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Abstract 
The effects of high nitrate concentrations on chlorophyll degradation in Chlorella sp. were investigated. The decrease in the ratio of 
chlorophyll a/b with enrichment of high nitrate concentration (0.5 and 1 mM NaNO ) was also caused by a decrease in chlorophyll a 
and an increase in chlorophyll b concentration in Chlorella sps. cultures.
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Introduction -  Nutrient concentrations play an important role in the growth of 
phytoplankton, and the nitrogen sources considered most important for the 
growth of phytoplankton are nitrate and ammonium. Much higher nitrate 
concentrations have been found in aquatic ecosystems which were strongly 
contaminated by agricultural and urban activities [3], [1]. Enrichment of nitrogen 
and phosporus in aquatic enviroment can lead blooming of algae. Previously 
studies have also reported that nitrate could affect photosynthesis, growth and 
cellular toxicity of phytoplankton and metal toxicity to phytoplankton [3], [4], 
et [5]. Previosuly studied demostrated that excessive nitrogen fertilization 
causes osmotic stress, in which reactive oxygen species (ROS), hydrogen 
peroxide (H O ) and hydroxyl radical (•OH) are  produced [6]. ROS are highly 
toxic and can highly damage normal metabolism of lipids, proteins and nucleic 
acids and then inhibit plant and algae growth. Although, they found high nitrate 
concentration lead to inhibiton of growth of phytoplankton, effects of high 
nitrate stress on chlorophyll content, chlorophyll degradation and lipid 
peroxidation is still unexplored. In order to gain some insight into toxicity of 
nitrate in green algae, this study examined the effects of nitrate stress 
on chlorophyll degradation.   
Material and Method -  Cultures and materials  : Chlorella sp. was obtained 
from EGEMAC culture collection, University of Ege, Izmir, Turkey. Eight 
flasks of 100 ml Chlorella sp. were used for the experiment. Chlorella sp. 
culture was grown photoautotrophically in Rudic Medium (RD) at 31°C in 
under continuous illumination (Table 1). Illumination provided by daylight 
fluorescence tubes at 20 µmol photons m s . Chlorella cells were harvested by 
centrifugation and transferred to a fresh medium, grown under the same 
conditions for 1 day; 0.05, 0.5 and 1 mM NaNO  were then added to the nitrate 
stress groups, respectively. The cultures were sampled 1, 3, 18, 24 and 44 h by 
removing 30 ml of the culture each time. All the experiments were repeated three 
times. Cell density was mesaured by spectrophotometer at 663 nm. About 20 
mg cells was extracted in the dark for 1 h at 65 °C in 3 ml dimethyl sulfoxide 
(DMSO) in presence of polyvinylpolyrrolidone to minimize chlorophyll 
degradation. To assess chlorophylls, absorbance of the extracts was read at 
665.1, and 649.1 nm. Statistical analysis was performed with one-way analysis 
of variance (ANOVA)(SPSS for Windows version 11.0).  
Results and Discussion - Chlorophyll intermediate molecules are also 
potential chloroplast signals that could regulate photosynthetic gene expression, 
growth rates, and cell-death processes [7]. Our present results showed growth 
rate decrease closely correlated with decreasing chlorophyll a/b ratio following 
to supplemental different NaNO  concentration (Figure 1).  Chlorophyll b is 
formed from chlorophyll a by the oxidation of the methyl group on ring II to the 
aldehyde and the ratio of chlorophyll a/b is more sensitive to modification than 
chlorophyll a+b. In green plants, antenna size is determined by the amount of 
light-harvesting chlorophyll a/b protein complex that is associated with the 
photosystems [7]. Conversion of chlorophyll b to chlorophyll a not only 
impacts the chlorophyll a/b ratio but also is the first step of chlorophyll 
degradation. In this study, on nutritional Chlorella sp. media and supplement 
0.05 mM nitrate media, pigment levels were not significantly different (Table 1), 
but they did differ between groups in the presence of different nitrate 
concentration. The chlorophyll a/b ratio was significantly decreased in both 0.5 
and 1 mM nitrate enrichment groups (Table 1). Our present results confirmed 
that supplemental NaNO  causes a significantly increase in chlorophyll b and a 
concomitant decrease in chlorophyll a, consistent with accelerated conversion of 
one to the other (Tab. 4). In conclusion, the levels of nitrate concentrations used 
in the present study ranged from 0.05 to 1 mM. According to the present study, 
these high nitrate concentrations caused chlorophyll degradation. Therefore, 
further research is required to investigate the effect of high nitrate concentrations 
on antioxidant mechanism in green algae.   Table 1 shows Chlorophyll 
a /Chlorophyll b (Chla/b) ratio of the alga Chlorella sp. cultivated with a 
nutritional level of nitrate (control) and nitrate supplement of 0.05, 0.5, and 1 
mM. 
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Tab. 1. Values in bold are significantly different from control samples. 
Significance of differences (p<0.05) was checked by one-way analysis of 
variance (ANOVA). n=number of replicates, x=mean values, SD=standard 
deviations 

 
 
 

 
Fig. 1. Cell density of the alga Chlorella sp. cultivated with a nutritional level of 
nitrate (control) and nitrate supplement of 0.05, 0.5, and 1 mM. 
 
 
 

References 
1 - Pierce RH, Weeks JM., Prappas JM., 1993. Nitrate toxicity to five species 
of marine fish. J World Aquacult Soc 24:105-107. 
2 - De Graaf F., 1964. Maintenance problems in large public aquaria. Arch 
Neerland Zool. 16:142-143   
3 - Bates SS., Worms J., Smith JC., 1993. Effects of ammonium and nitrate on 
growth and domoic acid production by Nitzschia pungens in batch culture. Can 
J Fish Aquat Sci. 50:1248-1254 
4 - Menéndez M., 2005. Effect of nutrient pulses on photosynthesis of 
Chaetomorpha linum from a shallow Mediterranean coastal lagoon. Aquat Bot 
82:181–192. 
5 - Rijstenbil JW, Dehairs F., Ehlich R., Wijnholds JA., 1998. Effect of the 
nitrogen status on copper accumulation and pools of metal-binding peptides in 
the planktonic diatom Thalassiosira pseudonana. Aquatic Toxicol. 42:187-209. 
6 - Zhang GW., Liu ZL., Zhou JG., Zhu YL., 2008. Effects of Ca(NO )  stress 
on oxidative damage, antioxidant enzymes activities and polyamine contents in 
roots of grafted and non-grafted tomato plants. Plant Growth Regul. 56:7-19. 
7 - Tanaka A., Tanaka R., 2006. Chlorophyll metabolism; a review. Current 
Opinion in Plant Biology 9:248-255. 
8 - Viaroli P, Bartoli M, Bondavalli C, Naldi M (1995) Oxygen fluxes and 
dystrophy in a coastal lagoon colonized by Ulva rigida (Sacca di Goro, Po River 
Delta, northern Italy). Fresenius Environ Bull 4:381–386 
9 - Herndon J, Cochlan WP (2007) Nitrogen utilization by the raphidophyte 
Heterosigma akashiwo: growth and uptake kinetics in laboratory cultures. 
Harmful Algae 6:260–270. 
10 - Rouse JD., Bishop CA., Struger J 1999. Nitrogen pollution: an assessment 
of its threat to amphibian survival. Environ health perspect 107:799-803

3 2

408
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org

