant asparaginase, these are different from the allergen
epitopes of microbial asparaginase that are used as a drug in humans with no common sequence
being found between them. This manuscript provides evidence suggesting the potential utilization
of Phaseolus vulgaris asparaginase, which has less epitopes, better predicting tool scores and high
similarity, in drug design as an enzymetherapy in leukemia and other cancers.
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-asparaginase (EC 3.5.1.1) catalyzes the hydrol-

ysis of L-asparagine to yield L-aspartic acid and

ammonia [1]. This enzyme is widely distributed
among microorganisms, animal, plant, eukaryotic
microorganisms such as filamentous fungi and yeasts
and humans [1, 2]. L-asparaginase plays an essen-
tial role in the metabolism of asparagine in response
to plant stress [3, 4]. Additionally, L-asparaginase
can facilitate the translocation of nitrogen within sink
organs of the plant [5]. L-asparaginase plays a vital
role during development of plant nodule, seed devel-
opment and germination due to its involvement in
amide and amino acid metabolism [5-7]. Two aspar-
aginase isoforms existing as K*-dependent and K*-in-
dependent plays physiological roles in many plants
[8]. Recent structural and enzyme functionality data
have allowed for the use of enzyme therapy as a tool
in the treatment of many diseases such as cardio-
vascular, cancer, infection, autoimmune disorder [9].
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L-asparaginase is currently used in enzyme therapy,
with expanded attention in recent years due to its chief
applications, which includes its use in the drug industry
as a substitute for the treatment of different types of
cancers such as critical lymphoblastic leukemia, malig-
nant diseases of the lymphoid system and Hodgkin's
lymphomas [1].

The use of asparaginases can result in a number of
side effects. Hypersensitivity due to anti-asparaginase
antibody assembly, have been detected in more than
60% of patients that use Escherichia coli asparaginase
therapy [10]. The progress of these antibodies appears
to be more commonly observed in patient that received
native Escherichia coli asparaginase [11-13]. This
enzyme is also utilized in the food industry to inhibit
the formation of acrylamide when foods are processed
at high temperatures. Due to acrylamide being a neuro-
toxin and carcinogenic, the utilization of this enzyme is
imperative [14, 15].
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Information about the structure and function of
L-asparaginase from Escherichia coli and Erwinia sp.
has led to the use of special resources for the prepa-
ration of the enzyme as a drug [14]. The use of
E. coli L-asparaginase may be restricted due to serious
adverse effects of which allergic reaction is the most
common [16]. Nevertheless, the use of Erwinia aspar-
aginase was extended by the Food and Drug Admin-
istration (FDA) agreement in 2011, with the aim of
finding an alternative for patients with allergic reac-
tions to Escherichia coli-derived asparaginase [17].
Some allergic responses involve complex interactions
between the protein and the immune system, and are
therefore especially difficult to predict. However, data
has shown that various proteins are fundamentally
more allergenic than others. Toxicologist scientists now
have the challenge to overcome the issue of detecting
those characteristics of proteins with the potential of
encouraging allergic sensitization and allergic disease
[18, 19]. In an attempt to determine the allergenic
potential of peptides a comparison was made with
those of known allergens and sources considered
not to cause allergy in humans. Regions of homology
with known protein allergens spanning eight or more
consecutive amino acid residues indicates the possible
existence of common epitopes, from a known aller-
genic source. If no noteworthy homology with known
allergens is detected, this suggests that the protein
probably won't be allergenic.

The asparaginase enzyme is extensively present in
plants with superior properties to bacteria. The study
was aimed at evaluating asparaginase from plant
sources and comparing the homology of their sequence
with human asparaginases and some bacteria aspara-
ginases that are commonly used as drugs. Two known
plant species were compared to two bacteria species
that are used as drugs with allergenic side effects,
with regards to the allergen properties of L-asparagi-
nase peptide sequences utilizing various bioinformatics
techniques.

MATERIAL AND METHODS

Phylogenetic analysis of the Asp genes
and Protein Sequence Collection. For immunoin-
formatic and phylogenetics analysis asparaginase
enzymes sequences were taken from the NCBI protein
database using advanced search for the keywords,
“L-asparaginase” “Asparaginase” “green plant” “Algae”
and “Bacteria”. Multiple sequence alignment were
made using muscle algorithm of Mega 7 software and
the alignment results viewed using Jalview to detect
conserved residues [20]. The phylogenetic tree was
constructed using the Maximum likelihood method
by mega7 with default setting [21].

Antigen prediction. Two methods were
used for allergen prediction; the first searched for
sequence similarity with alignment like SDAP (Struc-
tural Database of Allergenic Proteins); the second
approach was based on detection of motifs that
proved to be allergen like VaxiJen. Both of them
depended on the sequence but the second was
alignment-free. The first server that was used was
Vaxijen. Vaxijen uses three databases for prediction:
bacteria, virus and tumor. Antigen prediction for the
tumor database, the used threshold was as default
of database [22]. The AlgPred server was used for
prediction of allergens based on IgE epitopes [23].
The SDAP database was another database used for
prediction based on alignment of AllergenFP v1.0
[24, 25]. The amino acids in the protein sequence in
data sets were described by five E-descriptors and
the strings were transformed into uniform vectors
by auto-cross covariance (ACC) transformation. The
first principal component (E1) reflects the hydropho-
bicity of amino acids; the second (E2) — their size;
the third (E3) — their helix-forming propensity; the
fourth (E4) correlates with the relative abundance
of amino acids; and the fifth (E5) is dominated by
the B-strand forming propensity. The last server that
was utilized was AllerTOP v.2 that is another free
alignment tool [26].

Prediction of Imnmunogenic Epitopes

B-CELL epitope(s). To predict B-cell epitope(s)
three linear software were utilized.

ABCpred. ABCpred server was the first one that
was able to predict epitopes with 65.93% accuracy
using recurrent neural network [27]. 16 was selected
as the window length for prediction and 0.51 as the
threshold.

BcePred Prediction Server. BcePred was the
second tool used for predicting linear B-cell epitopes
in a protein sequence [23]. This server allows users to
predict B-cell epitopes using any of the physico-chem-
ical properties (hydrophilicity, flexibility/mobility,
accessibility, polarity, exposed surface and turns) or
a combination of properties. The server was able to
predict epitopes with 58.7% accuracy.

ElliPro Predicted Server. ElliPro predicts linear
and discontinuous antibody epitopes based on a protein
antigen's 3D structure. ElliPro accepts as an input,
protein structure in PDB format. ElliPro associates each
predicted epitope with a score, defined as a PI (Protru-
sion Index) value averaged over epitope residues. In this
method, the protein's 3D shape is approximated by a
number of ellipsoids, so that the ellipsoid with Pl = 0.9
would include within 90% of the protein residues with
10% of the protein residues being outside of the ellip-
soid. The default minimum score is 0.5 but for stronger
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result 0.7 was chosen and a maximum distance
of 6 (angstrom) [28].

T CELL epitope(s). NetCTL was used to predict
T cell epitopes based of protein sequence. A threshold
of 0.75 was chosen that is equal to 0.8 sensitivity and
0.970 specificity. The weight on C terminal cleavage
and the weight on TAP transport efficiency were 0.15
and 0.05, respectively [28].

RESULTS

Protein Sequence Collection, Phylogenetic
analysis of the Asp genes, Classification for
L-asparaginase Genes. Initially 60 L-asparagi-
nase sequences from plants (40 sequences), algae
(6 sequences), bacteria (12 sequences) species, and
two human L-asparaginase genome were sequenced.
The outcome of the extensive database search is
briefed in Table 1. The study aimed to compare
60 L-asparaginase genes of human, bacterial, algae
and plants in an attempt to identify more appropriate
sources of medicinal asparaginase based on the extent
of the similarities and differences of the sequences.
Phylogenetic analyses permitted the recognition
of evolutionary conservation and gene divergence.
A maximum likelihood tree was produced from amino
acid sequences of the deduced full-length peptides
with the best-fit evolutionary Mega 7 (Figure 1).
The survey showed that between the 40 plants, 2 iden-
tified items of human, 12 bacteria and 6 algae of aspar-
aginase genes, generally two main branches created
that samples of green algae is in the neighborhood of
to the bacterial samples.

These homologs and a few evolved in plant and
human asparaginase genes indicated a common eukar-
yotic ancestor. Points to note in relation to the clade
of plant asparaginase genes is that in some cases the
species belonging to monocotyledons and dicotyle-
dons would have been well separated, even with those
species belonging to a family of plants put together,
that indicates conserved regions between these parts
of the gene. For example, species belongs to the family
Fabaceae (marked with the blue square), Gramineae
(marked with the brown diamond) and Ephorbiaceae
(marked with the green triangle) would have been
isolated. On the other hand some species belonging to
one plant family are quite far from this tree (marked
with the yellow triangle).

Allergenic Site Prediction. In order to study and
predict the sites of the antigens in the asparaginase
plant, 60 samples were studied using Phylogenetic
analysis; two samples of Lupinus luteus and Phase-
olus vulgaris which are known 3D plant asparaginase
were compared in terms of the antigen peptides with
two samples of bacteria asparaginase (Erwinia chry-
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santhemi and Escherichia coli) which are used as drugs
were selected.

Vaxijen server. Vaxijen server was the main
server utilized for alignment-independent prediction of
protective antigens. Outcome displays that both bacte-
rial samples are antigen and both plants are non-an-
tigen but are close to the threshold (0.5) (Table 2).

AlgPred server. The AlgPred server predicts aller-
gens based on several algorithms that include, Mapping
of IgE epitopes and PID, MEME/MAST motif, SVM
module based on amino acid composition, SVM module
based on dipeptide composition, Blast search on
allergen representative peptides (ARPs). Only Phase-
olus vulgaris showed a non-allergen base all algo-
rithms. Also both plant asparaginases were found as
non-allergen SVM module based on dipeptide composi-
tion with appropriate and acceptable scores while both
bacterial asparaginases were seen as allergens in this
algorithm (Table 3).

Search of samples performed in the SDAP aller-
gens database. Results show that the FASTA align-
ments between the plant and bacteria asparaginases
and all SDAP allergens have an E score higher than
0.010000 that is, none of them are allergens. The
outcome of AllergenFP v1.0 was that with the excep-
tion of Lupinus luteus other asparaginases are prob-
able allergens. The results from AllerTOP v. 2.0 are that
bacterial samples are probable allergens and plants
are non-allergen. These two last servers supported
the results of AlgPred and VaxiJen servers about being
none allergen plant asparaginases.

Prediction of Inmunogenic Epitopes

Linar-B-cell Epitopes. ABCpred: In this array the
predicted B cell epitopes are ranked according to their
score obtained by trained recurrent neural network.
Higher scores of the peptide mean higher probability
of being an epitope. All the peptides shown here are
above the threshold value of 0.8 while the default of
ABCpred is 0.5. In plant asparaginases, sixteen peptide
sequence were selected for any plant with a score
between 0.8-0.96, as the most probable sequence that
six of them was almost same. The common sequences
in both plants to arrange the score amount included:
“EASIMDGNTMKCGAVS”, “SGRIGDSPLIGAGTYA”",
“MGGWAIAVHGGAGVDP”, “TPLIGAGTYANELCAV”,
“VRELETDPLFNSGRGS” and “TGGLMNKMSGRIGDSP”
(supplemental Table 1) highlighted with the same
color. The start position of these common sequences
in two plant species is close to each other. Needless
to say, these two species in terms of phylogenic and
aliment results for asparaginases do not have high
affinity together (Figure 1).

The servers showed fifteen peptide sequences for
Erwinia chrysanthemi and fourteen peptide sequences
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Table 1

Genomic characteristic, number of L-asparaginase sequences and levels of alternative transcripts

in plants, human, algae and bacteria were studied

Organism GenBank ID Type Length (as)
Homo sapiens AAM28434.1 asparaginase like protein 308
Homo sapiens AAA35903.1 glycosylasparaginase 346
Shewanella baltica KZK65943.1 L-asparaginase 1 337
Dickeya dadantii 00C15512.1 L-asparaginase 348
Oribacterium SEA64443.1 L-asparaginase 339
Enterococcus faecalis 0YN35025.1 L-asparaginase 321
Burkholderia AMM17015.1 L-asparaginase 369
Escherichia coli AAA23445.1 L-asparaginase Il (ansB) 348
Erwinia teleogrylli WP_058909779.1 L-asparaginase 1 338
Bacillus sonorensis EME73692.1 L-asparaginase 329
Algoriphagus machipongonensis EAZ80348.1 L-asparaginase 355
Bacillus thuringiensis YP_035712.1 L-asparaginase 324
Alcaligenes faecalis 0S731330.1 L-asparaginase 329
Zostera marina KMZ61400.1 Isoaspartyl peptidase/L-asparaginase 1 309
Carica papaya XP_021909378.1 Isoaspartyl peptidase/L-asparaginase 1 305
Prunus persica XP_007209366.1 Isoaspartyl peptidase/L-asparaginase 1 320
Phalaenopsis equestris XP_020599431.1 Isoaspartyl peptidase/L-asparaginase 1 320
Phaseolus vulgaris ABC01060.1 L-asparaginase 2 326
Cajanus cajan KYP47966.1 Isoaspartyl peptidase/L-asparaginase 321
Ananas comosus 0AY72256.1 Isoaspartyl peptidase/L-asparaginase 322
Populus tomentosa APR64035.1 L-asparaginase family protein 328
Brassica napus XP_013715619.1 Isoaspartyl peptidase/L-asparaginase 1 315
Hevea brasiliensis XP_021674871.1 Isoaspartyl peptidase/L-asparaginase 1 322
Pinus sylvestris CAK22360.1 L-asparaginase 375
Sesamum indicum XP_011086915.1 Isoaspartyl peptidase/L-asparaginase 1 321
Sorghum bicolor XP_002464265.2 Isoaspartyl peptidase/L-asparaginase 1 423
Glycine max AAM23265.1 L-asparaginase 326
Glycine max NP_001236606.2 L-asparaginase 326
Glycine max AFA35112.1 asparaginase 2 327
Medicago truncatula AES59377.1 Isoaspartyl peptidase/L-asparaginase 325
Arabidopsis lyrata EFH49598.1 L-asparaginase S5
Arachis duranensis XP_015943800.1 Isoaspartyl peptidase/L-asparaginase 323
Auxenochlorella protothecoides KFM25994.1 L-asparaginase 1 338
Dendrobium catenatum XP_020704297.1 isoaspartyl peptidase/L-asparaginase 326
Hordeum vulgare AAG28786.1 asparaginase 333
Dorcoceras hygrometricum KzV21706.1 L-asparaginase 321
Asparagus officinalis XP_020270247.1 Isoaspartyl peptidase/L-asparaginase 1 326
Glycine soja KHN15197.1 Isoaspartyl peptidase/L-asparaginase 322
Helianthus annuus XP_022039003.1 Isoaspartyl peptidase/L-asparaginase 1 3115
Cucumis sativus KGN55235.1 L-asparaginase 294
Momordica charantia XP_022156717.1 Isoaspartyl peptidase/L-asparaginase 1 319
Lupinus angustifolius P30364.1 Isoaspartyl peptidase/L-asparaginase 1 325
Ostreococcus tauri 0US46332.1 L-asparaginase 1 404
Lupinus angustifolius developing seed CAA43099.1 developing seed L-asparaginase 525
Helicosporidium KDD76357.1 Isoaspartyl peptidase/L-asparaginase 1 401
Herrania umbratica XP_021286498.1 Isoaspartyl 320
Populus trichocarpa EEE81702.1 L-asparaginase family protein 328
Jatropha curcas XP_012080428.1 Isoaspartyl peptidase/L-asparaginase 1 321
Klebsormidium nitens GAQ80197.1 asparaginase 451
Micromonas commoda AC068792.1 asparaginase 479
Micromonas pusilla XP_003055370.1 asparaginase 431
Morus notabilis EXB89117.1 Isoaspartyl peptidase/L-asparaginase 1 316
Spinacia oleracea XP_021855270.1 Isoaspartyl peptidase/L-asparaginase 1 318
Prunus avium XP_021809982.1 Isoaspartyl peptidase/L-asparaginase 1 320
Arabidopsis thaliana BAB02681.1 L-asparaginase (L-asparaginea midohydrolase) 325
Manihot esculenta XP_021614687.1 Isoaspartyl peptidase/L-asparaginase 1 323
Triticum urartu EMS61236.1 Isoaspartyl peptidase/L-asparaginase 343
Lupinus albus AAA33409.1 L-asparaginase 325
Lupinus luteus AAD03742.1 L-asparaginase 325
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Figure 1

Phylogenetic tree of the Asp ortholog genes in human, bacteria, algae and plants. The tree was generated using the neighbor joining
method and Mega 7 software based on homology between amino acid sequences of the Asp plants (40 sequences), algae (6 sequences)

and bacteria (12 sequences) species. The bootstrap va
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Table 2
VaxiJen models validation in two plants and two bacteria species

Organism Overall Antigen Prediction Type

Escherichia coli 0.5629 Antigen

Erwinia chrysanthemi 0.5574 Antigen

Phaseolus vulgaris 0.4961 Non-antigen

Lupinus luteus 0.4847 Non-antigen
Table 3

The possibility of allergens or non-allergens asparaginases in two plants and two bacteria species
shown in terms of Mapping of IgE epitopes, PID, MEME/MAST motif and SVM module using AlgPred server

Mapping SVM module SVM module Blast search
CGRRETT of IgE MEME/MAST  based on Score based on Score on allergen
g epitopes motif amino acid Threshold=-0.4 dipeptide  Threshold=-0.2 representative
and PID composition composition peptides (ARPs)
Escherichia  Non-Allergen  Non- Allergen  Allergen 1.5802423 Allergen 1.3716288 Non-Allergen
Erwinia Non-Allergen  Non- Allergen Allergen -0.31327275 Allergen 0.13209808 Non-Allergen
chrysanthemi 9 9 9 ’ 9 : 9
C Z’gsai‘,’slus Non-Allergen  Non- Allergen  Non- Allergen  -0.53965517  Non- Allergen  -0.49685789 Non-Allergen
Lupinus luteus Non-Allergen  Non- Allergen Allergen -0.1842798 Non- Allergen -0.37416826 Non-Allergen
Figure 2

3D Representation of the predicted discontinuous epitopes asparaginases protein of Lupinus luteus (A), Phaseolus vulgaris (B),
Erwinia chrysanthemi (C) and Escherichia coli (D) as predicted by EliPro
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for Escherichia coli selected with a score of between
0.8-0.94 as the most probable sequences that four of
them were almost the same but with different scores
in each species such as: “TVKSDKPVVFVAAMRP”,
“PKVGIVYNYANASDLP", “PSTSMSADGPFNLYNA",
“DGVVITHGTDTVEESA” and “TSLPKVDILYGYQDDP”
(supplemental Table 1). These sequences had no
similarity with the plant asparaginases. Based on the
asparaginase bacteria being allergenic, the result
of this can be compared, and we can postulate that
the epitopes of bacterial allergens cannot be found in
asparaginases plants whereas linar-B-cell epitopes,
can be found in nearly every organism investigated, for
the other enzyme, including animals such as mammals
and insects as well as in fungi, plants, and bacteria.

BcePred Prediction Server. In this array, aspar-
aginases peptide sequences are evaluated for the
prediction of continuous B-Cell epitopes in antigenic
sequences utilizing seven physico-chemical prop-
erties such as hydrophilicity, flexibility, accessi-
bility, turns, exposed surface, polarity and antigenic
propensity with 58.7% accuracy. Epitopes identified
for every seven physico-chemical property for plant
and bacteria asparaginases showed that these were
comparable in terms of number, length and amino
acid sequence.

Predicted Linear Epitope(s) with Ellipro. In
the study of asparaginases with ElliPro epitope
predictor program, 9 peptides with scores of
0.0744-0.788 and 6 peptides with scores of
0.0706—-0.878 were detected in Lupinus luteus
and Phaseolus vulgaris respectively whereas in
Escherichia coli and Erwinia chrysanthemi, 7 and
5 peptides were distinguished with scores of 0.0702—
0.868 and 0.08-0.912 respectively. Association of
the obtained score for animal and plant species with
regards to the 0.7 threshold of the server shows that
the plant species in comparison to bacterial samples
have less allergenicity, which is possibly due to the
Ellipro server with Phaseolus vulgaris being better than
any of the other plant species. Details shown in Table 3
supplemental, indicate that the starting point of the
detected epitope sequence in plants and bacterial
asparaginases are the same or are placed close to
each other. The scores that are defined by the server
for plant asparaginases shows that the rate of their
allergies are close to the server threshold or slightly
higher than it and that this rate in comparison to the
score for bacterial epitopes did not show specified
differences even though the distinguished epitopes
is different between bacterial and plant species.
Figure 2 shows the results of the predicted discon-
tinuous epitope(s) Ellipro, amino acid residues, the
number of residues, sequence location as well as their
scores which are tabulated in Table 3 supplemental.
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The graphical representation of the discontinuous
epitopes is displayed in Figure 2. 3D Representa-
tion of the predicted discontinuous epitopes aspar-
aginases protein predicted by ElliPro are presented
based on the scores which are listed in Table 3.
As seen in Figure 2, there are nine 3D structures
for Lupinus luteus, four 3D structures for Phaseolus
vulgaris, eight 3D structures for Erwinia chrysanthemi
and four 3D structures for Escherichia coli. Their char-
acteristics are presented in Table 4 supplemental.

Predicted with NetCTL-1.2. In the array of aspar-
aginases with the NetCTL-1.2 program, 8 peptides
with scores of 1.0281-3.1539 and 7 peptides with
a score 0.7762-0.8558 were identified in Lupinus
luteus and Phaseolus vulgaris respectively, whereas
in E. coli and Erwinia 9 peptides were distinguished
with scores of 1.1059-1.3235 and 0.9369-2.5751
respectively. The common sequences in both plants
resulting in these scores includes: “VMDKSPHSY,
EANTILFDY and ATEDGFMVV" as revealed in the
Table 4 supplemental, highlighted with the same color.
The start position of these common sequences in the
two plant species is close to each other. The common
sequence in the studied bacteria was presented with
different scores in each species followed: “SADGP-
FNLY” and “ELPKVGIVY” (supplemental Table 4). These
sequences did not show any similarity between aspar-
aginases of plants and bacteria. Based on the obtained
results and scores for the detected peptides and the
threshold number of 0.75 in NetCTL-1.2 programs it
appears that Phaseolus vulgaris was the lowest-rated
allergenic compared to bacterial and any other plant
species.

DISCUSSION

The survey showed that between the 40 plants,
2 identified items of human, 12 bacteria and 6 algae
of asparaginase genes, generally two main branches
created that samples of green algae is in the neigh-
borhood of to the bacterial samples. Interestingly the
data showed that the two bacterial samples of L-as-
paraginase (Erwinia chrysanthemi and Escherichia coli)
(marked with the green hollow circle) used in humans
as a therapeutic drug often resulting in allergies [29],
in comparison to plant asparaginase genes, have less
similarity to human asparaginase genes, while the two
human asparaginase genes (marked with the green
bold circle) are located perfectly between the plants
group and their sequence reveals significant simi-
larity with plant species (Figure 1). This leads to the
point that various isoforms of asparaginase genes are
present in plants. Database research confirmed the
existence of isoforms of asparaginase genes in plants.
Crystallography of this enzyme also supports two



types of isoforms of L-asparaginase enzymes which
included potassium-independent plant asparaginase
(in Lupinus luteus) and potassium-dependent plant-
type L-asparaginase (in Phaseolus vulgaris ) [30, 31].
A comparison of the three PvAspG1 structures setting
the catalytic switch to ON (when K* is coordinated) or
OFF (when Na* is coordinated) respectively allows or
prevents anchoring of the reaction substrate/product in
the active site [31]. Based on biochemical and molec-
ular data, L-asparaginase has a variety of functions
in plants, including catalytic activity, asparaginase
activity, hydrolase activity (acting on carbon-nitrogen
but not peptide bonds), in linear, amides, cellular
component, intracellular, cell and cytoplasm [32].
Plant type L-asparaginases differ structurally and have
a different evolutionary origin than bacterial L-aspara-
ginases [30]. Alignment was performed between two
plant L-asparaginases (Lupinus luteus and Phaseolus
vulgaris), human L-asparaginase and L-asparaginases
(Erwinia chrysanthemi and Escherichia coli) (Figure 3).

Figure 3
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Sequence alignment Protein BLAST results on NCBI
between human asparaginase and two plant L-as-
paraginases (Lupinus luteus and Phaseolus vulgaris)
and bacteria asparaginase (Erwinia chrysanthemi and
Escherichia coli) showed Phaseolus vulgaris with iden-
tity 30%, Query cover 82% and E value 2e-25 having
the highest similarity, Lupinus luteus with 30%, Query
cover 76% and E value 4e-24 having the second simi-
larity and Erwinia chrysanthemi with 33%, Query cover
6% and E value 4.3 having less similarity while Escher-
ichia coli due to lack of similarity was removed from
this alignment description.

Based on the x-ray structure, a three-dimensional
model of the spatial conformation and catalytic site
of the enzyme, Sanguinarine reductase in plant, has
high structural similarity with enzymes of human and
bacteria with similar functions as the plant homologs
but bear little amino acid sequence similarity,
in fact they have similar enzyme activities, i.e. mostly
NAD-dependent sugar phosphate epimerases/dehy-

Multiple alignments of the amino acid sequences of Asps orthologous from (A) human and plants, (B) human and bacteria, using
muscle alignment tool, as seen with Jalview tool. Residues shaded in blue are identical amino acids with other Asps protein
sequences, focusing on the conserve motif regions (Accession numbers for the sequences shown are in Table 1)
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dratases or hydroxysteroid dehydrogenases/isomer-
ases [33].

Rosati et al. focused on the enzyme 50R, pointing
out new similarities between human and plant steroid
metabolism. They showed the ability of the human
isozymes of 5aR,to reduce campestenone, the natural
substrate of the known plant enzyme DET2, the first
direct evidence for human 5oR. Results of this research
revealed that type SaR human isozyme with higher
affinity reduced DET2 as the plant substrate [34].

Although there was some allergen epitope found
in plant asparaginase, these are different from the
allergen epitopes of microbial asparaginase that are
used as a drug in humans with no common sequence
being found between them. Vaxiden server is a
consistent and regular tool used for the forecasting
of protective antigens. It can be used separately or in
combination with other bioinformatics tools used for
antigen site [22].

Study on plant allergens showed that dissimilar
products can include similar allergenic proteins. Some
allergen proteins that bound to IgE in allergic patients
were identified including Jun a 3 (pollen of mountain
cedar), Cap a 1 (bell pepper), Pru av 2 (cherry), Act
¢ 2 (kiwi), Lyc e NP24 (tomato), and Mal d 2 (apple)
that belonged to pathogenesis related proteins of group
5 (PR5) [35, 36]. SDAP covers data for above 800 aller-
gens and wide bibliographic references in a relational
database with contacts to other publicly available
databases. SDAP is available without restrictions on
the Web, allowing researchers to easily find structural
and functional relations among known allergens and
to recognize theoretically cross-reacting antigens [36].
Verma et al. processed the allergenicity prediction of
transgenic proteins expressed in genetically modified
crops using AlgPred server in order to tract the prob-
ability, reducing incorrect predictions to a great extent
(74-78%) [37]. AlgPred server has been used for the
calculation of new allergens in genetically modified
(GM) foods and biopharmaceuticals [38].

Additionally, some enzymes have been identi-
fied as an allergen in fish, midges, crustaceans, and
various plants based on in silico Prediction of T and B
Cell Epitopes [39-42]. Research has been performed
on predicting protective continuous B-cell epitopes on
plant pathogen proteins using the ABCpred server [43].

The results (supplemental Tables 2) showed
that some peptide sequences were classified on the
basis of their physicochemical characteristics are the
same in the two plant species and these sequences
are different from the common sequences in bacteria
asparaginases (supplemental Tables 2). For example
“TNSGTVE", “ATSTGG" are common sequences in plant
asparaginases and “RACATEDG” instead of “HGTDT”
and “TKTN” are common sequences in bacteria
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asparaginases based on hydrophilicity features
whereas “RELE”, “DKTPHIY" and “AQDFAKQQGVE" are
common sequences in plants asparaginases instead
of “ANVKGEQ", “TVKSDKPVV" and “TKTN” which are
common sequences in bacteria asparaginases based
on accessibility features. The arrangement of anti-
genic elements in the epitopes and nonepitopes disre-
garding the antigen reconfiguration in Ag-Ab complex
may not precisely reflect biological actuality [44].
The accurate identification of B-cell epitopes estab-
lishes a source for improvement of antibody therapeu-
tics [45], and immunodiagnostic tools [46]. Scientists
believe B-cell epitopes are arranged based on the
three-dimensional structure as continuous (linear or
sequential) and discontinuous (nonlinear or confor-
mational) epitopes; in the latter case amino acid resi-
dues are in close contact due to the three-dimensional
conformation. Amino acid sequence ranging from
at least 20 to 400 amino acids is necessary for appro-
priate folding of the discontinuous epitope in native
proteins. Many scientists assume that most of the
identified linear antigenic determinants are a part of
the conformational B-cell epitopes [47-49]. Descrip-
tions are less stringent for stability, and confirmed that
the majority of discontinuous epitopes (over 70%) have
1-5 linear segments with 1-6 amino acids [50]. Pres-
ently, epitopes play important roles in the course of
cell development such as the human epidermal growth
factor receptor 2 (HER2) and the extracellular domain
of insulin-like growth factor-1 receptor which have
been predicted by BcePred Prediction Server in silico
methods [51, 52].

ElliPro together with other algorithms and web
programs are able to predict the antibody epitopes in
a protein sequence or structure. ElliPro presents the
best epitope prediction in comparison to common
methods based on structure. Another advantage of
Ellipro is its ability to predict based on the geomet-
rical properties of protein structure. Without involved
preparation one can predict different kinds of
protein-protein interactions [28]. Dall'Antonia et al.,
identified IgE-binding epitopes of two allergens by
utilizing several servers, which expressed the highest
specificity found by ElliPro for both studied allergens
in comparison to other tools [53]. Jimenez-Lopez
et al., were able to study Epitopes of B-conglutin
proteins in Lupinus angustifolius with emphasis on
cross-allergenic reactivity in comparison to some
legumes [54]. Kundu et al. determined that two of these
10 fragments, exist in major immunogenic epitopes
which are restricted on the outer surface of the protein
MTC28 molecule of Mycobacterium tuberculosis which
have key roles in the mycobacterial infection pathway.
They were also able to predict the continuous epitope
in silico with Ellipro [55].
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The NetCTL 1.2 server can therefore be used
for the prediction of epitopes by using cytotoxic
T lymphocyte (CTL) that induced immunolog-
ical tolerance in autoimmunity and allograft trans-
plantation [56]. Larsen et al. (2007) showed that
NetCTL-1.2 has an advanced predictive perfor-
mance than other servers such as EpiJen, MAPPP,
MHC-pathway, and WAPP [57]. CTL epitope predic-
tion was an essential in silico tool in the allergenic
research as it reduces the requirement for in vitro
tests [56]. NetCTL-1.2 has been used as an integra-
tive method for prediction of 9-mer CTL epitopes [58].

CONCLUSION

The data interestingly showed that the two bacte-
rial samples of L-asparaginase used in humans as
therapeutic drugs that often cause allergies compares
well with the plant asparaginase genes and have less
similarity to the human asparaginase. The two human
asparaginase genes are located perfectly between the
plant groups in the phylogenic tree. Sequence align-
ment results from the Protein BLAST on NCBI between
human, two plants and two bacteria asparaginase
showed that Phaseolus vulgaris has the highest simi-
larity with human, while Escherichia coli due to lack
similarity was removed from the alignment description.
Results of Allergenic Sites Prediction showed that both
asparaginase bacterial samples are antigen and both
asparaginase plants are non-antigen in Vaxijen and
AlgPred server, in the majority of tests. Some common
sequences were detected as epitope by all of the three
servers ABCpred, BcePred and ElliPro linear that was
based on B-cells epitopes designed in asparaginases
which is as follows: “IPFSLPPERRKPREEGLRHCL",
‘ALKAQKPPLDV”, “NIEHFN”, “SHLITAENVERLKLAI" and
“RACATE” epitopes in Lupinus luteus; “VDPTLPLERQEE”
epitope in Phaseolus vulgaris; “VKCDKP” and “TSDTPF-
DVSKLNELPK” “VFDVRGLTSLPK” epitope in Escherichia
coli and at least “LGVDTLINAVPEVKKLANV”, “DAAIQH",
“GVK” epitopes in Erwinia chrysanthemi. Predictions
based on T-cells in NetCTL-1.2 server also showed

that the Phaseolus vulgar has the lowest-rated aller-
gies compared to bacterial and the other plant species.
The data shows consistent scoring of various struc-
tures indicating a better presentation than any single
term. On a whole it appears that the difference in
allergenic scores between plants and microbial aspar-
aginases rating based on the used software is remark-
able. Although some allergen epitope are found in plant
asparaginase, these are absolutely different from the
allergen epitopes in microbial asparaginase that is
used as a drug and results in allergies in humans.
No common sequence could be found between them.
The study of plant asparaginases indicates that the
type of allergenic is completely different in plant
asparaginase, it can be used as drug independent or
use after emergence allergy of Erwinia asparaginase in
patient. This manuscript affords an outline of available
evidence proposing that Phaseolus vulgaris asparagi-
nase has less epitopes and better scores in predicting
tools and high similarity with the potential to be consid-
ered for drug design as enzymthrophy in leukemia and
other cancers.
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