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Introduction

Cancer remains a leading cause of morbidity and
mortality worldwide. According to Globocan 2020,
approximately 19.3 million new cancer cases and nearly
10 million cancer-related deaths occurred globally in
that year (Bray et al., 2021; Sung et al., 2021). By
2040, cancer is expected to remain a major cause of
death (GCO, 2022). Leukemia ranked as the tenth
deadliest cancer in 2020 (WHO, 2020). Leukemia is a
type of cancer that originates from mutations in
progenitor cells within the bone marrow. These
malignant cells proliferate uncontrollably, infiltrate the
bloodstream, and increase the white blood cell count,
often spreading to other organs and impairing their
function (Cancer Council, 2018).
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Abstract

Bacterial L-asparaginase is a therapeutic enzyme widely used in the treatment
of Acute Lymphoblastic Leukemia (ALL). Although L-asparaginase is
prominent in treating ALL, its use is limited due to its side effects caused by
its dual substrate specificity towards both asparagine and glutamine. This
study aimed to isolate and identify marine bacteria from the East Coast of
Pangandaran capable of producing L-asparaginase with low glutaminase
and urease co-activities. A semi-quantitative approach was employed,
involving the isolation and screening of seawater bacteria using Zobell Marine
media supplemented with L-asparagine, glutamine or urea and phenol red
as a pH indicator to determine the enzymatic activity. Molecular identification
was performed by amplifying and sequencing the 16S rRNA gene, followed
by phylogenetic analysis using the neighbor-joining method with 1,000
bootstrap replicates. The results indicated that the bacterial isolate
designated PT3 exhibited a high enzymatic index of 4.2 for L-asparaginase,
surpassing that of the positive control (E. coli), which had an index of 1.4.
Sequence analysis revealed that PT3 shared 99.58% identity with
Marinobacterium georgiense strain NBRC 102606, an earlier synonym of
Marinobacterium iners. Therefore, PT3 was identified as a strain of
Marinobacterium iners, with potential as a novel source of L-asparaginase
and displayed significant L-asparaginase activity with minimal co-activity of
glutaminase and urease, highlighting its potential as a safer alternative for
therapeutic enzyme development.

Keywords: enzymatic index, Marinobacterium iners, , molecular identification,
therapeutic enzyme 16S rRNA.

L-asparaginase (L-ASNase) (L-asparagine
amidohydrolase, EC 3.5.1.1) is a therapeutic enzyme
that catalyzes the conversion of L-asparagine (L-Asn)
to L-aspartate and ammonia (Vimal & Kumar, 2018).
L-Asn is an essential amino acid for cancer cells,
particularly lymphoblastic leukemia cells. L-ASNase
depletes L-Asn levels in the bloodstream, thereby
inhibiting protein synthesis and inducing apoptosis in
cancer cells (Nagarethinam et al., 2012; Piatkowska-
Jakubas et al., 2008). The general mechanism of L-
Asn hydrolysis by L-ASNase is illustrated in Figure 1.

L-ASNase is an intracellular enzyme produced by
microorganisms, animals, and plants (Bahraman &
Alemzadeh, 2016). It has been widely applied in
chemotherapy treatment of Acute Lymphoblastic
Leukemia (ALL), particularly in pediatric patients. In
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addition to ALL, L-ASNase has also been used in the
treatment of other malignancies such as Hodgkin’s
cancer, lymphosarcoma, Acute Myeloid Leukemia
(AML), Chronic Lymphocytic Leukemia (CLL),
re t i cu losa rcoma , and melanosa rcoma
(Lopes et al., 2017).

Despite its therapeutic efficacy, the clinical use of
L-ASNase is limited by significant side effects, including
liver and pancreatic dysfunction, central nervous
system toxicity, edema, skin rash, fever, diabetes,
leukopenia, bleeding, and some hypersensitivity
reactions. These adverse effects are largely attributed
to the enzyme’s dual substrate specificity, as it catalyzes
both L-asparagine and L-glutamine hydrolysis
(Athanassiado et al., 2004; Batool et al., 2016; Howard
& Carpenter, 1972; Ramya et al., 2012). In addition,
the presence of glutaminase destroys glutamine which
is necessary for normal cell growth (Greenberg et al.,
1964). Additionally, urease activity can result in the
hydrolysis of urea, releasing ammonia and carbon
dioxide, which contribute to systemic toxicity (Ashok
et al., 2019; Bano & Sivaramakrishnan, 1980; Doriya
& Kumar, 2016a). The commercial L-ASNase used in
the treatment of lymphoblastic leukemia and
lymphosarcoma originated from bacteria that are
glutaminase free. L-ASNases from E. coli (EcaII) and
Erwinia chrysanthemi (ErA), typically exhibit
glutaminase activity that can reach up to 9% of their
L-asparaginase activity. Therefore, many studies have
been carried out to obtain L-ASNase with low
glutaminase activity, such as bioprospecting other
microbial sources or modifying commercial L-ASNase
with activated Polyethylene Glycol (PEG) (Loureiro et
al., 2012) and L-ASNase II engineering from E.coli,
to obtain mutants that have low glutaminase activity
through molecular tethering, molecular dynamics, and
QM-MM simulations (Ardalan et al., 2018). Notably,
glutaminase-free L-ASNases have been successfully
isolated from Streptomyces cyaneus, Streptomyces

exfoliates, and Streptomyces phaeochromogenes
(Saxena et al., 2015). Enzymes lacking both
glutaminase and urease activities hold significant
promise as safer alternatives for cancer therapy (Ashok
et al., 2019).

Clinical studies have shown that L-ASNase derived
from terrestrial microorganisms can induce toxicity
and immunosuppression, which may contribute to
treatment resistance. In contrast, marine-derived L-
ASNase have emerged as promising alternatives for
both clinical and industrial applications, owing to their
distinct characteristics such as novel structural features,
lower molecular weight, and higher substrate specificity
(Qeshmi et al., 2018). In light of these advantages,
this study aimed to isolate and characterize marine
bacteria from the East Coast of Pangandaran as potential
sources of L-ASNase with reduced glutaminase and
urease co-activities, and improved therapeutic
properties

Material and Methods

Sampling

Seawater sampling was conducted on the East Coast
of Pangandaran (coordinates: -7.7020578,108.658508)
at 08.00 Western Indonesian Time (WIB),
approximately 5 meters from the shoreline at a depth
of 0.5–1.0 meters below sea level. The collected
seawater sample exhibited a salinity of 3.5% and a pH
of 7.27. The sampling location is depicted in Figure 2.

Media Preparation

For bacterial isolation, Zobell Marine Broth (ZMB)
(Himedia) and Zobell Marine Agar (ZMA) (Himedia)
were used, and sterilized by autoclaving at 121 °C (15
psi) for 15 minutes. For enzymatic screening, modified
ZMA media were prepared by supplementing the base

Figure 1. L-Asn hydrolysis reaction by L-ASNase (Cachumba et al., 2016)
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medium with either L-asparagine, glutamine, or urea
at a final concentration of 5 g/L, along with 1.8 ppm
phenol red as a pH indicator. The pH of the media was
adjusted to 5.8 using HCl or NaOH (Ashok et al., 2019)

Isolation and Purification of Marine Bacte-
ria

Isolation was performed using the spread plate
method, by spreading 100 µL of seawater onto ZMA
plates, followed by incubation at 30 °C for 16 hours
(Sanz-Sáez et al., 2020). Morphologically distinct
colonies were sub-cultured separately on new ZMA
medium to obtain single colonies.

Bacterial Characterization

Colony morphology was characterized based on
criteria from Leboffe and Pierce (Leboffe & Pierce,
2012), including colony shape (circular, irregular, and
punctiform or dots), shape of margins or colonial rim
shape (entire or smooth and flat, undulate or wavy,
filamentous, rhizoid or branches like roots, and lobate
or grooved edges), colony elevation (raised, convex,
umbonate, plateau, raised, raised spreading edge, flat
raised margin, and growth into), the color of the
colonies formed can also be determined by the
appearance of colors such as: dull, shiny, translucent,
and opaque.

Screening for Bacteria Producing L-aspara-
ginase with Low Glutaminase and Urease
Activities

Each bacterial isolate was screened in triplicate using
modified ZMA media supplemented with either L-
asparagine, glutamine, or urea to assess enzymatic
activity. Escherichia coli ATCC served as the positive
control, while sterile distilled water was used as the
negative control.

The cultures were incubated at 30 °C for 16 hours.
Enzymatic activity was inferred from the presence of
a red halo surrounding bacterial colonies, resulting
from pH elevation due to ammonia production. The
diameter of both the colonies and the red zones were
measured and the enzymatic index or zone index was
calculated using the formula described by Ashok et al.
(Ashok et al., 2019) as shown in Equation 1.

Figure 2. Sampling location.

݊݋ܼ ܫ݊݁ ݀ =ݔ݁
ݎ݁ ݊݋ݖ݀ ݁݀݅ܽ ݉ ݐ݁݁ ݎ

݈ܿ݋ ݊݋ ܽ݅݀ݕ ݉ ݐ݁݁ ݎ
(1)

Molecular Identification of Bacteria Pro-
ducing L-asparaginase

DNA isolation was performed using the Thermo
Scientific GeneJET Genomic DNA Purification kit from
5 ml of bacterial culture grown in ZMB medium. The
16S rRNA gene in the DNA was amplified using
DreamTaq Master Mix with primers BactF1(5'-
AGAGTTTTGATC(A/C)TGGCTCAG-3') and UniB1
(5'-GGTTAC(G/C)TTGTTACGACTT-3'), yielding
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amplicons approximately 1,400 bp in length (Baker et
al., 2001; Shabarni Gaffar et al., 2014). The PCR
profile used was initial denaturation at 95 °C for two
minutes, followed by 25 cycles of denaturation at 95
°C for one minute, annealing at 50°C for one minute,
elongation at 72 °C for one minute and ending with a
final elongation at 75 °C for ten minutes.
Electrophoresis of the amplicons was performed in
1% agarose gel in 1x TAE buffer. To each 5 µL sample,
1 µL loading dye and 1 µL GelRed solution were added.
Electrophoresis was carried out at a voltage of 75 mV
for 45 minutes. DNA bands were visualized under a
UV transilluminator.

The PCR amplicons were then sequenced by the
Sanger method at 1st BASE (Malaysia). Analysis of
the 16S rRNA sequence was carried out using the Basic
Local Alignment Search Tool (BLAST) at the National
Center for Biotechnology Information (NCBI) website
(https://www.ncbi.nlm.nih.gov/) (Altschul et al.,
1990). The phylogenetic tree was constructed using
the neighbor-joining method with 1,000 bootstrap
replicates using the MEGA 11 application (Tamura et
al., 2021).

Results and Discussion

Isolation of Bacteria from the East Coast of
Pangandaran

Three distinct colonies (PT1, PT2, and PT3) with
differing morphologies were isolated and purified from
seawater samples collected from the East Coast of
Pangandaran (Figure 3). PT1 exhibited circular colonies
with entire margins, convex elevation, pale white color,
and medium size. PT2 had similar shape and color but
was flat and smaller in size. PT3 showed a punctiform
shape with entire margins, convex elevation, and a pale
white color. These results align with earlier studies,
such as those by Jamaluddin et al. (Jamaluddin et al.,
2018), who identified thermohalophilic L-asparaginase-
producing bacteria from Wawolesea hot springs, and
Sulistiyani & Kusumawati (Sulistiyani & Kusumawati,

2019) who isolated glutaminase-free L-asparaginase-
producing endophytes from medicinal plants in East
Sumba. Similar work by Alrumman et al. (Alrumman
et al., 2019) demonstrated that marine bacteria from
the Red Sea could also serve as a source of L-
asparaginase.

Screening for Bacteria Producing L-aspara-
ginase, Glutaminase, and Urease

All three isolates (PT1, PT2, and PT3) tested positive
for L-asparaginase, glutaminase, and urease activity,
indicated by red zones around colonies on modified
ZMA media (Figure 4). These color changes resulted
from ammonia production, which increases the pH,
altering the phenol red indicator from yellow to red.
The enzymatic index (EI) was calculated as the ratio
of red zone diameter to colony diameter.

L-asparaginase hydrolyzes L-asparagine to produce
aspartic acid and ammonia; glutaminase hydrolyzes
glutamine to yield glutamic acid and ammonia; and
urease catalyzes the hydrolysis of urea into carbon
dioxide and ammonia. The ammonia (NHƒ ) released
in the medium reacts with water to form ammonium
hydroxide (NH„ OH), leading to an increase in pH.
Phenol red, a pH indicator, appears yellow under acidic
conditions and red in alkaline environments. Enzymatic
activity was assessed semi-quantitatively using the
enzymatic index (EI), calculated as the ratio of the red
zone diameter to the colony diameter (Doriya & Kumar,
2016a). Enzyme production was visualized through a
qualitative plate assay, enabling rapid screening of
enzyme-producing bacterial isolates via direct
observation (Hankin & Anagnostakis, 1975). Gulati et
al. (1997) established a correlation between the
enzymatic index and actual enzyme activity. In this
study, the L-asparaginase indices of the isolates ranged
from 3.0 to 4.2, glutaminase indices from 1.8 to 3.6,
and urease indices from 1.4 to 4.0 (Table 1). These
values are consistent with previous findings by Doriya
& Kumar (2016b), who reported microbial enzymatic
indices ranging from 0.8 to 4.0. Among the isolates,

PT3
PT2PT1

Figure 3. PT1, PT2 and PT3 colonies.
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Table 1. Measurement of L-asparaginase, glutaminase and urease indices after 16 hours of incubation

Potential Enzyme Isolate Red zone diameter (mm) Colony diameter (mm) Enzymatic Index

L-ASPARAGINASE
E. coli 7.5 5.5 1.4
PT1 15 5 3.0
PT2 20 5 4.0
PT3 25 6 4.2

GLUTAMINASE
E. coli 14 5.5 2.5
PT1 17 6 2.8
PT2 18 5 3.6
PT3 9 5 1.8

UREASE
E. coli 13 6 2.2
PT1 14 5 2.8
PT2 20 5 4.0
PT3 8 5.5 1.4

Figure 4. Representative results of bacterial screening for L-asparaginase production with low glutaminase and urease
activities, using modified ZMA medium supplemented with either L-asparagine, glutamine or urea, and phenol
red as a pH indicator. A-C: negative control (sterile water). D-F: positive control (E. coli). G-I: Isolate PT1. J-
L: Isolate PT2. M-O: Isolate PT3.



Squalen Bull. Mar. Fish. Postharvest Biotech. (2025) 20(1): 51-60

Pertiwi et al., Page 56 of 60

PT3 exhibited the highest L-asparaginase activity, with
comparatively lower glutaminase and urease co-
activities. PT3 had a colony diameter of 6 mm and a
red zone diameter of 25 mm, resulting in an L-
asparaginase index of 4.16—substantially higher than
that of the positive control (E. coli), which was 1.4.
For glutaminase activity, PT3 displayed a colony
diameter of 5 mm and a red zone diameter of 9 mm,
yielding a low glutaminase index of 1.8—again lower
than E. coli (2.5). Similarly, PT3 had the lowest urease
index of 1.4 (colony diameter: 5.5 mm; red zone
diameter: 8 mm), compared to E. coli, which had a
urease index of 2.2. These results suggest that PT3 is
a promising candidate as a marine bacterial source of
L-asparaginase with minimal glutaminase and urease
co-activities.

Molecular identification of PT3

The genomic DNA of PT3 was used to amplify its
16S rRNA gene (~1500 bp), a widely accepted marker
for bacterial identification and phylogenetic analysis
(Figure 5). The 16S rRNA gene is one of the most
common house-keeping genes used for bacterial
identification and phylogenetic studies. The 16S rRNA
gene contains conserved and variable regions with a
size of around 1500 bp (Srinivasa et al., 2015).

The sequenced fragment (1443 bp) was analyzed
using BLAST, showing 99.58% identity with
Marinobacterium georgiense strain NBRC 102606
(Table 2).

Figure 5. Electropherogram of 16S rRNA gene amplification from PT3 isolate.

Table 2. Bacterial strains showing the highest partial 16S rRNA gene sequence homology with the PT3 isolate

Species Max
Score

Total
Score

Query
Cover

E Value Percent
Identity

Acc. Len Accession

Marinobacterium georgiense
strain NBRC 102606

2619 2619 98% 0.0 99.58% 1468 NR_114163.1

Marinobacterium georgiense
strain KW-40

2553 2553 97% 0.0 99.29% 1435 NR_042980.1

Marinobacterium halophilum
strain mano11

2416 2416 96% 0.0 98.06% 1400 NR_042980.1

Marinobacterium maritimum
strain AR-11

2329 2329 98% 0.0 96.28% 1425 NR_116301.1

Marinobacterium stanieri strain
ATCC 27130

2294 2294 99% 0.0 95.48% 1517 NR_024699.1

Marinobacterium sediminicola
strain CN47

2257 2257 99% 0.0 95.06% 1464 NR_044529.1

Marinobacterium coralli strain
R-40509

2148 2148 93% 0.0 95.53% 1349 NR_117449.1

Marinobacterium profundum
strain PAMC 27536

2139 2139 99% 0.0 93.62% 1474 NR_148801.1

Marinobacterium aestuarii
strain ST58-10

2128 2128 99% 0.0 93.48% 1541 NR_159348.1
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Phylogenetic analysis confirmed that PT3 clustered
closely with this strain, supported by a high bootstrap
value of 100, indicating a strong relationship. Their
placement on the same branch indicates a close
phylogenetic relationship. A bootstrap value of 100
reflects a highly robust phylogenetic grouping.
Generally, bootstrap values ranging from 70 to 100
suggest strong support for the stability of clade
positions, implying minimal likelihood of topological
changes. In contrast, bootstrap values below 70 indicate
weak support, suggesting greater potential for variation
in the branching pattern (Anafarida & Badruzsaufari,
2020).

The minimum full-length 16S rRNA gene sequence
identity required to consider two bacterial isolates as
belonging to the same species has been proposed to be
approximately 99% (Johnson et al., 2019). Chun et
al. (2018) further recommended a threshold of 98.7%
identity with the full-length 16S rRNA gene sequence
of a type strain for species-level classification.
Marinobacterium georgiense strain NBRC 102606 is

the designated type strain for this species, and it shares
99.58% identity with the 16S rRNA gene sequence of
the PT3 isolate. Marinobacterium georgiense was
originally described by González et al. (1997). Satomi
et al. (2002) compared the 16S rDNA and gyrB
sequences of Marinobacterium georgiense and
Pseudomonas iners, finding sequence similarities of
99.7% for 16S rDNA and 98.5% for gyrB. Additionally,
the amino acid sequences of GyrB in both species were
found to be identical. Based on these findings, Satomi
et al. (2002) concluded that P.iners was a strain of
M.georgiense. Tindall (2019) later revised the
nomenclature, renaming the species Marinobacterium
iners. Therefore, PT3 is classified as a strain of
Marinobacterium iners, belonging to the family
Oceanospirillaceae, order Oceanospirillales, class
Gammaproteobacteria, and phylum Proteobacteria. The
discovery of marine bacteria producing L-asparaginase
from the East Coast of highlights a promising avenue
for developing novel therapeutic enzymes. The
phylogenetic tree supporting this identification is shown
in Figure 6.

Figure 6. Phylogenetic tree of PT3 isolate constructed using the Neighbor-Joining method with 1000 bootstrap
replications.
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Marinobacterium georgiense or Marinobacterium
iners is a Gram-negative species commonly found in
marine environments and oil reservoirs. It is halophilic
and characterized by short, straight rod-shaped cells
measuring 1.3–2 µm in length and 0.6–0.8 µm in width.
The species is aerobic or facultatively aerobic,
reproduces by binary fission, and typically exists as
solitary cells without aggregation. Colonies generally
form within 1–3 days at an optimal temperature of
25–30 °C. Morphologically, colonies are circular with
convex elevation, entire margins, and a yellowish cream
color, typically measuring 1–3 mm in diameter
(González & Buchan, 2021). PT3 colonies exhibited
similar shape, elevation, margin, and color
characteristics but were slightly larger in size.

Although specific pathogenicity studies on M.
georgiense are lacking, there is no evidence to suggest
it poses a risk to humans, animals, or plants.
Furthermore, this species is not listed among
pathogenic bacteria by the Centers for Disease Control
and Prevention or the National Institutes of Health
(Meechan & Potts, 2020). In the absence of reports
linking this species to disease, M. georgiense is generally
considered non-pathogenic. Nevertheless, standard
biosafety protocols should be observed when handling
any microorganism. Research indicates that certain
strains within the Marinobacterium genus such as
Marinobacterium lutimaris produce hydrolytic enzymes
capable of degrading Tween 80 and Marinobacterium
rhizophilum is known to hydrolyze starch and Tween
20 (González, J. M., & Buchan, 2021). These findings
suggest that Marinobacterium georgiense, as an earlier
heterotypic synonym of Marinobacterium iners, could
be a valuable source of L-asparaginase enzyme for
large-scale applications.

Conclusions

In this study, PT3 was identified as a strain of
Marinobacterium iners, isolated from seawater off the
East Coast of Pangandaran. It exhibited high L-
asparaginase activity with minimal glutaminase and
urease co-activity, making it a promising candidate for
the development of safer therapeutic enzymes. Future
research should focus on optimizing fermentation
conditions, scaling up enzyme production, and
exploring recombinant expression systems for PT3-
derived L-asparaginase in clinical applications,
particularly forAcute Lymphoblastic Leukemia therapy.
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