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ABSTRACT 

Higher photosynthetic efficiency and biomass production with rapid growth makes microalgae as 

potential candidates over other energy crops in many applications. Heavy metals influence the 

production of secondary metabolites and lipd content of microalgae in particular. A study was 

conducted using six Chlorella species under heavy metal exposure to evaluate the copper stress on 

biomass, cellular and lipid contents. Preliminary growth studies indicated the growth tolerance levels 

of Chlorella in the presence of copper at 4.0 mg L
−1 

concentration. The total chlorophyll, protein and 

lipid content of the isolates were 1.7-3.45%, 0.43-0.70 mg g
−1 

and 0.02-0.11 mg g
−1

 respectively. Gas 

Chromatography-Mass Spectroscopy analysis revealed that the percent composition of fatty acids 

varied among the species studied and the major group of fatty acids were C16:0, C18:1 and C18:2. 

Highest percent of fatty acids were found in C. vulgaris, C. protothecoides and C. pyrenoidosa. 

Copper have an impact on Chlorella species where biomass content was directly proportional to the 

lipid productivity. The results reflects the fact that copper stress on Chlorella species as the evidence 

of lipid production in both qualitative and quantitative manner. In conclusion, Chlorella species can be 

used for the sustainable producion of renewable energy through copper stress and removal of copper 

from aqueous solutions. 
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1. INTRODUCTION 

Microalgae are used for many applications which 

include biofuel production, heavy metal removal, 

production of pharmaceuticals and nutraceuticals. 

Further, microalgae have advantages over other 

energy crops due to their higher photosynthetic 

efficiency, higher biomass production and faster 

growth (Huang et al., 2010; Chisti, 2007). The 

survival or proliferation of microalgae over a wide 

range of environmental conditions results in the 

production of many secondary metabolites (Anderson, 

1996). Lipids are secondary metabolites produced by 

microalgae helps in maintaining specific membrane 

functions and cell signalling pathways while 

responding to the environment changes. The fatty acid 

content is influenced by the environmental and cultural 

conditions of microalgae (Petkov and Garcia, 2007). 

Algal lipids have been recognized as suitable 

feedstock for biodiesel production (Griffiths and 

Harrison, 2009). Algae synthesize fatty acids 

principally for esterification into glycerol based polar 

lipids under favourable conditions. However, many 

algae alter their lipid biosynthetic pathways towards 
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the formation of neutral lipids in the form of 

triacylglycerol (Breuer et al., 2012; Li et al., 2011a) and 

can be readily converted to biodiesel (Hu et al., 2008). 

The lipid content can be altered by various factors 

(Hsieh and Wu, 2009; Rodolfi et al., 2009; Takagi and 

Yoshida, 2006; Liu et al., 2008) including heavy metals 

(Dragone et al., 2011; Rocchetta et al., 2006; Sunda et al., 

2005; Vavilin et al., 1998). Copper has been used as 

pesticide to control algal blooms (Rai et al., 1981; 

Horne and Goldman, 1974) which disrupts 

photosynthesis, respiration, ATP production, pigment 

synthesis and inhibits cell division (Cid et al., 1996; 

Stauber and Florence, 1987). Copper is associated 

with large number of enzymes which catalyse 

oxidative reactions involving metabolic pathways 

(Marschner, 1995). However, little information is 

available on the effect of copper in modulating the 

fatty acid composition of Chlorella species. In this 

study, variations in lipid composition are compared 

with the concentrations of biomass, chlorophyll, 

protein and lipid content in order to elucidate the 

influence of copper stress on various Chlorella species.  

2. MATERIALS AND METHODS 

2.1. Sample Collection and Identification 

Algal samples were collected from copper 

contaminated water habitats from Bangalore (13°04’N, 

77°58’E) and washed several times with tap water and 

then with deionized water before analysed by using 

microscope. The family and genus were identified with 

reference to the biology of algae (Round, 1973). 

2.2. Cultivation 

Six Chlorella species were identified and were 

cultivated in Bold’s basal medium (Andersen, 2005; 

Stanier et al., 1971) and 

http://web.biosci.utexas.edu/utex/default.aspx). 

2.3. Copper Concentration 

Stock copper solutions (CuCl2. 2H2O) were prepared 

at a concentration of 100 mg L
−1

 in deionized water. 

Solutions of varying concentrations were prepared by 

diluting with Bold’s basal medium.  

2.4. Heavy Metal Tolerance Studies 

To determine algal tolerance to copper, exponential 

growth phase (10
4
 cells m L

−1
) algal cultures were used 

(OECD, 2002). Bioassays were carried out in 250 mL 

conical flasks containing 100 mL of Bold’s basal 

media supplemented with Cu at initial concentrations 

ranging from 0.5, 1.0, 2.0, 4.0 and 8.0 mg L
−1

. The 

flasks were kept under illumination at 2500 lux for 12 

hr light-dark cycle at 24±2°C and agitation in an 

orbital shaker for 15 days. Metal-free and algae-free 

blanks were used as control groups. Separation of 

biomass from metal bearing solution after appropriate 

incubation time was achieved through centrifugation 

at 10,000 rpm for 10 min. 

2.5. Cell Count and Biomass Determination 

The cells were fixed with Lugol’s iodine solution 

to measure the cell density using haemocytometer. 

The mean number of cells produced at each 

concentration after the incubation period was 

expressed as percentage growth reduction with respect 

to control. The algal biomass was determined by the 

spectrophotometric transmission of algal suspension 

(Schimadzu UV-2600) at 550 nm. The highest 

concentration of copper which produced maximum 

biomass content was used for further studies. 

2.6. Chlorophyll Estimation 

The chlorophyll content of the cells was estimated 

spectrophotometrically (Sartory and Grobbelaar, 1984). 

The cells were harvested by centrifugation at 3000 g and 

thoroughly ground in 96% ethanol. After incubation with 

ethanol for 2 h at 4°C, cell debris was cleared by 

centrifugation. The resulting supernatant was subjected 

to OD measurement at the wavelength of 645 nm and 

663 nm, with 96% ethanol as blank. Total chlorophyll 

content (i.e., chl a and b) was estimated using a formula 

C (mg L
−1

) = 20.2OD645+8.05OD663 and was converted 

to % of cell dry weight.  

2.7. Total Soluble Protein Estimation 

Total soluble protein content was measured by the 

(Bradford, 1976) method using bovine serum albumin as 

standard. The total soluble protein was expressed as 

mg/g fresh weight. 

2.8. Lipid Extraction 

Algal cultures were centrifuged and the pellet was 

added with 10 mL of ice cold 0.2 N HClO4. After 15 min 

at 4°C, the sample was centrifuged and 10 mL of 

chloroform-methanol (2:1 v/v) solution was added and 

allowed to stand for 5 min at 4°C. The sample was 
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centrifuged and to the supernatant, 0.2 volumes of 

distilled water were added. The solutions were shaken 

for 5 min and centrifuged for 15 min at 2000 rpm to 

separate the phases. The lower organic phase was 

collected and the chloroform-methanol solution was 

evaporated under a steam of nitrogen. Aliquots of lipid 

extracts were mixed with 2 mL of dichromate solution and 

the tubes were placed in boiling water bath for 45 min. 

The tubes were shaken for 2 or 3 times during the 

heating and were cooled, removed 1ml from each, 

diluted to 100 mL with water and the absorbance was 

read at 350 nm against water as blank. Palmitic acid 

was used a standard and the lipid content was determined 

from the standard curve (Folch et al., 1957). 

2.9. Fatty Acid Methyl Ester (FAME) Analysis 

Algae cultures (4 mL each) were centrifuged at 

16,000 rpm for 3 min and the pellet was hydrolyzed and 

methyl-esterified by shaking (1,200 rpm) with 300 µL 

of a 2% H2SO4/methanol solution for 2 h at 80°C. 

This was followed by the addition of 50 µg of 

hexadecanoic acid as internal standard to the pellet 

prior to the reaction. A total of 300 µL of 0.9% (w/v) 

NaCl and 300 µL of hexane was then added and 

vortexed. Phase separation was performed by 

centrifugation at 16,000 rpm for 3 min. A total of 1 

µL of the hexane layer was used for GC-MS analysis. 

2.10. GC-MS Conditions 

GC-MS analysis of lipid extract was performed 

using a Thermo Scientific TRACE GC Ultra 

comprising an Thermo DSQII auto-sampler equipped 

with Zebron ZB 5 ms column (30 mL ×0.25 mm ID 

×0.25 µm). For GC-MS detection, an electron 

ionization system was operated in electron impact 

mode with ionization energy of 70 eV. Helium gas 

(99.999%) was used as a carrier gas at a constant flow 

rate of 1.0 mL min
−1

 and an injection volume of 1 µL 

was employed in a splitless mode. The initial 

temperature was 40°C with a hold time of 2 min and 

the ramp was 300°C at a rate of 10°C/min for a hold 

period of 5 min. Mass spectra were taken at a scan 

mass range of 30-600 m/z. The solvent delay was 0 to 

2 min and the total GC/MS running time was 32 min. 

The relative percentage amount of each component 

was calculated by comparing its average peak area to 

the total areas. Quadrupole mass analyzer along with 

Xcalibur and AMDIS software was adopted to handle 

mass spectra and chromatograms. Fatty Acid Methyl 

Esters (FAMEs) were quantified by taking the ratio of 

the integral of each FAME’s total ion current peak to 

that of the internal standard (50 µg). 

3. RESULTS 

Six species of Chlorella were identified namely 
Chlorella vulgaris, C. pyrenoidosa, C. ellipsoidea, C. 
emersonii, C. sorokiniana and C. protothecoides. 
Bioassay experiments involving Cu concentrations 
0.5, 1.0, 2.0, 4.0 and 8.0 mg L

−1 
were carried during 

which cell count and biomass content were varied 
with Cu concentration. Highest cell count and biomass 
was obtained at 4.0 mg L

−1 
concentrations and was 

considered for determination of chlorophyll, total 
protein and lipid content. 

The influence of copper stress among Chlorella 

species has been studied and a concentration 

dependent reduction in growth rate, content of 

chlorophyll, protein and lipid were compared and 

depicted in Fig. 1-5. Among the Chlorella species, C. 

vulgaris has produced maximum biomass (1.18 g L
−1

) 

followed by C. pyrenoidosa and C. protothecoides. 

There were no significant differences in biomass 

content among the other species studied. The total 

chlorophyll content estimation revealed that amount 

of chlorophyll was in the range between 1.7-3.45%. 

Highest chlorophyll content was present in C. vulgaris 

(3.45%), C. pyrenoidosa (2.21%) and C. 

protothecoides (2.17%). The total protein estimation 

of isolated Chlorella species revealed the highest 

content in C. protothecoides (0.70 mg g
−1

), C. 

ellipsoidea (0.69 mg g
−1

) and C. vulgaris (0.61 mg 

g
−1

). The least protein content was found in C. 

emersonii (0.43 mg g
−1

). The total lipid estimation of 

the isolates revealed the lipid content between 0.02-

0.11 mg g
−1

, where C. vulgaris (0.21 mg g
−1

) has 

recorded highest content followed by C. 

protothecoides (0.17 mg g
−1

). 

GC-MS analysis of the transesterified lipid extracts 

revealed the presence of various fatty acid groups 

(C15:0, C16:0, C16:1, C17:1, C18:0, C18:1, C18:2). 

The percent composition of fatty acids varied among 

the species studied and the major group of fatty acids 

were C16:0, C18:1 and C18:2 (Table 1). 

In general, copper has influenced the fatty acid 

composition with various percent compositions. Highest 

percent of C16:0 (25.21%), C16:1 (2.67%), C18:0 

(6.2%) and C18:2 (21.43%) were found in C. vulgaris 

whereas, C15:0, C17:1 and C18:1 were found in C. 

protothecoides at 1.72, 0.91 and 12.13% respectively. 
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Fig. 1. Biomass content of Chlorella species under copper stress 

 

 

 
Fig. 2. Chlorophyll-a content of Chlorella species under copper stress 
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Fig. 3. Chlorophyll-b content of Chlorella species under copper stress 

 

 
 

Fig. 4. Protein content of Chlorella species under copper stress 
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Fig. 5. Lipid content of Chlorella species under copper stress 

 
Table 1. Percent composition of fatty acids from Chlorella species under copper stress (4 mg L−1) 

Species C15:0 C16:0 C16:1 C17:1 C18:0 C18:1 C18:2 

C. ellipsoidea 1.67 9.03 1.61 ND ND 7.04 11.13 

C. emersonii ND 11.25 ND ND 0.81 7.73 12.93 

C. protothecoides 1.72 18.42 1.85 0.91 ND 12.13 19.01 

C. pyrenoidosa ND 16.71 ND 0.25 2.64 7.92 12.24 

C. sorokiniana 0.74 8.63 0.91 ND 0.71 3.05 6.79 

C. vulgaris 1.53 25.21 2.67 ND 6.2 11.03 21.43 

 

4. DISCUSSION 

Most of the oleaginous algae belong to green algae and 

diatoms (Pulz and Gross, 2004). Green algae have more 

saturated and unsaturated fatty acids similar to that of 

vegetable oils. Chlorella species are particularly 

attractive due to their strong resistance characteristics to 

various unfavourable environmental conditions. 

Association of increased cellular lipid accumulation 

under different environmental stress conditions was 

observed in green microalgae (Li et al., 2011b). During 

biofuel production, high lipid production is crucial to 

achieve commercial feasibility. A suitable microalgae strain 

must have high lipid productivity, either by possessing high 

basal lipid content and/or be inducible to accumulate 

significant amounts of lipids (Rodolfi et al., 2009). Previous 

studies concerning the heavy metal tolerance of algal 

species were reported (Bajguz, 2000; Takamura et al., 

1989). Heavy metals can cause adverse effects on cell 

division, growth, photosynthesis and respiration (Wang and 

Chen, 2009). Variations in cell number, chlorophyll and 

protein content among the Chlorella species were observed 

in this study which could be due to copper exposure of 

Chlorella. Copper has been found to be one of more toxic 

metals to unicellular algae than other heavy metals 

(Bilgrami and Kumar, 1997; Ilangovan et al., 1992; 

Lam et al., 1999; Rachlin and Grosso, 1993). This study 

focused on effect of copper on growth rate, cellular and 

lipid composition of Chlorella species. 

One of the goals of this study was to find a copper 

concentration that would not negatively affect the 

microalgae. It was found that increasing copper 

concentrations in the bioassay caused a significant 

decrease in algal growth rates among the Chlorella 
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species over 15 days. The growth rate was declined 

above 4.0 mg L
−1 

concentration and hence the further 

experiments were carried out at 4.0 mg L
−1 

concentration. Copper tolerance by C. vulgaris at 3.0 µg 

m L
−1

 concentration was reported in earlier studies 

(Mallick, 2004). The next goal was how copper would 

impact the growth, chlorophyll, protein content and 

lipid accumulation in Chlorella species. At 4.0 mg 

L
−1

, significant cell numbers and biomass 

concentration were observed among the species. The 

determination of biomass, chlorophyll and lipid 

contents of microalgae would provide useful 

information concerning the growth status during 

cultivation. High lipid accumulation and biomass 

productivity are desired phenotypes in algae for 

biodiesel production. However, stress conditions 

reduce the biomass production and increase lipid 

content of algae (Li et al., 2008). In this study, copper 

have an impact on Chlorella species where biomass 

content was directly proportional to the lipid 

productivity. Berglund et al. (2001) reported that both 

the quantity and quality of lipids produced vary with 

the identity of algal species. The same trend was 

observed in this study, where C. vulgaris, C. 

protothecoides and C. pyrenoidosa produced higher 

percent composition of fatty acids than other species. 

5. CONCLUSION 

In the case of value added products from 
microalgae, the isolates should adapt better to heavy 
metal stress and provide a more stable and productive 
culture in pilot scale. Most of the isolates were able to 
tolerate copper and produced diversified fatty acids at 
various concentrations irrespective of the species. 
Biochemical adaptations to abiotic stresses involve 
evolution of new metabolic pathways and synthesis of 
new proteins and the copper stress has influenced the 
lipid profile of microalgae in this study. This research 
presented here reflects the fact that copper stress on 
Chlorella species as the evidence of lipid production 
in both qualitative and quantitative manner. The 
presence of diversified fattyacids under copper stress 
is an evidence that Chlorella can be used for the 
sustainable production of renewable energy and other 
nutraceuticals. It also suggests the use of this species 
for the removal of copper from aqueous solutions. 
Further research on influence of other heavymetals in 
the cellular and lipid contents of Chlorella species 
need to be investigated for the efficeint use of the 
microalgae in the production of other value added products. 
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