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Once the acute lymphoblastic leukemia cells that need L-asparagine are exposed
to L-ASNase, they die because of the limitations of L-asparagine. The globally
rising rate of ALL also requires extraordinary efforts to discover new
microorganisms with high L-ASNase production and efficiency. The aim of this
study is the high amount of L-ASNase production. After isolation, the L-ASNase
production was optimized using the response surface methodology and the central
composite design. Then, in-silico studies were predicted for the L-ASNase-
producing gene. In this study, Bacillus velezensis was isolated as an L-ASNase
producer from slaughterhouse effluent using the M9 medium. The optimization
process further illustrated Tween 20, glucose, temperature, and L-asparagine, which
were more significant for L-ASNase production. Based on statistical prediction by
response surface methodology, more enzyme activity (7.11 U/mL) could be
realized at 0.6% Tween 20, 1.7% glucose, 55°C temperature, and 1.8% L-
asparagine. The in-silico studies also established that the binding site is located at
the N-terminal domain and the active site flexible loop. Additionally, it contained
Thr36, Ala47, Tyr50, Glu84, Aspll7, Thrll6, Metl42, Lys189, Thrl93, and
Thr192 as the conserved and functional residues in L-ASNase. It was concluded
that B. velezensis SE114 produced L-ASNase type Il in the present study. The
statistical optimization results also showed that Tween 20, glucose, temperature,
and L-asparagine were significant variables affecting the L-ASNase production. In
addition, temperature and L-asparagine had noteworthy interactions.

1. Introduction

Thanks to its immeasurably useful medical
applications, L-asparaginase (L-ASNase, viz., L-
asparagine aminohydrolase, E.C.3.5.1.1) has been
investigated by many researchers throughout the
world. L-asparaginase is utilized in the treatment

of different cancers, such as lymphoma, gastric
cancer, Lewis lung carcinoma (LLC), breast
cancer, ovarian cancer, liver cancer, colorectal
cancer, osteosarcoma, and acute myeloid
leukemia (AML). It is known as an effective
antineoplastic agent; however, since these cells
cannot synthesize L-asparagine, L-asparagine is
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converted into L-aspartic acid and then releases
ammonia (NH3) because all anticancer drugs need
an extracellular source of this amino acid
(Darvishi et al., 2022).

Although numerous production and purification
techniques have been developed for this purpose
thus far, they have provided an insufficient

quantity of enzymes for limited trials.
Accordingly, enzyme production by other
microorganisms should be explored. The
variables affecting the increase in enzyme

production can be surveyed by statistical
modeling. Of note, no specified medium exists
for the optimized production of L-ASNase in
different microorganisms.  Additionally, the
composition of the fermentation medium and the
culture conditions play a profound role in enzyme
production, and the production itself is influenced
by the numerous interactions of nutritional and
environmental factors (Mangamuri et al., 2017).

There is little information about the statistical
optimization of the L-ASNase production
by Bacillus velezensis. For this purpose, the
screening and evaluation of the nutritional and
environmental requirements of a microorganism
are among the important stages of developing and
determining the overall economic feasibility of
bioprocesses (Venil et al., 2009). Response
surface methodology (RSM) is thus a robust tool
for the optimization of experimental conditions in
biotechnology since it can evaluate the effect of
variables and their interactions in response (Erva
et al.,, 2018). In this respect, B. velezensis was
introduced as an aerobic gram-positive bacillus
with endospores (Rabbee et al., 2019). It was
further isolated as an L-ASNase-producing
bacteria from ruined pomegranate on an M9
medium because it is a pathogen for this fruit
(Parmar et al., 2021). Moreover, it is reported that
B. velezensis isolated from Red Sea sediment
samples using the M9 medium and millipore
membrane filtration method can produce L-
ASNase without glutaminase (Mostafa et al.
2019). The yield of L-asparaginase production
obtained under optimized conditions was also
compared among Bacillus polymyxa, Bacillus
firmus, Bacillus velezensis, and Bacillus

licheniformis, with results showing the optimum
L-asparaginase production was 7.037 U/mL,
5.368 U/mL, 14.03 U/mL, and 36.08 U/mL,
respectively (Rahnamay Roodposhti et al., 2015).

Against this background, the present study
aimed to achieve the optimal conditions for more
L-ASNase production from B. velezensis using
the RSM and the CCD. In this way, the most
significant factors, such as pH, incubation time,
and carbon and nitrogen sources, were evaluated
in the optimization. Furthermore, an in-silico
analysis of the L-ASNase sequence was
performed, and the three-dimensional (3-D)
structural model was evaluated to delineate the
functional structure and the binding site residues
of the protein.

2. Materials and Methods
2.1. Microorganism

To meet the study objectives, several strains of
bacteria were isolated from the effluent and soil
samples from a slaughterhouse in Esfahan, Iran.
To screen the L-ASNase-producing bacteria, an
M9 medium was prepared without Tween 20.
Then, the pH was adjusted to 6.8. Two media
without the indicator (phenol red
[phenolsulfonphthalein  or PSP]) and L-
asparagine (including sodium nitrate [NaNO3])
were used as the negative control medium
(Mohammadi-Sichani et al., 2019). The L-
ASNase-producing bacteria were then isolated by
changing the color of the M9 medium into pink
by hydrolyzing L-asparagine to ammonium
(NH4"), creating an alkaline environment.

2.2. Analysis of 16S Ribosomal Ribonucleic
Acid (16SrRNA) Sequence

Marmur's manual method was used to extract
the genomic deoxyribonucleic acid (DNA) of the
selected isolate (Ghiasian et al., 2017). The
phylogenetic analysis of the 16SrRNA gene was
used for molecular identification. The 16SrRNA
gene (530 bp fragment) was thus amplified using
the PCR technique together with two universal
primers (R518 and F8, Sinaclon, Iran), and
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sequencing was completed at Macrogen (Seoul,
South Korea). The results were then evaluated in
terms of homology and similarity using Chromas
Lite version 2.1 and the BLAST Tool (Basic
Local Alignment Search) at the National Center
for Biotechnology Information (NCBI) database.

2.3. Sequence Retrieval

The L-ASNase gene fragment was here
amplified by the PCR technique (primary
temperature: 94°C (5 minutes), 10 cycles: 94°C
(30 seconds), 55°C (30 seconds), 72°C (55
seconds), 25 cycles: 94°C (30 seconds), 52°C (30
seconds), and 72°C (55 seconds), 35 cycles: 5°C
(5 minutes)). Two primers, FBVaspFH
(AAACAATTCATGCCCTTCATTAC) and
RBVaspFH
(GTACTCATTGAAATAGGTTTGAATC), were
used for amplification. PCR products were also
determined by Macrogen (Seoul, South Korea).
The sequence was further analyzed using the
Chromas Lite (version 2.1) and the CAP3 tool.

Table 1: Prediction Servers List

Also, the SignalP-6.0 server was used to remove
signal peptides.

2.4. In-Silico  Analysis of B. velezensis
Produced L-ASNase

The physicochemical attributes of L-ASNase
were predicted by the ProtParam tool. The 3-D
structure was further modeled using the (PS)2-v3
and SWISS-Model servers.

The quality of the generated models was
measured by the Ramachandran plot. In the
SWISS model, a total of 50 templates were used.
The protein secondary structure was further
evaluated by employing the SOPMA server. In
addition, the potential binding pockets for L-
asparagine (searched by the PrankWeb server)
and the binding site residues were multiply
aligned using the Clustal Omega program.
Afterward, the conservation of the functional
residues in L-ASNase was deduced using the
ConSurf web server. The prediction servers in
this study are shown in Table 1.

No. Server Address Reference
1 ProtParam https://web.expasy.org/protparam Gasteiger et al. 2005
2 (PS)2-v3 http://ps2v3.life.nctu.edu.tw Huang et al. 2015
e Guex et al. 2009, Bienert et al.
3 SWISS-Model https://swissmodel.expasy.org/ 2017, Waterhouse et al. 2018
4 Ramachandran plot https://zlab.umassmed.edu/bu/rama/ Lovell et al. 2003
5 SOPMA server https://npsa-prabi.ibcp.fricgi- Geourjon & Deléage 1995

bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html

Krivak & Hoksza 2018, Jendele et

6 Prank web server https://prankweb.cz/ al 2019
7 Clustal Omega https://www.ebi.ac.uk/Tools/msa/clustalo/ Madeira et al. 2022
8 ConSurf web https://consurf.tau.ac.il/ Berezin et al. 2004

2.5. Qualitative Measurement of L-ASNase
Production

The quality of the produced enzyme and pink
zone diameter were measured using the agar well
diffusion method (AWDM) and then compared to
select the best isolate (Tatari et al., 2012).

2.6. Quantitative Assay of L-ASNase Activity

For the quantitative assay of the L-ASNase
activity in the selected isolate, 10% inoculum
with 0.5 McFarland equivalent concentration was
inoculated in 100 ml of L-asparagine broth
medium and then incubated at 35°C for 72 h. The
cell-free supernatant containing the enzyme was
also obtained by centrifuging the culture broth at
4000 rpm for 10 min and then used for the L-
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ASNase assay. For this purpose, 0.5 mL enzyme
solution was added to 0.5 mL L-asparagine (0.04
M), 0.5 mL Tris (hydroxymethyl) aminomethane
(THAM) hydrochloride (Tris HCI) buffer (0.1 M
and pH 8.2), and 0.5 mL distilled water. The
mixture was then incubated for 30 min at 37°C.
Afterward, the reaction was stopped by adding
0.5 mL of trichloroacetic acid (TCA, 1.5 M).
Blank tubes were also run following the enzyme
preparation and the addition of trichloroacetic
acid (C2HCI302). Then, the sample tube was
centrifuged for 10 min at room temperature at
10,000 g. Also, 0.1 mL of the previous
supernatant and 3.7 mL of distilled water were
mixed, and 0.2 mL of Nessler's reagent (K2Hgls)
was added. The tubes were incubated at room
temperature for 15 min, and the absorbance was
read at 450 nm. The released NHs during the
enzyme activity was determined with a standard
graph of ammonium sulfate ((NH4)2SO4). One
unit of the L-ASNase activity was further defined
as the amount of enzyme that catalyzed the
formation of one micromole of NH3z per mL in 1
min at 37°C, according to Eq. 1 (Imada et al.,
1973).

(nmol of NH;)(2.5)
(0.1)(30)(0.5) (1)

Enzyme activity=

2.7. Specific Quantitative Colorimetric Assay
for of L-ASNase

The Bradford protein assay is known as a
colorimetric method to measure protein
concentration in biological samples (Bradford,
1976). For the protein assay in this study, a 100
pL enzyme solution and 4.9 mL Bradford's
reagent were incubated at room temperature for 5
min. Then, the absorbance was read at 595 nm,
and the protein concentration was determined
with a standard bovine serum albumin (BSA)
graph.

2.8. Optimization of pH and Incubation Time
using the One-Factor-at-a-Time (OFAT)
Method

The optimum pH level and incubation time
were first investigated using the OFAT method
(Czitrom, 1999). Five M9 culture media (with a
pH of 5.5, 6, 6.5, 7, and 7.5) were also prepared,
and incubated at 35°C for three days. Finally, the
pink zone diameter was measured.

To investigate the optimal level of the
incubation time on the L-ASNase activity, a 100
mL culture medium was prepared without agar
and indicator. It was further inoculated (10% of
0.5 McFarland equivalent concentration) and
incubated for 24, 48, 72, 96, and 120 h with 100
rpm/min aeration speed. Then, the best incubation
time for more enzyme production was achieved
by the enzyme activity assay. The effect of pH
levels on enzyme activity was investigated using
a one-way ANOVA. The enzyme activity was
measured at five different pH and incubation time
levels. Then, two post-hoc tests (Tukey test and
pairwise t-test) were utilized for pairwise mean
comparisons of pH and incubation time,
respectively.

2.9. Optimization of L-ASNase Production
using RSM

The RSM and the CCD were exploited for the
optimization of the L-ASNase production
(Bezerra et al., 2008). As well a full factorial
design was selected, and a total of 30 experiments
with three repetitions were developed (Wang &
Jee Wu, 1995). The effective variables considered
for optimization were temperature (25-45°C), a
nitrogen source (0.6-1.4%), a carbon source (0.5-
1.5%), and Tween 20 (0.15-0.45%). Minitab
software 18 was further used to analyze the
results, and lastly, an analysis of variance
(ANOVA) of the data was performed (Sthle &
Wold, 1989).
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3. Results and discussion

3.1. Isolated Microorganism and Molecular
Identification

Among 114 isolates, the SE114 strain with a 55
mm pink zone diameter was the best producer of
L-ASNase. Accordingly, gene amplification was
performed for the strain, and the similarity
percentage (NCBI databases) also showed it
belonged to B. velezensis (MG008635.1) (100%).

L-ASNase is an enzyme that converts L-
asparagine into aspartate and ammonia, although
L-asparagine is essential for neoplastic cells.
Therefore, L-ASNase has been considered as a
chemotherapy medicine. Even if some techniques
have been thus far developed for enzyme
production and purification, they have provided
an insufficient quantity of enzymes in limited
trials.  Against this background, enzyme
production by some bacteria can be explored.

3.2. Sequence Retrieval

The specific
AAACAATTCATGCCCTTCATTAC  (forward)  and
GTACTCATTGAAATAGGTTTGAATC (reverse) were
designed by the Gene Runner tool for L-ASNase
gene application using PCR protocol (section
sequence retrieval) in B. velezensis SE114, and
the sequence was determined. The L-ASNase
protein  sequence, after sequencing and
modification, is shown in Supplementary file.

primers of

3.3 In-Silico Analysis of L-ASNase Produced
by B. velezensis

The physicochemical properties of the B.
velezensis-produced L-ASNase were predicted by
the ProtParam tool, as depicted in Table 2. The 3-
D structures of the monomer and the tetramer
were also modeled (Fig 1). As structure analysis
is an important step to validate the predicted
model of a protein, and the Ramachandran plot is
a fundamental tool to visualize the dihedral
angles, w and u, of amino acid residues in a

protein for the structural assessment, the
Ramachandran plot analysis revealed 295
(97.6%) residues in the favored region, 4 (1.3%)
residues in the additional allowed region, and 3
(0.9%) residues in the disallowed one. Therefore,
the modeled 3-D structures had good qualities
and were assumed to be valid (Fig 2). A signal
peptide sequence of 21 amino acids was further
determined in the L-ASNase sequence by the
SignalP 6.0 server (Fig 3). The presence of signal
peptide accordingly indicated that L-ASNase was
an extracellular enzyme in B. velezensis. The
secondary structure was further predicted by the
SOPMA server and revealed 30% alpha-helix,
44.57% random coil, 19.43% extended strand,
and 6% beta-turn in the L-asparaginase of B.
velezensis (Fig 4).

Of note, the PrankWeb server is an online
resource providing an interface to P2Rank, a
state-of-the-art method for ligand binding site
prediction. It also allows comparing the location
of pockets predicted with highly conserved areas
as well as actual ligand binding sites (Jendele et
al., 2019). In this study, the PrankWeb tool
illustrated the binding pocket in the N-terminal
domain and ASFL (Fig 5). It also determined that
Thr36, Ala47, Tyr50, Glu84, Aspll7, Thrlls,
Met142, Lys189, Thr193, and Thr192 probably
had a major role in this interaction in the B.
velezensis-producing L-ASNase. The multiple
sequence alignment of the protein by the Clustal
Omega program also showed that all the residues
predicted by the Prankweb server were conserved
(Supplementary file). Moreover, the ConSurfweb
server detected that residues number 36, 50, 116,
117, 189, and 192 were conserved and exposed in
the L-ASNase sequence. Accordingly, they
probably had a functional role in protein-ligand
interaction (Fig 6).

L-ASNase has generally been characterized as a
tetrameric protein. According to the Prankweb
server results, the enzyme's active site was at the
N-terminal domain and the ASFL. Some studies
have further revealed that the ASFL plays three
principal roles in L-ASNase: first, it makes a cap
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to limit access to the active site cavity that helps
Thr36 (namely, the primary nucleophilic residue)
for presentation to the ligand molecule and forms
an oxyanion hole. When the substrate wants to
bind to the enzyme, the ASFL is changed, and an
oxyanion hole is created. Second, after binding to
the ligand, four hydrogen bonds are created in
this hole, mediated by water. Thus, the water
molecule is a key member of the catalytic
procedure. Third, the water molecule accordingly
forms the oxyanion hole framework, which is
particular from other hydrolases and clearly
defines L-ASNases (Lubkowski and WIlodawer,
2021).

It has also been documented that a conserved
threonine residue plays a major role in the L-
ASNase mechanism and acts as a primary
ucleophile for L-asparagine (Palm et al., 1996).
This nucleophilic residue then attacks L-
asparagine and forms an intermediate product.
The water molecule also attacks the intermediate
product, and the enzyme aspartate NHs-lyase is
created as the final product. However, threonine
requires the tyrosine residue adjacently for the L-
ASNase activity (Derst et al., 1994).
Nevertheless, glutamate residue is vital for
catalysis since it acts as an activator of tyrosine.
Hence, Thr-Tyr-Glu can form a catalytic motif in
the L-ASNases (Aghaiypour et al., 2001; Ortlund
et al., 2000).

Furthermore, in a report on binding site
prediction for B. velezensis L-ASNase, molecular
docking revealed an active site in the ASFL and
N-terminal domain. Correspondingly, L-ASNase
had formed seven hydrogen bonds with the Thr36
residues, Ala47, Tyr50, Aspll7, Thrll6,
Met142, and Thrl92 in this interaction, which
had a functional role in the L-ASNase and L-
asparagine reaction (Hozoorbakhsh et al., 2022).
As a result, molecular docking and the PrankWeb
server agreed with each other in predicting the
binding site.

Figure 1: 3-D Structure of B. velezensis in the Monomer
Form by (PS)2-v3 (right) and Tetramer Form by SWISS-
Model (left)

Figure 2: 3-D Structure Quality of L-ASNase Produced by
B. velezensis which illustrates 97.6% residues are in the
favored region.

Ty

-
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Total number of atoms 5240 Length 350
(Amino acid)
Atomic composition Namber Total number of positively charged 40
Carbon C 1625 residues (Arg+Lys)
Hydrogen H 2635 Formulation Ci626H2635N4510520Ss
Nitogen N 451
Oxygen O 520
Sulfur S 0
Amino  Namber Percent  Total number of negatively charged 36
A:’C('i) = . residues (Asp+Glu)
a . -
Amino acid composition AGR) 10 2 00% Molecular weight 37079.00
Asn(N) 20 5.70% Theoretical Pl 8.83
Asp(D) - 21 6.00% Instability index 20.52
Cys(C) 1 0.30% Stable
Gn@Q 11 3.10% S—
Glu(E) 15 4.30% Aliphatic index 82.03
Gly(G) 29 8.30% GRAVY -0.315
His(H) 5 1.40% — —
”e(f) ) 20 5.7002 Extinction coefficient 17880
Leu(L) 25 7.10%
Lys(K) 30 8.60%
Met(M) 7 2.00%
Phe(F) 7 2.00%
Pro(P) 17 4.90%
Ser(S) 22 6.30%
Thr(T) 32 9.10%
Trp(W) 0 0.00%
Tyr(Y) 12 3.40%
val(Vv) 24 6.90%
Pyl©) © 0.00%
Sec(U) 0 0.00%
Figure 3: Signal peptide sequence of L-ASNase in B. velezensis which contains 21 amino acids
SignalP 6.0 prediction: Bacillus_velezensis_114
SRR IR e O I o (0 e o e B --- OTHER
—— Sec/SPlin
—— Sec/SPIl h
081 - Sec/SPIl cys
e (S
06 Signal peptide
2 gnal pep
:
E 0.4
0.2
o ET ARCH
NNNHHHHHHHHHHHHHHH 0000000000000000000000000000000000000000000
MKKQFMPFITFITALLFI AKETPPGMPAAAPAKKDGLPNIKILAAGGTIAGAAPSKTSATE
0 10 20 !v) 4b 56 Gb 76

Protein sequence



F. Hozoorbakhsh et al. / Microbiology, Metabolites and Biotechnology 6 (2023) 1-16

8

Figure 4: Secondary Structure Analysis of L-ASNase in B. velezensis by the SOPMA Server which demonstrates it involves
30% alpha-helix, 44.57% random coil, 19.43% extended strand, and 6% beta-turn.

Figure 5: Predicted Binding Site of L-ASNase in B. velezensis at the N-terminal domain and the ASFL by the PrankWeb

Server, in Blue

1a 28 3@ 48 5@ 6@ 7a

CSQSPQAKETPPGMPAAAPAKKDOLPNIKILAAGGTIAGAAPSKTSATEYTAGATIGVDALIQAVPEIKEY

tt tttoceeesesttocese hhhhhhhhhhhhhh
AHVSGEQVVNIGSONMNNET LLKLAKRYVNKLLKSDDTDGIVITHGTDTLEETAYFLNLTVKSDKPVVVAG
hhhhhhhhee hhhhhhhhhhhhhhhccttcceeeee hhhhhhhhheze eceee
SMRPSTALGADGPSHNLYNAVKTAAAPDAKGKGTLVVLNDRIASARYVTETNTTAADTFKSEEMGYIGTIA
hhhhhhhhhhhctttttceeeesecchhhhhhhh eege geee
DAVYFNNIMTREHTKDTDFKIDKLDELPOVDI IYGYQNDGSYLFEAAVESGAQGIIFAGPGNGSMSDEAQ
gece eeeeeee hhhhhhhhtttcceeeeee hhhh
KGAVKSVESGLAVYRSTRTGNGTVTPNREYEKDHLTASNSLNPQKARTLLMLALTETHDPKRIQTY FNEY
hhhhhhhhttceesee eee eeeht thhhheehhhhh hhhhhhhhhh
Sequence length : 35@
SOPMA &

Alpha helix (Hh}) : 185 is  3e.e0k

3;8 helix (ag) : @ is @.eo%

Pi helix (Ii) : @ iz @.00%

Beta bridge (Bb) : @ is  08.00%

Extended strand (Ee) : 68 is 19.43%

Beta turn (Tt) 21 i=  6.80%

Bend region (55) : @ iz @.00%

Random coil (Cc) : 156 iz 44.57%

Ambiguous states (?) @ iz @.00%

Other states : @ is 8.e0%

N-terminal domain
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189, and 192)

Figure 6: Prediction of High Conserved and Exposed Residues of L-ASNase in B. velezensis by the ConSurf Web Server
(residues number 36, 50, 116, 117,

21 31 * *
50 EIITRAOEs CET:Eviz: EALYTLETWA aBerrsarEd
cEEEEEEEE S EEEEEEEREEE secsecseabbb bbbbbebbbe cEeceoEEEER
£ £ s=ssfes £
51 61 71 *
HoEa:EvEE: [avl=:[TH EavDe:EvvE maunlnm B EaEa vl
eeeeabebeeab beebeebeeb bebeeeebbe beeeesbeeeae bbebbeebee
101 111 ” 121 131
R s[5 = off: COrespsEEy =R B Bazea
ebeeseebeaeb bbbbbeesebes ebbebbebbb —'—.'=+—::3]:~]::]:::3 bbbee=zebb
£ s ssasfff £ fas = asf £
151 161 171 181 " lil"
EErsE@ysl7 ErQapJiEEc efEcFvifir: E-cPErErfr EEr-2oEELE
eeeeebbebb ebbeeeeseeae ebbbbbbeee beebeebeese eeeebecebees
££ £ = =1 £ s £ £ £ f8
201 211 221 231 241
E-SEEEEE:. oavhewsDED axsa[TooEx BITTTESED of:Hevesoe
eceeebbbbe eebebbeaees eceeeeeceabe beebeebeeb ebbbbbeesee
£ =1 B
251 261 271
PEusbaaifls caBill-Der [NCSE-EDD DoDeeillc anlEal-s
eebbebbbees ebebbbbbbb beeseeeesebe ebbeebeesse bbbbbbbeees
-] -] sff -] £
apl 311 321
nEeMEEvRey CxDEETasNs lm WEspsEEDon CsEeEsgesD
eceebeesesaee eeeebbbbes eeeeebebbb bbbbeesesses eebeebbees
£ £ faf = = £ B £

The conservation scale:

- IES « - < GEE

Variable Average Conserved

- An exposed residue according to the neural-network algorithm.

- A buried residue according to the neural-network algorithm.

- A predicted functional residue (highly conserved and exposed).

- A predicted structural residue (highly conserved and buried) .

- Insufficlent data - the calculation for this site was
performed on less than 10% of the Seguences.

moE B

Figure 7: Optimization of pH for L-ASNase Production
using OFAT Method reveales that the most L-ASNase is
produced at pH 6.5

3.4 Optimization of pH and Incubation Time
using the OFAT Method

To investigate the effect of pH on L-ASNase

production, the enzyme qualitative assay was g
evaluated at the pH of 5.5, 6, 6.5, 7, and 7.5, and £ so0
the results revealed that B. velezensis had the = g 00
most L-ASNase production at pH 6.5 (Fig 7). A E ) 222
one-way ANOVA revealed that there was a L; 100
statistically significant difference in enzyme ~ o0 55 6 6.5 7 75

activity between five pH levels (F-value of 20.32
and P-value <0.01). A post-doc Tukey's HSD test
showed that the enzyme activity at pH 6-6.5 (P-

pH
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values of 0.002) was significantly higher than at
pH 5.5-6 (P-value of 0.04). Also, there was no
significant difference in enzyme activity at pH
6.5-7 and 7-7.5 (P-value of 0.09 and 0.19).
Finally, the result of the ANOVA test supported
the hypothesis that pH levels affect enzyme
activity.

Quantitative assay for enzyme activity and
specific activity also established that the best
incubation time for the L-ASNase production was
72 h with 3.02 and 5.8 U/mL, respectively (Fig
8). In addition, a one-way ANOVA revealed that
there was a statistically significant difference in
enzyme activity between the nine incubation
times (F-value of 148.637 and P-value <0.01). A
post-doc pairwise t-test illustrated that the
enzyme activity at 32-72 hours (P-values of
0.004) was significantly higher than at other
incubation times. Also, there was no significant
difference in enzyme activity at 6, 12, 24, 48, 120
hours. Consequently, the result of the ANOVA
test demonstrated that incubation time affects
enzyme activity.

Figure 8: OFAT Optimization for Incubation Time
investigates that the best incubation time for the L-ASNase
production is 72 h with 3.02 and 5.8 U/mL, respectively.

7.0 3.50

6.0 3.00
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< 40 200 =
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In a report on the L-ASNase optimization for B.
velezensis, the L-ASNase production was
accordingly optimized using the OFAT method in
2019, illustrating that 72 h and pH 6.5 were the
best for enzyme activity. In addition, they found
that the significant productivity of the enzyme

occurred at 72 h, pH 6.5, 37°C, and 100 rpm.
Also, different carbon and nitrogen sources
evaluated for L-ASNase production demonstrated
that glucose and L-asparagine were suitable
(Mostafa et al., 2019). In this line, glucose and L-
asparagine were selected as the carbon and
nitrogen sources in the present study, and the L-
ASNase production by B. velezensis was
optimized by the OFAT method and the RSM

3.5 L-ASNase Production Optimization using
RSM

The influence of temperature, L-asparagine (as
a nitrogen source), glucose (as a carbon source),
and Tween 20 on L-ASNase production during
30 runs was evaluated by the RSM (Table 3).
Enzyme activities were also obtained from 1.49
to 6.51 U/mL. In this respect, run number 24 with
0.45% Tween 20 concentration, 1.5% glucose
concentration, 45°C temperature, and 1.4% L-
asparagine concentration had the highest amount
of enzyme activity with the value of 6.51 U/mL.

Figure 9: Pareto Chart of Standardized Effects illustrates
tween 20, glucose, temperature, and L-asparagine are the
most effective factors, respectively (the response is the
enzyme activity, U/mL)

Term 2.093
T
D | Factor Name
A Temprature
c | B L-asparagine
A | C Glucose
D Tween 20
3 |
: |

0 1 : 3 4 5
Standardized Effect
The statistical analysis also demonstrated that the
model with an F-value of 8.88 and a P-value of
lwas significant (Table 4). All factors were
additionally significant (P-values<0.05). The
interaction between temperature and L-asparagine
was also significant, with a P-value of 0.006. The
Pareto chart in (Fig 9) illustrates Tween 20,
glucose, temperature, and L-asparagine as the
most effective factors. Moreover, normal
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probability showed that the data were normal and
random (Fig 10). The regression analysis
software results presented the relationship
between the variables and the enzyme activity (as
displayed in Equation 2).

Enzyme activity (U/mL) = -1.18

+ 0.0659 Temperature - 0.85 L-asparagine

+ 2.658 Glucose

+ 3.840 Tween 20- 2)
0.00209 Temperature*Temperature- 1.232 L-

asparagine*L-asparagine - 0.788 Glucose*Glucose
+ 0.1210 Temperature*L-asparaaine

Based on this study’s statistical approach using
RSM optimization, the highest enzyme activity,
with a value of 7.11 U/mL, was obtained at 0.6%
Tween 20 concentration, 1.7%  glucose
concentration, 55°C temperature, and 1.8% L-
asparagine concentration (Fig 11). The 3-D
response surface graph also showed that the
interaction between L-asparagine and temperature
was significant (Fig 12). More observations
further showed a relationship between L-
asparagine and temperature. L-asparagine also
acted as an inducer and source of nitrogen. The
L-ASNase activity was thus enhanced by
increasing temperature up to 55°C in the L-
asparagine concentration of 1 and 1.4%, but there
was no similar effect at 0.6% L-asparagine
concentration (Fig 13).

Figure 10: Normal Probability Plot shows that the data is
normal and random (the response is the enzyme activity,
U/mL)

99

Percent
N
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Moreover, glucose provided a positive effect to
enhance L-ASNase biosynthesis, as described in
another  study. B. licheniformis enzyme
productivity was improved by gamma irradiation
and then optimized by the RSM experimental
design (viz., the Box-Behnken central composite
design). Besides, the optimum conditions for the
maximum L-ASNase production by the improved
mutant were 39.57°C, 7.39 pH, 20.74h,
196.40 rpm, 0.5% glucose, 0.1% ammonium
chloride (NH4Cl), and 10mM magnesium
sulphate (MgSO4). Both B. velezensis and B.
licheniformis also had high activity in the close
glucose concentration of 1.6 and 0.5, respectively
(Abdelrazek et al. 2019).

Figure 11: Main Effect Plot for Enzyme Activity (U/mL)
demonstrates the highest enzyme activity, with a value of
7.11 U/mL, obtains at 0.6% Tween 20 concentration, 1.7%
glucose concentration, 55°C temperature, and 1.8% L-
asparagine concentration.

Main Effects Plot for Enzyme Activity (U/mL)

Fitted Means

Temprature L-asparagine Glucose Tween 20

5
4

3 /\ /\
2
20 40 60 1 2

0 1 20.00 0.25 0.50

Mean of Enzyme Activity (U/mL)

Figure 12: 3-D Response Graph Representing the
Interaction between L-asparagine and Temperature which is
significant.
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Elshafei and EI-Ghonemy (2015) also evaluated
the effect of 0.1% Tween 20, 60, and 80 on L-
ASNase production using filamentous fungi and
indicated that surfactants, such as Tween 20,
could increase the L-ASNase production by 1.19
fold due to promoting the entrance of some
compounds into cells. Therefore, Tween 20 was
selected as a factor in optimization in this study,
and both that and this study showed that Tween
20 had a profound effect on enzyme activity. The
L-ASNase production in B. australimaris using
the Box-Behnken design has also been evaluated,
and the optimal variables were achieved at 2.44%
L-asparagine concentration, pH 6.77, 1.57%
inoculum size, and 33.5°C temperature
(Chakravarty et al., 2021). Moreover, another
study found that both B. velezensis and B.
australimaris have more activity in the same pH
(with values of 6.5 and 6.7) and L-asparagine
concentration (with values of 1.8 and 2.44%),
respectively. In  contrast, the optimum
temperature was very different, with a value of
55°C for B. velezensis and 33.5°C for B.
australimaris, because B. australimaris was
mesophilic while B. velezensis was thermophilic
(Elegbeleye & Buys, 2020; Liu et al., 2016).

Several reports have further determined that B.
velezensis is resistant to high temperatures and
grows from 6 to 55°C. It also produces biofilm
and heat-resistant enzymes (Elegbeleye & Buys,
2020). For example, it has been established that
B. velezensis could have thermostable xylanase
and produce the highest amount of enzyme at
50°C (Ghosh et al., 2021). B. velezensis was also
found to produce thermostable amylase, with the
highest activity at 50°C (Hu et al., 2022). In
addition, the thermophilic proteins had more
alanine than the psychrophilic ones (Vieille &
Zeikus, 2001).

The prediction of the physicochemical
parameters of L-ASNase in B. velezensis using
the ProtParam server accordingly revealed that B.
velezensis had 12% alanine, see Table 2.
Moreover, the thermophilic proteins had more
hydrophobic residues in the core as well as more
hydrogen and salt bonds on the surface

(Schweizer & Mueller, 2014). Additionally, the
analysis of the interactions between L-asparagine
and temperature showed two approaches for
increasing enzyme activity. Choosing a 35°C
temperature and a higher concentration of L-
asparagine (e.g., 2.5%) or selecting a 55°C
temperature and a lower concentration of L-
asparagine (e.g., 1.8%), both approaches could
thus accelerate the enzyme activity to a
significant extent (Fig 13).

Verification of the Model: In order to determine
the accuracy of the model and to verify the result,
an experiment under the optimal conditions
obtained was performed and compared with the
predicted data. The measured L-asparaginase
activity obtained was 7.29 U/mL, close to the
predicted 7.11 U/mL, revealing a high degree of
accuracy. The model’s verification revealed a
degree of accuracy of more than 97.5%,
indicating the model validation under the tested
conditions.

Figure 13: Interaction plot for enzyme activity (U/mL)
between L-asparagine and temperature.The L-ASNase
activity was thus enhanced by increasing temperature up to
55°C in the L-asparagine concentration of 1 and 1.4%, but
there was no similar effect at 0.6% L-asparagine
concentration.
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Table 3: Experimental Plan Based on a Central Composite Design for L-ASNase Production Optimization using Minitab
Software 18

RunOrder PtType Blocks Temperature L-asn Glucose  Tween Enzyme activity =~ Enzyme activity Specific enzyme
20 observed) U/mL  predicted)U/mL( activity)U/mg(
(
1 -1 2 35 1 2 0.3 2.92 4.04 6.55
2 0 2 35 1 1 0.3 3.17 3.74 11.91
4 -1 2 35 0.2 1 0.3 1.74 2.22 3.99
5 -1 2 35 1 1 0 2.64 2.59 18.75
6 -1 2 35 1 1 0.6 3.56 4.89 6.66
7 -1 2 55 1 1 0.3 2.49 3.72 11.12
8 -1 2 35 1.8 1 0.3 3.32 3.69 7.89
9 -1 2 15 1 1 0.3 3.49 2.09 7.79
10 -1 2 35 1 0 0.3 2.14 1.87 4.73
11 0 1 35 1 1 0.3 3.17 3.74 8.55
12 1 1 45 14 0.5 0.45 5.52 4.43 9.34
13 1 1 25 0.6 1.5 0.45 3.54 3.96 6.61
14 1 1 25 0.6 0.5 0.45 2.44 2.88 5.66
15 0 1 35 1 1 0.3 3.09 3.74 8.04
16 1 1 45 0.6 1.5 0.15 3.28 2.66 10.52
17 0 1 35 1 1 0.3 3.88 3.74 13.49
18 1 1 25 14 0.5 0.15 1.68 1.50 6.66
19 1 1 45 0.6 0.5 0.15 2.34 1.57 7.18
20 1 1 25 0.6 0.5 0.15 1.49 1.73 5.23
21 1 1 45 0.6 0.5 0.45 2.66 2.73 4.49
22 1 1 25 14 15 0.15 2.88 2.58 11.29
23 1 1 45 14 0.5 0.15 3.46 3.28 11.27
24 1 1 45 14 15 0.45 6.51 5.51 10.47
25 1 1 25 14 15 0.45 4.44 3.73 8.41
26 1 1 25 0.6 15 0.15 2.97 2.81 11.10
27 1 1 45 14 15 0.15 4.66 4.36 14.02
28 0 1 35 1 1 0.3 3.26 3.74 8.61
29 1 1 45 0.6 1.5 0.45 5.16 3.81 8.92
30 1 1 25 14 0.5 0.45 2.44 2.65 4.23

Table 4: ANOVA for Optimization demonstrates that the model with an F-value of 8.88 and a P-value of 0.000 was
significant

Source DF Adj SS Adj MS F-Value P-Value
Model 9 29.4030 3.2670 8.88 0.000
Blocks 1 5.2401 5.2401 14.24 0.001
Linear 4 22.1210 5.5303 15.03 0.000
Temperature 1 3.9285 3.9285 10.68 0.004
L-asparagine 1 3.1504 3.1504 8.56 0.009
Glucose 1 7.0092 7.0092 19.05 0.000
Tween 20 1 7.7080 7.7080 20.95 0.000
Square 3 1.9967 0.6656 1.81 0.180
Temperature*Temperature 1 0.9254 0.9254 2.52 0.129
L-asparagine*L-asparagine 1 0.9912 0.9912 2.69 0.117
Glucose*Glucose 1 0.9912 0.9912 2.69 0.117
2-way interaction 1 3.5710 3.5710 9.71 0.006
Temperature*L-asparagine 1 3.5710 3.5710 9.71 0.006
Error 19 6.9897 0.3679
Lack-of-fit 15 6.5747 0.4383 4.23 0.087
Pure error 4 0.4149 0.1037

Total 28 36.3926
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4. Conclusion

This study concluded that a combination of the
RSM and the CCD was effective in selecting the
significant factors in the optimization of the
bioprocess for L-ASNase production by B.
velezensis SE114. Moreover, Tween 20, glucose,
temperature, and L-asparagine were among the
significant variables in the L-ASNase production.
In addition, temperature and L-asparagine had
noteworthy interactions. The in-silico studies
correspondingly predicted the residues of Thr36,
Ala4d7, Tyr50, Glu84, Thrll6, Aspll7, Metl42,
Lys189, Thr192, and Thr193 at the binding site,
and they were conserved. In this way, they
probably had a functional role in the protein-
ligand interaction of L-ASNase of B. velezensis.
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