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Abstract
Pichia pastoris is a successful expression system that is frequently preferred in the secretion of proteins for both basic 
research and industrial purposes. In this study, recombinant Rhizomucor miehei (RmASNase) L-asparaginase was produced 
in Pichia pastoris. The impact of gene copy number on increasing protein production was examined with six clones harbor-
ing various gene copy numbers (1–5 and 5 +). The results demonstrated that the clone with three copies of the expression 
cassette integrated had the highest production level. Also, biochemical characterization of the enzyme was performed. It was 
determined that the optimum pH and temperature values of the purified enzyme were pH 7.0 and 50 °C, respectively. Stabil-
ity analyses of the enzyme showed that it maintains its activity of 80% in the pH range of 5–9 and 67% in the temperature 
range of 20–50 °C.  Ca+2 and  Mn+2 ions increased the enzyme activity to 121% and 138%, respectively. In future studies, it is 
also possible to improve the activity and stability values of the enzyme with advanced molecular techniques and to increase 
production efficiency by producing at fermenter scale and under optimum conditions.
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Introduction

L-Asparaginase or ASNase (EC 3.5.1.1, L-asparagine ami-
dohydrolase) is the enzyme that hydrolyzes L-asparagine to 
aspartic acid and ammonia. The main application areas of 
this enzyme include the food industry as the acrylamide mit-
igation agent, and the pharmaceutical industry as a drug to 
treat acute lymphoblastic leukemia (Cachumba et al. 2016; 
Chi et al. 2021).

L-asparaginase is presented in various sources in nature, 
such as plants, animals and microorganisms. However, due 
to the ease of upstream and downstream processes that facili-
tate adaptation to large scale productions, microbial sources 
stand out as more advantageous than others (Jia et al. 2021). 
To date, recombinant asparaginase productions have been 
carried out using a variety of gene sources like Escherichia 
coli MTCC 739 (Vidya et al. 2011; Upadhyay et al. 2014), 
Erwinia carotovora (Pourhossein and Korbekandi 2014), 
Saccharomyces cerevisiae (Lopes et al. 2019), Pseudomonas 

aeruginosa (Izadpanah Qeshmi et al. 2022), Streptomyces 
griseus (Meena et al. 2015) and Zymomonas mobilis (Eins-
feldt et al. 2016).

There are only a few microorganisms used in the indus-
try to produce asparaginases. Currently, the pharmaceuti-
cal industry has used L-asparaginases prepared from E. coli 
and E. chrysanthemi (E. carotovora). However, these bac-
terial sources may cause immunological sensitization (da 
Cunha et al. 2019). In the food industry, Aspergillus niger 
and A. oryzae, which are considered as GRAS (generally 
recognized as safe) by the US Food and Drug Administra-
tion (FDA), are used (Xu et al. 2016). The search for new 
enzyme sources is necessary to obtain options with different 
biochemical properties and expand application areas. There-
fore, recent studies focused on fungal L-asparaginases offer-
ing advantages such as better compatibility with the human 
system and suitable biochemical characteristics for food 
processing (Cachumba et al. 2016; da Cunha et al. 2019). 
Recombinant DNA technology is a promising strategy pro-
viding different approaches for the more efficient production 
of these proteins (Nordén et al. 2011; Hu et al. 2013; Ahmad 
et al. 2014; Castro et al. 2021; Zhu et al. 2021).

The methylotropic yeast Pichia pastoris is a widely used 
expression system for the secretion of heterologous proteins 
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for both basic research and industrial processes. The fea-
tures that make this system popular include (i) its ability 
to grow to high cell densities on simple and inexpensive 
media, (ii) its ability to secrete high levels of heterologous 
proteins under tightly regulated promoters, and (iii) to per-
form post-translational modifications such as glycosylation 
and disulfide bridge formation (Cereghino and Cregg 2000; 
Macauley-Patrick et al. 2005). L-asparaginase from Rhi-
zomucor miehei has been successfully expressed in Pichia 
pastoris expression system in this study. Furthermore, the 
integrated expression cassette copy number effect was exam-
ined to improve production. The clone providing the high-
est production level was determined and the biochemical 
properties of the recombinant enzyme were characterized.

Materials and methods

Asparaginase gene source, vectors and strains

R. miehei L-asparaginase was synthesized as codon-opti-
mized based on P. pastoris codon usage preference. The 
sequence alignment analysis of the DNA sequence used in 
this study with the native gene sequence is given in Fig. 1.

The RmASNase gene was cloned and expressed using 
the pPICZαA expression vector. E. coli XL1-Blue was used 
for subcloning and P. pastoris KM71H was used as the host 
expression system.

Cloning of the R. miehei L‑asparaginase gene in P. 
pastoris

The RmASNase gene was cloned under the AOX1 promoter 
in the pPICZαA expression vector and extracellular expres-
sion was performed with S. cerevisiae α-mating factor. The 
schematic representation of the obtained vector pPICZαA-
RmASNase was given in Fig. 2.

The obtained expression vector pPICZαA-ASNase was 
linearized with the PmeI and transferred into electro-com-
petent P. pastoris KM71H cells by electroporation (Bio-rad 
electroporator). Transformant cells were spread on YPD agar 
plates containing 100–1000 μg/ml zeocin and incubated at 
30 °C for 2–3 days.

Determination of the integrated expression cassette 
copy number by Southern blot

Selected transformants were transferred to YPD broth and 
copy numbers of the integrated expression cassettes in 
clones were determined by Southern blot analysis according 
to Karaoglan and Erden-Karaoglan (2020). Genomic DNA 
isolation was done using Yeast DNA Extraction Kit (Epi-
centre) according to the manufacturer’s protocol. For each 

clone, 1 µg of genomic DNA was digested with BstEII and 
separated on 0.8% TAE agarose gel. The DNA fragments 
in the gel were transferred to the positively charged nylon 
membrane. DIG-labeled AOX1 promoter probe was used for 
the hybridization. The imaging process was carried out using 
X-ray film in a dark room and the copy numbers of the inte-
grated expression cassettes of the clones were determined 
according to the band size.

Recombinant L‑asparaginase production 
in shake‑flasks

The clones harboring different gene copy numbers were first 
inoculated into 5 ml of YPD medium. After the incubation 
at 28 °C and 250 rpm for 24 h, the cultures were used as 
inoculum as an initial density of  OD600nm = 0.1 for 50 ml 
of BMGY medium and incubated for 24 h for cell accumu-
lation. Then the cells were harvested and resuspended in 
BMMY medium for protein production. The induction phase 
continued for 72 h and supernatant samples were collected 
every 12 h during fermentation. Production levels of the 
clones were compared according to the enzyme activities 
determined.

SDS‑PAGE analysis of the proteins

SDS–Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
was carried out in 5% polyacrylamide loading gel and 10% 
polyacrylamide separation gel. The supernatant samples 
were mixed with 4 × SDS gel loading buffer in 25 µL and 
denatured for 10 min at 70 °C and the prepared samples 
were loaded onto the gel. Electrophoresis was performed in 
1 × TGS (0.025 M Tris base/0.192 M Glycine/0.1% SDS, pH 
8.3) buffer at 150 V for 60 min. After electrophoresis, the 
gels were stained with Coomassie Brilliant Blue G-250 for 
detection of the proteins.

Purification of the recombinant L‑asparaginase

The produced 6 × His labeled enzyme was purified using 
Nickel resin. The resin was washed using 1 × PBS solution 
containing 25 mM imidazole. Elution of the his-tagged pro-
teins was done using different concentrations of imidazole 
solutions (100, 200 and 400 mM) in 1 × PBS buffer. Protein 
samples in different fractions of the purification process 
were analyzed by SDS-PAGE. The resulting elution frac-
tion was dialyzed against 1 × PBS buffer (10 mM potassium 
phosphate pH 7.4/300 mM NaCl/5% glycerol). The total pro-
tein amount was determined using the Coomassie Bradford 
Plus Protein Assay Kit according to the kit protocol.
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Fig. 1  The sequence alignment of the codon-optimized gene sequence used in this study with the native RmASNase sequence (GenBank Acces-
sion No. KF290772.1)
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Asparaginase enzyme activity

L-Asparaginase enzyme activity was determined spec-
trophotometrically by measuring the amount of ammonia 
released from asparagine (Wade and Phillips 1971). A reac-
tion mixture was prepared with 100 µL of diluted enzyme 
solution, 500 µL of 50 mM Tris–HCl buffer (pH 7.3), 350 
µL of ultrapure water and 50 µL of 40 mM L-asparagine 
solution. The enzyme reaction was carried out at 45 °C 
for 30 min. At the end of the period, 50 µL of 1.5 M TCA 
(trichloroacetic acid) solution was added to the reaction mix-
ture to stop the reaction. Then, 80 µL of the reaction mixture 
was added in 1720 µL ultrapure water and mixed with 200 
µL of Nessler’s reagent. After 5 min, absorbances at a wave-
length of 436 nm were determined. One unit of asparaginase 
activity was defined as the amount of enzyme required to 
release 1μmoL of ammonia in 1 min under experimental 
conditions (45 °C pH 7.3).

Characterization of the recombinant L‑asparaginase

The pH value at which the enzyme shows optimum activ-
ity was analyzed by using buffer solutions in the pH range 
of 3–10. Sodium citrate buffer for pH 3.0–6.0, MES (mor-
pholinoethanesulfonic acid) buffer for pH 5.5–6.5, phos-
phate buffer for pH 6.0–8.0, Tris–HCl buffer solutions for 
pH 8.0–9.0 were used. All buffer solutions were prepared at 
a concentration of 50 mM and the reaction was continued at 
45 °C for each buffer and enzyme activity was determined. 
In order to determine the pH stability of the enzyme, the 
enzyme was incubated in different pH buffers for 1 h at room 
temperature and the enzyme activity was determined (Huang 
et al. 2014).

The temperature value at which the enzyme exhibiting 
optimum activity was analyzed at optimum pH determined 
and different temperature values between 20 and 90 °C. The 
thermostability analysis of the enzyme was performed by 
measuring the residual enzyme activity after its 1-h incu-
bation at different temperatures and optimum pH (Huang 
et al. 2014).

The enzyme activity was analyzed under optimum pH 
and temperature conditions in the presence of different metal 
ions and EDTA prepared at 1 mM and 5 mM concentrations 
(Karaoglan and Erden-Karaoglan 2020).

Kinetic parameters of the recombinant asparaginase was 
determined at optimum working conditions with different 
substrate concentrations (10–80 mM asparagine). Michae-
lis–Menten constant  (Km) and maximum velocity  (Vmax) 
values were calculated using Lineweaver–Burk double plot 
(Karaoğlan and Erden-Karaoğlan 2020).

Results and discussion

Cloning of the R. miehei asparaginase gene in P. 
pastoris

In the study, L-asparaginase (GenBank Accession No. 
KF290772.1) from R. miehei was supplied in the commercial 
pCC1 cloning vector. After triple enzyme digestion of the 
plasmid with XhoI-XbaI and ScaI, the gene was separated 
in the gel. DNA fragment with a length of approximately 
2100 bp was isolated from the gel using the Gel Extrac-
tion Kit according to the manufacturer’s instructions. The 
obtained gene was digested with XhoI-XbaI enzymes and 
ligated to the pPICZαA plasmid from the XhoI-XbaI enzyme 
recognition site. The generated expression vector was named 
pPICZαA-ASNase.

Selection of the transformants with different gene 
copy numbers

In transformant cells, confirmation of expression cassette 
integration into the cell genome and determination of inte-
grated expression cassette copy numbers were performed 
by Southern blot analysis. The probe used in Southern blot 
analysis was prepared by labeling the PCR product (approxi-
mately 500 bp) amplified from the AOX1 promoter with the 
primers AOX1pbF (5′-AGT CCA AGA ACC GTG AGC AA) 
and AOX1pbR (5′-TTC TAG CGG TTT CTC TAG AC).

Genomic DNA was isolated from transformant cells 
selected from plates containing different concentrations 
of zeocin antibiotic. Genomic DNA (1 μg) samples were 
digested with the enzyme KpnI. P. pastoris KM71H genomic 
DNA was used as a control sample.

Fig. 2  Construction of pPICZαA-ASNase expression vector
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As a result of Southern blot analysis, the theoretically 
expected bands according to the DNAMAN 7.0 program 
were 4230 bp in the control sample, while 10,053 bp for 
single copy expression cassette, 15,638 for 2 copies, 21,223 
for 3 copies, 26,808 bp for 4 copies and the bands were 
evaluated as 5 + copies. X-ray film image showing Southern 
blot analysis of clones determined to contain different copy 
numbers was given in Fig. 3. Recombinant protein produc-
tions were carried out with six clones containing 1, 2, 3, 4, 
5 and 5 + gene copy numbers.

Recombinant asparaginase production in shake 
flasks

Recombinant asparaginase production studies were carried 
out with the clones containing different expression cassette 
copy numbers. The cells cultured in YPD medium were used 
to inoculate 50 ml of BMGY medium with an initial density 
of  OD600nm = 0.1. After cell accumulation in this medium, 
the induction phase was started in BMMY medium. The 
incubation was continued at 28 °C and 250 rpm for 72 h by 
adding methanol at a final concentration of 1% every 12 h.

In order to determine the gene copy number with the best 
production level for the expression of the recombinant aspar-
aginase enzyme in P. pastoris, the clones were compared by 
measuring the asparaginase enzyme activity in the samples 
taken at regular intervals (Every 12 h).

As seen in Fig.  4, the highest production level was 
reached with the clone containing three copies of expres-
sion cassettes.

Gene expression cassettes can be integrated into the 
genome in multiple copies in P. pastoris. However, the effect 
of gene copy number on protein production level shows a 
protein-specific effect, and the optimum copy numbers that 
provide the highest expression level differ in studies with 

different proteins. Clare et al. (1991) generated clones har-
boring multiple copies (4, 9, 13 and 19 copies) of mouse epi-
dermal growth factor (mEGF) gene to increase the secretion 
level of the protein in the P. pastoris expression system. The 
authors reported a linear increase in protein production with 
an increasing copy number. Vassileva et al. (2001) tested 
hepatitis B surface Antigen (HBsAg) expression with the 
multi-copy strains (1, 4 and 8 copies) and observed the high-
est production level in the clone with eight-copy integrated 
expression cassettes integrated. Zhu et al. (2009) screened 
multi-copy strains (1, 3, 6, 12, 18, 29, 52 copies) for porcine 
insulin precursor expression and achieved the highest yield 
with 12 copies. To enhance protein production in multi-copy 
strains, Chen et al. (2017) investigated the mixed-feed strat-
egy. The authors reported 42.6, 34.7 and 80.9% increase 
in protein expression with 6-, 12-, 18-copy strains. Sun 
et al. (2019) improved the protein expression in multi-copy 
strain by overexpressing the transcription factor Hac1p and 
α-signal peptide-cutting protease Kex2p. It can be seen from 
previous studies and our study that multi-copy strain devel-
opment is one of the effective approaches to improve protein 
expression and must be optimized for each protein.

Purification of the recombinant asparaginase

The recombinant enzyme was purified for use in charac-
terization analyzes. The purification process was carried out 
in two steps. First, ammonium sulfate precipitation (with 
90% saturated solution) was applied to collect proteins in 
supernatant samples and then his-tagged proteins were 
purified using nickel resin. Analysis of the protein samples 

Fig. 3  Southern blot analysis of the clones harboring different copy 
numbers of the expression cassettes integrated. The probe was pre-
pared by labeling the PCR product amplified from the AOX1 pro-
moter. DIG: DNA Molecular Weight Marker II, DIG-Labeled; C: 
untransformed KM71H strain; 1–12: clone numbers of transformants

Fig. 4  Comparison of asparaginase production levels versus time of 
the clones containing different numbers of expression cassettes. Sam-
ples were taken at regular intervals (12 h). Induction was continued 
for 72 h by adding methanol at a final concentration of 1% every 12 h. 
The activity value obtained from the clone harboring three copy num-
bers with the highest production was taken as 100% (103.90 U/mL)



 3 Biotech (2023) 13:164

1 3

164 Page 6 of 9

collected from the purification fractions was done by SDS-
PAGE (Fig. 5).

Sample shown as S in Fig. 5 shows the supernatant sam-
ple, C is obtained after protein precipitation with ammonium 
sulfate, and D is obtained after dialysis. Samples taken from 
the washing and elution stages of the resin are shown in 
W1-3 and E1-3, respectively. The protein band expected to 
be 78 kDa representing the purified asparaginase protein 
was observed in E1 and E2 fractions of the elution samples 
obtained.

In previous studies, the most used agent for the pre-
cipitation of the enzyme in L-asparaginase purification is 
ammonium sulfate, which is applied in combination with 
other methods (da Cunha et al. 2019). A two-step purifica-
tion process, ammonium sulfate precipitation and Ni–NTA 
chromatography was carried out in this study. A total of 
500 mL supernatant sample was collected and the enzyme 
activity was determined as 114.76 U/mL. The purification 
fold was calculated as 5.37 and the purification efficiency 
was 67.75%. The specific activity of the purified sample 
was 1706.54 U/mg. The purification steps of the enzyme 
are summarized in Table 1. Huang et al. (2014) produced 

RmASNase intracellularly in E. coli BL21 and purified 
by Ni-IDA chromatography. The authors reported that the 
enzyme was purified 2.6-fold with a yield of 48.8% and a 
specific activity of 1985 U/mg. It is seen that purification 
efficiency is higher in the combined method with ammonium 
sulfate. However, it is thought that the specific activity may 
differ due to the activity determined in the crude enzyme.

Characterization of the recombinant asparaginase

The pH value at which the enzyme showed optimum activ-
ity was analyzed with buffers in the pH range of 3–10. The 
pH stability of the enzyme was determined by determining 
the remaining enzyme activity after 1-h incubation of the 
enzyme in different pH buffers at 45 °C. The results showing 
the pH value at which the enzyme exhibits optimum activity 
and pH stability are given in Fig. 6A.

As seen in Fig. 6A, the pH value at which the asparagi-
nase enzyme showed optimum activity was determined as 
pH 7, and the enzyme was active above 80% between pH 5 
and pH 9 values. As seen in Fig. 6B, the temperature value 
at which the recombinant asparaginase enzyme showed 
optimum activity was determined as 50 °C, and the enzyme 
could maintain its activity above 67% at the end of 1-h incu-
bation at temperatures between 20 and 50 °C.

The biochemical characteristics of enzymes isolated from 
different sources differ and the optimum working conditions 
of the enzyme generally vary between 30 and 60 °C and 
pH 6–9 (Cachumba et al. 2016; da Cunha et al. 2019; Jia 
et al. 2021). The optimum working conditions of the com-
mercial enzymes used in the food industry obtained from 
Aspergillus oryzae (Acrylaway®, Novozymes) and A. niger 
(PreventASe®, DSM) are pH 6–7, 60 °C and pH 4–5, 50 °C, 
respectively (da Cunha et al. 2019). Activity and stability 
properties of the recombinant enzyme produced in this study 
was observed to be similar to those of the enzyme (RmAS-
Nase) previously expressed in E. coli conducted by Huang 
et al. (2014). In addition, its use in food safety and leukemia 
treatment applications was investigated in the study, and the 
findings reveal its remarkable potential (Huang et al. 2014).

Kinetic parameters of the recombinant L-asparagi-
nase was analyzed for L-asparagine.  Km and  Vmax val-
ues of the enzyme were determined to be 45.30 mM and 
2127.66 µmol/min/mg, respectively. In previous studies,  Km 

Fig. 5  SDS-PAGE analysis of the samples taken during the purifi-
cation of the asparaginase (M: Marker; S: Supernatant; C: Sample 
obtained after ammonium sulfate precipitation; D: Sample of dialy-
sis with 1 × PBS pH 7.4; W1-W4: Samples of washing steps with 
25 mM imidazole; E1-E3: Samples of elution steps with 100, 200 and 
400 mM imidazole, respectively. Supernatant samples were prepared 
in a total volume of 25 µL

Table 1  Purification table of the recombinant asparaginase

Total activity (U) Total protein (mg) Specific activity 
(U/mg)

Purification 
(fold)

Recovery (%)

Supernatant 57,380 180.45 317.98 1 100
Amonium sulphate precipitation 47,812 106.38 449.45 1.41 83.33
Ni–NTA chromatography 38,875 22.78 1706.54 5.37 67.75
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values for fungal asparaginases have been reported in the 
range of 1 ×  10–5 -0.1 M and  Vmax values in the range of 
4.44–3380 µmol/min/mg (Shrivastava et al. 2022; Mohan 
Kumar and Manonmani 2013; Huang et al. 2014; da Cunha 
et al. 2019). High catalytic activity results in less enzyme 
requirement in the processes. Therefore, the kinetic param-
eters that define the catalytic activity of the enzyme consti-
tute one of the criteria used in the selection of enzymes for 
industrial purposes (Siedentop et al. 2021).

The effect of metal ions  (Ca2+,  Co2+,  Cu2+,  Fe2+,  Mg2+, 
 Mn2+,  Zn2+,  K+,  Li+,  Na+) and EDTA on asparaginase 
enzyme activity was analyzed (Table 2). The results showed 
that  Ca2+ and  Mn2+ ions increased the asparaginase enzyme 
activity, while  Co2+,  Cu2+,  Fe2+ and  Mg2+ ions partially 

inhibited. Enzyme activity was significantly maintained in 
the presence of  Zn2+,  K+,  Li+,  Na+ compared to the control 
as 86, 98, 101 and 94%, respectively. The negative effect 
of EDTA on enzyme activity suggests the dependence of 
enzyme activity on metal ions. Chi et al. (2021) have charac-
terized L-asparaginase from Mycobacterium gordonae and 
reported a significant increase with  Mn2+,  Ni2+ and  Mg2+ 
and a decrease with  Cu2+ and  Fe2+. Huang et al. (2014) 
observed a significant enhancement in asparaginase enzyme 
activity with  Ca2+ (144%) and  Mn2+ (183%).  K+ and  Na+ 
ions gave similar results in different studies with a slight 
effect on enzyme activity (Huang et al. 2014; Chi et al. 
2021). The inhibitory effect of EDTA, recorded at different 
levels in previous studies, was also similar. It can be con-
cluded from the previous studies that the impact of metal 
ions can vary both on other enzymes and in different sources 
of an enzyme (Hassan et al. 2018; Huang et al. 2014; Han 
et al. 2014; Chi et al. 2021; Karaoglan and Erden-Karaoglan 
2020).

L-asparaginase from Rhizomucor miehei (RmASNase) 
was successfully expressed in P. pastoris in this study. Bio-
chemical characterization showed that the enzyme exhibited 
activity above 80% between pH 5–9 and 67% after 1-h incu-
bation at temperatures between 20 and 50 °C. The enzyme 
characteristics are observed to be conducive to acrylamide 
mitigation in potato chips and bakery products in the food 
industry.

In comparison to bacterial proteins, fungal proteins like 
RmASNase are predicted to have better compatibility with 
the human system and cause less immunogenicity (Shrivas-
tava et al. 2022). Also, P. pastoris performs post-translational 
modifications, such as glycosylation, that have an impact on 

Fig. 6  Characterization of the recombinant asparaginase A enzyme 
activity and stability at different pH values (pH 3–10) B enzyme 
activity and stability at different temperature values (20–90 °C). pH 
stability of the enzyme was analyzed after incubation in different pH 

buffers for 1 h at room temperature. The thermostability analysis of 
the enzyme was performed by measuring the residual enzyme activity 
after its 1-h incubation at different temperatures and optimum pH

Table 2  Effects of metal ions and EDTA on asparaginase activity

Metal Ions Relative activity (%) at 
1 mM

Relative activ-
ity (%) at 5 mM

Control 100 ± 1.39 100 ± 2.10
Ca2+ 121 ± 2.86 130 ± 3.74
Co2+ 72 ± 3.22 60 ± 2.84
Cu2+ 41 ± 4.34 20 ± 3.64
Fe2+ 48 ± 3.26 44 ± 3.88
Mg2+ 68 ± 1.87 72 ± 4.17
Mn2+ 138 ± 4.62 102 ± 6.52
Zn2+ 86 ± 5.48 31 ± 1.59
K+ 98 ± 4.01 89 ± 6.11
Li+ 101 ± 5.65 91 ± 3.09
Na+ 94 ± 3.48 86 ± 5.42
EDTA 42 ± 4.47 30 ± 2.41
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the pharmacokinetics and immunogenicity of the protein, mak-
ing it superior to prokaryotic systems (Tran et al. 2017). How-
ever, further analyses are required to determine the potential 
of the RmASNase produced in this study for therapeutic use.

In future studies, it is also possible to improve the activity 
and stability values of the enzyme with advanced molecular 
techniques and to increase production efficiency by producing 
at fermenter scale and under optimum conditions.

Conclusion

Extracellular production of the L-Asparaginase enzyme from 
R. miehei was successfully performed in P. pastoris. The effect 
of gene copy number was investigated to realize more efficient 
production in this expression system. Six clones with vary-
ing DNA copy numbers (1, 2, 3, 4, 5, and 5 +) were used to 
produce recombinant proteins. The clone with three copies 
of the expression cassettes was found to have the highest pro-
tein production. The clone with the best activity was used for 
recombinant asparaginase production for subsequent analyses 
of the study. The enzyme was purified, and characterization 
analyzes were carried out to determine the optimum working 
conditions. The optimum pH and temperature for the purified 
enzyme were determined to be 7.0 and 50 °C, respectively. 
In summary, this study was the first to examine the impact 
of gene copy number on enhancing the production of the 
asparaginase enzyme in a eukaryotic expression system, P. 
pastoris and the best clone providing optimum expression was 
revealed. In future studies, higher production levels can be 
achieved by making large-scale protein productions and opti-
mizing production conditions.
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