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ARTICLE INFO ABSTRACT

Keywords: L-asparaginase (L-ASNase) is a vital therapeutic agent for acute lymphoblastic leukemia and is naturally produced

Allefge'niCitY by various organisms even though all the commercial L-ASNases are derived from bacteria that have allergic

I[:acte'rla reactions mainly due to their prokaryotic origin. Since fungi are eukaryotes and their enzymes are expected to be
ungi

similar to mammal proteins, the immune reactions against them are expected to be low. With this thought, this
study aimed to provide insight that fungi are superior sources of 1.-ASNase for clinical use compared to bacteria.
Aiming this, a total number of 120 sequences, 60 each from fungal and bacterial sources, were retrieved from the
National Center for Biotechnology Information database. The datasets were grouped into three groups based on
amino acid (aa) sequence length: 298-315, 340-355, and 375-390, each group consisting of 20 sequences.
Subsequently, these sequences were analyzed using Bioinformatics tools. The comparative analysis of fungal and
bacterial L-ASNases allergenicity using Algpred 2.0 showed that 32/60 (53.3 %) fungal L-ASNases and 56/60
(93.3 %) bacterial L-ASNases were predicted to be allergenic which was significantly different (p = 0.00). This
was supported by AllerTOP 2.0 which predicted 23/60 fungal and 34/60 bacterial L-ASNases as allergenic.
Surprisingly, the Allergome database has strengthened this result by indicating fungal L-ASNases are less
allergenic (p = 0.003) compared to their bacterial counterparts which leads to conclude that .-ASNase aller-
genicity is correlated to its origin. Moreover, allergenicity of L-ASNase is also correlated with sequence length as
predicted by Algpred 2.0, AllerTOP 2.0, and Allergome. In general, this study provided an outline of evidence
that fungal L-ASNases have less allergenicity compared to their bacterial counterparts. Hence, fungi could be
considered as potential sources of L-ASNase with reduced allergenicity.

L-asparaginase
Acute lymphoblastic leukemia

1. Introduction hypersensitivity reactions might not be observed in fungal homologs,

given the evolutionary relatedness of fungi and animals [16]. Hence,

L-asparaginase (EC 3.5.1.1) is an enzyme that plays a central role in
amino acid metabolism [1]. It is one of the most biomedically important
therapeutic agents used in the treatment of acute lymphoblastic leuke-
mia (ALL) [2] by enhancing the survival rates of ALL patients to 90 % in
the past 30 years [3]. This enzyme is widely distributed in bacteria,
fungi, plants, and animals [4-7] though the principal sources of the
commercial L-ASNases are Escherichia coli (E. coli), Erwinia carotovora
and Erwinia chrysanthemi [8].

L-ASNases have a wide range of adverse effects including allergic
reactions [9-11] mostly due to their prokaryotic origin, glutaminase
(GLNase) co-activity, and/or large molecular weight [12-14]. Particu-
larly, E. coli 1--ASNase is hyperallergenic in humans because of its high
molecular weight (active tetramer is 140 kDa) [15]. However, such
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fungal sources can be explored as their similarity to human at the
cellular level could reduce the unwanted immunological reactions and
their potential to produce 1-ASNase with reduced GLNase co-activity
[17].

In the past few decades, some strategies have been employed to
overcome the drawbacks of bacterial .- ASNase, though there are several
unsolved challenges as shown in Fig. 1.

Nowadays computational tools play an important role in all aspects
of drug discovery and assessment to predict and analyze clinical and
preclinical findings [18]. Therefore, the investigation for new sources of
L-ASNase with fewer side effects can be accelerated by using in-silico
analysis using computational tools to reach an informed decision to
conduct targeted experiments. This is due to the utilization of advanced
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Fig. 1. Drawbacks of Bacterial 1.-ASNase, strategic solutions, and progress.

bioinformatics tools to predict the absorption, distribution, metabolism,
excretion, and toxicity properties of a druggable molecule can allow
researchers to screen a wide range of compounds to identify the most
promising candidates before launching clinical trials [19].

Therapeutic agents like L-ASNase can induce allergenic reactions.
Such reaction has been detected in more than 60 % of patients who use
E. coli 1-ASNase therapy because of anti-asparaginase antibody produc-
tion [20-22]. Since this immune response against 1.-ASNase compro-
mises its efficacy and safety, it is important to develop alternative
therapeutic agents that have no allergic properties. Even though several
studies have been conducted about this [21,23,24], the literature lacks
information regarding the comparative analysis of bacterial and fungal
L-ASNases allergenicity. With this research gap in mind, the current
study was conducted to facilitate a new drug development process by
in-silico analysis of L-ASNase allergenicity using computational tools
[21] which work based on (i) sequence similarity-based approach; (ii)
motif-based approach and (iii) machine learning-based approach [25].

According to the World Health Organization and Food and Agricul-
ture Organization allergenicity evaluation guideline, a protein is
considered potentially allergic if it either has a minimum of 35 %
sequence similarity over a window of 80 amino acids or an identity of six
or more contiguous amino acids when it compared with a known
allergenic protein [26]. Such sequence similarity-based allergenicity
prediction methods are too stringent to find the most true allergens. To
overcome such limitations, more sophisticated bioinformatics tools that
can be used to detect allergen motifs and predict allergens have been
developed [27,28]. Therefore, it is essential to use more than one tools
for explicit proof due to the increased probability of false positive or
false negative prediction results. In this research, we utilized four Bio-
informatics tools for comprehensive analysis of fungal and bacterial
L-ASNases allergenicity in which fungal L-ASNases were found to have
lower allergenicity than their bacterial counterparts. This study also
demonstrates the applicability of Bioinformatics tools in the prognosti-
cation of 1-ASNase allergenicity as a strategy to identify r-ASNase
sources with reduced allergenicity.

2. Material and methods
2.1. Sequence retrieval strategy and selection criteria

To evaluate bacterial and fungal L-ASNases allergenicity, equal

numbers of sequences were retrieved for both from the National Center
for Biotechnology Information (NCBI) protein database. For bacterial -
ASNase sequence retrieval, the keywords “Escherichia coli’, “Erwinia
carotovora” and “Erwinia chrysanthem” were used as they represent the
main sources of clinically used L-ASNases. On the other hand, the key-
words “Aspergillus”, “Fusarium” and “Penicillium” were used, due to
their frequent reports as the major .-ASNase producers [29].

As our study was also aimed to evaluate the allergenicity of these
enzymes based on their aa sequence length, which can be directly
related to molecular weight [30], we chose specific aa sequence length
ranges (298-315, 340-455 and 375-390) based on two considerations:
(1) the range should be relatively narrow (<5 % of the amino acid
sequence length of the sequences falling within the range, and (2) it
should contain the maximum number of sequences which meet the in-
clusion criteria. During sequence retrieval, all 1-ASNase sequences
identified as putative, hypothetical, precursor, partial, uncharacterized,
and 1-ASNase family proteins were excluded. With all these consider-
ations, a total number of 120 sequences (60 each from fungal and bac-
terial sources) with 20 sequences for each chosen sequence length range
were retrieved.

2.2. Selection of bioinformatics tools

For this study, four Bioinformatics tools were selected for allerge-
nicity analysis based on their reliability. Among the selected tools,
AlgPred2.0 and AllerTOP v.2 were selected to predict allergenicity
based on sequence similarity and amino acids’ physicochemical prop-
erties. And, Allergen Online and Allergome databases were also selected
to predict allergenicity by retrieveing allergen motifs related to the
query sequence. For AlgPred2.0 and AllerTOP v.2, the default Threshold
value was maintained, and 35-80 % identity threshold value was used
for Allergen Online and Allergome Databases. The efficiency and the
approaches of the utilized Bioinformatics tools are indicated in Table 1.

2.3. Estimation of 1-ASNase allergenicity

In this study, the allergenicity prediction of a specific Bioinformatics
tool was used to compare the potential association between the aller-
genicity of 1-ASNase sequences and the source organisms without
considering the predictions from other Bioinformatics tools. The main
steps of the approaches used in this study are summarized in Fig. 2.
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Denotes the list of Bioinformatics tools or servers used to predict .-ASNase allergenicity.

Tools and URL

Approach used

Efficiency of tools

AlgPred 2.0 http://www.imtech.res.in/raghav

a/algpred)

AllerTop 2.0 http://www.ddg-pharmfac.net/

AllerTOP

Allergen Online database http://www.allergeno

nline.org

Allergome Online database http://www.alle

rgome.org

approach [31].

learning

FAO/WHO guidelines [35]

FAO/WHO guidelines [36]

Sequence/motif similarity-based and machine-learning hybrid

Sequence-based descriptors, auto, and cross-covariance, machine

% [25,32].

% [33,34].

Accuracy: 85.02 %, sensitivity: 88 %, and specificity: 100

Accuracy: 88.70 %, sensitivity: 94 % and specificity: 88.1

Table 2

Organism by Allergenicity Cross-tabulation and chi-square test of association for .-ASNase (298-390 aa).

Bioinformatics tools 1-ASNase sequences Allergen Non-allergen Total P-value
Algpred 2 Fungal 1-ASNase 32 (53.3 %) 28 (46.7 %) 60 (100.0 %) 0.000
Bacterial 1-ASNase 54 (90.0 %) 4 (10.0 %) 60 (100.0 %)
Total 86 (71.7 %) 32 (28.3 %) 120 (100.0 %)
AllerTOP2 Fungal 1-ASNase 23 (38.3 %) 37 (61.7 %) 60 (100.0 %) 0.044
Bacterial .-ASNase 34 (56.7 %) 26 (43.3 %) 60 (100.0 %)
Total 57 (47.5 %) 63 (52.5 %) 120 (100.0 %)
Allergen Online database Fungal 1-ASNase 5(8.3 %) 55 (91.7 %) 60 (100.0 %) 0.243
Bacterial .-ASNase 2 (3.3 %) 58 (96.7 %) 60 (100.0 %)
Total 7 (5.8 %) 113 (94.2 %) 120 (100.0 %)
Allergome database Fungal 1-ASNase 27 (45.0 %) 33 (55.0 %) 60 (100.0 %) 0.003
Bacterial 1-ASNase 43 (71.7 %) 17 (28.3 %) 60 (100.0 %)
Total 70 (58.3 %) 50 (41.7 %) 120 (100.0 %)
Table 3
Allergenicity by sequence length cross-tabulation and chi-square test of association for fungal L-ASNases.
Bioinformatics Tool Allergenicity 1-ASNase sequences in aa Total P-value
298-315 340-355 375-390
Algpred 2.0 Allergen 7 (21.9 %) 9 (28.1 %) 16 (50.0 %) 32 (100.0 %) 0.011
Non- allergen 13 (46.4 %) 11 (39.3 %) 4 (14.3 %) 28 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)
AllerTOP 2.0 Allergen 2 (8.7 %) 5 (21.7 %) 16 (69.6 %) 23 (100.0 %) 0.00
Non- allergen 18 (48.6 %) 15 (40.5 %) 4 (10.8 %) 37 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)
Allergen Online database Allergen 2 (40.0 %) 1 (20.0 %) 2 (40.0 %) 5 (100.0 %) 0.804
Non- allergen 18 (32.7 %) 19 (34.5 %) 18 (32.7 %) 55 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)
Allergome database Allergen 4 (15.4 %) 6 (23.1 %) 16 (61.5 %) 26 (100.0 %) 0.000
Non- allergen 16 (47.1 %) 14 (41.2 %) 4 (11.8 %) 34 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)

2.4. Statistical analysis

Descriptive statistics are presented with percentages where appro-
priate. The Fisher’s exact test (p = 0.05) was used to test the association
between categorical variables.

3. Results and discussion

3.1. A summary of fungal and bacterial L-ASNases allergenicity
comparative assessment using multiple bioinformatics tools

As outlined in the methodology, the four Bioinformatics tools used
different approaches for allergenicity prediction. When two or more
tools give similar predictions on specific sequence allergenicity, it re-
flects the consensus of distinct approaches which increases the accuracy
of the prediction made. In light of this, a Venn diagram was used to
represent the convergence of these bioinformatics tools in allergenicity
prediction for a sequence in question. The complete list of sequences and
the prediction generated by each of the bioinformatics tools used in the
present study is available as a supplementary appendix (Supplementary

appendix, pp. 17-29).

The arrangement of allergenic and non-allergenic 1-ASNase se-
quences within the large circles in the Venn diagram showed a
consensus among all the Bioinformatics tools regarding the non-
allergenic classification of 23 fungal L-ASNases (Fig. 3) and 3 bacterial
L-ASNases (Fig. 3). On the other hand, Algpred 2.0, Allergome, and
AllerTOP 2.0 predicted 16 fungal and 33 bacterial L-ASNases as aller-
genic sequences. Moreover, Algpred 2.0 and Allergome database pre-
dicted 4 fungal and 6 bacterial L-ASNases as allergenic sequences.

3.2. Comparative analysis of fungal and bacterial L-ASNases allergenicity

In this study, we compared the allergenicity of fungal and bacterial L-
ASNases using Algpred 2.0, AllerTOP 2.0, Allergen Online, and Aller-
gome databases. The comparison of fungal and bacterial L-ASNases
allergenicity using Algpred 2.0 revealed that a significant number of
bacterial L-ASNases (p = 0.00) were predicted as allergenic (90.0 %)
than fungal L-ASNases (53.3 %). Similarly, the comparison using
AllerTOP 2.0 prediction converges to the finding by Algpred 2.0 by
indicating that significantly (p = 0.044) higher percentage of (56.7 %)
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Fig. 2. Flow chart for the workflow analysis used in this study. The diagram shows the workflow for the analysis of fungal and bacterial .-ASNase sequences, and the

tools used for the prediction of allergenicity.

bacterial L-ASNases were predicted as allergenic compared to fungal L-
ASNases (38.3 %). Surprisingly, the prediction made by the Allergome
database also supported the prediction of Algpred 2.0 and AllerTOP 2.0.
Based on the Allergome database, 71.7 % of bacterial L-ASNases were
predicted as allergenic which is significantly (p = 0.003) higher than
their fungal counterparts (45 %).

Collectively, all the present results generated by using Algpred 2.0,
AllerTOP 2.0, and Allergome database are in agreement with a report
that showed that fungal L-ASNases have less allergenicity than bacterial
L-ASNases [36]. More scientific reports [37,38] also revealed that
L-ASNases from Aspergillus, Penicillium, and Fusarium cause fewer
adverse effects compared with bacterial L-ASNases. The reason behind
reduced allergic reaction by the human immune system for fungal
1-ASNase than bacterial .-ASNase could be due to the evolutionary
proximity of fungi and human beings [17] and the capability of fungal
cells to glycosylate their proteins unlike bacterial cells [39]. This justi-
fication becomes stronger when the comparison between the allerge-
nicity of plant and bacterial L-ASNases indicates that plant L-ASNases
are safer than microbial L-ASNases [40].

3.3. Comparison of fungal L-ASNases allergenicity based on their
sequence length

According to the American Academy of Allergy [41] report, the hy-
persensitivity for drugs may be related to the molecular weight of drugs,
and compounds with high molecular weight are more immunogenic
than compounds with low molecular weight [42]. It is important to
notice that the sequence length of a protein can be directly related to its
molecular weight [30]. Taking this concept into consideration, we
analyzed r-ASNase sequences which have different lengths to assess the
influence of sequence length on the allergenicity of 1-ASNase. Notably,
the predictions by Algpred 2.0, AllerTOP 2.0, and Allergome database
revealed the presence of significant differences (p = 0.011, p = 0.00, and
p = 0.00 respectively) in their allergenicity across the sequence lengths
of fungal 1-ASNase.



T. Sisay et al.

Algpred
5
2 | 1
4
Allergome 16 4 ¥ 1 AllerTOP
- 23 .3
1 5 1 5
- 17

Allergen online

A) Fungal L-Asparaginases

Informatics in Medicine Unlocked 43 (2023) 101398

Algpred
ik
6
1 33
AllerTOP
Allergome 1
5
1
13 6
33 1

Allergen online

B) Bacterial L-Asparaginases

Fig. 3. Diagrammatic summary of Tables 1-3 fungal and bacterial L-ASNases (298-390 aa) allergenicity. Figure A represents fungal L-ASNases and Figure B rep-
resents bacterial L-ASNases. While the big four circles represent the four tools (AlgPred2, AllerTOP, Allergen Online, and Allergome) used for analysis, the pink and
white circles represent allergenic and non-allergenic L-ASNases respectively. The numbers inside the circles represent the number of the respective allergenic or non-

allergenic 1.-ASNase sequences.

Table 4
Allergenicity by sequence length cross-tabulation and chi-square test of association for bacterial L-ASNases.
Bioinformatics Tool Allergenicity 1-ASNase sequence length in aa Total P-value
298-315 340-355 375-390
Algpred 2 Allergen 14 (25.9 %) 20 (37.0 %) 20 (37.0 %) 54 (100.0 %) 0.001
Non- allergen 6 (100.0 %) 0 (0.0 %) 0 (0.0 %) 6 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)
AllerTOP2 Allergen 0 (0.0 %) 19 (55.9 %) 15 (44.1 %) 34 (100.0 %) 0.00
Non- allergen 20 (76.9 %) 1(3.8%) 5(19.2 %) 26 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)
Allergen Online database Allergen 1 (50.0 %) 1 (50.0 %) 0 (0.0 %) 2 (100.0 %) 0.596
Non- allergen 19 (32.8 %) 19 (32.8 %) 20 (34.5 %) 58 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)
Allergome database Allergen 3 (7.0 %) 20 (46.5 %) 20 (46.5 %) 43 (100.0 %) 0.000
Non- allergen 17 (100.0 %) 0 (0.0 %) 0 (0.0 %) 17 (100.0 %)
Total 20 (33.3 %) 20 (33.3 %) 20 (33.3 %) 60 (100.0 %)

3.4. Comparison of bacterial L-ASNases allergenicity based on their
sequence length

Like the comparison of fungal 1-ASNase sequences in different
sequence lengths, the analysis of bacterial L.-ASNase sequences for their
allergenicity using Algpred 2.0, AllerTOP 2.0, and Allergome databases
across different sequence lengths showed the existence of significant
differences (P = 0.001, P = 0.0 and p = 0.0) between the length of
bacterial L-ASNases and their allergenicity (Table 4). Supporting this
finding, it has been reported that 1-ASNase can elicit an immune
response in patients due to its large molecular size [43] and L-ASNases
with lower molecular weight have reduced side effects [44].

4. Conclusion and future perspectives

The in-silico assessment of r-asparaginase allergenicity, which in-
volves the prediction of allergenicity using Algred 2.0, AllerTOP 2.0, the
Allergen online database and Allergome database, is a valuable
approach to identify safe .-ASNase sources. The allergenicity predictions
in this study clearly demonstrate that fungal L-ASNases are less likely to
trigger allergic reactions than their bacterial counterparts, which can be
due to the evolutionary closeness between fungal and human proteins.
This finding reaffirms that fungal L-ASNases, especially those with

shorter sequence length, are promising candidate, with minimal aller-
genicity, therapeutic agents for acute lymphoblastic leukemia. Therfore,
exploring fungal sources for production of 1-ASNase with low-
allergenicity is a promising area that could be investigate further.
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