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INTRODUCTION  

 

Marine organisms account for nearly half of the world's total biodiversity, with 

mollusks containing the second largest number of species, including snails and bivalves 

(Eghianruwa et al., 2019). Snails are ubiquitous in aquatic environments and are 
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Glutathione S-transferases (GSTs) in aquatic organisms are extensively 

utilized as biomarkers for monitoring environmental contamination due to their 

ability to detoxify numerous pollutants. In this study, a GST enzyme from marine 

snails Turbo radiatus (TrGST) was purified through successive chromatographic 

separations on DEAE-cellulose, Sephacryl S-300, and glutathione-sepharose 

columns. TrGST was purified with 181.7-folds, 47.4% recovery and a specific 

activity of 194.4 Umg-1. Molecular weight of TrGST, as determined by gel 

filtration, was 47 kDa. The SDS-PAGE analysis revealed TrGST as a single band 

of 23.4 kDa, indicating a homodimer protein of two identical subunits. The 

isoelectric point (pI) of TrGST was located at pH 6.1. The purified TrGST had 

Km values of 1.67 and 0.55 mM for CDNB and GSH with corresponding Vmax 

values of 0.72 and 0.4U/ mg, respectively. TrGST exhibited maximal activity at 

pH 8.4. The ions Co2+ and Mg2+ increased TrGST activity, while Mn2+, Cu2+, and 

Fe2+ suppressed it. TrGST was strongly inhibited by quercetin, lithocholic acid, 

cumene hydroperoxide, hematin, and triphenyltin chloride, with triphenyltin 

chloride being the most potent inhibitor showing noncompetitive inhibition with a 

Ki value of 0.125µM. TrGST revealed significant inhibition against certain 

bacterial strains; however, no inhibition was observed against others, indicating 

selective antimicrobial effects. TrGST exhibited strong cytotoxic effects against 

prostate cancer (PC3) and hepatocellular carcinoma (HepG2) cell lines, while 

showing weak activity against the colon cell line HCT116 and no effect on lung 

carcinoma cells (A549). The obtained results indicated that the TrGST protein 

may have the potential to serve as a tool for developing antibacterial and anti-

cancer drugs in the future. 
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commonly used as bio-indicators for pollutants due to their ability to accumulate heavy 

metals and other toxicants (Itziou & Dimitriadis, 2011; Baurand et al., 2014; Bo et al., 

2015). The increase in industrialization and urbanization has potentially proliferated the 

contamination of aquatic ecosystems through sewage discharge in addition to industrial 

and agricultural waste (Bille et al., 2015). Pollutants entering aquatic bodies from various 

sources can disrupt the balance between free radicals and antioxidant defense 

mechanisms, leading to oxidative stress when free radical levels exceed antioxidant 

capacity. Antioxidant defenses, which include both non-enzymatic and enzymatic 

mechanisms, protect cells from free radical damage by restoring them to normal levels. 

Changes in antioxidant levels in aquatic organisms can indicate exposure to pollutants, 

providing sensitive biochemical markers and early warning tools for environmental 

pollution (Bebianno et al., 2007). Enzymatic antioxidant defenses include superoxide 

dismutases, catalases, glutathione peroxidases, and glutathione S-transferases (GSTs) 

(Zheng et al., 2013; Wang et al., 2014). GSTs are a superfamily of metabolic enzymes 

involved in detoxifying foreign substances such as carcinogens, pollutants, mutagens, 

pesticides, drugs, and endogenous toxicants (Tu & Akgul, 2005; Li et al., 2015). GST 

catalyzes conjugation process of these chemicals to GSH, yielding water-soluble products 

and easier to excrete (Sheehan et al., 2001; Blanchette et al., 2007; Whalen et al., 

2010). 

Mollusks are sessile organisms lacking adaptive immune responses; depend on 

innate immunity composed of phagocytic cells and physiological components to be 

established in hostile marine environments against viruses, bacteria, and predators 

(Rodríguez et al., 2021; Weng et al., 2022). Consequently, mollusks have developed 

efficient chemical defenses and humoral elements, including antioxidant enzymes and 

antimicrobial peptides (Shen et al., 2019). The chemical diversity in mollusks provides a 

vast reservoir of new bioactive substances with distinct chemical properties, acting as 

antioxidants and anti-cancer factors and playing a preventative role in tumor management 

(Khalifa et al., 2019; Habib et al., 2022, 2023). The competitively exigent and 

aggressive environment around marine organisms result in various types of substances 

comprising polysaccharides, vitamins, polyunsaturated fatty acids, minerals, enzymes, 

bioactive peptides and antioxidants (Pavlicevic et al., 2020). Marine bioactive substances 

have prospective biological activities with unique structural characteristics which makes 

them safer to be used in some current synthetic drugs (Suleria et al., 2016). Marine 

natural products own immunomodulator, antibacterial, antifungal, antioxidant, anti-

inflammatory, antimicrobial, anticancer, analgesic, neuroprotective and anti-malarial 

features. They have the ability of controlling carcinogenesis through activation of 

macrophages, induction of apoptosis and prevention of DNA oxidative damage 

(Boopathy & Kathiresan, 2010; Malve, 2016). Turbo radiatus (Gmelin, 1791) is a 

marine gastropod snail in the family Turbinidae, frequently found in the shallow waters 

of the Red Sea in Egypt (Abu El-Einin et al., 2021). These snails are highly regarded for 
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human consumption due to their high nutritional content (Ab Lah et al., 2017). The flesh 

of Turbo brunneus has been investigated for its potential as a source of bioactive 

compounds (Tamil & Selvaraj, 2015). 

The aim of this study was to isolate and characterize GST enzyme of T. radiatus 

snails and to investigate its biochemical, antimicrobial, and cytotoxic properties, paving 

the way for exploring biologically active molecules from marine sources, which are 

considered largely untapped sources of potential novel medicinal leads. A similar study 

on Cu/Zn-SOD from Cellana rota snail highlighted the importance of marine mollusks in 

providing bioactive compounds with therapeutic potential (Habib et al., 2023). This 

current research builds on these findings to explore the capabilities of GST from T. 

radiatus, further emphasizing the significant role of marine gastropods in biomedical 

research. 

 

MATERIALS AND METHODS  

 

Materials and methods 

Sample collection 

T. radiatus snails were acquired from the Ain El-Sokhna shores, Red Sea, Egypt, 

in October 2020 (Abu El-Einin et al., 2021). In the laboratory, snails were subjected to 

washing with distilled water, crushing the shells, and dissection of soft tissues before 

storing at -20°C till further analysis. 

 

Chemicals 

1-Chloro-2,4-dinitrobenzene (CDNB), diethylaminoethyl cellulose (DEAE-

cellulose), glutathione sepharose 4 fast flow, reduced glutathione (GSH), nitroblue 

tetrazolium chloride (NBT), sephacryl S-300, phenazine methosulphate (PMS), cumene 

hydroperoxide, lithocholic acid, hematin, triphenyltin chloride, and marker proteins for 

size exclusion were obtained from Sigma Chemical Co (St. Louis, Missouri, USA). All 

other chemicals were of analytical grade. 

 

Protein determination 

Proteins were estimated using Bradford assay (Bradford, 1976). 

 

GST activity assay 

GST activity assay was carried out in a 1.0ml reaction consisting of 0.1 M Na-

phosphate buffer pH 6.5, comprising 1.0 mM GSH, 1.0 1 mM CDNB, and enzyme 

aliquots. At 340nm, the optical density increase was followed for 3 minutes at 37°C, 

using 9.6 mM-1 cm-1 as extinction coefficient for CDNB. GST activity unit (U) is defined 

as the amount of GST enzyme conjugating 1.0μmol CDNB with GSH per minute (Habig 

et al., 1974). 
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Purification of T. radiatus GST 

 

DEAE-cellulose chromatography 

All purification proceedings were done at 4°C unless stated otherwise. T. radiatus 

tissues were homogenized in Na-phosphate buffer, pH 7.0 utilizing a Teflon pestle, and 

centrifuged for half an hour at 12,000 x g for getting rid of cell debris and obtaining the 

supernatant as a crude extract. Loading of this crude extract on a column of DEAE-

cellulose (12 x 2.4cm) that had been equilibrated with the homogenizing buffer was 

carried out. The elution of proteins from the column was achieved using sodium chloride 

gradient prepared in homogenizing buffer, and the column flowing rate was set at 1.0ml/ 

min. Fractions showing GST activity were collected and concentrated by lyophilization 

for further purification. 

 

 

Size exclusion chromatography 

The concentrated fractions from DEAE-cellulose were furthermore applied onto a 

column of sephacryl S-300 (142 x 1.75 cm) that had been equilibrated and eluted with the 

previous Na-phosphate buffer, with the column flowing rate set at 0.5ml/ min. Fractions 

holding GST activity were collected and concentrated by lyophilization for the next 

purification step. For determining molecular mass of the purified GST enzyme, 

calibration of the column with molecular size standard proteins was carried. 

 

Glutathione sepharose affinity chromatography 

The concentrated fractions from sephacryl S-300 were applied to a glutathione 

sepharose affinity column (7.8 x 1.5cm) that had been equilibrated with Na-phosphate, 

buffer of pH 7.0. The elution of proteins from the column was achieved using 0.05 M 

Tris/HCl, pH 8.0, including 0.01 M GSH at 30ml/ h flowing rate. 

 

Electrophoretic analysis 

Proteins were separated using 7% Native-PAGE for patterns (Smith, 1969) and 

12% SDS-PAGE for determining the subunit molecular mass (Weber & Osborn, 1969; 

Laemmli, 1970). Isoelectric focusing (IEF)-PAGE was utilized to locate the pI value of 

the purified GST (O’Farrell, 1975; Ubuka et al., 1987). All gels were stained with the 

reagent of Coomassie brilliant blue. 

 

Effect of pH on GST activity 

The action of pH on GST activity has been identified utilizing buffers of pH 5.6 - 

8.0 (Na-phosphate) and pH 8.0 - 9.8 (Tris/HCl) at 37°C. 
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GST enzyme kinetics 

Values of Km and Vmax for the purified TrGST enzyme were deduced from the 

extracted Lineweaver-Burk plot when testing the enzyme with increasing concentrations 

of CDNB substrate (0.1 - 2mM) at 1.0mM GSH constant concentration or increasing 

GSH concentrations (0.1 - 2 mM) at 1.0 mM CDNB constant concentration at 37°C in 

Na-phosphate of pH 6.5. 

 

Effect of ions and inhibitors on TrGST activity 

To study their effect on enzyme activity, the cations (Ca2+, Co2+, Ni2+, Mg2+, 

Mn2+, Zn2+, Cu2+, and Fe2+) and some different inhibitors have been incubated with 

TrGST for 5 minutes at 37°C, and then the activity of purified GST enzyme was 

measured. 

 

Antimicrobial activity of TrGST 

The antimicrobial activity of TrGST was tested against six bacteria 

(Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhimurium, Escherichia 

coli 0157 ATCC 700728 and Escherichia coli ATCC 8739), and two fungi (Candida 

albicans and Aspergillus niger) (Alhadrami et al., 2021). This examination was done in 

96-well polystyrene flat bottom plates by incubating 10μl TrGST (5μg/ ml final 

concentration), lysogeny broth (80μl) and bacterial culture suspension (10μl) overnight at 

37°C. Antibacterial effects were indicated by well clearance, with the absorbance 

measured at 600nm utilizing a microplate reader (Spectrostar Nano, BMG-LABTECH, 

Germany). All experimental strains were acquired from the culture collection center, 

Microbial Chemistry Dept., NRC, Egypt. 

 

Cytotoxic effect of TrGST on human cell lines 

Cytotoxic activity of TrGST was evaluated in the Bioassay-Cell Culture Lab., 

NRC, Egypt, utilizing MTT test for cell viability to be assessed (Mosmann, 1983). Cells 

were cultured in RPMI 1640 medium for HePG2, MCF7 and HCT116and DMEM 

medium for PC3 and A549, and then supplemented with 1% mixture of antibiotic-

antimycotic and 1% L-glutamine at 37°C under 5% CO2. Seeding of the cells at 10 x 103 

cells/well was carried out in plates of 96 wells, followed by incubation for 24 hours. 

After incubation, mediums were replaced with fresh media (without serum) containing 

various TrGST concentrations (0.78 – 100μg/ ml). After 48 hours, 2.5μg/ ml MTT salt 

was added, followed by further incubation of cells for other 4 hours. This reaction was 

terminated, and the formazan was dissolved using 200μl 10% SDS, then overnight 

incubated at 37°C, and the optical density was monitored at 595nm utilizing a reader 

(Bio-Rad Laboratories Inc., model 3350, Hercules, California, USA). Viability was 

calculated, and statistical significance was determined using SPSS 11 software. IC50 and 

IC90 values were calculated by Probit analysis. 
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RESULTS  

 

Purification of T. radiatus GST 

The purification scheme of T. radiatus snail TrGST illustrated a significant 

enhancement in specific activity and purification through successive steps. Starting with 

the crude extract, the total protein was 122.5mg with a specific activity of 1.07, yielding 

100% and serving as the baseline with a fold purification of 1.0. The DEAE-cellulose 

fraction step reduced the total protein to 61.2mg and increased the specific activity to 

1.46, achieving a yield of 68.1% and a fold purification of 1.36 (Fig. 1a). Further 

purification with sephacryl S-300 resulted in a total protein of 21.2mg and a specific 

activity of 3.5, with a yield of 57.0% and a fold purification of 3.27 (Fig. 1b). The final 

GSH-sepharose fraction step markedly increased the specific activity to 194.4, despite the 

total protein dropping to 0.32mg, yielding 47.4% and achieving a fold purification of 

181.7 (Fig. 1c). This step demonstrated the most significant purification level, 

highlighting the efficiency of the GSH-Sepharose fraction in purifying TrGST (Table 1). 

 

Table 1. A typical purification scheme of T. radiatus snail TrGST 

Purification steps Total 

protein 

(mg) 

Total 

activity 

(unit) 

Specific 

activity 

Yield 

(%) 

Fold 

purification 

Crude extract 122.5 131.2 1.07 100 1.0 

DEAE-cellulose 

fraction 
61.2 89.3 1.46 68.1 1.36 

Sephacryl S-300 

fraction 
21.2 74.8 3.5 57.0 3.27 

GSH-sepharose 

fraction 
0.32 62.2 194.4 47.4 181.7 
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Fig. 1. (a) Pattern of T. radiatus snail crude extract chromatography on DEAE-cellulose 

column (10 x 2.8cm). (b) Chromatography of TrGST on sephacryl S-300 column (142 

cm x 2.4cm). (c) Chromatographic pattern of TrGST sephacryl S-300 concentrate on 

GSH-sepharose column (8 x 1.4cm) 
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Electrophoretic analysis of TrGST 

Electrophoresis of the crude extract and TrGST fractions from DEAE-cellulose, 

sephacryl S-300, and glutathione sepharose on 7% native-PAGE revealed a single protein 

band (Fig. 2a). The subunit mass of denatured TrGST was located at 23.4 kDa compared 

with known molecular weight markers on 12% SDS-PAGE (Fig. 2b). Apparent pI 

(isoelectric point) of TrGST was located at pH 6.1 using isoelectro-focusing PAGE (Fig. 

2c). 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Electrophoresis of TrGST purification steps on native 7% PAGE: (1) Snail 

extract, (2) DEAE cellulose TrGST, (3) Sephacryl S-300 TrGST and (4) GSH-sepharose 

TrGST.(b) Electrophoresis of TrGST on 12% SDS PAGE; (1) Marker proteins and (2) 

TrGST. (c) Electrophoresis of TrGST on isoelectric-focusing PAGE: (1) Marker proteins 

and (2) TrGST 

Optimum pH and enzyme kinetics of TrGST 

Effect of pH on TrGST activity was evaluated using Na-phosphate and Tris/HCl buffers 

with CDNB as a substrate. The highest TrGST activity was observed at pH 8.4 (Fig. 3a). 

Kinetic analysis of TrGST with varying concentrations of CDNB and GSH showed Km 

and Vmax values of 1.67 mM and 0.72U/ mg, respectively, for CDNB (Fig. 3b), and 0.55 

mM and 0.4U/ mg, respectively, for GSH (Fig. 3c). 
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Fig. 3. (a) Effect of pH on TrGST utilizing Na-phosphate, pH 5.7 - 8.0 and Tris/HCl, pH 

8.0 - 9.2. (b) Lineweaver-Burk plot of TrGST reaction velocity utilizing various CDNB 

concentrations at a constant 1.0 mM GSH. (c) Lineweaver-Burk plot of TrGST reaction 

velocity utilizing various GSH concentrations at a constant 1.0 mM CDNB 

 

Effect of divalent ions and inhibitors on TrGST activity 

The impact of divalent cations on purified TrGST revealed significant variations 

in relative activity. For CaCl₂, the relative activity was 98.6% at 2.0 mM and increased to 

104.4% at 5.0 mM. CoCl₂ maintained 100.0% activity at 2.0 mM and increased to 

112.6% at 5.0 mM. CuCl₂ showed a significant decrease in activity, with 69.4% at 2.0 

mM and 38.6% at 5.0 mM. FeCl₂ exhibited even lower activity, with 56.0% at 2.0 mM 

and 15.0% at 5.0 mM. MgCl₂ enhanced activity to 106.5% at 2.0 mM and 109.8% at 5.0 

mM. NiCl₂ showed a relative activity of 101.6% at 2.0 mM but decreased to 92.3% at 5.0 

mM. ZnCl₂ displayed a similar pattern, with 100.2% activity at 2.0 mM and 92.3% at 5.0 

mM. MnCl₂ demonstrated a relative activity of 92.0% at 2.0 mM and dropped to 56.0% at 

5.0 mM. The highest relative activity was observed with CoCl₂ at 5.0 mM (112.6%), 

indicating a strong enhancement effect, while the lowest activity was seen with FeCl₂ at 

5.0 mM (15.0%), indicating a strong inhibitory effect (Table 2). 
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The impact of inhibitors on purified TrGST revealed varying degrees of inhibition 

at specific concentrations. Quercetin at a 2 mM concentration showed an inhibition of 

86.0%, while cumene hydroperoxide at the same concentration exhibited an inhibition of 

62.1%. Hematin at 2 mM showed an inhibition of 37.27%, and lithocholic acid at 2 mM 

resulted in 73.7% inhibition. Triphenyltin chloride at 1.0 µM exhibited the highest 

inhibition at 96.7%. The control group had 0.0% inhibition, serving as a baseline. The 

highest inhibition was observed with triphenyltin chloride (96.7%), indicating its strong 

inhibitory effect on TrGST, while the lowest inhibition was observed with hematin 

(37.27%) among the tested inhibitors (Table 3). 

 

Table 2. Effect of divalent cations on the purified TrGST 

Reagent Concentration 

(mM) 
Relative activity (%) 

Control ----- 100.0 

CaCl2 2.0 98.6 

5.0 104.4 

CoCl2 2.0 100.0 

5.0 112.6 

CuCl2 2.0 69.4 

5.0 38.6 

FeCl2 2.0 56.0 

5.0 15.0 

MgCl2 2.0 106.5 

5.0 109.8 

NiCl2 2.0 101.6 

5.0 92.3 

ZnCl2 2.0 100.2 

5.0 92.3 

MnCl2 2.0 92.0 

5.0 56.0 

 

Table 3. Effect of inhibitors on the purified TrGST 

Inhibitor Concentration Inhibition (%) 

Control --- 0.0 

Quercetin 2.0 mM 86.0 

Cumene hydroperoxide 2.0 mM 62.1 

Hematin 2.0 mM 37.27 

Lithocholic acid 2.0 mM 73.7 

Triphenyltin chloride 1.0 µM 96.7 
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Kinetics of TrGST inhibition with triphenyltin chloride 

The inhibition of TrGST activity by different concentrations of triphenyltin 

chloride exhibited a linear relationship until 50% inhibition (I50) was reached at 0.2µM, 

with maximum inhibition at 1.0µM (Fig. 4a). A Hill plot of log Vi/Vmax–Vi values vs. 

log [I] values for triphenyltin chloride yielded a slope of 0.88 (Fig. 4b). Lineweaver-Burk 

plots indicated noncompetitive inhibition, with a Ki value of 0.125µM (Fig. 4c, 4d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. (a) TrGST inhibition with triphenyltin chloride increasing concentrations. (b) Hill 

plot of TrGST inhibition with triphenyltin chloride. (c) TrGST type of inhibition with 

triphenyltin chloride. (d) TrGST inhibition constant (Ki) for triphenyltin chloride 
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Antimicrobial activity of TrGST 

The antimicrobial activity of TrGST demonstrates varying inhibition ratios 

against different microbes. Staphylococcus aureus ATCC 25923 showed an inhibition 

ratio of 34.2%, while Listeria monocytogenes ATCC 7644 exhibited 0.0% inhibition. 

Pseudomonas aeruginosa TCC 90902 had the highest inhibition ratio of 45.8%, 

indicating strong antimicrobial activity. Salmonella typhimurium ATCC 14028 and 

Candida albicans both showed 0.0% inhibition, indicating no antimicrobial effect. 

Escherichia coli 0157 ATTCC 700728 showed an inhibition ratio of 37.2%, and 

Escherichia coli ATCC 8739 (lot 03801105) had an inhibition ratio of 25.2%. Aspergillus 

niger also exhibited 0.0% inhibition. The highest inhibition ratio of 45.8% was observed 

against Pseudomonas aeruginosa, highlighting TrGST's significant antimicrobial activity 

against this microbe, whereas the lowest inhibition ratios of 0.0% were observed against 

Listeria monocytogenes, Salmonella typhimurium, Candida albicans, and Aspergillus 

niger, indicating no antimicrobial effect (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Antimicrobial impacts of TrGST against various bacterial and fungal 

microorganisms 

 

 

Cytotoxicity evaluation of TrGST 

 The cytotoxicity results of the enzyme TrGST extracted from the sea snail T. 

radiatus against the HepG2, HCT116, PC3, and MCF7 cancer cell lines show a dose-

dependent decrease in cell viability. The calculated IC50 values for TrGST were 28.9µg/ 

ml for HepG2, 50.1µg/ ml for HCT116, 22.2µg/ ml for PC3 and 37.0µg/ ml for MCF7. In 

comparison, the IC50 values for the reference drug doxorubicin were 21.6µg/ ml for 
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HepG2, 37.6µg/ ml for HCT116, 23.8µg/ ml for PC3 and 26.1µg/ ml for MCF7. Notably, 

TrGST exhibited the best result against the PC3 cell line with an IC50 value of 22.2µg/ ml 

indicating a strong cytotoxic effect similar to that of doxorubicin (Table 4 & Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of TrGST on the viability of different human cancer cell lines: (a) HEPG2. 

(b) HCT116. (c) PC3. (d) MCF7 

 

 

 



Masoud et al., 2024 1252 

Table 4. In vitro cytotoxicity IC50 and IC90 (μg/ml) of TrGST against human cancer cells 

Cell line IC50 µg/ml TrGST IC90 

µg/ml  Doxorubicin TrGST 

HEPG2 21.6 28.9 48.6 

HCT116 37.6 50.1 93.7 

A549 28.3 -- -- 

MCF7 26.1 37.0 63.5 

PC3 23.8 22.2 46.3 

 

 

DISCUSSION 

 

 Snails are renowned for their ability to accumulate high amounts of toxic 

pollutants, making them ideal organisms for bio-monitoring in aquatic environments as 

convenient bio-indicators of contaminants. Antioxidants play critical roles in responding 

to pollutants, with GST being one of the most important oxidative stress biomarkers, 

invaluable in environmental toxicological studies (Itziou & Dimitriadis, 2011). The 

GST enzyme from T. radiatus was successfully purified using three successive 

chromatographic steps: DEAE-cellulose anion exchanger, sephacryl size-exclusion, and 

GSH-sepharose affinity resins. The GSH-Sepharose affinity column revealed a unique 

GST activity peak eluted with 10 mM GSH, termed TrGST (Fig. 1c). This purification 

resulted in a significant increase in specific activity to 194.4Umg-1, representing 181.7-

fold purification with 47.4% recovery (Table 1). Similar purification procedures have 

been employed for GSTs from various sources, such as German cockroach (Yu & 

Huang, 2000), non-biting midges Chironomidae larvae (Yuen & Ho, 2001), filarial 

worms (Ahmad et al., 2008), and blueberry fruits (Balc et al., 2019). 

 The molecular weight of TrGST was estimated from its elution volume on the 

sephacryl S-300 column to be 47 kDa. SDS-PAGE analysis of denatured TrGST revealed 

a subunit molecular weight of 23.4 kDa, indicating that TrGST is a homodimer protein 

consisting of two identical subunits. This homodimer structure has been reported in 

various sources, including German cockroach (Yu & Huang, 2000), marine snail 

Atactodea striata (Yang et al., 2003), and the grasshopper (Adewale & Afolayan, 2006). 

The homogeneity of TrGST was confirmed through two electrophoretic analyses on 

native and isoelectric focusing PAGEs, showing it as a single protein band with an 

apparent pI value of 6.1 (Fig. 2a, c). Comparable pI values have been reported for GSTs 

from midge larvae and snails (Yuen & Ho, 2001; Yang et al., 2003). 

 TrGST exhibited maximum activity at pH 8.4, similar to other GSTs from H. 

longicornis tick, midge larvae, and camel tick (Yuen & Ho, 2001; Hernandez et al., 

2018; Masoud et al., 2023). The kinetic parameters of TrGST revealed Km values of 

1.67 mM for CDNB and 0.55 mM for GSH, with corresponding Vmax values of 0.72 and 

0.4Umg-1, respectively. These values are consistent with those reported for GSTs from 
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other sources, such as cockroach (Yu & Huang, 2000) and tick larvae (Masoud et al., 

2023). 

 The effect of divalent ions on TrGST activity showed that Co2+ and Mg2+ 

ions enhanced enzyme activity, while Mn2+, Cu2+, and Fe2+ ions inhibited it (Table 2). 

This observation aligns with findings in quail liver and tick larvae GSTs, where Co2+ 

increased activity and Cu2+ acted as an inhibitor (Taysi & Temel, 2021; Masoud et al., 

2023). Inhibitor studies demonstrated that TrGST was strongly inhibited by quercetin, 

cumene hydroperoxide, lithocholic acid, hematin, and triphenyltin chloride, with 

triphenyltin chloride being the most potent inhibitor, exhibiting noncompetitive inhibition 

with a Ki value of 0.3µM. These findings are consistent with previous studies on GST 

inhibition by similar compounds in different organisms (Yu & Huang, 2000; Ahmad et 

al., 2008; Masoud et al., 2023). 

 The antimicrobial activity of TrGST was evaluated against various 

microorganisms, revealing significant inhibition against several bacterial strains, notably 

Staphylococcus aureus and Pseudomonas aeruginosa, with inhibition ratios of 34.2 and 

45.8%, respectively. This suggests that TrGST possesses substantial antimicrobial 

properties, particularly against Gram-negative bacteria. However, no inhibition was 

observed against Listeria monocytogenes, Salmonella typhimurium, Candida albicans, 

and Aspergillus niger, indicating a selective antimicrobial effect. 

 The cytotoxicity evaluation demonstrated that TrGST exhibited strong 

cytotoxic effects against PC3 and HepG2 cell lines, with IC50 values of 22.2 and 28.9μg/ 

ml, respectively, comparable to doxorubicin. In addition, TrGST moderately affected 

MCF7 cells, with an IC50 value of 37.0μg/ ml, while showing a weak activity against 

HCT116 and no effect on A549. 

Comparing these findings with results from a similar study on copper-zinc 

superoxide dismutase (Cu/Zn-SOD) from Cellana rota snails (Habib et al., 2023), 

Cu/Zn-SOD also demonstrated substantial antimicrobial and cytotoxic activities. Cu/Zn-

SOD exhibited considerable antimicrobial efficiency against Pseudomonas aeruginosa 

(39.7%) and Staphylococcus aureus (32.4%), values that are comparable to the 

antimicrobial effects of TrGST. However, Cu/Zn-SOD displayed a broader antimicrobial 

spectrum, showing activity against additional strains such as Escherichia coli and 

Bacillus subtilis. Regarding cytotoxicity, Cu/Zn-SOD from Cellana rota showed IC50 

values of 25.3μg/ ml for HepG2 and 24.8μg/ ml for PC3, which are similar to the IC50 

values observed for TrGST (28.9μg/ ml for HepG2 and 22.2μg/ ml for PC3). This 

suggests that both enzymes exhibit comparable cytotoxic effects against these cancer cell 

lines. However, Cu/Zn-SOD also demonstrated significant cytotoxicity against A549 

cells, unlike TrGST, which had no effect on this cell line. 
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CONCLUSION 

 

 In conclusion, this is the first study to report the GST enzyme from the T. 

radiatus snail and to present an efficient purification method for TrGST. The enzyme 

demonstrated potent antimicrobial activity and cytotoxicity to different cancer cell lines, 

making it a potential promising candidate for treating various cancers, including prostate 

and liver cancers, while requiring more investigations. The distinct activity of TrGST can 

be attributed to the challenging physical and biological environmental conditions in 

which T. radiatus thrives, necessitating the evolution of robust defense mechanisms. and 

physiological adaptations. These results emphasize the capability of marine snails as a 

beneficial source of bioactive molecules with significant therapeutic and pharmaceutical 

applications. 
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