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 Water is the most important aspect in life and in aquatic ecosystem, thus heavy metal 

pollution such as Lead (Pb) will affect organism. Microalgae known to remediate well 
polluted water, while protein is the capital component in living cell. Hence studying the 

protein mechanism of heavy metal detoxification by microalgae may help to find ways 

to counter the water pollution problems. By finding the IC50 value for Chlorella vulgaris 
on Pb, evaluation on total protein, caspase-like like activity and protein separation was 

done. The IC50 value for C. vulgaris with Pb is 9mg/L at 10 6 cell density. After 

challenged, total protein was significantly reduced (p<0.05) compared to control, while 
apoptosis test; caspase-like activity was high in challenged culture.  The SDS-PAGE 

show intense band at 70kDa weight in challenged culture, which indicate the 

preliminary finding on expression of p38 stress protein as potential biomarker for 
aquatic pollution.  
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INTRODUCTION 

 

Pollution such as present of excess heavy metal will affect the aquatic and other organisms that depending 

on the contaminated water sources. Industrial activity such as mining energy and fuel, chemical factory such as 

fertilizer and pesticide industry were the main contributor for releasing heavy metal such as Pb, Hg, Cd, Cu, Cr, 

Zn into aquatic ecosystem [1,2]. Toxicity may occur when too high metal concentration and become oxidative 

stress and increase of reactive oxygen species (ROS) [2].  

Cell may response to oxidative stress many different way such as detoxification via antioxidant, apoptosis, 

necrosis, or malignant depends on the toxicity level [2]. Previous study shows microalgae species such as 

Chlorella sp. [1,3,4] have the ability as metal removal through their absorption and detoxification process at 

certain tolerance level. As a primary produce, understanding microalgae physical and cellular mechanism in 

detoxification of heavy metal will positively affect the ecosystem’s food chain. Development of biomarker may 

help the understanding of its cellular mechanism.  

There are several type of biomarker being study such as biomarkers of exposure, indicative of 

environmental stress and biomarkers of effects, indicative of pollutant exposure such as protein, which used to 

study the level of stress in aquatic system [5]. For instance, caspase- like activity, a type of enzyme an indicator 

of inflammation and apoptosis when cell undergo stress, which mediated by mitogen activated kinases (MAPK). 

P38 and JNK; proteins that associated with MAPK are genetically associated with cellular signal to diverse 

stresses and may involve in either anti- apoptotic or pro-apoptotic mechanisms depending on their isoform and 

/or cell type [5]. Thus, enzymatic evaluation on caspase-like activity and protein separation using SDS-PAGE 

will help in preliminary scanning the present of indicator protein P38 and JNK using model organism C. 

vulgaris. 

 

Methodology: 

Microalgae culture: 

The stock algae broth medium, prepared using Erlenmeyer flask 250ml, filled with 150ml seawater 31 ppt 

for C.vulgaris. All items were autoclaved for 20 min at 121 psi, 120 ̊ C. The seawater were cooled down to room 

temperature, the f/2 media was mixed in at 1000:1 ratio between seawater and f/2 media. The broth stock culture 
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was prepared by inoculating colonies of agar culture of microalgae into prepared broth. The flask then left on 

orbital shaker and reached it stationary phase after 1 to 2 week of inoculation until reached exponential growth 

phase with cell exciding 108/mL A standard curve of microalgae cell against absorbance was generated to 

determine the number of cell during heavy metal tolerance assay and cell number determination.  

 

Heavy metal tolerance assay: 

Tolerance assay was done in order to find the inhibition concentration (IC) based on number of cell 

response for C.vulgaris upon Lead II Nitrate (Spex CertiPrep) toxification. Six 100 mL of Erlenmeyer flask 

filled with 60 mL of media with cell density at 10
6
 and six different Pb concentration. Treatment was done for 

24 hours, and the cell number at the end of treatment was taken using UV-BIS Spectrometer Shimadzu and 

calculated based on cell against absorbance standard curve. For this study 0- 10mg/L range was tested. The 

tested concentration Pb concentration was manipulated until best fit regression line obtained. The IC graph was 

plotted using cell number against concentrations. No Observed Effect Concentration (NOEC) was determine at 

the concentration where no growth of cell observed based on cell number. The control will be the maximum cell 

number, the number of cell at IC50 will be calculated based from the control in equation (1) modified from [6]. 

 

          (1) 

 

Heavy metal challenge and harvesting: 

From the obtained IC50 value for Pb 0.9mg/L, challenge was done in 300 mL media for 24h with cell 

density of 10
6
. The culture aliquot were pelleted in 50mL falcon tube via centrifugation at 15000xg for 15min. 

The pellet then used for protein extraction or stored immediately at -80C̊ before analysis.  

 

Total Protein: 

The pellet then suspended in extraction buffer contain 7M Urea, 2M Thiourea, 2% CHAPS, 2% Triton X 

and 1% DTT with adjusted pH 8.0 [7] with addition of protease inhibitor cocktail (0.001mg/ml). The 0.1g of 

cell then disrupted using mortar and pestle with addition of liquid nitrogen .  The aliquots were centrifuge at 

40000xg at 4̊ C for 30 min and supernatant with protein extract were collected and immediately store at -80̊ C 

for further analysis. Bradford test [8] was done to determine the total protein content in each sample. 

 

Caspase- like activity: 

To quantify the caspase- like activity, Enzchek® Caspase-3 Assay Kit #2 (Invitrogen) were used [9]. This 

kit detect apoptosis by assaying the increase in caspase 3 protease activity. 800 µL of protein extract were 

combined with 792 µL of 2x reaction buffer (Caspase 3 Assay Kit #2, Invitrogen) and 8 µL Z-DEVD-R110 

substrate (final substrate concentration, 10 µM). Samples were incubate at room temperature in the dark for 4 h. 

The fluorescence was detected using Varioskan™ Flash Multimode Reader (Thermo Scientific). The excitation 

and detection wavelength used were 496 and 520nm, respectively. Rhodamine which included in the kit, was 

used to generate a standard curve in order to quantify the caspase, µM. 

 

Sds-Page: 

The protein extract then undergo protein separation using SDS-PAGE in Mini-protean II system (Bio-Rad) 

at 100V for 90 minutes in 12% gel. The gel then stained using Coomassie Brilliant Blue overnight and distained 

using distilled water until the bands visualize. The gel then documented using Gel Doc™ XR (Bio-Rad) via 

Image Lab software. The gel then analysed by calculating the molecular weight, comparing intensity and 

expression of band. 

 

Statistical analysis: 

The total protein and caspase-like activity was compared means between challenged and control culture 

using student T-test using SPSS 18. 

 

Result: 

For tolerance assay, after 24h the number of cell for each Pb concentration treatment was determined as 

well their absorbance value at OD600. From the plotted graph in Figure 1, IC50 value was obtained at 9mg/L and 

was used for challenge and protein analysis. 
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Fig. 1: Number of cell/mL against Lead concentration produced a quadratic regression graph (R2= 0.987) as C. 

vulgaris treated with Pb.  

 

By the using Bradford (1975) total protein content was determined. Pb challenge at IC
50

 reduced the total 

protein at 1.29mg/mL, while the control shows higher total protein content at 1.73mg/mL. However, for 

Caspase-like activity, challenged culture showed higher reading of caspase activity at 0.32µM. Although, 

control has higher total protein reading, Caspase-like activity show lower reading at 0.05µM.  

 

 

 

 

 

 

 

 

 

 

Fig. 2: (a) Under Pb challenge total protein in control was higher compared to IC50. (b) Caspase-like activity 

showed vice versa result as the IC50 significantly (p<0.05) higher than control. 

 

The SDS-PAGE analysis was done on 3 replicate of control as well IC50 challenge. The protein separation 

showed different intensity of band between two treatments. The control has 10 intense bands range 100kDa to 

10 kDa compared to after challenge has only 2 intense bands range 75kDa to 25 kDa. The challenged showed a 

lots of faint protein band due to Pb metal stressor. 

 
 

Fig. 3: The protein separation of C. vulgaris shows different intensity of bands between control and Pb 

challenge. C1, C2, C3 are the Control while Pb1, Pb2, Pb3 are IC50 challanged and M is the marker, 

Precision Plus Protein™ (All Blue Prestained Protein Standards). 

 

Discussion: 

In this study, the IC50 for C.vulgaris when challenge with Pb at 1x 10
6
 cell density was 9.0mg/L, which was 

lower compared to Pinto [10] listed IC50 for phytoplankton in marine environment was 250mg/L. Wei [11] get 

the IC50 value for C. vulgaris at 67.73mg/L with starter cell density of 10
6
 to 10

8
. The different result was due to 

different brand of lead solution used, microalgae species and the starter cell density. Typically, the higher the 

Lead concentration, mg/L 

No. of cell/mL 
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cell density at initial culture, the higher will be the IC50 value. Pb is a non-essential metal for eukaryotic 

organism however trigger the increasing number of cell at the first four initial concentration. This may due to its 

involvement in the mechanisms by which metabolites are retained in the cells or involvement in producing lipid 

body or mineralization of nutrients from the dead cell [12]. The exact mechanism on how Pb increase the 

number of cell yet to be studied. Challenged C.vulgaris at IC50 showed reduction of total protein as compared to 

control. The reduction of protein due to its role as central cell response especially under stress (3) by focusing 

on production of specific stress counter protein. Reduction of protein is due to reactive oxygen species. Heavy 

metal such as Pb is known to activate reactive oxygen species, (ROS) when excess intake. ROS can oxidize 

proteins, lipids, and nucleic acids, which cause the reduction of essential protein (6). Furthermore, the reduction 

of protein content are the growth inhibition, are common symptoms of metal phytotoxicity in organisms [10].  

Omar [12] reported that uptake of phytotoxic amounts of metal by algae inhibited several enzymes and 

increased the activity of others, for example apoptosis activity regulate by producing caspase enzyme, which 

explained the significantly high reading of caspase in challenged culture compared to control. Previous study 

showed high toxicity of heavy metal produce more caspase to trigger the cell suicide mechanism or apoptosis in 

which an endogenous biochemical pathways towards cellular changes together with apoptotic morphological 

changes [13,10]. Other than that, in response to heavy metal stressor, apoptosis limit the cell division and 

growth as adaptive response to bystander the heavy metal toxicity [13] which resulted in reduction of total 

protein content but high in caspase-like activity. This was further confirmed by SDS-PAGE analysis, which 

showed control has more variety of intense bands compared to IC
50

. About ten intense band observed in control 

were faint/lost in challenge culture, which indicate the cell undergoing selective protein production in 

countering Pb metal stress. As the modulator of the production of caspase are the Mitogen Activated Protein 

Kinases, consist of two main protein p38 and JNK [15], thus the  intense band, at 70kDa may related to p38 β, 

which known to have a molecular weight of 71kDa. This preliminary finding activation of p38 may due to the 

present of heavy metal; Pb which been study to activate the MAP kinase in response to stress stimuli such as in 

eukaryotic organism and they usually will maintain the balance between generation and neutralization of 

reactive oxygen species (ROS) triggered by heavy metal (1). To further confirm activation of p38, western 

blotting need to be done using specific antibody. 

 

Conclusion: 

Algal toxicity test are widely applied to assess the effects of hazardous substances in water since algae 

equilibrate the aquatic ecosystems, [11,13], while protein is essential in cell system in regulating cell activity 

and signal. Hence, as a primary producer, its protein mechanisms in countering toxicology such as p38 is a 

potential biomarker to be studied. 
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