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ABSTRACT

L-asparaginase, enzyme that can hydrolyse L-asparagine into L-aspartate and am-
monia is used as a therapeutic enzyme in treating Acute Lymphoblastic Leukemia
(ALL). The use of this enzyme is restricted by the presence of dual substrate speci-
ficity towards asparagine and glutamine, which causes side eftects. The objectives of
this research were to isolate and to identify marine bacteria from Rancabuaya Coast
that generate L-asparaginase with low glutaminase and urease co-activity and to
produce and to measure the asparaginase activity using the Nessler reagent. Bacte-
ria were isolated from seawater, and screened using Zobell Marine media contain-
ing either L-asparagine, glutamine or urea, with phenol red as an indicator. The
bacterial isolate with the highest asparaginase activity and relatively lower glutam-
inase and urease activity, was identified by 16S rRNA gene sequence. This bacteri-
al isolate, RB3, was identified as Pseudoalteromonas tetraodonis GFC with greater
than 99 % homology. Enzyme specific activities of crude extracellular and intracel-
lular enzymes were 72.30 U mg-' and 67.18 U mg-! respectively, while the highest
enzymes specific activity from ammonium sulphate fractionation was found at 40-
60% saturation (I'3), which was 136.08 U mg-'. SDS-PAGE of the enzyme solutions
showed the presence of a 35 kDa band suspected to be the L-asparaginase protein.
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INTRODUCTION

L-asparaginase (E.C. 8.5.1.1) is an enzyme used extensively for the treatment
of Acute Lymphoblastic Leukemia (ALL) (Shrivastava et al. 2016). The func-
tion of this enzyme is to hydrolyse asparagine, forming aspartic acid and am-
monia (Zuo et al. 2014). Asparagine, a non-essential amino acid, is needed for
protein synthesis and growth of cancer cells. L-asparaginase would reduce
the availability of asparagine to the cancer cell, eventually resulting in cancer
cell death (Nagarethinam et al. 2012). Even though L-asparaginase is found in
higher organisms like animals and plants (Prihanto et al. 2018), bacterial
sources are preferable for L-asparaginase production due to the ease in cultur-
ing, extraction, and large scale production (Prihanto et al. 2019).

Several types of L-asparaginase formulations have been produced com-
mercially, such as Escherichia coli asparaginase, PEGylated E. coli asparagi-
nase, and Erwinia chrysanthemi asparaginase (Erwinase) (Pieters et al. 2011).
While these formulations were effective in treating leukemia, they had side
effects which were probably due to the presence of by-products such as glu-
taminase and urease (Doriya & Kumar 2016). The side effects included mild to
serious immune reactions (hypersensitivities, allergies such as skin rash, fever
and anaphylactic shock), central nervous system toxicity and other toxicities
such as pancreatic disfunction, liver disfunction, edema, diabetes, leukopenia,
and bleeding (Batool et al. 2016).

To address these challenges, it is essential to produce L-asparaginase
freely from glutaminase and urease activities. Urease breaks down urea in the
bloodstream, generating ammonia and carbon dioxide, which can have toxic
effects (Bano & Sivaramakrishnan 1980; Doriya & Kumar 2016; Ashok et al.
2019). Glutaminase- and urease-free L-asparaginase is considered beneficial
for cancer therapy (Ashok et al. 2019). Examples include Bacillus licheniformas,
isolated from the Red Sea, Saudi Arabia, produced L-asparaginase with no
glutaminase activity (Alrumman et al. 2019), and from Pseudomonas stutzeri
ATCC 17588 (T) isolated from medicinal plants (Sulistiyani & Kusumawati
2019). These findings suggested that marine and coastal environments are
promising yet underexplored source of novel enzymes (Prihanto & Wakaya-
ma 2016). Additionally, glutaminase-free L-asparaginase also had been isolat-
ed from Streptomyces exfoliates, Streptomyces cyaneus, and Streptomyces phaeochro-
mogenes (Saxena et al. 2015). Enzymes from bacteria in marine environments
exhibit unique properties, such as tolerance to high salt concentrations, hy-
perthermostability, barophilicity and high adaptation to cold temperatures
(Zilda et al. 2021). Screening of thermohalophilic bacteria from Wawolesea
hot springs of Southeast Sulawesi identified 14 isolates capable of producing
L-asparaginase. Among these, the AAT3.2 isolate exhibited the highest activ-
ity at 86.61 IU mL-!, while the CAT1.1 isolate showed the lowest activity at
38.24 IU mL-1. In terms of specific activity, CAT3.2 had the highest value at
6767.98 IU mg-!, whereas CAT1.1 had the lowest at 684.54 IU mg-' (Muzuni
et al. 2024).

Research on L-asparaginase-producing bacteria from Indonesian marine
environments, such as the Rancabuaya Coast, remains limited. This area
holds potential for discovering enzymes with novel characteristics. Therefore,
this study focused on isolating bacteria from the seawater of Rancabuaya
Coast with L-asparaginase activity that could potentially be used for ALL
treatment.

MATERIALS AND METHODS

Sampling of seawater

A total of 1000 mL of seawater samples were collected from the Rancabuaya
Coast area in West Java, Indonesia. Sampling took place at 08:00 AM, at a
water depth of 30 cm and 5 meters from the shoreline. The samples were col-
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lected along with algae and marine sediment. The seawater had a pH of 7.27
and a salinity of 3.5 %. It contained dissolved organic substances such as car-
bohydrates, amino acids, organic-rich particulates, and chemical elements like
magnesium and bromine, which influence microbial activity (Byrne & Mac-
kenzie 2024). The samples were placed in sterilised bottles and transported in
an icebox during a six-hour journey to the Biotechnology Laboratory at Mu-
hammadiyah University, Bandung, Indonesia.

Isolation and purification of marine bacteria

Isolation of bacteria was carried out by spreading 100 pL of seawater directly
on Zobell Marine Agar (ZMA) in a petri dish using an L-shaped cell spreader
and incubating at 30 °C for 16 hours. Bacterial colonies with different mor-
phologies were then subcultured separately on ZMA medium using the four-
quadrant-streak method and incubating for 16 hours at 30 °C, to obtain pure
cultures. Subculturing was repeated until uniform single colonies were ob-
tained in one petri dish. Single colonies were grown on ZMA slants and
stored at 4°C or maintained and stored in 10 % glycerol at -20 °C.

Characterization of bacteria

The characteristics of the pure bacterial cultures were then determined based
on the standard colony shape: 1) Colony shape: circular, irregular, and puncti-
form (in the form of dots); 2) Margin shape (colony edge shape): entire
(smooth and flat), undulate (wavy), filamentous, rhizoid (branched like roots),
and lobate (grooved edges); 3) Colony elevation: can be seen from the side in
the form of flat, raised, convex, umbonate, plateau, raised, raised spreading
edge, flat raised margin, and growth into; 4) The colour of the colonies
formed can also be determined by colour appearance, such as dull (pale),
shiny, translucent (slightly transparent), and opaque (Lebofte & Pierce 2012).

Screening for bacteria producing L-asparaginase low in glutaminase and
urease

Screening for bacteria producing IL-asparaginase low in glutaminase and ure-
ase was carried out by inoculating purified colonies onto Zobell Marine Agar
(ZMA) with added 5 g L' of amino acids of either asparagine, glutamine or
urea and 0.009 % phenol red, together with E. coli ATCC 8739 as positive
control and distilled water as negative control. The culture was then incubat-
ed at 30 °C for 16 hours. Observation of bacteria producing L-asparaginase
low in glutaminase and urease was carried out visually, by observing the zone
index of each bacterium. Colony diameter and diameter of red zone formed
around each colony was measured using a caliper after 16 hours of incubation.
The phenol red indicator would turn red due to the increase in pH caused by
the appearance of ammonia as a result of the hydrolysis of asparagine by -
asparaginase (Qeshmi et al. 2018). The zone index was calculated as the ratio
of the diameter of the red zone and the colony (Ashok et al. 2019).

Diameter of red zone

Zone Index = —
Diameter of colony

DNA isolation

Bacteria were cultured in 5 mL of Zobell Marine Broth (ZMB) medium with
optimum growth conditions. A total of 1.5 mL of culture was centrifuged at
5000 x g for 10 minutes, the supernatant was discarded, 1.5 mL culture was
added, recentrifuged at 5000 x g for 10 minutes, then the supernatant was dis-
carded. DNA from the pellet was isolated using GeneJET Genomic DNA
Purification Kit (ThermoFisher Scientific) and performed in accordance to the
instruction manual.
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PCR amplification and electrophoresis

The template for the PCR reaction used 1 pL of isolated genomic DNA from
samples, 1 uL of E. coli genomic DNA, and 1 pL of nuclease-free water (as a
negative control). DNA was amplified with DreamTaq master mix with a pair
of primers BactF1(5AGAGTTTTGATC(A/C)TGGCTCAG-3") and UniB1
(5'-GGTTAC(G/C)TTGTTACGACTT-3") to amplify a 1400 bp fragment of
the 16S rRNA gene (Baker et al. 2001; Gaftar et al. 2014). Each tube consisted
of 10 pmol BactF'1 primer, 10 pmol UniB1 primer, 12.5 pL. of DreamTaq mas-
ter mix, 9.5 uL of nuclease-free water, and 1 pL of template DNA, resulting in
a total reaction volume of 25 pL. Amplification was carried out under the fol-
lowing PCR conditions: initial denaturation 95 °C for 2 minutes, followed by
25 cycles consisting of denaturation 95 °C for 1 minute, annealing 50 °C for 1
minute, elongation 72 °C for 1 minute and ending with final elongation 72 °C
for 10 minutes. The amplicons were analysed in agarose gel electrophoresis,
using 1 % agarose gel in TAE bufter. To 5 pL of sample, 1 pL of loading dye
and 1 pL of GelRed were added. Electrophoresis was carried out at a voltage
of 75 mV for 45 minutes. The electrophoresis results were observed using a
UV-transilluminator.

Sequencing 16S rRNA gene and phylogenetic analysis

The PCR products were sequenced at 1st BASE using the Sanger method,
which relies on a DNA synthesis technique that selectively terminates the
synthesis at specific nucleotide bases (Sanger et al. 1977; Lander et al. 2001;
Moorcraft et al. 2015). Data were processed using BioEdit software
(RRID:SCR_007361)  (https://scicrunch.org/resolver/SCR_0073861) and
search for sequence similarity by performing BLAST (https://
blast.ncbi.nlm.nih.gov) (Altschul et al. 1990). Phylogenetic tree analysis using
the neighbor-joining (NJ) method with a 2-parameter Kimura model and
Gamma distribution, implemented in MEGA 11 (Tamura et al. 2021) with a
bootstrap value of 1000x.

Bacterial growth curve

The optimal isolate from the screening, which exhibited high asparaginase
activity and low glutaminase and urease activities, was used as an inoculum to
prepare a starter culture by inoculating 10 mL of Zobell Marine Broth con-
taining 10 g L' asparagine. This culture was incubated at 30 °C with shaking
at 150 rpm for 24 hours. Subsequently, 100 mL of Zobell Marine Broth with
10 g L1 asparagine was inoculated with 1 mL of the starter culture and incu-
bated on a shaker at 30 °C and 150 rpm for 50 hours. Samples (1 mL) were
taken every two hours to measure optical density at 600 nm (Kumar et al.
2010a).

L-asparaginase production

The method for L-asparaginase production was based on (Kumar et al. 2010a)
with modification. A preculture was made by inoculating 10 mL of Zobell
Marine Broth with 10 g L' asparagine, then incubating at 30 °C, 150 rpm
until the logarithmic phase. This preculture was used as a 2 % v v-! inoculum
to 500 mL Zobell Marine Broth with 10 g 1! asparagine, then the culture
was incubated at 30 °C, 150 rpm until the logarithmic phase. After incubation,
the culture was centrifuged at 4000 x g for 15 minutes at 4 °C. The cell-free
supernatant contained crude extracellular L-asparaginase. Meanwhile, the
cell pellet was suspended in sonication buffer (50 mM Tris-Cl and 10 mM
EDTA pH 7.5), transferred to a Falcon tube, and sonicated on ice at 20 MHz,
35 % amplitude, 20 minutes (15 seconds on and 5 seconds off). The lysate was
centrifuged at 20,000 x g for 10 minutes (4 °C). The supernatant contained
intracellular L-asparaginase.
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Partial Purification of the crude extracellular L-asparaginase

Partial purification was based on the method described by (Kumar et al.
2010b) with modification. Crude extracellular L-asparaginase was fractionat-
ed with ammonium sulphate to obtain five fractions with the following per-
cent saturation: 0-20 % (F1), 20-40 % (F2), 40-60 % (F'3), 60-80 % (IF'4) and 80
-100 % (F5) (Scopes 1994). Ammonium sulphate was weighed according to
the desired fraction to obtain the desired concentration, then was added to the
supernatant solution little by little while stirring with a magnetic stirrer at 4
°C for 30 minutes. The mixture was then incubated at 4 °C overnight, centri-
tuged at 3000 x g for 30 minutes. The precipitate obtained was dissolved in 50
mM Tris-Cl pH 8.6. Cellophane membrane dialysis tubings (cutoft’ 12-14
kDa) were soaked in distilled water for 30 minutes at 40 °C, then rinsed with
distilled water. One end of the tubes was tied with a thread. Then the tubes
were filled with ammonium sulphate fractions of L-asparaginase, after which
the other end of the tube was tied with a thread. The dialysis tubes were then
soaked in 0.025 M Tris-Cl bufter pH 8.6 and stirred with a magnetic stirrer at
4 °C. Every two hours the buffer was changed to reduce the concentration of
salt ions in the tubes. The presence of ammonium sulphate was tested with
0.1 M BaCl,. Dialysis was stopped when testing with BaCl, did not result in a
white precipitate of BaSO,. The solution in the dialysis tube which contained
the partially purified intracellular L-asparaginase of Pseudoalteromonas tetrao-
donis RB3 was transferred into a new bottle.

Determination of L-asparaginase activity

L-asparaginase assay was carried out using the Nessler method with modifi-
cations from (Kumar et al. 2010a). Nessler's reagent (KoHgl,) reacted with
ammonia in a basic solution to form a yellow-brown colloidal dispersion. This
reaction produced a yellow-brown solution which followed the Lambert-Beer
law (Vogel 1951). The intensity of the colour in the sample was measured by
absorbance using a UV-Vis spectrophotometer at a wavelength of 420 nm,
which was chosen based on the highest absorbance. This wavelength was
chosen to minimise errors, because the greater the absorbance, the measure-
ment will tend to be constant for repeated measurements (Kresnadipayana &
Lestari 2017). The assay was performed on samples Pseudoalteromonas tetrao-
donis RB3 enzymes, negative control (distilled water), and positive control.
To 100 pL samples, 900 plL substrate L (10 mM asparagine in 50 mM Tris-Cl
pH 8.6) was added. The reaction mixture was incubated at 37 °C for 30 min
and the reaction was stopped by adding 100 pL of 1.5 M trichloroacetic acid
(TCA) solution. The reaction mixture was centrifuged at 10,000 rpm for 5
min at 4 °C. The ammonia released in the supernatant was determined by
taking 100 pL of the supernatant and adding 100 pL of Nessler's reagent and
3.8 mL of distilled water. This mixture was vortexed and incubated at room
temperature for 20 minutes. Then the absorbance of the solution was meas-
ured with a UV-Vis spectrophotometer at the optimum wavelength with a
blank (asparaginase substrate in Tris-Cl + TCA bufter). The ammonium ions
produced was determined based on the linear regression equation of ammoni-
um chloride standard curve. One IU of L-asparaginase was defined as the
amount of enzyme required to generate 1 umol of ammonia per minute at the
experimental conditions. The enzyme activity was calculated using the fol-
lowing formula:

(v—b) V total 1 1
Enzyme ACtiVity (IU mL_1> = a X V analysis V enzyme X T incubation
where:
y : Absorbance
a : Slope
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b : Intercept

V. Total : Volume of enzyme + substrat + buffer + TCA
V. Analysis : Analyzed volume

V. Enzyme : Volume of enzyme

T. Incubation : Incubation time

Determination of protein concentration

Protein concentrations of standard solutions, crude extracellular, partial puri-
fied, intracellular L-asparaginase of Pseudoalteromonas tetraodonis RB3, and
positive control (E. coli ATCC 8739) were measured by the Lowry method.
The blank consisted of 50 mM Tris-Cl buffer. Lowry B reagent (2 mL) was
added to 0.25 mL samples, then the mixture was homogenised and incubated
for 10 minutes. Then 0.25 mL Lowry A reagent was added and incubated at
room temperature for 20 minutes. The absorbance of the solution was meas-
ured using a UV-Vis spectrophotometer at the optimum wavelength relative
to the blank solution (Lowry et al. 1951; Waterborg 2009). Protein concen-
tration was determined based on the linear regression equation of the Bovine
Serum Albumin (BSA) standard curve, using the following formula:

Protein concentration (mg mL1) = %
y : Absorbance of sample
a : Slope of the linear regression equation of the BSA standard
b : Intercept of the linear regression equation of the BSA standard

Analysis of L-asparaginase enzyme by SDS-PAGE

Proteins in the enzyme solutions were separated by SDS-PAGE on 12 %
acrylamide gel and stained with Coomassie Brilliant Blue stain (Sambrook et
al. 1989). Samples were prepared by adding 5 pL. sample buffer (60 mM Tris-
Cl pH 6.8, 25 % glycerol (v v-1), 2 % SDS (w v-1), 0.1% (w v-!) bromophenol
blue) to 10 pL sample, heated in a waterbath at 95 °C for 15 minutes, centri-
tuged at 10,000 x g, 4 °C, for 2 minutes. Samples (15 pL) and protein molecu-
lar weight markers were placed inside the wells of the gel. Electrophoresis
was performed at 100 volts for 100 minutes. After that, staining was carried
out using a staining solution for 30 minutes, and color removal was carried
out using a destaining solution for 60 minutes. Protein bands would appear
and the molecular mass was calculated using GelAnalyzer 23.1.1 (Lazar Jr. et
al. 2023).

RESULTS AND DISCUSSION

Isolates of bacteria from sea water at Rancabuaya Coast

From the resulting colonies, four colonies were taken that had differences in
shape, margin, elevation, and colour (Table 1). These four bacterial colonies
were subcultured and puritfied, and were named RB1, RB2, RB3 and RB4.

L-asparaginase producing bacteria low in glutaminase and urease

The bacterial isolates were screened using a semi-quantitative rapid plate test
method by means of direct visualization (Figure 1). Enzyme activity could be
measured by calculating the zone index (Ashok et al. 2019; Chakraborty &
Shivakumar 2021). Rancabuaya Coast seawater bacteria had higher L aspara-
ginase activities compared to the positive control. Isolate RB3 had the highest
L-asparaginase activity as indicated by a zone index value of 2.5 (Table 2).

Molecular identification of RB3

Molecular identification was carried out on RB3 which had the highest L-
asparaginase activity. Amplification of the 16S rRNA gene from the genomic
DNA of RB3 resulted in a 1.5 kb fragment (Figure 2).
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Table 1. Colony Morphology of Rancabuaya Coast Seawater Bacterial Isolates.

No. Bacterial Isolate Colony shape Colony Margin Colony Elevation Colony color
1. RB1 Undulate Entire Convex white
2. RB2 Circular Irregular Convex white
3. RBs Circular Entire Convex white
4. RB4 Undulate Irregular Convex white

Table 2. Screening for bacteria producing L-asparaginase low in glutaminase and
urease on ZMA medium given different substrates (L-asparagine, glutamine and
urea).

Bacterial Isolates af]\;[i +1 r{j_ ZMA + glutamin S
Pp}zeno% red + Phenol red Phenol red

R- 1.0 1.0 1.0

o L7 1.3 1.7
RB1 1.7 1.7 920
RB2 1.7 0.8 1.7
i 25 1.3 2.2
RB4 1.7 0.8 1.7

(a) ZMA + Asparagine (b) ZMA + Glutamine (¢) ZMA + Urea

Figure 1. Screening for bacteria producing L-asparaginase low in glutami-
nase and urease.

Sequencing and phylogenetics
Sequencing of the 16S rRNA gene of RB3 produced a DNA sequence with a
length of 1491 bp. BLAST (Basic Local Alignment Search Tools) analysis of
the sequence was carried out online on the NCBI website (http://
www.ncbi.nlm.nih.gov) to obtain a list of sequences and information on se-
quence alignments of RB3 16S rRNA gene with sequences in the data bank
(Table 3).

Pseudoalteromonas tetraodonis GFC strain KMM 458 (NR_114547.1) had
a maximum Score of 2577, total score of 2577, query coverage of 98 %, E val-
ue equals 0.0 and homology of 99.51 %. Isolates with a 16S rRNA sequence
identity of more than 97 % would represent the same species. Meanwhile, se-
quence identities between 93-97 % would represent the same genus, but dif-
terent species. A 16S rRNA sequence similarity of 97 % has been proposed as
delimiter for bacterial species (Hagstrom et al. 2002). To state species similar-
ity, 16S rRNA gene sequences must have at least 97 % nucleotide base simi-
larity (Stackebrandt & Goebel 1994).
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Amplicon of 16S IRNA
gene from genomic
DNA of RB3

1.5kb

Figure 2. Electropherogram of the 16S rRNA gene amplicon from RB3.

Eight sequences were used for the construction of a phylogenetic tree
for RB3 and the resulting phylogenetic tree (Figure 3) showed that the RB3
had the closest relationship to Pseudoalteromonas tetraodonis GFC strain KMM
458 with a boostrap value of 100. A bootstrap value between 70-100 indicated
that the branches were robust and difficult to change. However, if the boot-
strap value was less than 70, then the possibility of branching changes being
tormed would be very high (Apollos et al. 2017). Since RB3 sequence has a
high identitity with all of the Pseudoalteromonas tetraodonis species (>99.29 %),
RB3 is now named Pseudoalteromonas tetraodonis RB3.

Pseudoalteromonas tetraodonis, classified as gram-negative bacteria, are
aerobic and have the form of bacilli (rods) measuring 1.0 um 2.4 um. General-
ly, these bacteria are halophilic organisms, namely bacteria that can grow op-
timally in environments with high salt concentrations and can move using
tflagella. Halophilic bacteria can be divided into three groups based on their

Table 3. Bacterial strains with the highest 16S rRNA partial sequence homology with RB3 16S rRNA gene.

. Max Total uer E Acc. .

Species Score Score %oveif Value Homology Len Accession
Pseudoalteromonas tetraodonis 2577 2577 98 % 0.0 99.51 % 1491 NR_11457.1
GFC strain KMM 458
Pseudoalteromonas tetraodonis 2573 2573 98 % 0.0 99.44 % 1459 NR_114187.1
GFC strain NBRC 103034
Pseudoalteromonas tetraodontis 2545 2545 98 % 0.0 99.29 % 1428 NR_119142.1
GFC strain IAM 14160
Pseudoalteromonas spiralis strain 2510 2510 98 % 0.0 98.73 % 1468 NR_114801.1
Te-2-2
Pseudoalteromonas carrageenovora 2507 2507 98 % 0.0 98.59 % 1461 NR _113605.1
strain NBRC 12985
Pseudoalteromonas distincta strain 2507 2507 98 % 0.0 98.59 % 1506 NR_025654.1
KMM 3548
Pseudoalteromonas agarivarons 2501 2501 98 % 0.0 98.52 % 1505 NR_025509.1
DSM 14585
Pseudoalteromonas atlantica 2497 2497 98 % 0.0 98.38 % 1461 NR_114186.1
strain NBRC 103033
Pseudoalteromonas espejrana 2497 2497 98 % 0.0 98.45 % 1461  NR_114049.1

strain NBRC 102222
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ability to live, namely low halophilic (slight halophiles) grow optimally in the
range of 2-5 % NaCl content, moderate halophiles in the range of 5-20 %
NaCl content, and extreme halophilic (extreme halophiles) range of 20-30 %
NaCl content. P. fetraodonis grows between 4-35 °C. This bacterium was ca-
pable of producing tetrodotoxin, gelatinase and lipase enzymes (Simidu et al.
1990; Ivanova et al. 2001; Hassanshahian & Jatar 2011). Halotolerant micro-
organisms grow both at high concentration of salt and without salt, while
halophilic microorganisms are salt-loving microorganisms (Kanekar &
Ranekar 2022). The type strain P. fetraodonis GFC can grow in 2-10 % NaCl
and cannot grow in 0 % NaCl (Reimer et al. 2022; BacDive 2024). Therefore,
it is halophilic, not halotolerant. Pseudoalteromonas had been characterized and
identified as L-asparaginase producing bacteria, such as Pseudoalteromonas
arabiensis that produced L-asparaginase from marine sources (Lakshmi et al.
2020).

NR 114547 1:36-1452 Pseudoalteromonas tetraodonis GFC strain KMM 458 16S ribosomal RNA partial sequence
100

30 RB3
8 L NR 178270.1:25-1443 Pseudoalteromonas fuliginea strain KMM 216 16S ribosomal RNA partial sequence
as NR 151996.1:1-1418 Pseudoateromonas neustonica strain PAMC 28425 16S ribosomal RNA partial sequence
NR 149821.1:41-1462 Pseudoalteromonas amylolytica strain JW1 16S ribosomal RNA partial sequence
NR 113220.1:40-1463 Pseudoalteromonas arabiensis strain k53 16S nbosomal RNA partial sequence
NR 149790.1:3-1430 Pseudoateromonas fenneropenaei strain rzy34 16S ribosomal RNA partial sequence
NR 173680.1:46-1469 Flocculbacter collagenilyticus strain SM1988 165 ribosomal RNA partial sequence

9
L NR 157655.1:22-1445 Thalassotalea crassostreae strain LPB0090 16S ribosomal RNA partial sequence

Figure 3. Phylogenetic tree based on 16S rRNA gene sequence of RB3 using the
neighbour-joining method, 2-parameter Kimura model and Gamma distribution with
a boostrap value of 1000 replicates.

P. tetraodonis belonged to the phylum Proteobacteria, where several spe-
cies from this phylum have been tested to produce I-asparaginase. Pseudomo-
nas aeruginosa was obtained from fish intestines, belonging to the phylum Prote-
obacteria, which produced L-asparaginase (Qeshmi et al. 2022). Bacillus lichen-
tformis of the Proteobacteria phylum was isolated from the Red Sea, Saudi
Arabia which was reported to produce L-asparaginase (Alrumman et al.
2019). Pseudomonas stutzert ATCC 17588(T) from the phylum Proteobacteria,
could produce glutaminase-free L-asparaginase, was isolated from Indonesian
medicinal plants (Sulistiyani & Kusumawati 2019). Four strains of bacteria
belonging to Gammaproteobacter, a subdivision of the Proteobacteria phy-
lum, namely Pseudomonas sp., Bacillus sp., Zobellella sp. and Oceanimonas sp.
which could produce L-asparaginase were obtained from the Persian Gulf
(Qeshmi et al. 2014).

Growth curve

The growth of Pseudoalteromonas tetraodonis RB3 that was isolated from
Rancabuaya Coast is characterised by an increase in density or turbidity in
the ZMB medium according to (Kumar et al. 2010a). Determining the culture
time used to measure enzyme activity was based on the growth curve
(Kurniawati et al. 2019). Figure 4 shows the growth curve of Pseudoalter-
omonas tetraodonis RB3. The growth curve of Pseudoalteromonas tetraodonis
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RB3 was needed to determine the right time to produce L-asparaginase, be-
cause from the growth curve, there is a bacterial logarithmic phase that ac-
tively produces primary metabolites such as enzymes (Alrumman et al. 2019).
From two to eighteen hours, the exponential phase occured which was char-
acterised by significant bacterial cell growth. Logarithmic phase of Pseudoalt-
eromonas tetraodonis RB3 begins to end at hour 18. In this phase, the cells me-
tabolism was constant and growth was quite balanced. The logarithmic phase
was the best time to use the cells, because the bacteria had an optimal growth
rate so they could be used as inoculum in a treatment (Wijanarka et al. 2016;
Mahjani & Dwi 2020).

In addition, because in the logarithmic phase there was an increase in
the number of bacterial cells, this would increase the synthesis of enzymes for
metabolic processes in cells (Saropah et al. 2012). Metabolite began to form
when they entered the middle of the exponential phase and decreased in pro-
duction in the stationary phase (Judoamidjojo et al. 1990; Ruiz et al. 2010; Hi-
dayatulloh et al. 2019). The samples used for testing enzyme activity were
crude extract samples of enzymes produced during the logarithmic phase,
where during this phase bacteria produced primary metabolites in the form of
enzymes (Kurniawati et al. 2019).

From the explanation above, it showed that primary metabolite com-
pounds were produced optimally in the logarithmic phase. Therefore, L-
asparaginase activity of the Pseudoalteromonas tetraodonis RB3 culture was
tested at 18t hour, just before the end of the logarithmic phase and before
entering the stationary phase.

3.000

2,500 \

2.000

Absorbance (A)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3B 40 42 44 46 48 50 52 54
Time (t)

Figure 4. Growth curve of Pseudoalteromonas tetraodonis RBS. Arrow showed growth
at the 18" hour where L-asparaginase activity was tested.

The stationary phase of Pseudoalteromonas tetraodonis RB3 occurred from
the 20t hour to the 44t hour. Several factors could cause the number of liv-
ing cells to remain constant and form a straight or constant line in the sta-
tionary phase of the growth curve. In this phase, there was a state of balance
between the rate of cell growth (cell division) and the rate of cell death, which
meant that the number of living cells was the same as the number of dead
cells (Mardalena 2016). The availability of growth nutrients in the medium
had been depleted and the population had limited space to grow, called the
'biological space'. Another factor could be the accumulation of metabolic end
products which may be toxic to the growth of the bacteria themselves
(Umniyati et al. 2009; Kusumaningati et al. 2013). From the 46" hour to 50t
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hour, the death phase occured, which was characterised by a decrease in the
number of bacteria due to a depletion of nutrients in the medium (Risna et al.
2022). In addition, the products of microbial metabolism themselves may be
toxic, so they could cause cell death (Suharyono et al. 2012).

Production of crude extract of L-asparaginase

Production of L-asparaginase from Pseudoalteromonas tetraodonis RB3 was car-
ried at 18 hours of culture with an OD of 2.3, namely near the end of the loga-
rithmic phase (Figure 4). Isolation of the E. coli enzyme as a positive control
was also carried out near the end of the logarithmic phase of the culture,
namely at 16 hours. This had the largest population, so it was hoped that
maximum enzyme activity would be obtained (Gunawan 2017; Ratnadewi et
al. 2017).

Table 4 showed that the crude extracellular and intracellular L-
asparaginase activities were different between positive control and Pseudoalt-
eromonas tetraodonis RB3. The crude extracellular and intracellular L-
asparaginase activities from Pseudoalteromonas tetraodonis RB3 were 28.34- U
mL-! and 2546 U mlL-!, while crude extracellular and intracellular L-
asparaginase activity of positive control were 25.92 U mL-!' and 24.20 U mL~!
respectively. These results showed that crude extracellular and intracellular
L-asparaginase from Pseudoalteromonas tetraodonis RB3 had a higher activity
value compared to positive control.

Table 4. Crude extracellular and intracellular L-asparaginase activity.

Enzyme Volume Total
Source Sample Activity (mL) Actiyity
(U mL™) (Units)
Pseudoalteromonas Crude 28.34 500 1.417 X 10*
tetraodonis RB3 Extracellular
Intracellular 25.46 6 1.528 X 102
Positive control Crude 25.92 500 1.296 X 10*
Extracellular
Intracellular 24.20 6 1.452 X 102

Several gram-negative bacteria that produced extracellular L-
asparaginase were from the Pseudomonas genus, including Pseudomonas ovalis
IAM 1153 which had activity of 16 U mlL-!, Pseudomonas fluorescens had activi-
ty of 20 U ml-!, and Pseudomonas dacunhae 1AM 1668 which had an L-
asparaginase activity of 33 U mL-! (Arima et al. 1972).

In Figure 5, the L-asparaginase activities of Pseudoalteromonas tetrao-
donis RB3 amonium sulphate fraction was difterent in each fraction. The ac-
tivities increased from saturation level of 0-20 % (F'1), 20-40 % (F'2), to up to
40-60 % (F3), then decreased again from saturation level 60-80 % (F4) to 80-
100 % (F5). The highest L-asparaginase enzyme activity was at a saturation
level of 40-60 % (F'38), namely 27.75 U mL".

In contrast in positive control, the L-asparaginase activity of ammonium
sulphate fractions increased from saturation level of 0-20 % (IF'1) to 60-80 %
(F4), then decreased at 80-100 % saturation (F5). So, the highest L-
asparaginase activity was highest at saturation level of 60-80 % (F'4), namely
9.514 U ml-'. The L-asparaginase activity in the '8 fraction of Pseudoalter-
omonas tetraodonis RB3 was greater than the F4 fraction of E. col.

The protein content of each enzyme solution was measured using the
Lowry method. The absorbance was measured 655 nm, which was chosen
based on the highest absorbance. Figure 6 showed that the specific activity of
the L-asparaginase in each sample was different. Fractions with large activi-
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ties did not necessarily have large specific activities, nor do enzyme fractions
with small protein concentrations necessarily had large specific activities. Be-
cause specific activities were determined by comparison of activity to protein
levels (Arpintasari et al. 2008).

Crude extracellular and intracellular enzymes obtained from centrifuga-
tion still contained many impurities. The crude extracellular enzyme of Pseu-
doalteromonas tetraodonis RB3 had a specific activity of 72.30 U mg-!, while the
intracellular enzyme had a specific activity of 67.18 U mg-!. Likewise, in the
positive control, namely the E. coli crude extracellular enzyme had a specific
activity of 97.80 U mg-!, which was greater than the intracellular enzyme spe-
cific activity of 90.97 U mg-'. E. coli still had higher specific activities for the
L-asparaginase compared to Pseudoalteromonas tetraodonis RB3.

35
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284 1 55 .
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Figure 5. L-asparaginase activity in the ammonium sulphate fractions.
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Figure 6. Specific activity of L-asparaginase.

The specific activities of L-asparaginase from each Pseudoalteromonas
tetraodonis RB3 fractions were different and increased from ammonium sul-
phate saturation levels of 0-20 % (F'1), 20-40 % (IF2), to 40-60 % (F'3) then de-
creased again on saturation levels of 60-80 % (IF4) to 80-100 % (F'5). The spe-
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cific activity value of the Pseudoalteromonas tetraodonis RB3 L-asparaginase
enzyme was highest at a saturation level of 40-60 % (I'3), namely 136.03 U
mg-'. There was a fold purification of 1.9-fold in fraction 3. However, the
specific activity between I8 and F4 was not much different, the specific activi-
ty of 4 being 123.19 U mg-'. This meant that to decrease loss of enzyme,
fractionation could be performed at 40-80 % saturation in the enzyme purifi-
cation process and a higher fold purification could be expected to be achieved.

In contrast, the specific activities of the L-asparaginase E. coli ammoni-
um sulphate fractions decreased from saturation level of 0-20 % (F'1) to 20-40
% (F2), then increased from 40-60 % (F3) to 60-80 % (I'4) then decreased
again at saturation level 80-100 % (F5). So, the highest specific activity of L.
coli L-asparaginase was at a saturation level of 60-80 % (I'4), namely 135.91 U
mg-'. The fold purification in F4 was 1.4-fold. When comparing the highest L
-asparaginase specific activity of the fractions between Pseudoalteromonas
tetraodonis RB3 and E. coli, the Pseudoalteromonas tetraodonis RB3 had a higher
L-asparaginase specific activity compared to E. coli. The L-asparaginase of
Pseudoalteromonas tetraodonis RB3 samples was mostly found in F3 and the L-
asparaginase of E. coli samples was mostly found in F4.

The difterence in the level of ammonium sulphate saturation required to
achieve the highest L-asparaginase enzyme activity in Pseudoalteromonas
tetraodonis RB3 samples (in F3) and E. coli (in F4) could be caused by several
tactors such as species differences between Pseudoalteromonas tetraodonis RB3
with E. coli. Each species has unique genetic characteristics, including for cer-
tain enzymes such as L-asparaginase. These differences could affect the ex-
pression, structure, and stability of the enzyme, as well as its interactions
with the ammonium sulphate ions. When the amino acid composition of the
same enzyme from diftferent species was different, it could affect the interac-
tion with ammonium sulphate ions, the stability of the enzyme in ammonium
sulphate solutions, as well as affecting the isoelectric point. The isoelectric
point of a protein depended on the composition of amino acids in the polypep-
tide chain. Each amino acid has a different isoelectric point due to the difter-
ences in their functional groups, such as hydrophobic and ionic groups. The
interaction between these groups and the ammonium sulphate ion influences
the ability of the enzyme to precipitate at different levels of saturation (Scopes
1994).

Hydrophobic interactions between protein molecules in a high ionic at-
mosphere will cause protein precipitation, which is called salting out (Duong-
Ly & Gabelli 2014). Proteins with high hydrophobicity will precipitate first,
while proteins with polar residues will dissolve even at high salt concentra-
tions. The isoelectric point is the pH of the solution at which the net charge of
the protein becomes zero and at this isoelectric point the solubility of the pro-
tein decreases and the protein will eventually precipitate and clump. Thus,
the difference in the level of saturation of ammonium sulphate to precipitate
the L-asparaginase enzyme between Pseudoalteromonas tetraodonis RB3 and E.
coli could be due to the factors above which were influenced by the enzyme
properties of each species. Table 5 showed the enzyme activity and specific
enzyme activity of crude extracellular, I3 (40-60 %), and intracellular enzyme
trom Pseudoalteromonas tetraodonis RB3 and positive control respectively.

SDS PAGE

In Figure 7, it could be seen that the SDS-PAGE results of E. colz fraction 4
(F4) there was a 35 kDa and 45 kDa band, and in the intracellular enzymes of
E. coli the thickest band was at 35 kDa and in the 60-70 kDa range. Based on
the literature, the molecular mass of E. coli L-asparaginase was 35 kDa
(Dantas et al. 2019). '3 contained bands with sizes around 85 kDa, 45 kDa
and 90 kDa. Meanwhile, in the intracellular enzyme of Pseudoalteromonas
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tetraodonis RB3 (sample) protein bands appeared from 15 kDa to > 250 kDa.
There were still many protein bands that appeared because the intracellular
samples did not undergo any purification process. However, the thickest
bands were at 35 kDa and 50 kDa. Most type II L-asparaginases from meso-
philic sources were tetramers of identical subunits with molecular masses in
the range 140-160 kDa or 35-40 kDa per subunit, and marine bacterial L-
asparaginases were mostly in the range of 25-41.1 kDa (Qeshmi et al. 2018).
The 35 kDa was suspected to be the L-asparaginase protein.

Table 5. Enzyme activity and specific enzyme activity of Pseudoalteromonas tetrao-

donis RBS.
Enzyme .
Source Sample Activity ilc) teicvlif;lc &t}lzmg
(U mL") yi-ms
P. tetraodonis RB3 Crude Extracellular 28.84 72.80
F38 (40-60 %) 27.75 136.03
Intracellular 25.46 67.18
Positive control Crude Extracellular 25.92 97.80
F4 (60-80 %) 9.51 135.91
Intracellular 24.20 90.97
E.coli E.coli Sample Sample
(Intracell)  (F4) (Intracell)  (F3) M
poli. | 250 kDa
150 kDa
100 kDa
S 75 kDa
-
- . 50 kDa
35 kDa - 37 kDa
p — - -
25 kDa
20 kDa
15 kDa
e 10 kDa

Figure 7. Electropherogram of intracellular and fractionation result of Pseudoalter-
omonas tetraodonis RB3 and E. coli as positive control.

CONCLUSION

Bacteria producing L-asparaginase with low glutaminase and urease activity
had been isolated from seawater on the Rancabuaya Coast Indonesia. There
were four different colonies named RB1, RB2, RB3 and RB4. RB3 colonies
had the highest L-asparaginase activity with a zone index of 2.5 on ZMA+L-
asparagine, zone index of 1.3 on ZMA+glutamine, and zone index of 2.2 on
ZMA+urea. Based on the 16S rRNA gene sequence, RB3 was identified to
have the closest phylogenetic relationship to Pseudoalteromonas tetraodonis
GFC strain KMM 458, with a 16S rRNA gene homology of 99.51 % and
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boostrap of 100. Enzyme specific activity of crude extracellular and intracel-
lular enzyme were 72.30 U mg' and 67.18 U mg-! respectively, while the
highest enzyme specific activity from ammonium sulphate fractionation was
found at 40-60% saturation (F'8), which was 136.03 U mg-'. SDS-PAGE of the
enzyme solutions showed the presence of a 35 kDa band suspected to be the L
-asparaginase protein.
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