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Abstract 
Mud crabs are commonly found in Southeast Asia and are in high demand for its 

nutrients. However, studies reported that estuary areas are easily contaminated 

with pollutants due to the anthropogenic activities. Hepatopancreas  is one of 

important tissues that involve in food digestions and detoxifications. Glutathione 

(GSH) and glutathione-S-transferase (GST) play roles in metabolisms of 

detoxification of xenobiotics. Therefore, this study focuses on the analysis of trace 

metals in hepatopancreas of mud crabs from Kuala Sepetang (highly contaminated 

area) and Setiu Wetlands (low contaminated area) and their protein response. 

Trace metals in hepatopancreas were analyzed by using Inductive Couple Plasma–

Mass Spectrometer (ICP-MS). Proteins of hepatopancreas were extracted and 

GSH activity was measured. Next, protein expressions were observed in 1D 

electrophoresis and Western blotting. Our results shows that the concentrations of 

trace metals in hepatopancreas were highly significant in Kuala Sepetang 

compared with Setiu Wetlands. However, there is no significant difference in 

GSH activity in both locations. From 1D electrophoresis, the intensity of the 

protein band at ~60-75 kDa were dense in Kuala Sepetang compared with Setiu 

with values 15620.23±7829.83 and 3687.83±2933.69 respectively. Based on 

Western blot result, this protein band was related to GST as the response towards 

the level of trace metals abundance in the area. This proved that mud crabs in 

Sepetang location were stressed in polluted areas. 
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Introduction 
 

Scylla sp also known as mud crabs is belonging to 

Portunidae family. There are four species of Scylla 

which are Scylla serrata, Scylla olivacea, Scylla 

paramamosain, and Scylla tranquebarica. 

Recently, mud crabs were highly demanding by 

local fishermen due to their unique taste and high 

fleshy meats contents. They can be distinguished 

by observing the morphological of claws and the 
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carapace lobe of mud crabs. Genus of Scylla is 

commonly distributed in the muddy area and 

coastal mangrove area (Fazha et al., 2017). S. 

serrata is the largest genus of Scylla that can be 

found in tropical and subtropical of Indo-West-

Pacific region. However, this species known as 

non-indigenous species and the highest abundance 

species is S. olivacea in Malaysia (Ikhwanuddin et 

al., 2010).  

Setiu Wetlands is located at Eastcoast region of 

Peninsular Malaysia in the state of Terengganu 

while Kuala Sepetang is located at Northern region 

of Peninsular Malaysia in the state of Perak. Both 

locations are unique since it consist of eastuary, 

wetlands, river and mangrove areas. Due to this 

geographical structure, it has diverse biodiversity. 

However, eastuary areas are easily contaminated 

with trace metals elements such as Ni, Zn, Cu, Pb, 

Li and Cr from anthropogenic activities (mining, 

boating, aquaculture, agriculture activities and 

household waste from rural areas) (Leong et al., 

2017). These factors will influence the populations 

and the health of aquatic organisms including mud 

crabs. Research update showed the number and the 

size of the mud crabs were caught in the wild were 

decline (Ikhwanuddin et al., 2010). According to 

Vince Cruz et al. (2015), morphological 

deformities and divergent sexual morphology were 

observed in mud crabs as the result of excessive 

uptake of trace metals. 

In order for aquatic organisms to survive in this 

toxic environments, mud crabs will alter their 

physiological and biochemical activities. 

Hepatopancreas was chosen for the present study 

because it easily accumulates trace metals. It also 

plays important roles in food digestion and 

regulation of metabolism (Kovačević et al., 2008). 

Glutathione (GSH) is tripeptide antioxidant consist 

of glutamyl, cysteinyl and glycine that widely 

distributed in all living organism. GSH will 

activate  the glutathione-S-transferase (GST)  and 

other stress proteins for detoxification of 

xenobiotics from body of mud crab (Singaram et 

al., 2013) Therefore, the aims of this study is to 

evaluate the antioxidant activities of GSH, GST 

and other stressed protein expressions under high 

and low contaminated of trace metals areas.  

 

 
 

Material and Methods 
 

Sampling site and mud crabs samples 

Wild mud crabs were collected at Setiu Wetlands 

and Kuala Sepetang during low tides. Ten matured 

male wild mud crabs S. olivacea were collected 

randomly from Setiu Wetlands and Kuala Sepetang 

using a ‘bintuh’. Mud crabs were transported to 

laboratory and stored at -80° C prior the analysis. 

Then, mud crabs were cleaned with distilled water 

and dissected to collect the hepatopancreas for 

determination of concentration of trace metals and 

proteomic works.  

 

Determination of trace metals in 

hepatopancreas 

Trace metals concentrations were determined by 

following protocol from Azlisham et al. (2009) 

with slight modifications. Dry weight samples 

were obtained after freeze dried using freeze dryer 

and grounded using mortal and pestle. Samples 

were weighed (0.2 g) to digest with 2 mL of 37% 

hydrochloric acid (HCl). The mixture of the 

samples and HCl were heated until it dried. Then, 

10 mL of 20% nitric acid (HNO3) were added into 

the mixtures prior diluted with 50 mL of deionized 

distilled water. Lastly, samples were analyzed by 

using Inductive-couple plasma- mass spectrometry 

(ICP-MS).  

 
Protein extractions 
One g of each tissue was homogenized in 5 mL of 

50 mM Tris-HCl buffer (pH 7.8) containing 1 mM 

EDTA, 1mM DTT, 0.5 mM sucrose, 150 mM KCL 

and 1 mM PMSF (Paital and Chainy, 2010). The 

mixture of samples and buffer was centrifuged at 

1000 x g for 10 min at 4 °C. Then, supernatant 

obtained was collected and centrifuged again at 

10000 x g for 10 min at 4 °C before was stored at -

80°C for further analysis.  The absorbance of 

protein content of hepatopancreas of mud crabs 

was measured using Bradford’s method (1976) at 

595 nm using a spectrophotometer (Spectro UV-

VIS RS). 
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Glutathione assay 

This assay was followed the method of (Hissin and 

Hilf, 1976). Extracted proteins samples (40 µl) 

were added with 160 µl of 6.5% 5-sulfosalisylic 

(SSA). Next, samples were incubated on ice for 20 

mins before centrifuged at 14,000 rpm, for 5 min at 

4 °C. After centrifugation process, supernatants 

were collected and diluted until 10,000 fold with 

phosphate buffer (pH 7.4).  Diluted samples (100 

ul) were added on 96-well microplate reader for 

determination of GSH. Standard of GSH is 

prepared in the range 0 µM – 4000 µM on the same 

microplate. After that, 33 ul of 1X OPA as 

fluorescence agent was added in each well that 

contains GSH standard and samples. The 96-well 

microplate was incubated at room temperature for 

30 mins under dark conditions. Then, microplate 

were measured at excitation of 320 nm and 

emissions at 460 nm by using fluorescence 

microplate reader (Tecan Infinite F50).  

 

1D Electrophoresis 

Extracted proteins samples (25 µg) were mixed 1:1 

with 2X loading buffer (0.15 M Tris-HCl, 1.2% 

(w/v) SDS, 60% (v/v) glycerol, 15% (v/v) 2-

mercaptoethanol, and 0.09% (w/v) bromophenol 

blue) (Porte et al., 2001). The sample mixtures 

were heated for 5 min at 90 °C prior the 

electrophoresis. Protein samples were loaded into 

the 10% of sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE) at 90 V for 1 and 

half hour.  

 

Western blot analysis 

Western blotting analyses were carried out by 

transfer 1D SDS gel to PVDF membrane by using 

Turbo-blot Biorad (Fujii et al., 2001). During 

blocking process of the membrane, 5% of skim 

milk was used for 2 hours. Then, the membrane 

was incubate with polyclonal primary antibody of 

rabbit GST (1:10000, Santa Cruz: A5800) for 12 

hours at 4 °C. After incubation periods, membrane 

was washed three times with Tris-buffered saline-

Tween 20 (TBST) before incubated with anti-

mouse IgG secondary antibody (1:2000, Santa 

Cruz) for 4 hours at 4 °C. Membrane wash washed 

again with TBST triplicate. The bounded protein 

on membrane were conjugated with horseradish 

peroxidase (HRP) substrate for visualization of the 

specific protein band. Then, image of the 

membrane was visualized by using Gel-Doc 

BioRad.   

 
Statistical analysis 

Data in each assay were collected and analyzed by 

using statistical analysis of T-test. 

 
Results and Discussion 
 
Concentration of trace metals in 

hepatopancreas 

The level concentration of trace metals in 

hepatopancreas of mud crabs was presented in 

Table 1. From the present study showed that the 

concentrations of Ni, Zn, Pb, Li and Cr  in 

hepatopancreas from Kuala Sepetang was higher 

significantly than in Setiu Wetlands (p<0.05). Due 

to their geographical structure, most of the 

residents in both locations rely on fishing 

activities, aquaculture, farming activities as their 

economical source. However, Kuala Sepetang 

showed the increasing number of charcoal industry 

and shrimp aquaculture activities year by year 

(Hazmi, 2018). On the other hand, charcoal 

industry in Setiu Wetlands was under constraint 

activities (Jusoff and Bin Hj Taha, 2014). This 

activities easily affect water quality in Kuala 

Sepetang that caused the decline populations fish 

and crustaceans (Leong et al., 2017). Cu, Zn and 

Ni are  released in ash waste during combustions 

process of charcoal (Chugh and Behum, 2014). 

Other worst reasons, Kuala Sepetang has large 

fishing village community near the river have 

incorrect method for disposable of their daily 

rubbish (Leong et al., 2017). In other study, oil 

spilling from boating activity and mining activities 

will lead to the contamination of Pb in the 

ecosystems (Tchounwou et al., 2012). In addition, 

our previous studies showed that concentrations of 

metals was significantly correlated with metal 

accumulation in mud crabs, tissues from Setiu 

Wetlands (Amin et al., 2018). Furthermore, protein 

expression of the mud crabs hemolymph and 

hepatopancreas differed according to the changes 

of the environmental conditions including heavy 

metals contents (Razali et al., 2017). 

According to Bo et al. (2015), edible snails of 

Belalamya sp. was highly contaminated with heavy 

metals in mixed area (industrial and commercial) 

compared with agriculture and residential area in 
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Taihu Lake region, China.  This is also supported 

by (Amin et al., 2018) no significant difference on 

concentrations of trace metal in mud crabs from 

agriculture and aquaculture sites. Concentrations 

of trace metals (Cu, Ni, Fe, Co, Mn, Cr and Zn) in 

Mastacemblus armatus were high at the  Power 

Plant site (Javed and Usmani, 2013). This showed 

that, heavy metals mostly deposited in aquatic 

organisms that near with industrial and commercial 

activities. 

 

Table-1: The concentrations of trace metals 

deposited in hepatopancreas of mud crabs from 

Setiu Wetlands and Kuala Sepetang. 

Locations/trace 

metals 

Setiu 

wetlands 

Kuala 

Sepetang 

Ni BD 1.02±0.10* 

Cu 37.74±9.50 25.23±7.98 

Zn 41.46±3.66 103.49±23.48* 

Pb BD 0.61±0.24* 

Li 0.08±0.01 0.20±0.03* 

Cr 0.24±0.03 2.98±0.22* 

BD: below detection limit *significant difference 

using T-test p<0.05. 

However, all waste from anthropogenic activities 

will drained out to the river and affect the health of 

aquatic organism. Some of trace metals will 

dissolved in water and accumulated in sediments 

(Azlisham et al., 2009). Trace metals might be 

deposited in the body of mud crabs during their 

moulting stages. This is because, mud crabs will 

absorb water 85% one day after ecdysis (Thi et al., 

2014). Moreover, trace metals can be accumulated 

in aquatic organisms through biomagnifications. 

Mud crabs feed cockles, small fish, squid as their  

feeding behavior (Viswanathan and Raffi, 2015). 

Besides that, mud crabs have burrowing behavior 

that tends to the accumulated of polluted sediments 

into their body (Kamaruzzaman et al., 2012). 

 

Proteins expressions in hepatopancreas 

GSH is non protein thiol act as cofactor for other 

enzymes such as GST, glutathione peroxidase 

(GPx) and glutatahione reductase (GR). Based on 

present study, there was no significant difference 

in level of GSH in hepatopancreas form both 

locations (p<0.05) (Fig 2). This result was contrary 

with other previous study by Słupik et al. (1999), 

it found the level of GSH was low (5.41 µg/mg 

protein) in snails from polluted area in Poland. 

Moreover, the concentrations of GSH in fish 

Cryprinus carpio was also lower in Sitilce site 

(high polluted) which is 1.48±0.10 µmol/g protein 

compared to Samsat site (low polluted) which is 

3.98±0.14 µmol/g protein (Karadag et al., 2014). 

However, other study showed that the level of GSH 

can also increasing in fish at the polluted area 

(Stoliar and Lushchak, 2012). At the same time, the 

level of GSH was not detected significantly 

difference from polluted and non-polluted area. 

Reported by El-Gazzar et al. (2014), there was no 

significant difference in level of GSH in gills of 

fish after exposure with Cd. 

 

 
Figure-1: The concentrations of GSH in 

hepatopancreas of mud crabs 
 
In general, tissues will produce reactive oxygen 

species (ROS) such as hydrogen peroxide, 

superoxide ions, hydroxical radical and hydroxical 

anion in order to eliminate foreign substances that 

enter the body of mud crabs (Lushchak, 2011). The 

high level of ROS will elevate the level of 

oxidative stress and cause the decreasing level of 

GSH as it has been utilized that can be converted 

into oxidized glutathione and inefficient GSH 

regeneration during exposure of pollutants 

(Yildirim et al., 2011).  However, other study 

concluded that the level of GSH will increased as 

the level of pollutants was increase (Mahboob et 

al., 2014).  
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The polyclonal GST were expressed in 

hepatopancreas of mud crabs from both locations 

at ~70 and ~60 kDa (figure 2). Briefly, GST in 

eukaryotes can be observed at the range of ~26 kDa 

molecular weight (Kitteringham et al., 2003). 

However, molecular weight of GST is depends on 

their types of subunits (Gabel et al., 2002). Based 

on our result, the intensity band of GST were high 

in Kuala Sepetang (15620.23±7829.83) compared 

to Setiu Wetlands (3687.83±2933.69). This proved 

that GSH has been utilized to activate GST proteins 

to protect the cells from damage after effect of 

pollutants. Previous study also found the intensity 

of GST were high in clam Ruditapes decussatus 

after exposure of  xenobiotics (4,4’DDE and 

methoxychlor) (Girard et al., 2004) . GSH is a 

substrate for GST activity in all organisms 

including mud crabs. In the presence of GST 

protein, GSH will act as conjugator with 

xenobiotics by transferring the hydrogen ion and 

detoxification may occurs (Muposhi et al., 2015). 

This stipulate that GST is the response of 

biomolecules signaling for protection of cells 

against the oxidative stress (Mahboob et al., 2014). 

 

 

 
Figure-2: (A) Western blot for detection of 

glutathione-S-transferase (GST).  

 

Lane 1 indicates proteins of hepatopancreas of mud 

crabs from Setiu Wetlands while lane 2 from Kuala 

Sepetang. (B) Intensity of GST protein bands from 

both locations. * indicates significant difference at 

p< 0.05 by using independent T-test. 

 

Locations 

Number of 

protein 

bands 

Molecular weight 

(kDa) 

Setiu 

Wetlands 
18 

108.9, 94.7, 76.4, 

70.0, 63.4, 59.7, 

55.7, 52.5, 49.6, 

45.5, 43.6, 38.3, 

32.1, 30.5, 26.5, 

25.4, 17.4, & 16.3 

Kuala 

Sepetang 
18 

132.0, 100.0, 75.0, 

68.6, 64.4, 59.2, 

54.7, 50.0, 46.3, 

41.0, 38.6, 35.7, 

31.9, 29.0, 26.7, 

25.2, 17.8, & 16.0 

Figure 3:  (A) SDS-PAGE gel showing proteins 

profile in hepatopancreas of mud crabs. Lane 1, 

2 and 3 for hepatopancreas of mud crabs from 

Setiu Wetlands while lane 4, 5 & 6 from Kuala 

Sepetang. (B) The number of protein bands and 

their molecular weight in hepatopancreas from 

both locations. 
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Other proteins expressed also can get involve with 

oxidative stress and detoxification process. From 

1D SDS gel in figure 3, there was ~18 bands 

protein from hepatopancreas from both locations. 

At ~65-70 kDa, the density of this band was high 

in Kuala Sepetang compared to Setiu Wetlands. 

This protein might be related with heat-shock 

protein group. Heat-shock protein (HSPs) are 

present in all organisms. HSPs will be expressed 

during oxidative stress and involved in 

metabolism, growth, differentiation, programmed 

cell death, and fertilization (Yang et al., 2013). In 

recent study, the expressions of HSP 70 was high 

in Tilapia fish at the area that contaminated with 

trace metals of Cd and Zn (Muposhi et al., 2015). 

This is also reported by Hamer et al. (2004), HSP 

70 were increased in mussel gills at the polluted 

area in Rovinj area. They also concluded that HSPs 

can reach maximum level after 3 days, a week or a 

month or persistent after exposure of trace metals.  
 

Conclusion 
 
High anthropogenic activities lead to the 

contaminations of trace metals in hepatopancreas 

of mud crabs from Kuala Sepetang. From our 

findings, GSH and GST protein were involved in 

detoxification of xenobiotics in hepatopancreas of 

mud crabs and can be good bioindicator in polluted 

area. 
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