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Abstract. Karim H, Azis A, Ramadani A, Pine ATD, Anita, Ahmad A, Mukriani, Massi MN, Permana AD. 2024. Characterization and 

potential of L-glutaminase enzyme from symbiotic red algae Eucheuma spinosum as antibacterial, anticancer, and antiviral dengue 

agents by in vitro. Biodiversitas 25: 4939-4949. Cancer is a disease caused by the abnormal growth of body tissue cells. A new approach 

in cancer treatment through targeted therapy is using microbial enzymes. One enzyme that has potential for future cancer therapy is L-
glutaminase. On the other hand, dengue fever is endemic in Indonesia, necessitating maximum and sustained efforts to address the 

dengue problem, including infection and cancer. Indonesia is an archipelagic nation, with two-thirds of its territory comprising seas, and 

boasts many diverse marine biota and macroalgae. One cultivated variety of marine algae is the red algae Eucheuma sp.. This study 

aimed to isolate the L-glutaminase enzyme produced by symbiotic Cobetia marina from red algae Eucheuma spinosum. The optimum 
activity of the L-glutaminase enzyme was found at pH 8 and 37°C. It was activated by metal ions Mg2+, Co2+, and Mn2+. The 

antibacterial activity test revealed that L-glutaminase at a concentration of 5 mg/L exhibited inhibitory effects on pathogenic bacteria, 

such as Escherichia coli and Staphylococcus aureus. Furthermore, the cytotoxic test demonstrated the most substantial impact in the F1 

fraction at a concentration of 160 µg/mL, with a percent inhibition value of 25.65% and an IC50 value of 64.26 µg/mL on MCF-7 cells. 
The anti-dengue activity of L-glutaminase in crude extract toward Vero cells indicates inhibition percentage and CC50 value of 78% and 

167.15 μg/mL, respectively. These findings suggest that the L-glutaminase enzyme fractions from symbiotic C. marina hold promise for 

antibacterial and anticancer uses and antiviral activity against dengue. 

Keywords: Cobetia marina, L-glutaminase, red algae, symbiotic bacteria  

Abbreviations: BHIB: Brain Hearth Broth; BSA: Bovine Serum Albumin; CC50: Cytotoxic Concentration 50%; DENV: Dengue Virus; 

ELISA: Enzyme-Linked Immunosorbent Assay; EMEM: Eagle's Minimum Essential Medium; IC50: Inhibition Concentration 50%; 
MCF-7: Michigan Cancer Foundation-7; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; WHO: World Health 
Organization; TCA: Tri Chloro Acetate; OD: Optical Density  

INTRODUCTION  

Marine ecosystems represent a vast, largely unexplored 

frontier of scientific potential, harboring an extraordinary 

diversity of microorganisms and macroalgae with remarkable 

pharmaceutical prospects. These marine organisms, 

covering approximately 71% of Earth's surface, produce 

unique bioactive compounds demonstrating promising 

therapeutic characteristics, including anticancer, antimicrobial, 

anti-inflammatory, and antioxidant properties (Ghosh et al. 

2022). The growing inclination towards reconnecting with 

nature has sparked public interest in the vast natural 

resources of Indonesia, particularly its marine biota (Ferrol-

Schulte et al. 2014; Rahman et al. 2024). Among the 

diverse marine biota, macroalgae is an up-and-coming 

resource (Biris-Dorhoi et al. 2020; Daniotti and Re 2021) 

with red algae Eucheuma sp. being a key cultivated variety 

in Indonesia (Rimmer et al. 2021; Wijayanto et al. 2021; 

Van et al. 2022). Among the Eucheuma species, Eucheuma 
spinosum J.Agardh has shown potential as an antibacterial 

agent (Safitri et al. 2018; Akbar et al. 2022; Damongilala et 

al. 2023). Whole extracts from Eucheuma cottonii Weber 

Bosse have been reported for enhanced antibacterial 

activity (Astriani and Nurjanah 2023), significant antioxidant 

effects (Lim et al. 2015; Wulandari et al. 2018; Teo et al. 
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2021), and promising anticancer potential (Tan et al. 2015; 

Purbosari et al. 2021; Sugrani 2021).  

The red algae Sargassum vulgare C.Agardh has been 

further investigated for its antiviral potential, particularly in 

dengue research (Liu et al. 2021; El-Beltagi et al. 2022). 

Cancer remains a critical health challenge in Indonesia, 

with 396,914 cases and an annual death rate of 234,511 

cases (Sung et al. 2021; Andinata et al. 2023; Prihantono et 

al. 2023), prompting innovative approaches in targeted 

therapy using microbial enzymes like L-glutaminase to 

disrupt cancer cell nutrient availability (Yang et al. 2021; 

Gomaa 2022). Simultaneously, dengue remains a significant 
health concern, with approximately 390 million infections 

annually, of which 96 million manifest clinically (WHO 

2023; Ilic and Ilic 2024). The disease has expanded from 

nine countries before 1970 to being endemic in over 100 

countries (Sim and Hibberd 2016; Nakase et al. 2023), with 

Indonesia being a particularly affected region and the 

number of dengue cases dramatically increasing from 2.4 

million in 2015 to 4.5 million in 2022, underscoring the 

urgent need for comprehensive management strategy 

(WHO 2023; Clark et al. 2024). 

Building upon these promising findings, emerging 

research suggests that the pharmaceutical potential of 

Indonesian marine ecosystems extends far beyond current 

applications (Atanasov et al. 2021; Zhivkoplias et al. 2024). 

Advanced biotechnological techniques enable researchers 

to isolate novel bioactive compounds with unprecedented 

precision, opening new frontiers in drug discovery 

(Teixeira et al. 2020; Ahmad et al. 2024). Interdisciplinary 
collaborations between marine biologists, pharmacologists, 

and biotechnologists are crucial in translating scientific 

discoveries into viable therapeutic interventions for complex 

diseases like cancer and infectious disorders (Hemmerling 

and Piel 2022; Dong et al. 2024). Indonesian government 

supports comprehensive marine biotechnology programs 

that align with global efforts to leverage marine ecosystems 

for human health and environmental conservation (Zhong 

et al. 2021; Min and Ho 2022; Kaur et al. 2023; Liu et al. 

2024).  

The L-glutaminase enzyme emerges as a promising 

therapeutic agent in cancer research, with recent studies 

highlighting its potential to disrupt nutrient metabolism in 

malignant cells selectively (Vijayan et al. 2017; Cyriac and 

Lee 2024). This microbial enzyme demonstrates a unique 

mechanism of action by targeting glutamine, a critical 

amino acid essential for cancer cell proliferation and survival 
(Dhankhar et al. 2020; Vachher et al. 2021). Advanced 

molecular studies have revealed that L-glutaminase can 

effectively inhibit glutamine utilization, essentially starving 

cancer cells of their primary metabolic fuel without 

significantly impacting normal cellular functions (Edwards 

et al. 2021; Jin et al. 2023; Wang et al. 2024). Researchers 

are particularly excited about its potential for developing 

targeted therapeutic strategies, especially for aggressive 

cancer types demonstrating high glutamine dependency, 

such as pancreatic, lung, and certain lymphoma subtypes 

(Jin et al. 2023; Leng et al. 2024). The enzyme's specificity 

and minimal side effects compared to traditional 

chemotherapy make it a compelling candidate for future 

cancer treatment protocols, with ongoing clinical research 

focusing on optimizing its delivery mechanisms and 

therapeutic efficacy (Anand et al. 2023; Raghani et al. 

2024). 

The exploration of L-glutaminase from symbiotic 

microorganisms associated with E. spinosum represents a 

sustainable approach to enzyme production while potentially 

offering unique properties due to the marine origin of these 

symbionts. Understanding this enzyme's characterization 

and biological activities through in vitro studies is crucial 

for developing new therapeutic strategies against bacterial 

infections, cancer, and viral diseases like dengue fever. 

MATERIALS AND METHODS  

Materials 
The materials used were isolates of symbiont bacteria 

from the red algae Eucheuma spinosum, Artemia salina L. 

shrimp larvae, pure cultures of Escherichia coli and 

Staphylococcus aureus bacteria, MCF-7 breast cancer cells, 

Vero cells, DENV-2 virus were obtained from Biochemistry 

laboratory, Hasanuddin University collection. Nutrient agar 

media, Mueller-Hinton agar media, Bovine Serum Albumin 

(BSA), Brain Hearth Broth (BHIB), L-glutamine substrate, 

beef extract, 2-Amino-2-(hydroxymethyl)propane-1,3-diol 

((HOCH2)3CNH2), Sodium Chloride (NaCl), 2-

Sulfanylethan-1-ol/β-mercaptoethanol (HOCH2CH2SH), 2-

[4-(2,4,4-trimethylpentan-2-yl)phenoxy]ethanol/Triton X-

100 (C14H22O(C2H4O)n, Reagent Folin-Ciocâlteu, Universal 

pH Indicator, blank disc paper (6 mm), Sodium carbonate 

(Na2CO3), Sodium Hydroxide (NaOH), Copper (II) sulfate 

pentahydrate (CuSO4.5H2O), Sodium potassium L(+)-
tartrate tetrahydrate (C4H4KNaO6), Ammonium Sulfate 

(NH4)2SO4, Ammonium chloride (NH4Cl), Nessler reagent, 

Trichloroacetate acid (TCA), Barium chloride dihydrate 

(BaCl2.2H2O), Dipotassium phosphat (K2HPO4), Sulfuric 

acid (H2SO4), Calcium sulfate (CaSO4), Zinc sulfate (ZnSO4), 

Magnesium sulfate (MgSO4), Potassium Chloride (KCl), 

Cupric (II) sulfate (CuSO4), Cobalt (II) sulfate (CoSO4), 

Manganese (II) sulfate (MnSO4) were obtained from Merck. 

Rejuvenation of symbiotic bacterial isolate 
The rejuvenation of the E. spinosum symbiont bacterial 

isolate was obtained from the Biochemistry laboratory at 

Hasanuddin University. The collection was conducted by 

transferring 1 dose of the symbiont bacterial isolate into a 

specific media using the scratch method. The media 

containing the bacteria were then incubated at 37℃ for 24 

hours (Ramadan et al. 2019; Mukriani et al. 2020; Mostafa 

et al. 2021). 

Determination of the optimal growth time of symbiotic 

bacteria  
Optimization of the growth of the red alga symbiont 

bacterial isolate E. spinosum was carried out by taking 2-3 

loops of isolates from 24-hour old culture stock and placing 

them in sterile inoculum media, with a concentration of 

0.5% L-glutamine. Then incubated in an incubator shaker. 

Next, 10% of the active inoculum was put into an Erlenmeyer 
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containing specific media and was then shaken in an 

incubator shaker at a speed of 180 rpm, a temperature of 

37℃ for 82 hours, and sampling was carried out every 6 

hours to determine bacterial growth by measuring the 

optical density at a wavelength of 660 nm. Then, centrifuged 

at 5000 rpm, 4°C for 30 minutes, was determined for 

protein content using a UV-Vis spectrophotometer at a 

wavelength of 660 nm (Orabi et al. 2020). 

L-glutaminase production from symbiotic bacteria 
Following the rejuvenation, bacterial isolates (2-3 

doses) were transferred into an Erlenmeyer and were then 

shaken in an incubator shaker for 24 hours at a speed of 

180 rpm and a temperature of 37℃. The resulting symbiont 

bacterial culture was inoculated into a production medium 

totaling 1000 mL. This culture was shaken in a shaker at 

150 rpm for the optimum production time at 37℃. 

Subsequently, the production medium was separated by 

centrifugation to distinguish the filtrate and cells. The 
resulting filtrate is a crude extract of enzymes that will be 

processed further (Simay et al. 2022). 

Purification of L-glutaminase enzyme from symbiotic 

bacteria  
Purification of L-glutaminase enzyme by fractionation 

using ammonium sulfate at saturation thresholds of 0-40% 
(F1), 40-60% (F2), and 60-80% (F3). Subsequently, followed 

by an overnight incubation at 4℃. The resultant precipitate 

was separated through centrifugation at 10,000 rpm, 4℃ 

for 30 minutes. The precipitate obtained is then dissolved 

in buffer B and dialyzed using a specific amount of buffer 

C. Dialysis continues until the buffer solution no longer 

forms a precipitate upon adding BaCl2. The evaluation of 

this fraction is based on the protein content and activity of 

the L-glutaminase enzyme (Sathish et al. 2018; Mostafa et 

al. 2021). 

L-glutaminase enzyme activity in Eucheuma spinosum 

symbiotic bacteria 
Determination of L-glutaminase enzyme activity 

Enzyme activity was assessed using the Nessler method. 

First made standard series of NH4Cl, concentrations of 

0.02, 0.04, 0.06, 0.08, 0.1, and 0.12 mg/mL, of 1 mg/mL 

NH4Cl stock solution into a series of test tubes and adding 

distilled water up to a total volume of 1 mL. The reaction 

mixture for measuring enzyme activity included 0.5 mL of 

the enzyme, 0.5 mL of 0.04 M L-glutaminase substrate, 

and 0.5 mL of 0.05 M Tris-HCl buffer (pH 8), which was 

then incubated at 37℃ for 30 minutes. Subsequently, 0.5 

mL of 1.5 M TCA was added to the mixture and refrigerated 
for 15 minutes. A 0.1 mL aliquot of the mixture was then 

taken, and 3.7 mL of distilled water and 0.2 mL of Nessler’s 

reagent were added. Enzyme activity was determined using 

standard NH4Cl at λ maximum 420 nm. The calculation of 

enzyme activity can be performed using the formula 

equation (1). 

 

....(1) 

 

Where: Vtotal: Volume of enzyme + substrate + buffer  + 

TCA, Vanalysis: Total volume analyzed, Venzyme: Volume of 

enzyme analyzed, y: Absorbance, a: Alopes, b: Intercepts. 

Determination of specific activity of L-glutaminase enzyme 

The enzyme protein levels obtained are employed in 

determining the specific activity of enzymes using the 

formula provided in Equation (1). Involves the 

characterization of pH variation, temperature variation, 

time variation, and characterization with the addition of 

metal (Punekar 2018; Nieuwkoop et al. 2019). 

L-glutaminase antibacterial activity in Eucheuma 

spinosum symbiotic bacteria 
The inhibition testing of the L-glutaminase enzyme on 

the growth of E. coli and S. aureus bacteria was conducted 

through the agar diffusion method. Aseptically, sterile 

Mueller-Hinton agar media was poured into a 15 mL petri 

dish, and 0.5 mL of the tested bacterial suspension was 

added. Subsequently, 6 paper discs were individually 

immersed in each L-glutaminase enzyme fraction and 

ampicillin as a positive control (+). The test medium was 

then incubated for 24-48 hours at 37°C, followed by 

observation and measurement of the inhibition zone using a 

sliding ruler (Nindhita et al. 2022; Susanti et al. 2024). 

Toxicity properties test using the Brine Shrimp 

Lethality Test (BSLT) 
Method Toxicity tests are performed as modified 

previously (CLSI 2019). Enzyme fractions were prepared 

at concentrations of 100 ppm, 10 ppm, and 1 ppm in 

triplicate. To each tube, sterile seawater containing 10 

shrimp larvae was added until the final volume was 5 mL, 
and the mixture was incubated for 24 hours at room 

temperature under a 50-watt incandescent lamp. Subsequently, 

the number of dead and live larvae was counted, and the 

LC50 value (μg/mL) was determined using the Bliss 

Method program. The number of dead larvae in the test and 

control samples was calculated, and the % mortality was 

determined using the formula provided in equation (2).   

 

......(2) 

L-glutaminase enzyme cytotoxic test against MCF-7 

breast cancer cells with the MTT method 
The initial step involved preparing the extract at various 

concentrations, namely 5, 10, 20, 40, 80, and 160 µg/mL, 

in Eagle's minimum essential medium (EMEM). Michigan 

Cancer Foundation (MCF)-7 cell preparations, with a 

density of 8000 cells/well, were distributed into 96-well 
plates and incubated for 48 hours. Next, the L-glutaminase 

enzyme was added at concentrations of 0, 10, 20, 40, 80, 

and 160 µg/mL, followed by another 48-hour incubation 

period. 100 µL of EMEM culture medium containing MTT 

at a concentration of 5 mg/mL in the mixture was incubated 

for 3 hours at 37℃. The process was halted using a stopper 

reagent, sodium dodecyl sulfate (SDS) at 10%, dissolved in 

0.01N HCl. Absorbance was measured using an ELISA 

reader (Maharem et al. 2020; Gomaa 2022). 
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Anti-dengue test 
For the preliminary test, toxicity assays were conducted 

using the Brine Shrimp Lethality Test (BSLT) method, as 

previously reported by Zakaria et al. (2024). Cytotoxicity 

tests were carried out following the modified methods 

described by (Ahmad et al. 2021; 2022). Vero cells with a 

density of 1 × 10⁴cells/well were cultured in well plates 

containing deck glass coated with poly-L-lysine to 

facilitate cell adhesion. The well plates were used for 1 

hour and 2 days incubation groups. The experiment was 

conducted on the following groups: (i) a group infected 

with DENV-2 virus without treatment with L-Glutaminase 

fraction and incubated at 37°C for 1 hour; (ii) a group 

infected with DENV-2 virus was treated with 10 µg/mL L-
glutaminase fraction and incubated at 37°C for 1 hour; (iii) 

positive control (Vero cells infected with DENV-2 and 

incubated at 37°C for 1 hour) and negative control (Vero 

cells not infected with DENV-2 and incubated at 37°C for 

1 hour). The grouping for cells infected with DENV-2 and 

incubated for 2 days followed the same setup as the groups 

incubated for 1 hour. At the end of the treatment, the 

supernatant from each well was measured using the 

Enzyme-Linked Immunosorbent Assay (ELISA) method. 

The percentage of cell viability (%) and the CC50 value 

(μg/mL) were calculated based on the % inhibition using 

probit analysis as Fouda et al. 2022 explained.  

RESULTS AND DISCUSSION 

The screening of L-glutaminase-producing bacterial 

isolates from E. spinosum 
The identification of symbiont bacteria isolates producing 

L-glutaminase enzyme from E. spinosum is determined by 
developing a pink color on selective media, which is 

modified with the inclusion of L-glutamine substrate. The 

bacterial isolates were cultured on selective media, 

incorporating the L-glutamine amino acid as a substrate. 

Following an incubation period at a temperature of 37°C 

for 3 days, an observable alteration in the color of the 

media was noted. Figure 1.A shows an isolates ES 1.1 of L-

glutaminase-producing bacteria from E. spinosum. The 

biochemical and microbiological identification results of 

isolates ES 1.1 (data not shown), confirmed through 

BLASTN and molecular analysis of 16S rRNA, were 

processed using a phylogenetic tree program, resulting in 

the data presented in Figures 1.B and 1.C, respectively. 

These results indicate that the symbiont bacteria isolates ES 

1.1 from E. spinosum has a high 16S rRNA similarity (99% 

similarity) with C. marina strains HNS035 and UC15. It 

was therefore concluded that the symbiont bacteria isolate 
ES 1.1 belongs to the species C. marina. 

Optimization and production of symbiont bacterial 

growth 
The effect of fermentation time on the growth of optical 

density (OD) bacteria and the production of L-glutaminase 

enzyme from symbiont bacteria isolate can be seen in 
Figure 2. As shown in Figure 2, fluctuation in the growth 

phase of bacterial cells over the period of 18 to 54 hours, 

accompanied by an increase in protein levels. The curve 

depicts a bacterial cell with an optical density (OD) value 

of 1.41, showcasing the capacity to produce protein at a 

concentration of 1.11 mg/mL by the 54th hour, marking the 

peak of enzyme activity, indicating the highest level 

achieved. Subsequently, from the 60th to the 72nd hour, 

enzyme activity experiences a decline, signaling the death 

phase within the stationary phase of bacterial cells. This 

decrease is attributed to reduced nutrient absorption, 

leading to a decline in the cell's ability to produce proteins. 

Isolation, purification, and enzymatic activity of L-

glutaminase enzyme from symbiont bacteria 
The L-glutaminase enzyme was produced by cultivating 

the symbiotic C. marina ES 1.1 isolate in 250 mL of 

inoculum medium in a 1000 mL Erlenmeyer flask. In this 

study, the symbiotic bacterial isolate C. marina ES 1.1 was 

fermented in a production medium with a substrate 

concentration of 1.5% for 54 hours (optimum time). The 
obtained filtrate is the crude enzyme extract, which was 

subsequently analyzed for protein content and tested for L-

glutaminase enzyme activity. The crude extract's enzyme 

protein content was 22.0 mg/mL (Table 1). 

The purification stages of the L-glutaminase enzyme 

involved fractionation using the ammonium sulfate 

fractionation method at different saturation levels for each 

enzyme fraction (i) F1 (0-40%): (ii) F2 (40-60%); and (iii) 

F3 (60-80%) saturation level. This fractionation process 

aimed to separate proteins based on their solubility in 

water. Each fractionated precipitate obtained from 

ammonium sulfate fractionation underwent additional 

purification through dialysis. Apart from the undialyzed 

crude extract fraction, the F1 fraction had the highest 

protein content at 9.9 mg/mL, followed by F3 and F2, with 

protein contents of 2.1 and 1.4 mg/mL, respectively (Table 

1). Determining L-glutaminase enzyme activity involves 
the enzyme's reaction with the appropriate substrate. The 

calculated enzyme activity results for L-glutaminase in 

each fraction are presented in Table 1. According to Table 

1, the highest activity was observed in F3, with 13.3 U/mg, 

followed by F2 and F1, with enzyme activities of 11.2 and 

1.9 U/mg protein, respectively. These findings align with 

the research, indicating that F3 exhibited the highest 

enzyme activity at 14.9 U/mL, followed by F2 and F1 with 

13.1 and 9.2 U/mL, respectively. 

Characterization of L-glutaminase enzyme from 

symbiotic bacteria isolates  
Effect of pH variation on enzyme activity 

The highest L-glutaminase enzyme activity was 

achieved in the fermentation medium at the optimal pH of 

8, with an enzyme activity of 2.2 U/mL (Figure 3.A). 

Previous studies have indicated that the optimum pH for L-

glutaminase is pH 7, displaying the highest activity at 16.1 

U/mL. Conversely, at pH 6, enzyme activity is low due to 

the suboptimal acidity for bacterial growth, as reported by 

Nindhita et al. (2022) and Susanti et al. (2024). It's important 

to note that excessively low or high pH conditions can lead 

to a denaturation process, decreasing enzyme activity. The 

production of L-glutaminase by Achromobacter xylosoxidans 
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RSHG1 showed optimal results at a pH of 9. Additionally, 

Vibrio azureus JK-79, isolated from a marine environment, 

exhibited maximum L-glutaminase production at pH 8, as 

indicated by a separate study conducted by Jambulingam et 

al. (2018), yielding results are consistent with those found 

in this study.  

 

 

 

  
 

 

 
 

Figure 1. A. Isolates ES 1.1 of L-glutaminase-producing bacteria from Eucheuma spinosum; B. The BLASTN results and nucleotide 
sequence of ES 1.1 isolate showed a high similarity to the bacterial species Cobetia marina; C. The phylogenetic tree is based on the 

16S rRNA encoding DNA sequence from the symbiotic bacterial ES 1.1 isolate 

 

 
Table 1. L-glutaminase enzyme activity in each enzyme dialysate 

 

Enzyme dialysate 
Protein content 

(mg/mL) 

Enzyme activity 

(U/mL) 

Specific activity  

(U/mg protein) 

Crude extract (F0) 22.0 11.1 0.5 

0-40% (F1) 9.9 19.1 1.9 

40-60% (F2) 1.4 15.1 11.2 
60-80% (F3) 2.1 27.9 13.3 

C 

A 
B 
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Effect of temperature variation on enzyme activity 

The enzyme activity in response to temperature variation 

is illustrated in Figure 3.B. According to the data, the 

highest activity of the L-glutaminase enzyme was observed 

at an incubation temperature of 37°C, reaching 1.0 U/mL. 

This finding is consistent with the research conducted by 

Nindhita et al. (2022) and Susanti et al. (2024), which 
reported the highest L-glutaminase enzyme activity at an 

incubation temperature of 37°C, measuring 1.06 U/mL. 

Another scientist documented that A. xylosoxidans RSHG1-

produced L-glutaminase reached its peak activity at 40°C. 

Additionally, Streptomyces avermitilis-produced L-

glutaminase exhibited its maximum activity at 30°C as 

Mostafa et al. (2021) indicated. 

Effect of incubation time variation on enzyme activity 

The characterization was conducted under the previously 

identified optimum conditions, specifically at pH 8 and a 

temperature of 37℃, with varied incubation times of 20, 

30, 40, and 50 minutes. As depicted in Figure 3.C, L-

glutaminase activity increases with extended incubation 

time, reaching its peak activity at the 30th minute with a 

value of 0.9 U/mL. However, beyond this point, enzyme 

activity decreases with prolonged incubation. This decline 

can be attributed to the enzyme's inability to maintain its 

conformation, resulting in a mismatch between its active 

site and the substrate. Consequently, the enzyme loses its 

activity under certain time conditions. These results align 

with Ahmed et al. (2016) research, which studied the 

marine soft sponge Aplysina fistularis symbiont endophytic 

Aspergillus sp. and found that the optimum incubation time 

for L-glutaminase was 30 minutes. 

 

 

 

 
 

Figure 2. The effect of fermentation time on optical density and 

protein levels on the growth of symbiont bacteria 

 
 

 

 

      
 

 

Figure 3. Characterization of L-glutaminase enzyme from symbiotic Cobetia marina. A. Effect of pH; B. Effect of temperature; C. 

Effect of incubation time; D. Effect of addition of metal ions on enzyme activity  

A B 

C D 
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Effect of addition of metal ions on enzyme activity 

Adding metals to enzyme activity aims to assess 

whether these metals can either enhance or inhibit L-

glutaminase enzyme activity. The calculated values for L-

glutaminase activity from red algae symbiont bacteria in 

the presence of metals are presented in Figure 3.D. As 

indicated in Figure 3.D, the highest relative activity is 

observed in sodium metal, amounting to 41.57%. However, 

it is noteworthy that this metal inhibits the activity of the L-

glutaminase enzyme. Following sodium, calcium, copper, 

potassium, and zinc exhibit successive inhibition with 

relative activities of 48.31, 55.05, 58.80, and 70.04%, 
respectively. Therefore, it can be concluded that these 

metals have a suppressive effect on L-glutaminase enzyme 

activity. This aligns with previous research by Saleem and 

Ahmed (2021), which demonstrated that Co+2, Hg+2, Zn+2, 

and Fe+2 metals ion act as inhibitors and can reduce L-

glutaminase enzyme activity.  

The study on the effect of metal ions on L-glutaminase 

produced by Bacillus sp. B12 reported that the enzyme was 

activated by Mn2+, Mg2+, Ca2+, and Na+, while no effect 

was observed with the addition of K+, Co2+, and Ni2+. 

However, the enzyme was inhibited by Hg2+, Cu2+, Fe2+, 

and Zn2+. These findings suggest that the enzyme is a 

metalloenzyme, which requires activation by specific metals 

for optimal activity. The enzyme's activation or inhibition 

appears to depend on the presence of certain metals, 

highlighting the specificity of the enzyme's metal cofactors 

and their roles in its catalytic activity (Vimal and Kumar 

2019). 

Symbiont bacteria L-glutaminase enzyme antibacterial 

test 
The antibacterial test for L-glutaminase was conducted 

through the agar diffusion method, employing Gram-

negative bacteria E. coli and Gram-positive S. aureus. The 
positive control (ampicillin) is crucial in serving as a 

reference for the test substance. By comparing the diameter 

of the inhibition area formed, this control helps assess the 

efficacy of the tested substance, as stated by Hossain (2024). 

Table 2 shows that F1 demonstrated the most potent 

antibacterial activity against the tested bacteria E. coli and 

S. aureus. Among the various fractions tested, F1 formed 

an inhibitory or clear zone around the 6 mm paper disc. 

These observations were made following incubation at 

37°C for 2×24 hours. The clear zones suggest that the 

substance in F1 has inhibitory effects on bacterial growth, 

particularly notable for Gram-positive bacteria. 

Potential of anticancer of L-glutaminase enzyme from 

symbiotic C. marina against MCF-7 cell line 
The BSLT analysis results reveal varying toxicity levels 

for each enzyme fraction. F1 exhibited the highest toxicity, 

followed by F3 and F2 (data not shown). The toxicity level 

can indicate potential anticancer activity, whereas a smaller 

LC50 value suggests higher toxicity and potential anticancer 

properties, as described by Hanafi et al. (2020). The fraction 

with the highest toxicity activity, F1, was further evaluated 

for cytotoxicity through the MTT test. The anticancer 

bioactivity of the purified L-glutaminase enzyme on MCF-

7 breast cancer cells is detailed in Table 3 and Figure 4. 

According to Figure 4, the inhibition of MCF-7 breast 

cancer cell viability by the fraction of L-glutaminase 

enzymes at concentrations ranging from 10 to 160 µg/mL 

demonstrates a successive reduction in cell viability, with 

values of 84.62, 66.67, 43.59, 33.33, and 25.64%. This 

indicates that as the concentration of the L-glutaminase 

enzyme increases, the percentage of live cells in MCF-7 

breast cancer cells decreases. The elevated enzyme 

concentration inhibits the growth of MCF-7 cells, leading 

to the death of cancer cells. In cytotoxic testing, cell 
development inhibition is calculated as the IC50 (50% 

Inhibitory Concentration). 

 

 

 
Table 2. L-glutaminase enzyme activity in each enzyme fraction 

 

Enzyme fractions 

Diameter of inhibition zone (mm) 

E. coli S. aureus 

24 h 48 h 24 h 48 h 

Crude extract (F0) 8.30 11. 40 8.40 13.50 

0-40% (F1) 7.50 8.30 8.20 15.30 

40-60% (F2) 7.20 8.70 8.20 14.00 

60-80% (F3) 6.80 7.60 7.80 14.30 
Control (+) 19.30 19.50 20.10 21.70 

Control (-)  0.00  0.00  0.00  0.00 

   
 

 
Table 3. IC50 value of the enzyme fraction on MCF-7 breast cancer 

cells 

 

Concentration (µg/mL) % Inhibition IC50 (µg/mL) 

10 15.38 64.26 

20 33.33 

40 56.41 

80 66.67 

160 74.36 

 
 

 

 
 

Figure 4. Level of inhibition of MCF-7 breast cancer cell 

viability from the L-glutaminase  enzyme fraction synthesized by 
the symbiotic Cobetia marina 
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The IC50 determination aims to identify the lowest 

concentration of the test compound that acts as an inhibitor, 

causing a 50% reduction in cell growth. This is consistent 

with Hanafi et al. (2020) statement, where cytotoxic activity 

is evaluated based on the IC50 value. The IC50 value is 

derived from the percent inhibition values and is processed 

using the probit log graph method, as detailed in Table 3. 

As date per Table 3, the percentage of inhibition at 

concentrations ranging from 10 to 160 µg/mL is as follows 

(i) 15.38; (ii) 33.33; (iii) 56.41; (iv) 66.67; and (v) 74.36%, 

with an IC50 value of 64.26 µg/mL, indicating moderate 

cytotoxic activity. This suggests that the L-glutaminase 
enzyme fraction can be developed as an anticancer drug. 

These findings are similar to research conducted by Reda 

(2015), who obtained an IC50 value of 64.70 μg/mL against 

HCT-116 cancer cells, indicating the potential development 

of the test substance as an anticancer drug. Although the 

IC50 value in this study is still below the standard, the L-

glutaminase enzyme from the red alga symbiont E. 

spinosum demonstrated its ability to inhibit MCF-7 cells, 

albeit to a small extent.  

Anti-dengue potential activity test 
The toxicity test was performed on the L-glutaminase 

enzyme from the extracellular symbiotic Cobetia marina 

using Artemia salina Linnaeus 1758, Leach (data not 

shown). The high toxicity of the L-glutaminase fractions 

was further evaluated for anti-dengue properties through 

cytotoxicity tests on Vero cells infected with the DENV-2 

virus. The crude extract demonstrated the highest anti-

dengue activity, with an inhibition percentage of 78% and a 

CC50 value of 167.15 μg/mL. The F1 fraction (0-40%) 

showed an inhibition percentage of 60% and a CC50 value 

of 200.01 μg/mL (Table 4). The anti-dengue activity 

differed between the fractions, with F1 demonstrating the 

most significant potential due to its higher protein content 
and possibly more active components against the dengue 

virus. F3 and F2 also exhibited anti-dengue effects, but 

their activities were comparatively lower than F1. 

Based on the criteria established by previous research 

by Sood et al. (2015) and Rosmalena et al. (2019)  a natural 

compound is considered to have potential as an anti-dengue 

agent if it exhibits cell viability of over 50%, percent 

inhibition of over 90%, and a CC50 value of less than 250 

μg/mL. According to these conventions, the F0 fraction 

(crude extracts) and the F1 fraction (0-40%) of the L-

glutaminase enzyme from the extracellular bacteria E. 

spinosum demonstrate potential as antiviral agents for 

dengue. 

These findings suggest that the L-glutaminase enzyme 

from symbiotic C. marina holds promise as a potential anti-

dengue agent, particularly from the F1 fraction, which 

exhibited the strongest protein concentration and antiviral 

activity. This study is the first to report on natural products 

derived from this type of enzyme with potential against the 
dengue virus. Although previously reported, the L-

asparaginase and Phospholipase A2 enzymes also had 

antiviral potential against dengue (Muller et al. 2012; Reda 

2015; Ahmad et al. 2021). 

To enhance the antiviral dengue activity, further 

exploration of other types of proteins from the symbiotic E. 

spinosum is necessary. Additionally, conducting partial 

hydrolysis of proteins to obtain peptides with smaller 

molecular sizes could improve their ability to penetrate the 

dengue virus that causes Dengue Hemorrhagic Fever 

(DHF). The theoretical mechanism of antibacterial, anticancer, 

and antiviral action for the L-glutaminase enzyme involves 

inhibiting protein synthesis in bacterial, cancer, and dengue 

virus cells without harming normal cells. L-glutaminase 

catalyzes the hydrolysis of L-glutamine to L-glutamate and 

ammonia, disrupting protein synthesis and inhibiting cell 

growth, ultimately leading to cell death (Teixeira et al. 

2020). 
In conclusion, the red algae symbiont bacteria isolate 

identified as C. marina, particularly E. spinosum, has 

demonstrated the production of L-glutaminase enzyme. 

The highest enzyme activity was observed in fraction F3, 

measuring 27.9 U/mL, with a specific activity of 13.3 

U/mg protein. The optimum conditions for L-glutaminase 

enzyme activity were identified as pH 8, a temperature of 

37℃, maximum activity after 30 minutes of incubation 

time, and the ability to enhance enzyme activity with the 

addition of metal ions Mg2+, Co2+, and Mn2+, while 

decreasing activity with the addition of metal ions Ca2+, 

Na2+, Zn2+, K+, and Cu2+.  

 

 

 

Table 4. Summary of protein concentration and anti-dengue potential after the administration of 10 µg/mL of L-glutaminase fractions 

from extracellular bacteria symbiotic Cobetia marina of red algae Eucheuma spinosum 

 

Samples 

no. 

L-glutaminase 

fractions 

Protein concentration 

(mg/mL) 

LC50 

(μg/mL) 

Cell viability 

(%) 

Inhibition 

(%) 

CC50 (μg/mL) 

Vero cells 

F0 Crude extracts 22.0 10.01 53 78 167.15 
F1 0-40% 9.9 14.43 60 86 200.01 

F2 40-60% 1.4 15317 ND ND ND 

F3 60-80% 2.1 38.870 72 90 250.12 
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In antibacterial tests using the agar diffusion method, 

the L-glutaminase enzyme fraction exhibited bactericidal 

properties, with a 7.50 mm inhibition diameter in F1 

against E. coli and a 15.30 mm inhibition diameter in F1 

against S. aureus. In cytotoxic tests using the MTT method, 

the most potent fraction was F1, showing a percent 

inhibition value of 25.65% at a concentration of 160 µg/mL 

and an IC50 value of 64.26 µg/mL. Additionally, the crude 

extracts of L-glutaminase exhibited an inhibition percentage 

of 78% and a CC50 value of 167.15 μg/mL against DENV-2 

when tested on vero cells. These results collectively 

indicate the potential of L-glutaminase enzyme fractions 
from symbiotic C. marina for antibacterial and anticancer 

applications, including antiviral activity against dengue. 

The limitations of this study include the need for further 

purification of the obtained L-glutaminase enzyme to 

achieve a pure enzyme that meets the requirements as a 

therapeutic agent. Additionally, the bioactivity data for 

antibacterial, anticancer, and antiviral dengue effects are 

limited to in vitro testing results. Therefore, it is recommended 

that future research focuses on further enzyme purification 

and confirms the bioactivity through in vivo testing on 

experimental animals. 
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