
Recombinant expression and preliminary characterization of a synthetic
L‐asparaginase from the marine bacterium Pseudoalteromonas tetraodonis
GFC in Escherichia coli BL21 (DE3)

Wulan Pertiwi1,*, Taufik Ramdani Tohari2, Qori Atur Rodiah Suhada1, Tiara Zahira1, Nadila Suci Nugraha1

1Department of Biotechnology, Faculty of Science and Technology, Universitas Muhammadiyah Bandung, Jl. Soekarno Hatta No 752,
Cipadung Kidul, Panyileukan, Bandung, Jawa Barat 40614, Indonesia
2Research Center for Molecular Biotechnology and Bioinformatics, Universitas Padjadjaran, Bandung 40133, Indonesia
*Corresponding author: wulanpertiwi@umbandung.ac.id

SUBMITTED 15 December 2025 REVISED 25 February 2026 ACCEPTED 6 March 2026

ABSTRACT The marine environment represents a promising source of diverse enzymes produced by marine microorganisms,
including L‐asparaginase. This has been widely studied due to its ability to hydrolyze extracellular L‐asparagine, an amino
acid required for the growth of certain cancer cells. In this study, a synthetic L‐asparaginase gene derived from the marine
bacterium Pseudoalteromonas tetraodonis GFC was recombinantly expressed in Escherichia coli BL21 (DE3). The gene was
cloned into the pD861‐SR expression vector and transformed into E. coli BL21 (DE3). Positive transformants were confirmed
by restriction digestion using SapI and Sanger sequencing. Recombinant protein expression was induced with L‐rhamnose
under the control of the rhaBAD promoter. The expressed L‐asparaginase was then purified using Ni‐Sepharose affinity
chromatography followed by membrane dialysis, yielding a protein purity of 73.6%. SDS‐PAGE analysis revealed a prominent
protein band at approximately 37 kDa, corresponding to the expected molecular weight of recombinant L‐asparaginase.
Enzymatic activity was evaluated using the Nessler method, and the purified enzyme exhibited a specific activity of
5.863 U/mg. These results demonstrate the successful recombinant expression and preliminary functional validation of L‐
asparaginase from P. tetraodonisGFC in E. coli, providing a basis for further optimization and characterization in future studies.
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1. Introduction

Blood cancer (leukemia) remains one of the leading causes
of morbidity and mortality worldwide. According to
GLOBOCAN 2022, leukemia accounted for 487,294 new
cases and 305,405 deaths globally, ranking as the tenth
deadliest cancer type (Ferlay et al. 2024). Leukemia is a
malignant disorder of blood­forming tissues that originates
in the bone marrow and disrupts normal hematopoiesis
(GCO 2022). Among its subtypes, acute lymphoblastic
leukemia (ALL) is themost prevalent in children, although
it can also affect adults. In 2021, the global number of
pediatric ALL cases reached 168,879 (Ding et al. 2025).
The disease is characterized by uncontrolled proliferation
of immature white blood cells, leading to the accumulation
of blast cells in peripheral blood, displacement of normal
blood cells, anemia, and impaired immune function (Ke­
menkes RI 2025).

A key metabolic vulnerability of ALL cells is their
limited ability to synthesize L­asparagine due to low ex­
pression of asparagine synthetase (ASNS). Consequently,
ALL cells depend on extracellular L­asparagine for sur­

vival and proliferation. This dependency underlies the
clinical application of L­asparaginase, an enzyme that
catalyzes the hydrolysis of L­asparagine into L­aspartate
and ammonia, thereby depleting circulating L­asparagine
levels (Chiu et al. 2020; Trimpont et al. 2022). L­
asparaginase is widely distributed in nature and has been
identified in organisms ranging from microorganisms to
higher eukaryotes (Zuo et al. 2014). By reducing the
concentration of extracellular asparagine in plasma, L­
asparaginase induces cancer cell death, as these cells
are unable to synthesize proteins without sufficient as­
paragine.

Currently, clinically used L­asparaginase preparations
are primarily derived from Escherichia coli and Erwinia
chrysanthemi. Despite their effectiveness, these en­
zymes exhibit L­glutaminase co­activity, which has been
associated with adverse effects, including hepatotoxic­
ity, pancreatic dysfunction, neurological complications,
hypersensitivity reactions, and other systemic toxicities
(Ardalan et al. 2018; Abdullah 2024). These limitations
have motivated ongoing research to identify alternative L­
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asparaginase sources with improved biochemical proper­
ties.

Marine microorganisms represent a largely unex­
plored reservoir of enzymatic diversity and have attracted
increasing interest as potential sources of novel biocata­
lysts. Pertiwi et al. (2025) reported the isolation of a ma­
rine bacterium from the coastal area of Rancabuaya, Garut,
Indonesia, producing L­asparaginase with relatively low
glutaminase co­activity. Based on 16S rRNA gene se­
quencing, the isolate showed 99% sequence similarity to
P. tetraodonis GFC. The crude extracellular and intracel­
lular L­asparaginase activities of this isolate were reported
as 72.30 U mg–1 and 67.18 U mg–1, respectively.

Members of the genus Pseudoalteromonas are widely
distributed in marine environments, including biofilms,
sediments, and extreme habitats such as deep­sea and polar
regions (Lee et al. 2015; Jo et al. 2017; Rajeev et al. 2021).
These bacteria are frequently associated with eukaryotic
hosts, such as algae and crustaceans, and are known to
produce a variety of bioactive compounds (Eze et al.
2023). Notably, P. tetraodonis has been reported to pro­
duce tetrodotoxin, a potent neurotoxin (Simidu et al. 1990;
Holmström and Kjelleberg 1999), which raises safety con­
siderations for direct enzyme production from the native
organism.

Recombinant DNA technology provides an effective
strategy to produce enzymes of interest while avoiding the
need to culture potentially hazardous native strains. By
expressing target genes in well­characterized heterologous
hosts such as E. coli, recombinant approaches enable con­
trolled production, simplified purification, and improved
biosafety (Jayakrishnan et al. 2024). In this context, the
present study focuses on the recombinant expression of a
synthetic L­asparaginase gene derived from P. tetraodo­
nis GFC in E. coli BL21 (DE3), as an initial step toward
the biochemical characterization and further optimization
of this marine­derived enzyme.

2. Materials and Methods

2.1. Bioinformatics and structural analysis
The amino acid sequence of P. tetraodonis GFC L­
asparaginase 1 (UniProt ID: A0AA37S3L8) was retrieved
from UniProt (https://www.uniprot.org) and analyzed for
structural and functional features. Homology model­
ing was performed using SWISS­MODEL (https://swis
smodel.expasy.org) to generate a high­confidence model.
Physicochemical properties, including molecular weight
and isoelectric point, were calculated using ExPASy Prot­
Param (https://web.expasy.org/protparam). Predictions of
secondary structure, solvent accessibility, and intrinsic
disorder were performed through the DTU HealthTech
server using NetSurfP­2.0 and IUPred2A, providing an in­
tegrated analysis of structural stability and His­tag acces­
sibility (https://services.healthtech.dtu.dk).

2.2. Cloning of the recombinant of L‐asparaginase
The L­asparaginase sequence (UniProt ID:
A0AA37S3L8) was synthesized and cloned into the
expression vector pD861­SR (3266 bp) using the ATUM
gene synthesis service (ATUM, USA). The recombinant
plasmid pD861­SR[L­asparaginase] was transformed
into E. coli BL21(DE3) competent cells prepared by
the CaCl2 method, followed by heat shock treatment.
Transformation was carried out with 50 ng of plasmid
DNA, and transformants were selected on LB agar plates
containing kanamycin at a final concentration of 75
µg/mL (Sambrook and Russell 2001). Positive colonies
were verified by antibiotic resistance screening, followed
by plasmid DNA isolation and Sanger sequencing to
confirm the presence of the L­asparaginase insert.

2.3. Expression of the recombinant L‐asparaginase
This procedure followed standard protocols for bac­
terial protein expression as described in Molecular
Cloning: A Laboratory Manual (Sambrook and Rus­
sell 2001). Recombinant E. coli BL21(DE3)­pD861­
SR[L­asparaginase] construct was cultured in 50 mL
Terrific Broth (TB; HiMedia, India) supplemented with
kanamycin (Sigma­Aldrich, USA) at 37 °C until the cul­
ture reached an OD600 of 0.8–1.0. Protein expression was
induced with 4 mM L­rhamnose (Sigma­Aldrich, USA),
and incubation was continued for 8 h at 37 °C. Cells were
harvested by centrifugation at 5,000 × g for 10 min at 4 °C
(TOMY, Japan), resuspended in sodium phosphate buffer
pH 7.5 as a lysis buffer (Promega, USA), and disrupted by
sonication at 60% amplitude for 15 min (3s on and 2s off,
on ice bath) (Bio­Base, China). The lysate was clarified
by centrifugation at 10,000 × g for 10 min at 4 °C. The su­
pernatant was collected as the soluble protein, whereas the
pellet was solubilized in 8 M urea (Sigma­Aldrich, USA),
incubated at 2–10 °C for 1 h, and centrifuged at 10,000
× g for 30 min at 4 °C to recover inclusion bodies as the
insoluble fraction.

2.4. Purification of the recombinant L‐asparaginase
Purification of recombinant L­asparaginase followed the
manufacturer’s instructions for Ni­Sepharose His­tag pu­
rification (Cytiva 2022). The protein was isolated from
the insoluble fraction under denaturing conditions using
immobilized metal affinity chromatography (IMAC) on a
1 mL Ni­Sepharose column (Cytiva, Sweden). A 2.5 mL
inclusion body sample was loaded onto the column equi­
librated with binding buffer containing 0.05 M sodium
phosphate (Merck, Germany), 0.5 M sodium chloride
(Merck, Germany), 8 M urea (Sigma­Aldrich, USA), and
5 mM imidazole (Biosharp, China), pH 7.5. The column
was washed with 15 column volumes (CVs) of the same
buffer, and bound proteins were eluted stepwise with 5
CVs of imidazole at 10, 20, 40, 60, 80, 100, and 250 mM.
Fractions containing recombinant L­asparaginase were
pooled and dialyzed using a cellulose membrane (Sigma­
Aldrich, USA) against phosphate buffer (pH 7.5) at 4 °C
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with multiple buffer changes to gradually remove urea and
facilitate protein refolding. The effectiveness of buffer
exchange was monitored by ensuring stable pH values of
the dialysis buffer, assuming effective urea removal under
these conditions.

2.5. L‐asparaginase activity assay

Enzyme activity was tested using the Nessler method.
Nessler reagent (K2HgI4) reacts with ammonia (NH3)
produced from the hydrolysis of L­asparagine by L­
asparaginase, producing a brownish­yellow complex com­
pound. The intensity of the color produced was mea­
sured using a UV­vis spectrophotometer at a predeter­
mined wavelength (Pertiwi et al. 2025). The test was con­
ducted on samples of pure L­asparaginase enzyme, nega­
tive control (distilled water), and positive control (protein
ofE. coliATCC8739). The reactionmixture, consisting of
900 µl of substrate (10 mM L­asparagine in 50 mM Tris­
HCl, pH 8.6) and 100 µl of purified enzyme, was incu­
bated in a water bath at 37 °C for 30 min. Afterwards, 100
µl of 1.5 M TCA was added to stop the reaction, then cen­
trifuged at 10,000 rpm at 4°C for 5 minutes. A total of 100
µl of supernatant (containing ammonia from the reaction)
was taken, then 200 µl of Nessler’s reagent and 3.7 mL
of distilled water were added (Muzuni et al. 2024). The
mixture was homogenized using a vortex, then incubated
at room temperature for 20 min. The amount of ammonia
released was measured using a UV­Vis spectrophotometer
at a wavelength of 420 nm. One enzyme unit is defined as
the amount of enzyme required to release one µmol of am­
monia per minute under treatment conditions. The specific
activity of L­asparaginase enzyme is determined by divid­

ing the L­asparaginase activity value by the total protein
content of the enzyme (Dastmalchi et al. 2024). Enzyme
activity is calculated using the following formula:

Enzyme Activity (IU mL­1)

=
y − b

a
× Vtotal

Vanalysis
× 1

Venzyme
× 1

Tincubation

(1)

y : Absorbance

a : Slope

b : Intercept

Vtotal : Volume of enzyme + substrate + buffer + TCA

Vanalysis : Analyzed volume

Venzyme : Volume of enzyme

Tincubation : Incubation time

3. Results and Discussion

3.1. Bioinformatics and structural analysis
In silico analysis of L­asparaginase I from P. tetraodo­
nis GFC (UniProt ID: A0AA37S3L8) was performed to
characterize the structural, physicochemical, and func­
tional features of the target protein presented in Figure
1. Homology modeling successfully produced a high­
confidence three­dimensional (3D) model using SWISS­
MODEL, which became the structural basis for further
studies. Methionine at position 1 (Met1) defines the N­
terminus, whereas arginine at position 342 (Arg342) cor­
responds to the C­terminus.

(a) (b)

(c)

FIGURE 1 Structural characterization of recombinant L‐asparaginase. (a) Theoretical pI/Mw. (b) Predicted 3D structural model. (c) Secondary
structure prediction.
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Modeling was carried out to determine the best loca­
tion for the 6×His­tag, which was added to simplify pu­
rification using IMAC. The His­tag was chosen because
its small size reduces the chance of interfering with pro­
tein structure and function (Cao and Lin 2009). Structural
modeling revealed that both the N­ and C­termini are in
open conformations, indicating that the tag can be placed
at either end and remain accessible for purification (Zhao
et al. 2013). However, the N­terminus was selected. Addi­
tional analyses confirmed that the N­terminal His­tag re­
gion is flexible, highly disordered, and strongly exposed
to solvent, conditions that ensure the tag remains accessi­
ble and supports efficient purification using Ni­Sepharose
His­tag chromatography (Bornhorst and Falke 2000).

The basic physicochemical properties of L­
asparaginase (UniProt ID: A0AA37S3L8) were predicted
using the ExPASy ProtParam server (Figure 1a). The
protein contains 340 amino acids (including the 6×His­
tag) and has an estimated molecular weight of around 37
kDa. Its predicted isoelectric point (pI) is 5.82, which
is the pH at which the protein carries no net charge.
Below this pH the protein becomes positively charged,
and above it, negatively charged. Because physiological
pH (≈ 7.4) is higher than the pI, L­asparaginase will
carry a negative charge in the body, helping maintain
its solubility in blood and cytoplasm. This solubility
supports the protein’s stability and effectiveness as a
therapeutic agent (Tokmakov et al. 2021).

3.2. Cloning of the recombinant of L‐asparaginase
The successful transformation of the recombinant pD861­
SR [L­asparaginase] plasmid into competent E. coli BL21
(DE3) cells was confirmed through a series of selec­
tion steps. Initial selection was performed on LB agar
plates containing 75 µg/mL kanamycin. The growth of
colonies on this selective medium, as shown in Figure
2a, confirmed that E. coli BL21 (DE3) cells had taken
up the recombinant plasmid, because the plasmid carried
a kanamycin resistance gene that allowed the bacteria to
grow on media containing kanamycin (Liu et al. 2020).
The viable cell concentration was also determined to be
2.628 × 106 CFU/mL.

To confirm the presence of the gene insert, plasmid
DNA was isolated from five positive single colonies.

From the plasmid isolation results, the DNA bands pro­
duced were still varied due to different plasmid confor­
mations (Sambrook and Russell 2001). Thus, the size of
the isolated plasmid could not be determined accurately.
Therefore, a restriction process was necessary to cut the
plasmid into a linear form, ensuring a single DNA band
could be obtained (Figure 3b), confirming the plasmid size
to be approximately 3266 bp. This sizewas consistent with
the size of the constructed plasmid shown in Figure 3a.

Plasmid isolate purity was checked using a NanoDrop
spectrophotometer (ALLSHENG, China). Based on the
highest concentration and purity, colonies two and three
were selected to definitively confirm the presence of the
L­asparaginase insert using Next Generation Sequencing.
The sequencing results were translated into proteins, then
analyzed using BLAST (Basic Local Alignment Search
Tools) online at the NCBI website (https://www.ncbi.nlm
.nih.gov/). The results showed that the sequences from
colonies two and three had identical amino acid sequences
(100% identity) with the amino acid sequence of the or­
dered L­asparaginase. This confirmed the successful con­
struction and transformation of the recombinant pD861­
SR [L­asparaginase] plasmid into competent E. coli BL21
(DE3) cells.

3.3. Expression of the recombinant L‐asparaginase
The expression of the L­asparaginase gene was confirmed
by SDS­PAGE analysis, which demonstrated clear differ­
ences in protein band intensity between L­rhamnose in­
duced and non­induced samples. The induced cultures car­
rying the pD861­SR[L­Asp] plasmid exhibited a promi­
nent band at approximately 37 kDa, indicating success­
ful expression of recombinant L­asparaginase. In contrast,
the non­induced pD861­SR[L­Asp] cultures did not pro­
duce detectable levels of the target protein. As expected,
E. coli cells lacking the plasmid were also unable to ex­
press L­asparaginase, even when exposed to L­rhamnose,
since the inducer can only activate transcription through
the rhaBAD promoter present on the recombinant vector.

The rhaBAD promoter system is specifically designed
to minimize basal (leaky) expression, ensuring that tran­
scription of the target gene occurs only in the presence of
L­rhamnose (Stargardt et al. 2021). This regulatory sys­
tem involves two operons, rhaR and rhaS. RhaR is ac­

(a) (b) (c) (d)

FIGURE 2 Transformation of recombinant E. coli BL21(DE3). (a) Transformants on selective LB‐kanamycin agar (75 µg/mL). (b) competent E.
coli BL21 (DE3) cells were spreading on LB agar (without kanamycin), (c) competent E. coli BL21 (DE3) cells were spreading on LB agar with
75 µg/mL kanamycin, and (d) aseptic controls.
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(a)

(b)

FIGURE 3 Plasmid construction and characterization of pD861‐SR[L‐Asp]. (a) Map of recombinant plasmid pD861‐SR[L‐Asp] (3266 bp). (b)
Agarose electropherogram of plasmid isolation. Lanes 1–5: colonies 1–5; Lane uncut: intact plasmid; Lane cut by SapI: linearized plasmid at
3266 bp.

FIGURE 4 SDS‐PAGE Electropherogram of recombinant L‐
asparaginase expression. Lane 1: protein molecular; Lane 2:
soluble fraction (SF) of uninduced E. coli BL21(DE3); Lane 3: SF
of induced E. coli BL21(DE3); Lane 4: SF of uninduced E. coli
BL21(DE3)‐L‐Asp; Lane 5: SF of induced E. coli BL21(DE3)‐L‐Asp;
Lane 6: inclusion body (IB) of uninduced E. coli BL21(DE3); Lane
7: IB of induced E. coli BL21(DE3); Lane 8: IB of uninduced E. coli
BL21(DE3)‐L‐Asp; Lane 9: IB of induced E. coli BL21(DE3)‐L‐Asp;
Lane 10: BSA standard.

tivated upon exposure to L­rhamnose and subsequently
binds to the rhaSR promoter, inducing expression of
RhaS. Activated RhaS then binds to the rhaBAD promoter,
initiating transcription of the downstream gene. These
two regulatory steps collectively reduce unintended back­
ground expression (Schweikert et al. 2021). The use of the
rhaBADpromoter allows fine regulation of protein expres­
sion levels within individual cells. Protein expression can
be increased by supplying higher concentrations of rham­
nose. This differs from IPTG­induced systems, where in­
creasing IPTG concentration primarily raises the propor­
tion of cells expressing the protein, rather than the amount
of protein produced per cell (ATUM 2025).

As shown in Figure 4, the target protein band appears
more prominent in the soluble fraction than in the insoluble
fraction, suggesting that recombinant L­asparaginase folds
efficiently in the cytoplasm of E. coli BL21 (DE3).

This observation is consistent with the characteristics

of BL21 (DE3), a protease­deficient strain widely used
for high­yield recombinant protein production (Hausjell
et al. 2018). Nevertheless, some portion of the protein was
also detected in the insoluble fraction as inclusion bodies,
which can form when expression levels exceed the host
cell’s folding capacity. Under such conditions, misfolded
polypeptides aggregate into dense inclusion bodies, a well­
documented phenomenon in bacterial expression systems
(Bhatwa et al. 2021).

3.4. Purification of the recombinant L‐asparaginase
Immobilized metal affinity chromatography (IMAC) is
used for recombinant proteins that have a His­tag ex­
pressed in E. coli by allowing selective binding to nickel­
charged agarose beads, followed by washing and elution
with imidazole (Jiang et al. 2025; Cytiva 2022). In this
study, purification was carried out under denaturing con­
ditions using 8 M urea to fully unfold the recombinant
protein, expose the His­tag, and solubilize aggregated pro­
teins from inclusion bodies. SDS­PAGE analysis (Figure
5) showed a clear band around 37 kDa, consistent with
the expected size of the target protein. Protein quantifica­

FIGURE 5 SDS‐PAGE Electropherogram of recombinant L‐
asparaginase purified under denaturing conditions.
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TABLE 1 Hydrogen bonds and hydrophobic interactions in docked protein‐protein complexes.

No Sample Target Protein (mg)* Protein Total (mg) ** Purity (%)

1 Purified L‐Asparaginase 0.3843 0.514 74.8
2 Purified L‐Asparaginase 0.3267 0.451 72.4

Mean ± SD ‐ ‐ 73.6 ± 1.7

*Quantified using ImageJ densitometry
**Quantified using Bradford‐Spectrophotometry
Values represent technical duplicates (n = 2).

FIGURE 6 Enzyme activity analysis of recombinant L‐asparaginase. Values are presented as mean ± SD (n=3).

tion using ImageJ and the Bradford assay indicated a fi­
nal purity of 73.6% (Table 1). ImageJ is used to quantify
the relative amount of target protein based on band inten­
sity in gel electrophoresis, while Bradford method is used
to determine total protein concentration. Protein purity is
calculated by combining the relative band intensity from
ImageJ with the total protein concentration obtained from
the Bradford assay.

The success of purification is supported by structural
analysis (Figure 1), which showed that the His­tag is lo­
cated in an open and accessible region, allowing efficient
binding to Ni­Sepharose resin (Riguero et al. 2020).

3.5. L‐asparaginase activity assay
The ammonia produced by L­asparaginase is reacted with
Nessler’s reagent to determine enzyme activity. The stan­
dard curve was prepared using ammonium sulfate with
concentrations 0, 2, 4, 6, 8, and 10 μmol/mL. The stan­
dard curve result showed a slope a is 0.1845 and an inter­
cept b is 0.0165. In this preliminary assessment, the pu­
rified enzyme exhibited a specific activity of 5.863 U/mg,
demonstrating that the recombinant protein remained cat­
alytically active following expression in E. coli and pu­
rification under denaturing conditions (Figure 6). At this
stage, the activity values reflect non­optimized experimen­
tal conditions. Factors such as incomplete protein refold­
ing and residual impurities associated with the 73.6% pu­
rity level are expected to be improved in subsequent opti­
mization steps (Shrief 2020; Booth et al. 2018).

The positive control, E. coli yielded a specific ac­
tivity, consistent with previously reported values (Barati
et al. 2016), thereby validating the assay conditions. How­
ever, the negative control (K­), which consisted of Nessler

reagent, L­asparagine, and distilled water, exhibited a de­
tectable increase in absorbance. This indicates the pres­
ence of residual ammonia, despite the absence of enzy­
matic hydrolysis. The most plausible explanation is that
the distilled water used was not ammonia­free, allowing
trace amounts of ammonium or ammonia to react with the
Nessler reagent and produce a background signal. Another
possible contributing factor is the spontaneous degrada­
tion or deamidation of L­asparagine, which can slowly re­
lease ammonia under certain conditions, particularly dur­
ing prolonged storage or in suboptimal pH and tempera­
ture. In addition, contamination from glassware or pipette
tips, especially if previously exposed to nitrogenous com­
pounds, cannot be completely ruled out. Although this
background activity did not exceed the absorbance values
of the enzyme­containing samples, it highlights the impor­
tance of reagent purity and stricter quality control during
colorimetric ammonia detection. In future experiments,
the use of ammonia­free Milli­Q water, freshly prepared
L­asparagine solutions, and acid­washed laboratory equip­
ment is expected to minimize background signals and im­
prove assay reliability.

4. Conclusions

This study successfully demonstrated the recombinant
expression and purification of a synthetic type I L­
asparaginase gene derived from the marine bacterium
Pseudoalteromonas tetraodonis GFC in Escherichia coli
BL21 (DE3). The recombinant enzyme was detected in
both soluble and insoluble fractions and exhibited an ap­
parent molecular weight of approximately 37 kDa. Purifi­
cation using Ni­Sepharose affinity chromatography under
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denaturing conditions yielded a protein purity of 73.6%.
The purified recombinant L­asparaginase displayed

measurable catalytic activity, indicating that the expressed
protein retained basic enzymatic functionality following
purification and refolding. Although the current study
represents an initial characterization, the results provide
a basis for further optimization of expression conditions,
refolding strategies, purification under native conditions,
andmore comprehensive enzymatic characterization in fu­
ture studies.
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