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Abstract

In recent years, the need for L-asparaginase in different industries has increased. L-asparaginase obtained
from microorganisms is cost-effective, has no harmful effects on the environment, and improves the quality
of products. In the present study, L-asparaginase-producing microorganisms were isolated and optimized
from different sources, and selected strain enzymes were produced.

L-asparaginase-producing yeasts were randomly isolated and purified from different parts of Isfahan. Strains
were screened for L-asparaginase production. Then, the superior yeast strain with the highest enzymatic
activity was selected for optimization. Under suitable pH, temperature, time, carbon source, and nitrogen
source, multi-factor optimization was performed using response-level statistical software to investigate the
simultaneous effect of several factors on production and the highest enzyme activity.

In the present study, 5S2 yeast isolate led to the formation of the highest halo of L-asparaginase. This strain
was first introduced as the L-asparaginase-producing strain and was registered in the NCBI database under
Diutina mesorugosa strain SBG-IAUF-2 with access humber MZ901211. Yeast 552 with enzyme activity
equivalent to 1722.8 u / ml was selected as the selected strain for optimization. The results of multivariate
optimization of enzyme activity showed that at pH 7, a concentration of 2% glucose as carbon source, the
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attention of 10% L-asparagine, a temperature of 35°C, and a time of 120 hours, there is the highest enzyme
production activity and curve RSM is located in the optimization area.

In the present study, after recording 5S2 yeast isolate for the first time as an L-asparaginase-producing strain
in the NCBI database, extracellular L-asparaginase produced by the 5S2 yeast strain was introduced due to
its high enzymatic activity as a potent strain in the production of L-asparaginase enzyme.

Keywords: L-asparaginase, Enzyme Activity Assay, Optimization, RSM, Yeast.

Introduction

L-asparaginase as a food processing aid, is capable of significantly reducing acrylamide formation in
starchy foods by over 90% without altering their taste or appearance. L-asparaginase enzymes are
produced by various microorganisms, including bacteria like Streptomyces goulbarjensis, Enterobacter
cloacae, and Serratia marcescens, as well as fungi and yeasts. Different isoforms of L-asparaginase
originating from plants, eukaryotes, and prokaryotes have been identified, with those isolated from
microorganisms, especially bacteria, proving more effective. Microorganisms producing L-
asparaginase are found across diverse ecological areas, showcasing desirable enzymatic activity. The
most effective isoforms of L-asparaginase currently available as anticancer drugs and produced
commercially are sourced from microbial origins like Escherichia coli, Erwinia carotovora, and various
Bacillus strains. Reports also mention the enzyme's production by filamentous fungi and yeasts such as
Saccharomyces cerevisiae and Candida. Like Saccharomyces cerevisiae, Yeast is highlighted for its
single-cell nature, rapid reproduction in cultivation environments, and its significance in various
ecosystems like soil, swamps, and rivers due to its cellular processes post-translation and lack of
endotoxins. Saccharomyces cerevisiae intricately regulates L-asparagine metabolism through complex
pathways involving unrelated citrate products. The current study focuses on isolating, purifying, and
identifying yeast strains producing L-asparaginase, optimizing its production under various
environmental conditions to find an optimal method for generating these enzymes with reduced side
effects and increased therapeutic potential.

Materials and Methods

Sampling and isolation of L-asparaginase-producing yeast: Soil samples were collected randomly
from various points in Isfahan, particularly from agricultural fields, and diverse yeasts were isolated
from these samples. For initial enrichment of the yeasts, 1 gram of collected soil samples was mixed in
100 milliliters of L-asparagine culture medium. This mixture was placed on a shaker for 3 days at 31
degrees Celsius and a speed of 130 rotations per minute, repeated thrice. Subsequently, 1 milliliter of
the culture medium was taken and transferred to YPG agar medium.

Yeast screening based on L-asparagine enzyme production: A rapid assay method was employed
using a minimum asparagine agar medium. Colonies were placed on this medium and incubated at 30
degrees Celsius for 24 to 72 hours. Changes in color and halo diameter were examined every 24 hours.
Yeasts capable of producing the enzyme hydrolyze asparagine in the culture medium, releasing
ammonia and alkalinizing the medium. As a result, a shift in pH from acidic to alkaline changed the
color of the medium from yellow to pink. Yeasts producing the enzyme caused an alkalinity shift,
changing the medium color to a pinkish hue. Yeasts that did not produce this pink halo were eliminated.
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Molecular Identification of Superior Yeast Species Producing L-Asparaginase Enzyme: For
molecular identification, the selected strains were incubated in YPG culture medium for 72 hours at 37
degrees Celsius. The colony-PCR method was employed to identify the genus and species of the yeasts.
The DNA of each sample was added to the respective vials, and after adding the required reaction
components and the designed primers, they were placed inside the thermocycler. Consequently, a 655
base pair fragment resulting from amplifying the gene encoding 18S-rRNA (ITS4, ITS1) using the
forward and reverse primer was amplified via a polymerase chain reaction.

Optimization of Enzyme Production via RSM Statistical Design: Multiple factors, including pH,
carbon source, nitrogen source, temperature, time, and their various concentrations of carbon and
nitrogen sources were examined in enzyme production. Based on the available sources in the culture
medium, enzyme activity of Sizopek's Dax was subjected to various concentrations of glucose (from
1.5% to 2.5%) as a carbon source, a pH range from 5 to 9, L-asparagine as a nitrogen source (from 6%
to 14%), temperature between 25 to 45 degrees Celsius, and time from 80 to 160 hours as factors in the
optimization process using the Response Surface Methodology (RSM).

Research Findings

In this study, yeast 552 was examined for the first time to produce the L-asparaginase enzyme. After
sequencing and obtaining the relevant file, the sequence underwent evaluation and editing using the
Choromas software. Sequence comparison via the BLASTN server in the NCBI database revealed that
the 18S-rDNA sequence of the 5S2 yeast strain bears the highest similarity and coverage with a strain
of Diutina mesorugosa. Following assessments, this isolate was registered as a new strain for L-
asparaginase production under the name Diutina mesorugosa strain SBG-IAUF-2 with accession
number MZ901181 in the NCBI database. The highest enzyme activity during the optimization stage
was achieved in test number 6, with 2% glucose, pH at 7, a duration of 120 hours, a temperature of 35
degrees Celsius, and 10% L-asparagine. This resulted in an enzyme activity of 1722.8 U/mL, indicating
the maximum level of enzyme activity. In the optimization of L-asparaginase enzyme from the 5S2
strain, the highest activity was observed at pH 7, showing sensitivity to both acidic and alkaline
conditions. Additionally, the enzyme was temperature-sensitive, exhibiting the highest activity at 35
degrees Celsius but decreasing notably at 45 degrees Celsius.

Discussion of Results and Conclusions

Glucose and L-asparagine levels influenced enzyme production, achieving optimal enzyme vyields at
their moderate levels. Time was also a significant factor affecting enzyme production. This research
successfully produced L-asparaginase using the isolated yeast strain 5S2 from the soil, optimizing its
activity through the response surface method. The increased enzyme activity suggests the potential
application of these results in various industries, including food processing and nanotechnology. The
enzyme production levels in the optimization process suggest the potential for enhanced enzyme yields
through strain optimization.
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Table 1 — RSM design experiments for L-asparaginase activity evaluation of isolated yeast

ES ;s D4 54518 €3 950

(31,5 il) Led pH

o;_}bL:...ai—J‘

:BZ),:SU

Al )’;ﬂj
() 2 p5) o8

35 7 120 10 | 2 | 1
45 5 80 | 14 | 2.5 3
35 7 120 | 10 { 2 4
25 5 .80 6 1.5 5
35 7 | 136 10 2 6
58.7841 7 120 | 10 ! 2 | 7
35 7 120 | 19.5137 | 2 | 8
25 9 160 6 1.5 9
25 5 80 6 25 10
45 5 160 14 25 11
35 7 120 10 2 12
25 9 80 14 25 13 |
725 5 - 160 6 25 14
45 5 .80 14 1.5 15
45 5 . 80 6 1.5 16
25 | 5 | 160 | 14 8 25 A7
35 7 120 | 10 . 3.18921 .18
25 5 80 | 14 | 25 19
11.2159 7 | 120 | 10 \ 2 | 20
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ES 518 D 4 4,508 3 ;50 ey Al s -
ikt = o)l
(01,5 =ik) Lad pH (eels) e (5 52p55) 55985
(5 32059 |
25 9 160 14 2.5 21
45 9 160 6 25 22
45 5 80 6 25 23
25 9 160 6 2.5 24
35 7 120 10 2 P
35 7 120 10 2 26
25 9 80 6 1.5 27
25 9 80 14 1.5 28
45 9 80 6 2.5 29
25 5 80 14 1.5 30
35 7 120 0.486343 2 31
25 5 160 6 1.5 32
35 s 120 10 2 33
45 9 160 14 1.5 34
35 11.7568 120 10 2 35
35 2.24317 120 10 2 36
25 5 160 14 1.5 37
45 5 160 14 15 38
35 7 120 10 2 39
25 9 80 6 2.5 40
45 9 80 6 1.5 41
45 9 80 14 135 42
45 5 160 6 2.5 43
45 9 160 6 1.5 44
45 9 80 14 2.5 46
45 9 160 14 235 47
45 5 160 6 1.5 48 |
35 Z. 120 10 0.810793 49
2T ol 5l kie 03 875,05 51 ey 5 A5 03lizul \Ji_;,adju%dxsucp,u,}:su
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Central Composite Design

Each numeric factor is set to 5 levels: plus and minus alpha (axial points), plus and minus 1 (factonal points)
and the center point. If categoric factors are added, the central composite design will be duplicated for every

combination of the categorical factor levels,

Mumeric factors: 5 : (2 to 50)
Categoric factors: 0 = (0to10)
MNarme Units Low
A [Mumeric] | Glucose g/L 1.5
B [Mumeric] |L aspargin |g/L 4]
€ [Mumeric] |Time h 80
D [Mumeric] |pH 5
E [Mumeric] | Temperature c 25
Type: | Full « | Blocks: |1 =
Points

Mon-center points: 42

Center points: 8

alpha = 237841 Options... 50 Runs

@ Horizontal @ Enter factor ranges in terms of £1 levels

Vertical Enter factor ranges in terms of alphas

High -alpha

RSM) gy lae 55 4 (3 losings b gy p o 5 (530 (sla, 586 ) I
Fig 1 — Factors and levels of RSM in optimization test
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Fig 2 — Color changing in EW2 yeast culture medium after 72 hours incubation (a) before 24 hours
(b) after 24 hours

Col YF 51 (O el YF 51t () St VY 1 g 5S2 e oS Lo 655 i -V IS5
Fig 3 — Color changing in 5S2 yeast culture after 72 hours incubation (a) before 24 hours (b) after 24 hours

Celo YF 1 o (el YF 51t (Gl Sl VY 1 g Wj 28T OT S las o555 i -F IS5
Fig 4 - Color changing in WJ yeast culture after 72 hours incubation (a) before 24 hours (b) after 24 hours
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Table 2 — L-Asparaginase activity of 5S2 yeast isolate

OD (Mm/L)cble (cell) ol wmb ﬁ;ig,ius wdia

| 0/042 68/5 | 24 , 95/9 1
1 0/098 | 348/5 | 48 | 437/9 2
07231 | 101355 | 72 _ 1418/9 3
10339 | 15535 | 96 | 2174/9 4
10/492 | 23185 | 120 | 3245/9 5
| 0/378 1748/5 | 144 | 2447/9 6
4000

3500 ——5s51 "

3000 3

2500 ‘-’I-)

2000 =

1500 3?:

1000 _3:

500 =

0 £

24 48 72 9% 120 =

(cels) Ogamliglt Ol

4a85)3,95 V¥ aslss wﬂja‘;d’db i3 ¥ gles
Fig 5 — L-Asparaginase production by yeast isolate after 120 hours at 30°C and 130 RPM of aeration speed
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O 1K) Ab e Fig 6 — Electrophoresis of the product of the 655 bp
) = fragment resulting from amplification of the coding

gene (ITS4, ITS1) for yeast strain 552 on 1%
agarose gel (M: ladder bp 100).

Reset Tree
BLASTRID J4E3NS8G013 Query ID lcl|Query 65363 Database nt
Tree method Max Seq Difference Sequence Label
\ Fast Minimum Evolution v| & 1 0.75 vig  Sequence Title (if avail v| &
Mouse over an intemal node for a subtree or alignment. Click on tree label to select sequence to download Hide legend
B Find: v Hall - i s mAnentd Riods | @uooad | @7+ _Tbe""k"""p
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[ ? Candida bolitother strain BGY9-8-11-1-3 18 ribosomal RNA (SSU) gene, partal sequence : rom type material
Y
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R —— Blast names color map
\ 7;}[iulim rugosa voucher UCASIM-1292 285 ribosomal RNA gene, partial sequence g et
" Candida sp. srain DDM10 small subunitribosomal RNA gene, partial sequence nknown
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9

95S2-FIA D1 (4.bl
4 Diutina mesorugosa strain L9GD) 185 ribosomal RNA gene, partal sequence; internal trnscribed spacer 1, 5.8 ribosomal RNA gene, .

;Uuﬁm mesorugoss isolate AMLS 185 ribosomal RNA gene, intemal transcribed spacer 1, 5.85 ribosomal RNA gene, internal transeri..
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Fig 7 - Phylogeny tree of the sequenced fragment in strain 552 from NCBI
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Table 3- The maximum L-asparaginase activity in optimization during 49 experiments designed by RSM

‘;Lg};i'_ , :ES_)‘,Sts :Al))s‘s
(u/ml) (1 8 Blu) Las (i 00 S48
| 128 | 3 | 7 | wo | 10 | 2
1719.54 5 | 7 | 120 10 | 2
| 17954 | 35 | 7 | o | 10 | 2
| 171954 | 35 | 7 | 120 10 | 2
171954 35 | 7 | 10 | 10 | 2
17195 | 35 | 7 120 10 | 2
| 126477 | 35 | 120 10 | 318921 | 18 |

;\ olasoli; ANOVA tf““slf-)‘j J_:JbT 9 ‘_;)LAT J.:BJ

P'Value‘-gl’i&ﬁf‘;;»h%ﬂjw)}ﬁi&eﬁ
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552 & g Lo g 5L SULwT-dl 0 5T 5 65,PBD
653 w5 8 ) 5 ANOVA _iljls Jos (5 me 5o
(f Js>) Design Expert 11 (g LT i3l

http://dx.doi.org/10.22108/bjm.2023.138189.1549



http://dx.doi.org/10.22108/bjm.2023.138189.1549

VEF PR ol e o o i 0 Son (ol

122

Table 4- Statistical analysis and analysis of variance ANOVA in optimization of L-asparaginase enzyme

production by strain 552

p-value | F-value | ol e | gollam,s | cluse gseome s
st <0.0001 | 15341.72 | 6.617E+05 20 1.323E+07 Jie
0.0233 581 250.48 1 250.48 SE-A
<0.0001 33.79 1457.31 1 145731 | suliJ-B
0.5148 0.4361 18.81 1 18.81 ol -C
0.0004 16.83 725.65 1 725.65 pH-D
0.0013 12.92 557.37 1 557.37 s -E
01566 213 91.77 1 91.77 AB
<0.0001 28.77 1240.78 1 124078 AC
<0.0001 70.45 3038.23 1 303823 AD
<0.0001 25.86 111527 1 111527 AE
<00001 | 4228 1823.66 1 1823 66 BC
0.0710 354 152.84 1 152.84 BD
<0.0001 | 2641 1139.10 1 113910 BE
<0.0001 23.47 1012.20 1 101220 cD
0.0586 391 168.81 1 168.81 CE
0.0072 850 366.47 1 366.47 DE
<00001 | 796944 | 3437E+05 1 3 437E+05 Az
<00001 | 37215.09 | 1.605E+06 1 1.605E+06 B?
<0.0001 | 78038.01 | 3366E+06 1 3.366E+06 c?
<00001 | 77191.61 | 3329E+06 1 3.329E+06 D2
<0.0001 | 7808249 | 3.368E+06 1 3 368E+06 E?
4313 26 112134 Residual
Sl pds | 0.7043 0.7554 39.74 19 755.02 Lack of Fit
5233 7 366.32 Pure Error
46 1.323E+07 Cor Total

Cpeomad sl Hlslims +/00 31 S P-value ,slas

wb'(v\& sls OLis /40 ;I =i Lack of Fit ,lais
Sl 5 g g Laesls s
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Fig 8 -The three-dimensional response surface curve showing the effect of different L-asparagine concentrations
and acidity on the optimization of L-asparaginase production from strain 552
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Fig 9 — The three-dimensional curve of the response surface showing the effect of different concentrations of L-
asparagine and temperature on the optimization of L-asparaginase production from strain 552
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Fig 10 — Three-dimensional response surface curve showing the effect of different concentrations of L-asparagine
and time on the optimization of L-asparaginase production from strain 5S2
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Fig 11 — The three-dimensional curve of the response surface showing the effect of different concentrations of

temperature and acidity on the optimization of L-asparaginase production from strain 5S2
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Fig 12 — The three-dimensional curve of the response surface showing the effect of different concentrations of
time and acidity on the optimization of L-asparaginase production from strain 5S2
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Fig 13 — The three-dimensional curve of the response surface showing the effect of different concentrations, time,
and temperature on the optimization of L-asparaginase production from strain 5S2
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Fig 14 — The three-dimensional curve of the response surface showing the effect of different concentrations of
glucose and L-asparagine on the optimization of L-asparaginase production from strain 552
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Fig 15 — Three-dimensional response surface curve showing the effect of different concentrations of glucose and
acidity on the optimization of L-asparaginase production from strain 5S2
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Fig 16 — The three-dimensional response surface curve showing the effect of different glucose concentrations and
temperatures on the optimization of L-asparaginase production from strain 552

gl Sm e i el sl (F sus) o (gly el i (o) 1V S

I3 () 50 8 dilate) aingy it 5 T stasiuly 330 s S il slacbale 1 o, 585 Usgs

L) sST6 ol es3a93 byl st agar 5L 3,8 oo 1,582 & s 51 5L 5L T=dh o 5T A 5 (5 Luangs
Al s 1w 5T A5 035k Ol e 5 55 o8 Calises glacbale o LUl das e 0Lk

Sl Hlslime +/40 1 28 P-value ,luas L (AC) 0L

Design-Expert® Software

Factor Coding Actusl

Activity (U/mL)

@ 0esgn poims above predicted value
Q Desgn poins below predicted vaue

261 I 17220

X1 = A Glucese
X2 = C:Time

Actual Factors

B | aspargn = 10
DipH=T

E Temperature « 35

Activity (U/mL)

BS2 & g 1 3y Sl T-dl A 5 (s lwatgy 2 Olej 5 55 oS Caliimn (o Bl 31 5030l oy o (Sibmpin gomie VY IS

Fig 17 — Three-dimensional response surface curve showing the effect of different glucose concentrations and
time on the optimization of L-asparaginase production from strain 552
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Fig 18 — Two-dimensional response surface curve showing the effect of different concentrations of glucose,

L-asparagine, temperature, time and acidity on the optimization of L-asparaginase enzyme production
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Fig 19 — The three-dimensional curve of the response surface showing the effect of different concentrations of
L-asparagine in optimizing the production of L-asparaginase enzyme from 5S2 yeast.
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Fig 20 — The three-dimensional curve of the response surface showing the effect of different amounts of acidity
in optimization on the production of L-asparaginase enzyme from 5S2 yeast.
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Fig 21 — Three-dimensional response surface curve showing the effect of different temperature values in
optimization on the production of L-asparaginase enzyme from 5S2 yeast.
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Fig 22 — Three-dimensional curve of the response surface showing the effect of different amounts of time in
optimization on the production of L-asparaginase enzyme from 5S2 yeast.
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Fig 23 — Three-dimensional response surface curve showing the effect of different glucose concentrations in
optimization on the production of L-asparaginase enzyme from 5S2 yeast.
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Fig 24 — The three-dimensional curve of the effect of factors showing the effect of different concentrations of
glucose, L-asparagine, temperature, time, and acidity in optimizing the production of L-asparaginase enzyme from
552 yeast
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Fig 25 — Predictions made by RSM software for the amount of enzyme activity in optimization
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