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ABSTRACT  
The heavy metal mercury has resulted in many problems of human health and aquatic ecosystems. One of the aquatic organism is 
celled green microalgae, Chlorella vulgaris 
tolerance level (IC50) of C. vulgaris towards highly toxic metal, mercury (Hg) was assessed. Based on the IC
was extracted by using acetone method and urea buffer was used to extract total soluble protein 
then determined by Enzchek® Caspase-3 Assay Kit
and TSP contents were significantly reduced which about 51% for chl a, while T
Dodecyl- sulphate Polyacrylamide Gel Electrophoresis (SDS
protein after treated with mercury with five intense bands; 75, 47, 37, 19, 17
culture. Reduction of chl a, TSP and changes in protein profiling may due to detoxification mechanism towards heavy metal. 
microalgae has a unique ability to bind and accumulate metal and t
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Urbanization and industrialization processes have cause increasing of heavy metals and pollution in the 

environment especially in aquatic ecosystem. Because 
in food crops, fruit plants and vegetables and can cause serious problem to all organism as they enter food chain 
through atmosphere, soil and water [1
organisms and it can be divided into two forms which are inorganic mercury and orga
metal release such as mercury (Hg) can cause disruption in the terrestrial and aquatic ecosystem. Mercury is one 
of the heavy metal that is known very toxic in  all organisms especially  aquatic ecosystem that are easy to 
expose coming from various sources such as anthropogenic activities and it can be harmful to organisms. 
Microalgae are the first targets that tend
food chain and they will be toxic when there 

Microalgae such as C. vulgaris
ability to remove heavy metal from the environment because this microalgae can produce 
to attach to the heavy metal [13,4].Some research have been done showing 
the cells.  However, there is no significant effect in 
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The heavy metal mercury has resulted in many problems of human health and aquatic ecosystems. One of the aquatic organism is 
which has a unique ability to bind with heavy metal especially mercury (Hg). I

towards highly toxic metal, mercury (Hg) was assessed. Based on the IC50 value, the chlorophyll (chl) a 
was extracted by using acetone method and urea buffer was used to extract total soluble protein (TSP) content. Caspase

3 Assay Kit. The results showed that the algal IC50 of Hg was about 0.48mg/L. At this values, chl a 
and TSP contents were significantly reduced which about 51% for chl a, while TSP reduced about44% compared to control. Sodium 

sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) was used to show the protein profilingas well showed variation of 
five intense bands; 75, 47, 37, 19, 17 kDa were observed in control,where faint or lost in treated 

culture. Reduction of chl a, TSP and changes in protein profiling may due to detoxification mechanism towards heavy metal. 
microalgae has a unique ability to bind and accumulate metal and thus, is promising bio indicator for pollutants.

Mercury; Toxicity; Chlorella vulgaris; Pollution; Biomarker. 

INTRODUCTION 

Urbanization and industrialization processes have cause increasing of heavy metals and pollution in the 
environment especially in aquatic ecosystem. Because these metals are not biodegradable, thus will accumulate 
in food crops, fruit plants and vegetables and can cause serious problem to all organism as they enter food chain 
through atmosphere, soil and water [13]. Mercury (Hg) is one of the most toxic metal can affect l
organisms and it can be divided into two forms which are inorganic mercury and organic mercury [1
metal release such as mercury (Hg) can cause disruption in the terrestrial and aquatic ecosystem. Mercury is one 

n very toxic in  all organisms especially  aquatic ecosystem that are easy to 
expose coming from various sources such as anthropogenic activities and it can be harmful to organisms. 

targets that tend to be affected by heavy metal as they are the first consumer in their 
food chain and they will be toxic when there are high levels of heavy metal [4].  

vulgaris well known for bioremediation process due to their great in metal uptake 
rom the environment because this microalgae can produce 

Some research have been done showing that Hg ion is able to accumulate 
is no significant effect in low concentration, but in high concentrations Hg is strongly

 

(AENSI Publication). 

Assessment of Mercury Toxicity on Cultured Chlorella 

Wan AzahKarimah W.M.S 

Wan Bayani Wan Omar, School of Marine and Environmental Science, Universiti Malaysia Terengganu,  21030 Kuala Terengganu, 

Received 17 July 2016; Accepted 28 September 2016; Available online 30 September 2016 

The heavy metal mercury has resulted in many problems of human health and aquatic ecosystems. One of the aquatic organism is a single-
which has a unique ability to bind with heavy metal especially mercury (Hg). In this study, the 

value, the chlorophyll (chl) a 
(TSP) content. Caspase-like activity were 

of Hg was about 0.48mg/L. At this values, chl a 
SP reduced about44% compared to control. Sodium 

PAGE) was used to show the protein profilingas well showed variation of 
kDa were observed in control,where faint or lost in treated 

culture. Reduction of chl a, TSP and changes in protein profiling may due to detoxification mechanism towards heavy metal.  This 
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in food crops, fruit plants and vegetables and can cause serious problem to all organism as they enter food chain 
]. Mercury (Hg) is one of the most toxic metal can affect living 

nic mercury [1]. Heavy 
metal release such as mercury (Hg) can cause disruption in the terrestrial and aquatic ecosystem. Mercury is one 

n very toxic in  all organisms especially  aquatic ecosystem that are easy to 
expose coming from various sources such as anthropogenic activities and it can be harmful to organisms. 
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toxic to cells due to  its ability to bind water channel proteins, interfere with mitochondrial activity, and induce 
oxidative stress, which triggers ROS generation [12].Heavy metals also have impact to the microalgal cellular 
activities such as cell viability, membrane structure and properties [13].When the cells get stressed with the 
environment, they can cause apoptosis or known as programmed cell death (PCD) to occur which it may 
commit suicide by forming bleb or swell cells and caspase enzyme act as an activator to start the apoptosis 
process which this enzyme can split a set of proteins and the cells undergo the DNA fragmentation and nucleus 
integration [7].  

Some studies assessing Hg toxicity to microalgae has focused on bioaccumulation [16,13] however a little 
study has been done at cellular level therefore this study was conducted to add some knowledge about the 
mechanism of C. vulgaris towards the Hg toxicity.Microalgae play an important roles in the ecosystem as they 
can undergo bioaccumulation and bioremediation process but it also can affect their cellular activities that can 
lead to apoptosis process. Thus, the toxicity assessment on the tolerance level at inhibitory concentration, 
IC50towards mercury and measure on the total soluble protein, chlorophyll a, caspase activity and apoptotic 
activity were doneon microalgae C.vulgaris. 

 
Methodology: 
Culturing of Microalgal Sample: 

The algal sample used was a C. vulgaris strain UMT-M1 provided by Institute of Marine Biotechnology, 
UMT. The alga was cultured in f/2 medium in filtered seawater at 31 ppt. The alga was left at 25°C, light 
intensity 17 µmol photon m-2 s-1 and aerated until it reached at the middle of the exponential growth phase where 
it was harvested for treatment. Algal cells were then aliqout into 24 well plate for determination of IC50 of 
mercury(II) nitrate, Hg(NO3)2. 

 
Determination of IC50 Concentration of Mercury(II) Nitrate: 

Tolerance assay was done in order to find the inhibition concentration (IC) based on number of cell 
response for C.vulgaris upon Mercury II Nitrate, Hg(NO3)2 (SpexCertiPrep) toxification. 24 well plate was 
filled with 1.5 mL of media with cell density at 106 and six different Hg concentration with 3 replicate. 
Treatment was done for 24 hours, under 17 µmol photon m-2 s-1, 25°C and the cell number at 0h, 12h, 24h of 
treatment was taken using haemocytometer and trypan blue stain for death cell. For this study 0-2.5mg/L range 
was tested. The number of cell at IC50 will be calculated based on probit analysis [6].  

 
IC50 Hg(NO3)2 Treatment: 

From the obtained IC50 value for Hg 0.48mg/L, challenge was done in 400 mL media for 24hwith cell 
density of 104. The number of cell were counted at the end of treatment using haemocytometer. The culture 
aliquot were pelleted in 50mL falcon tube via centrifugation (HITACHI high-speed refrigerated centrifuge 
CR22N) at 15000xg for 15min at 4°C. The pellet then used for protein extraction or stored immediately at -80°C 
before analysis.   

 
Extraction of Chlorophyll a: 

Aliquot of 15 of each replicate of treatment and control were harvested using high speed centrifuge. The 
pellet then suspended in 6 mL acetone and homogenized using hand homogenizer for 10 second. The mixture 
then incubated in -20°C overnight before the absorbance reading at 630nm, 647nm, 664nm, and 691nm using 
spectrophotometer (UV-Vis Shimadzu). The mixture the centrifuge 15000xg for 10 min at 4°C. 50µL of the 
supernatant then added into quartz cuvette mix 950µL and being done under low light. Extraction method was 
adapted from Ritchie [17] with modification.  

 
Extraction and Quantification of Total Soluble Protein: 

The pellet obtained above was ground with liquid nitrogen into fine powder. Ground powder was then 
suspended in extraction buffer containing 7M urea, 2M thiourea, 2% CHAPS, 2% Triton X and 2% β-
Mercaptoethanol with adjusted pH 8.0 [5] with addition of 0.001 mg/mL protease inhibitor cocktail (Halt™ 
Protease Inhibitor Cocktail, Thermo Scientific). The aliquots were centrifuged at 40000xg at 4°C for 30 min and 
supernatant with protein extract was collected and immediately stored at -80°C for further analysis. Bradford 
method [3] was followed for quantification of total soluble protein (TSP) content in each sample. 

 
Caspase-3-like Assay: 

To quantify the caspase-like activity, Enzchek® Caspase-3 Assay Kit #2 (Invitrogen) were used [2]. 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 incubated at room temperature in the dark for 4 
h. The fluorescence was detected using Varioskan™ Flash Multimode Reader (Thermo Scientific). The 
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excitation and detection wavelength used were 496 and 520nm, respectively. Rhodamine was used to generate a 
standard curve at range of 0.002 to 0.01 µM in order to quantify the caspase. 

 
Sodium Dodecyl-sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE): 

Each samples were loaded 20µg protein and protein molecular marker used was Precision Plus Protein™ 
All Blue Prestained Protein Standards, Bio-Rad. After mixed with loading buffer, the sample were heated for 3 
minutes and immersed in ice before load. The proteins extracted from above were separated using SDS-PAGE 
in Mini-protean II system (Bio-Rad) at 100V for 90 minutes in 12% polyacrylamide gel. The gel was stained 
using Coomassie Brilliant Blue overnight and destained using distilled water. The gel was documented using 
Gel Doc™ XR (Bio-Rad) via Image Lab software.  

 
Statistical analysis: 

The chl a content, TSP content and caspase-3-like activity was compared means between treated and 
control culture using student T-test using SPSS 18 at p<0.05.  

 
Result: 

In this study, we determined that 0.48 mg/L of Hg(NO3)2 was needed to inhibit 50% of the C. vulgaris cells 
population after 24 h exposure (Figure 1). This IC50 concentration was then used to observe its effect on the 
algal chlorophyll (chl) a content, total soluble protein content and caspase-3-like activity.Chl a content of the 
alga was found to be significantly reduced in IC50 Hg(NO3)2 concentration with about51% lower than the 
control (Figure 1A). Significant changes were also observed for the total soluble protein (TSP) content and 
caspase-3-like activity of the alga in IC50 Hg(NO3)2 concentration compared to the control. A 44%reduction and 
a 2-fold increase was observed for TSP content (Figure 1B) and caspase-like activity (Figure 1C), respectively.  
The proteins expressed by the alga were also observed using SDS-PAGE as shown in Figure 2.  It was the 
control has 5 intense bands; 75, 47,37, 19 and 17kDa compared to after treatment has 4 intense bands;  88, 66, 
42 and 18kDa. The treated showed a lots of faint protein band compared to control. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A 

C 

B 

 

a 

b 

a 

b 

0

0.2

0.4

0.6

0.8

1

C
h

l 
a

 c
o

n
te

n
t

[g
/

L
]

b 

A a 



183                                                                      Wan Bayani W.O et al, 2016 
Advances in Environmental Biology, 10(9) September 2016, Pages: 180-185 

 

Fig. 1: Chlorophyll a content (A), total soluble protein content (B) and caspase-3 activity (C) of C. vulgaris 
treated with Hg(NO3)2 at IC50 concentration. Different letters above bars indicate statistically significant 
difference at p<0.05. 

                                            
 
Fig. 2: Proteins expressed in control (C) and C. vulgaris treated with IC50 Hg(NO3)2 concentration (TIC50). M is 

the protein marker. 
 

Discussion: 
One of the main important component in microalgae is chlorophyll which has ability to undergoes 

photosynthesis process. The result for IC50 of C. vulgarisin this study showed that the chl a content is reduced 
when compared to control due to toxicity of mercury. It is known that the mercury (Hg) can decrease the 
activity of photosynthesis. According to [4] claimed that the exposure of cells to heavy metal would cause 
inhibition of photosynthesis, alteration of membrane, low in nutrient uptake and also loss of cellular element. 
The  damage of the photosynthetic part which it can be characterised by organization of tylakoids, ultrastructural 
changes in shape and disruption of photosynthetic apparatus which may be accompanied by the breakdown of 
chloroplast structure resulting in reduction of chlorophyll content. Another study [8], said that the amount of 
photosynthesis pigment reduce as the concentration of chromium increase.The inhibition of chlorophyll and 
enzyme that involved due to heavy metal treatment contribute to the reduction of chlorophyll content [18].  
Meanwhile the protein content of treatment IC50 decrease compared to control. The reductionoccured because of 
toxic from mercury (Hg). [4] alsostated that the element of reduction of protein content can be characterised by 
the low photosynthetic rate due to shortage of carbon skeleton.  

Besides, the protein content are related with the chlorophyll which also affect the photosynthesis process 
resulting in protein synthesis. Proteins have complex substances including amino acids sequences, elements 
such as carbon and hydrogen and also including biological compounds such as hormones and enzymes.  [4] 
reported that the interference from metal could disrupt the cells including protein synthesis by binding to side 
group and  inhibit it, so the heavy metal are badly affected to organism as it will degrade all the internal 
apparatus.For the caspase like-activity of C. vulgaris treatedwith mercury was higher compared to control. 
Regarding to[19] the activation of caspase begin as it is the pathway lead to programmed cell death (PCD) and 
[15] said that, for the first time caspase enzymatic activities were described in chlorophyte, 
Dunaliellatertiolecta. [7] also stated that the PCD can occur in chlorophyte, Dunaliella viridis with the presence 
of caspase activity.Apoptosis activity regulate by producingcaspase enzyme, which explained the significantly 
high reading of caspase in challenged culture compared to control.Other than that, in response to heavy metal 
stress, apoptosis process limits the cell growth and also cell division as an adaptive response to the heavy metal 
toxicity which resulted in decrease of total protein content but higher in caspase activity [11]. 

This was further confirmed by SDS-PAGE analysis, which showed control has more variety of intense 
bands compared to IC50. About five intense bands; 75, 47, 37, 19, 17 kDa were observed in control,where faint 
or lost in treated culture, which indicate the cell undergoing selective protein production in countering Hg metal 
stress. While four intense bands were view from the treated; 88 kDa, 66 kDa, 42 kDa, and 18 kDa may represent 
the oxidative stress protein such as ribolusebiphosphate carboxylase or protein that help in protein degradation 
such as putative ubiquitin isopeptidase T[9] and these protein may play important roles in Hg tolerance by 
increasing activity of selective protein for the cell to survive.This may include stress protein which regulate in 
signaling pathways such as MAPK kinase kinase (MAPKKK), the MAPK kinase (MAPKK), and the MAPK 
wereinvolve in the regulation of transcription factors that activate genes needed for stress adaptation, 
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specifically in the context of heavy metals, triggered genes for the activation of metal transporters and the 
biosynthesis of chelating compounds [10]. Hence, as a primary producer, specific study on protein mechanisms 
such as 2 dimensional electrophoresis, in countering toxicology will help in finding potential biomarkers. 

 
Conclusion: 

In a nutshell, the treatment of mercury to C. vulgaris have caused the decreasing of chlorophyll a, protein 
content but the increasing of caspase activity due to the exposure to mercury. The inhibition concentration value 
for the IC50 was 0.48mg/mL. On the other hand, the average of chlorophyll a, protein content and caspase 
activity have significantly different (p < 0.05) to control. The protein profiling shows variation of protein 
expressed which indicate cellular system modification in countering heavy metal detoxification. Therefore, 
more research needs to be done to help in studies of apoptosis process and protein in microalgae as some of the 
research are still unclear and under debate. 
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