
J. Algal Biomass Utln.  2012, 3 (2): 1- 8            Arsenic accumulation and cellular biochemistry of cyanobacteria 

© PHYCO SPECTRUM INC    

1 

 

 
 

Scope of phycoremediation of Arsenic using Phormidium tenue with special reference to 

modulation in cellular biochemistry 
Panchali Bhattacharya and Ruma Pal 

Department of Botany, University of Calcutta, 35 Ballygunge Circular Road, Kolkata – 700019. West Bengal, India 

 

Abstract 
Phormidium tenue (Meneghini) Gomont , a microscopic filamentous cyanobacterium was exposed to 5ppm Na-arsenate (sub lethal 

dose) for different time intervals (1h, 3h and 24h) at a  pH variation of 5.5, 7.0 and 8.5 to study the accumulation pattern of toxic 

metalloid arsenic. It was observed that arsenic accumulation of P. tenue increased with time and maximum accumulation was recorded 

in pH-7 after 24h exposure (80.51 mg. g
1
). In another experiment P. tenue was treated with different concentrations of Sodium 

arsenate (0.1, 1, 5, 10, 25, 50 and 100ppm) in pH-7 to study the growth pattern and changes in biochemical parameters like, 

chlorophyll a , carotenoids, phycobiliproteins, total protein and carbohydrate content in control and arsenic exposed biomass. This 

study was done to assess primarily the ability of the cyanobacteria for arsenic removal and to study the cellular biochemistry of 

arsenic exposed biomass for a longer period of time. From the study it was evident that P. tenue responded differently in different 

doses of arsenic and showed optimum growth even when exposed to 50ppm arsenic for 60 days indicating arsenic resistance.  
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Introduction 

 Arsenic, one of the most toxic metalloid, 

ranking 28th in abundance on the earth’s crust is 

widely encountered in the environment and organisms. 

Arsenic can exist in four valence states viz., –3, 0, +3 

and +5. Under reducing conditions, Arsenite (AsIII) is 

the dominant form whereas Arsenate (AsV) is 

generally the stable form in oxygenated environments. 

Ground water contamination of As have been reported 

for many countries with the most severe problems 

occurring in Asia, mainly Bangladesh (Dhar et al., 

1997, Biswas et al., 1999), West Bengal, India 

(Mandal et al., 1996, 1997), China (Liangfang and 

Jianghong, 1994) and Taiwan (Chen et al., 1995). In 

some areas of Bangladesh, As concentration of ground 

water reached up to 2 mg. L-1 (Tondel et al.,, 1999), 

much above the  WHO’s (World health Organization ) 

permissible level of 0.01 mg. L-1 for drinking water 

and the national standard level of 0.05 mg. L-1 for 

Bangladesh and India.  

 In general, plants employ several 

extracellular and intracellular mechanisms to detoxify 

toxic metals and metalloids. External mechanisms 

include exudation of extracellular ligands, whereas, 

internally, the plants alternate the influx/efflux of 

metal ions to reduce metal concentration in cell and 

bind it in a non- toxic form.  In recent studies, it has 

been observed that several algae can accumulate As 

from water (Imamul Huq et al.,. 2005; Shamsuddoha 

et al.,. 2006). There are several reports regarding 

arsenic induced changes in growth performances of 

different algae including cellular biochemistry (Maeda  

 

et al.,. 1985, 1992a). Accumulation of inorganic As 

increased the b-carotene and fatty acids level (C18:1 

and C18:3) and water extractable carbohydrate content 

in the cells of D. salina (Yamaoka et al.,., 1992). 

Cyanobacteria are also known to be resistant to 

arsenic. Methylation and excretion of As by arsenic 

resistant genus Phormidium has been reported by 

Maeda et al.,., (2004). They also reported increased 

growth rate of algal biomass up to 100 mg. g-1 As in 

growth medium.  

 In the present study, Phormidium tenue was 

treated with different concentrations of Na arsenate to 

ascertain its growth potential together with variation in 

proteins, carbohydrate and phycobiliproteins in arsenic 

exposed biomass. This might be essential to further 

assess its credibility as resistant species and would be 

a useful means for bioremediation of Arsenic. 

 

Material and methods:  

 The marine cyanobacteria, Phormidium 

tenue was collected from National Facility for Marine 

Cyanobacteria (NFMC), Trichy, Tamil Nadu, India. 

Cultures were grown and maintained at 20˚C in a 16:8 

h light/dark cycle under cool fluorescent light with an 

intensity of 20–30 l Em-2 s-1 in Artificial Sea Nutrient 

III medium (Ott, 1965). P. tenue was exposed to 

5ppm Na arsenate spiked in ASNIII media at pH 5.5, 

7.0 and 8.5 for 1h, 3h and 24hrs. In each case, before 

digestion, the samples were divided into two parts; 

one was washed with water, while the other half was 

washed with 5 mM Na2EDTA. The cyanobacterial 
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samples were digested with conc. HCl, 30% H2O2 and 

conc. HNO3 and then filtered through No. 1 Whatman 

filter paper. Volumes of the samples were made up to 

25 mL. These samples were then analyzed for arsenic 

content (APHA 1998) by atomic absorption 

spectrophotometry (Vapour type Varian 240 AAS).  

For other experiment P. tenue was cultured in 250mL 

conical flasks spiked with Na-arsenate concentrations 

of 0.1, 1, 5, 10, 25, 50 and 100ppm along with a 

control set. At the intervals of 1, 3, 7, 10, 14, 21, 28, 

35, 42, 49, 56 and 63days, biomass from these sets 

were taken and analyzed for chlorophyll a and 

carotenoid (Arnon 1949), phycobiliproteins 

(phycocyanin, phycoerythrin and allophycocyanin) 

(Siegelman and Kycia, 1978), protein (Lowry et al.,. 

1951) and carbohydrate (Hodge and Hofreiter 1962) 

content. 

Results: 

 Arsenic contents  were measured from 

cyanobacterial biomass exposed to 5ppm Na- arsenate 

for 1, 3 and 24hrs’ exposure at pH 5.5, 7 and 8.5 (Fig-

1). It was observed that at pH 7.0, P. tenue 

accumulated maximum amount of arsenic (80.51 mg. 

g1) after 24 hrs’ exposure. After washing the sample 

with 5 mM Na-EDTA the arsenic content of exposed 

biomass was reduced to 37.17 mg. g1, suggesting 

almost 54% removal of arsenic by EDTA wash. This 

revealed the fact that there is a partitioning in arsenic 

accumulation by Phormidium tenue, where 54% was 

surface adsorption and the rest was actively 

accumulated by the algal biomass (Fig -1). 

 

Fig-1: Accumulation of Arsenic in P. tenue at different pH level for 1, 3 and 24 h. 

 

 
 

 

P. tenue exposed to 0.1, 1, 5, 10, 25, 50 and 100ppm 

of Na-arsenate showed varied results in chlorophyll 

content (Fig-2).Overall arsenic induced higher growth 

rate, showing more chlorophyll in arsenic exposed 

biomass. Arsenic seemed to have little effect on 

growth of the organism even at high concentration of 

As (100ppm). After 63 days of exposure, chlorophyll 

content of P. tenue exposed to 25 and 100ppm As 

were more than that of control set and maximum 

chlorophyll content was observed in algae exposed to 

50ppm As (0.524 mg. g-1), indicating unaffected algal 

growth. In case of 0.1ppm exposure, drastic reduction 

in chlorophyll content was noticed, where induction of 

hormogone development was observed together with 

death of mother filament. In course of time, these 

hormogones germinated producing new growing 

filament showing more chlorophyll a. 
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Fig-2: Variation in Chlorophyll a content in P. tenue under different concentration of As at different time of exposure. 

 

 
 

 

Carotenoid content of treated sets at 1 day was 

significantly higher than control set (Fig-3). As 

induced changes in carotenoid content was more 

prominent up to 7 days of treatment showing 

significant increase in 0.1 to 100ppm concentrations. 

After that there was no significant change in 

carotenoid content, and a slight decrease in carotenoid 

content was observed in comparison to control. 

Thereafter, further treatment was discontinued. 

Highest carotenoid content was observed in 10ppm 

treated set, exposed for 1 day. Even at a high stress of 

25, 50 and 100ppm, the carotenoid content decreased, 

showing resistant nature of P. tenue.  

 

 

Fig-2: Variation in Carotenoid content in P. tenue under different concentration of As at different time of exposure. 

 

 
 

Among phycobiliprotein, c-phycocyanin, c-

phycoerythrin and allophycocyanin were measured. 

An overall increase in phycocyanin content was 

observed up to 14days of exposure. After that, 

significant rise in phycocyanin content were noticed in 

0.1, 1, 25 and 50ppm exposed biomass at different 

time period (Fig-4). Similar results wre observed for 

phycoerythrin (Fig-5). But for allophycocyanin, sharp 

increase in this pigment content were noticed for 1 and 
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25ppm treatment after 21 nad 42 days of exposure 

respectively. 

 

 

Fig-4: Variation in Phycocyanin content in P. tenue under different concentration of As for 63 days. 

 

 
 

Fig-5: Variation in Phycoerythrin content in P. tenue under different concentration of As at different time intervals. 

 

 
 

Fig-6: Variation in Allophycocyanin content in P. tenue under different concentration of As at different time intervals. 
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The protein content of treated biomass was 

significantly higher than that of control biomass 

exposed to different doses at different time intervals 

(Fig-7). Metabolic activity in control set was optimum 

after 14 days of growth, represented by maximum 

protein content followed by a gradual decline up to 63 

days of culture. In case of treated sets, maximum 

protein content was observed in algae exposed to 

5ppm As for 28days. After 63 days of exposure, 

maximum protein content was observed in P. tenue 

treated with 25ppm As. 

 

Fig-7: Variation in Protein content in P. tenue under different concentration of As at different time intervals 

 

 
 

In control set as well as 100ppm As spiked 

set, maximum carbohydrate was produced after 63 

days of experimentation (Fig-8). Highest level of 

carbohydrate content was observed in P. tenue 

exposed to 25ppm As after 21 days of exposure. In 

case of 0.1ppm As exposure, carbohydrate content 

was recorded maximum after 24hrs.treatment. In most 

cases, carbohydrate amount increased after 14 days, 

thereafter the levels were either maintained or 

decreased, except in control and 100ppm of Arsenic. 

 

Fig-8: Variation in Carbohydrate content in P. tenue under different concentration of As for 63 days. 

 

 
 

 

Discussion 

Though some heavy metals and metalloids 

are needed by living organisms for various metabolic 

processes, the physiological and/or metabolic 

requirements of metalloid Arsenic is not properly  

understood. In recent studies, it has been observed that 

algae can hyperaccumulate As from water (Imamul 

Huq et al.,. 2005; Shamsuddoha et al.,. 2006). 

Cyanobacterial species are able to grow in the 

presence of high concentrations of As(V) (up to 100 
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mM) and low-millimolar concentrations of As(III). 

This is also due to the fact that arsenate is a phosphate 

analogue and competes with phosphate to enter the 

cell. From our study, it was observed that when 

exposed to Arsenate stress, Phormidium tenue 

accumulated high amount of As. The resistant nature 

of Phormidium to arsenic was also reported by Maeda 

et al.,. (2004) showing increased growth rate of the 

genus up to the uptake level of 100 mg g−1. In marine 

environment, the periphytic algal population showed 

0.4 μm of arsenic as 20% EC value (effective 

concentration) in 1 h exposure (Blanck and Wangberg 

1988). On the other hand, at a concentration of 80 

μg/L of arsenic, the seaweed Macrocystis pyrifera 

showed minimum level of effective concentration for 

germ tube growth, nuclear migration and altered 

lifecycle pattern (Garman et al.,. 1994). 

Generally, the immediate effect of an 

increased concentration of the heavy metals seems to 

result in inhibition of growth of any organism. The 

observed changes in pigment contents of the 

cyanobacterium suggest a different picture, as growth 

was not hampered due to arsenate stress and even in 

increasing concentrations of Na- arsenate, chlorophyll 

content did not change. In case of treated P. tenue 

biomass higher level of chlorophyll was recorded, 

when exposed to 50ppm arsenate than in control set. 

This result was corroborated with our previous finding 

in P. laminosum, where arsenate concentration did not 

affect chlorophyll concentration (Bhattacharya and 

Pal, 2011).  

Inhibited biosynthesis of chlorophyll and 

carotenoids and reduced phosphorylation are most 

frequently observed symptoms of metal toxicity 

(Poskuta et al.,.1996; Prasad 2004; Smirnoff 1995). 

Increase in the levels of low molecular weight 

antioxidants such as carotenoids, and antioxidant 

enzymes such as APX are among protective 

mechanisms that serve to remove ROS (Pinto et al.,. 

2003; Devi and Prasad, 1998). Approximately 1.2 and 

1.8 fold increase in carotenoid content was noticed in 

cells treated with 15 mM As(III) and 110 mM As(V) 

for 72 h, respectively over their controls (Srivastava, 

2009). But in our study upregulation in carotenoids 

synthesis was observed up to 3days of arsenic 

exposure after which there was a gradual decline in 

carotenoids content. This suggests that carotenoids 

biosynthesis is affected in long exposure of toxic 

metalloid arsenic in P. tenue. This result is supported 

by Bhattacharya and Pal (2011) as well as Chaneva et 

al.,. (2009) where, carotenoids were almost unaffected 

at both arsenic and copper exposure. 

In the present study it was observed that, 

there was an increase in the overall phycobliprotein 

content in the arsenic treated biomass up to 21 days of 

treatment. Similar results were observed by Zhao et 

al.,. (2011) for Anabaena flos-aque in algae lytic 

stress. In this study, the level of phycocyanin, 

however, declined markedly with increasing exposure 

time. Srivastav et al.,. (2009) reported a sharp decline 

in phycocyanin content due to As(V) and As(III) 

stress, which may be due to lysis of the cell wall and 

disruption of the thylakoid membrane. But in our 

study increase in phycobiliproteins up to 21 days 

suggested resistant nature of P. tenue to As(V) stress.  

 

Shah and Dubey (1997) reported that heavy 

metal stress has been shown to induce a variety of 

proteins resulting in an overall increase in protein 

content. Arsenic exposure induced protein synthesis 

related to oxidative stress in plants have been reported 

by Requejo and Tena (2005). Increased protein 

content due to arsenate stress in P. laminosum has also 

been reported by Bhattacharya and Pal (2011). In the 

present study also protein content increased indicating 

the role of different proteins including stress enzymes 

and phytochelatins in arsenic resistance. 

 

Production of carbohydrate may be 

considered as stress response in form of 

exopolysaccharides in different environmental 

conditions (Sinniah et al.,., 1998). Increased levels of 

soluble sugar have been reported to be increased under 

salinity (Dubey, 1999), water-stress (Foyer et al.,., 

1998) and chilling effect (Hurry et al.,., 1995). 

Choudhury et al.,., (2010) reported an increase in 

soluble reducing sugar and decrease of non reducing 

sugar content in arsenic stressed rice seedlings. The 

present results indicate the increase of carbohydrate up 

to 21days, thereafter a slight decrease and a constant 

level in the As(V) exposed sets. 

 

       Overall it was found that P.tenue was well 

adapted to arsenic stress with a prominent biochemical 

modulation of vegetative cell and is a highly potential 

genus for phycoremediation of arsenic. 

 

References 

 

APHA 1998 Standard methods for the examination of 

water and wastewater, 20th edn. APHA-AWWA-

WPCF, Washington DC. 

 

Arnon D.I. 1949 Copper enzymes in isolated 

chloroplasts, polyphenoxides in Beta vulgaris. Plant 

Physiol 24: 1-15 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3047691/#CR31
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3047691/#CR32
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3047691/#CR41


J. Algal Biomass Utln.  2012, 3 (2): 1- 8            Arsenic accumulation and cellular biochemistry of cyanobacteria 

© PHYCO SPECTRUM INC    

7 

 

Bhattacharya P. and Pal R. 2011 Response of algae to 

arsenic toxicity. J. Appl. Phycol. 23: 293-299 

 

Blanck H. and Wangberg S.A. 1988a Validity of an 

ecotoxicological test system: Short term and long term 

effects of arsenate of marine periphyton communities 

in laboratory systems. Can J Fish Aquat Sci 45: 1816-

1819 

 

Chaneva G., Petrova D. and Uzunova A. 2009 

Changes in antioxidative enzymes of a 

cyanobacterium grown under heavy metal stress 

Biotechnol. & Biotechnol. Eq. 23SE: 554-556 

Chen S.L., Yeh Sj., Yang M.H.and Lin T.H. 1995 Tra

ce-element concentration and arsenic speciation in the 

well water of a Taiwan area with endemic blackfoot 

disease. Biol Trans. Elem. Res. 48: 263–274 

Choudhury B., Mitra S. and Biswas A.K. 2010 

Regulation of sugar metabolism in rice (Oryza sativa 

L.) seedlings under arsenate toxicity and its 

improvement by phosphate Physiol. Mol. Biol. Plants, 

16(1): 59-68 

 

Devi S.R. and Prasad M.N.V. 1998 Copper toxicity 

in Ceratophyllum demersum L. (Coontail), a free 

floating macrophyte: response of antioxidant enzymes 

and antioxidants Plant Sc., 138: 157–165 

 

Dhar R.K., Biswas B.K., Samanta G., Mandal B.K., 

Chakraborti D., Roy S., Jafar A., Islam A., Ara G. and 

Kabir S. 1997 Groundwater arsenic calamity in 

Bangladesh. Curr. Sci. 73: 48–59 

 

Dubey R.S. and Singh A.K. 1999 Salinity induces 

accumulation of soluble sugars and alter the activity of 

sugar metabolizing enzymes in rice plants. Biol. Plant. 

42: 233-239 

Foyer C.H., Lopez-Delgado H., Dat J.F. and Scott 

I.M. 1997 Hydrogen peroxide- and glutathione-

associated mechanisms of acclamatory stress tolerance 

and signaling Plant Physiol. 100: 241–254 

Garman G.D., Pillai M.C. and Cherr G.N. 1994 

Inhibition of cellular events during early algal 

gametophyte development: Effects of select metals 

and an aqueous petroleum waste. Aquat Toxicol 

28:127-144 

Ghosh M., Shen J. and Rosen B.P. 1999 Pathways of 

As(III) detoxification in Saccharomyces 

cerevisiae. Proc. Natl. Acad. Sci. USA. 96: 5001–

5006 

Hodge J.E. and Hofreiter B.T. 1962 Determination of 

reducing sugars and carbohydrates. In: Whistler R.L. 

and Be Miller J.N. (eds) Methods in carbohydrate 

chemistry, pp 380–394 Academic Press, New York. 

 

Hurry V.M., Strand A., Tobiaeson M., Gardestrom P. 

and Oquist G. 1995 Cold hardening of spring and 

winter wheat and rape results in differential effects on 

growth, carbon metabolism and carbohydrate content. 

Plant Physiol. 109: 697-706 

 

Imamul Huq S.M. and Alam M.D. (eds) 2005 A 

Handbook on Analyses of Soil, Plants, and Water. 

BACER-DU, University of Dhaka, Bangladesh.  

Liangfang W. and Jianghong H. 1994 Chronic 

arsenism from drinking water in some areas of 

Xinjiang, China in Arsenic in the Environment, Part 

II: Human Health and Ecosystem 

effects. ed Nriagu JO (John Wiley & Sons Inc. New 

York NY), pp 159–172 

 

Liu J., Zheng B., Aposhian H. V., Zhou Y., Chen M. 

L., Zhang A. and Waalkes M. P. 2002 Chronic arsenic 

poisoning from burning high-arsenic-containing coal 

in Guizhou, China. Environ. Health Perspect. 110: 

119–122 

 

Lowry O.H., Rosebergh N.J., Rarr A.L. and Randall 

R.J. 1951 Protein measurement with the folin phenol 

reagent. J Biol Chem 193: 265 

 

Maeda H., Hori S., Ohizumi H., Segawa T., Kakehi 

Y., Ogawa O. and Kakizuka A. 2004 Effective 

treatment of advanced solid tumors by the 

combination of arsenic trioxide and L-buthionine-

sulfoximine. Cell Death Differ. 11: 737–746 

 

Maeda S., Nakashima S., Takeshita T. and Higashi S. 

1985 Bioaccumulation of Arsenic by freshwater algae 

and the application to the removal of Inorganic arsenic 

from an aqueous phase, Part II, by Chlorella vulgaris 

isolated from Arsenic Polluted environment. 

Separation Sc. Tech. 20(2&3): 153-161 

Maeda S., Ohki A., Saikoji S. and Nalea K. 1992 Iron 

(III) hydroxide-loaded coral lime stone as an 

adsorbent for arsenic (III) and arsenic (V). Sep. 

Sci. Technol. 27: 681-689 

 

Mandal B.K., Roy Chowdhury T., Samanta G., Basu 

G.K., Chowdhury P.P., Chanda C.R., Lodh D., Karan 



J. Algal Biomass Utln.  2012, 3 (2): 1- 8            Arsenic accumulation and cellular biochemistry of cyanobacteria 

© PHYCO SPECTRUM INC    

8 

 

N.K. and Dhar R.K. 1996 Arsenic in groundwater in 

seven districts of West Bengal, India: the biggest 

arsenic calamity in the world. Curr. Sci. 70:976–986 

Mandal B.K., Roy Chowdhury T., Samanta G., Basu 

G.K., Chowdhury P.P., Chanda C.R., Lodh D., Karan 

N.K., Dhar R.K. and Tamili D.K 1997 In reply to 

“chronic arsenic toxicity in West Bengal.” Curr. 

Sci. 72:114–117 

Oden  K.L.,  Gladysheva T.B.  and Rosen  B.P. 1994 

Arsenate reduction mediated  by  the  plasmid-

encoded  ArsC  protein  is coupled to glutathione.  

Mol. Microbiol. 12: 301-306. 

 

Ott, F.D. 1965 Synthetic media and techniques for the 

xenic cultivation of marine algae and flagellata. Va  J. 

Sci. 16: 205-218  

 

Pinto E., Sigaud-Kutner T.C.S., Leitao M.A.S., 

Okamoto O.K., Morse D., Colepicolo P. 2003 Heavy 

metal-induced oxidative stress in algae J Phycol, 39: 

1008–1018 

 

Poskuta J.W., Parys E. and Romanowska E. 1996 

Toxicity of lead to photosynthesis, accumulation of 

chlorophyll, respiration and growth of Chlorella 

pyrenoidosa. Protective role of dark respiration. Acta 

Physiol Plant. 18: 165–171 

 

Prasad M.N.V., editor. 2004 In: Heavy metal stress in 

plants: from biomolecules to ecosystems. Berlin: 

Springer-Verlag. 

 

Requejo R. and Tena M. 2005 Proteome analysis of 

maize roots reveals that oxidative stress is a main 

contributing factor to plant arsenic toxicity. 

Phytochemistry 66: 1519–1528 

Shah, K. and Dubey R.S. 1997 Effect of cadmium on 

proline accumulation and ribonuclease activity in rice 

seedlings: Role of proline as a possible enzyme 

protectant. Biol. Plant. 40: 121-130 

 

Shamsuddoha A.S.M., Bulbul A. and Imamul Huq 

S.M. 2006 Accumulation of arsenic in green algae and 

its subsequent transfer to the soil–plant system. 

Bangladesh J. Microbiol. 22 (2): 148–151 

Siegelman H.W. and Kycia J.H. Algal biliproteins. 

1978 In: Hellebust JA, Craigie JS, editors. Handbook 

of Phycological Methods, pp. 72–78: Cambridge 

University Press, Cambridge. 

 

Sinniah U.R., Ellis R.H. and John P. 1998 Irrigation 

and seed quality development in rapid recycling 

Brassica, soluble carbohydrates and heat stable 

protein. Ann. Bot. 82: 647- 655 

Smirnoff N., editor. 1995 In: Environment and plant 

metabolism: flexibility and acclimation. Oxford: BIOS 

Scientific. 

 

Srivastava A.K., Bhargava P., Thapar R. and Rai L.C. 

2009 Differential response of antioxidative defense 

system of Anabaena doliolum under arsenite and 

arsenate stress J.Basic Microbiol. 49: S63–S72 

Tondel M., Rahman M., Magnuson A., Chowdhury I.

A., Faruquee M.H. and Ahmad S.A. 1999 The 

relationship of arsenic levels in drinking water and the 

prevalence rate of skin lesions in 

Bangladesh. Environ. Health Perspect. 107:727–729 

Yamaoka Y., Takimura O., Fuse H., Kamimura K. 

1992 Effects of arsenic on the organic component of 

the alga Dunaliella salina. App. Organometallic 

Chem. 6(4): 357–362 

 

Zhao S, Pan W and Ma C 2011 Stimulation and 

inhibition effects of algae-lytic products from Bacillus 

cereusstrain L7 on Anabaena flos-aquae J. App. 

Phycol. DOI: 10.1007/s10811-011-9725-9 

 

 

 

 

 

http://www.springerlink.com/content/?Author=Su+Zhao
http://www.springerlink.com/content/?Author=Wei-bin+Pan
http://www.springerlink.com/content/?Author=Chao+Ma

