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Molecular Identification of Toxigenic Cyanobacteria and Effects of Cyanotoxins 
on Human Renal Cell Lines. 

M.A.P.C. Piyathilaka 

ABSTRACT 

Cyanohacterial toxins became widely recognized as a human health problem arising as a 

consequence of eutrophication. Present study was planned for the phylogenetic 

identification of toxic and non-toxic cyanobacteria in Sri Lankan water bodies to 

understand potential of toxigenicity for future water treatment solutions. Further, 

present work was planned to evaluate the cytotoxicity and possible apoptotic effects of 

cyanotoxins (microcystin LR/ MC-LR) and crude cyanobacteria toxin extracts on 

human embryonic kidney (11EK-293) and human kidney adenocarcinoma (ACHN) cell 

lines. 

Forty water bodies from seven provinces were selected depending on the past history of 

cyanohacterial and cyanotoxin occurrence for the study to collect water and 

phytoplanktoii samples. Physico-chemical and some biological parameters of water 

were measured at the site itself and in the laboratory according to standard methods. 

Results reveled that most of the drinking water bodies were having acceptable water 

qualities. MC-LR and Cylindrospermopsin (CYL) contamination levels were assessed 

using ELISA method and HPLC and the highest MC-LR level was recorded in Beira 

Lake (2198.26 ppb). 

Preparation of cyanobacterial batch and monocultures were achieved by testing number 

of culture media and BG 11 culture medium was selected as the best. Extraction of 

XXVII 



genomic DNA from cultured cyanohacteria and whole cyanobacterial community in 

reservoirs was achieved by standard lysis buffer method. Presence of Microcystins 

(MCs) producing genes. rncv A, nicy B and incy E in water was screened with PCR. The 

results of the specific PCR revealed that all the reservoirs having mcy A, mcy B and mcy 

E MC producing genes. Detectable level of MCs were not recorded in Borelesgamuwa 

Lake during the study period either by ELISA or HPLC. Interestingly presence of toxin 

producing genes in cyanohacteria in Borelesgamuwa Lake showed that there is a 

potential to produce MCs. Absence of MCs in Labugama, Kalatuwawa, Mahaweli 

River, Kantale podi wewa, Rathkinda and Minneriya reservoirs were further contimed 

by PCR with negative results. 

Phylogcnetic analysis of some isolated cyanobacteria was achieved by sequencing 16S 

rRNA gene region. One strain of Microcystis spp. was isolated from Bcira Lake, 

Kurunegala Lake, Borciesgarnuwa Lake, Giradurukotte reservoir and Nuwara wewa. 

Other than the strain isolated from Nuwara wewa, all strains were belonged to the same 

phylogenetic strain. 

Toxicity ol MC-LR and natural cyanotoxin extracts was assessed using Arteniia (Brine 

shrimp) hio assay. Compared to toxicity of MC-LR, toxin extract prepared from 

Borelesgamuwa Lake had higher toxicity. Further, it was detected that decreasing 

tendency of IC50  values had a tendency to decrease along with the increasing incubation 

period for all extracts and any degradation of pure MC-LR was not detected during 

incubation period. 

MTT (3-(4,5-dirnethylthiazol-2-yl)-2,5-diphenyltetrazoliurn bromide) and SRB 

(Suiphorhodamine B) assays for cell viability revealed a significant decrease in cell 
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viability in both cell lines after treatment with MC-LR at 50 iM for 24 h (p<0.001). 

Moreover, MC-LR treated ACHN and l-IEK-293 cells exhibited a marked dose 

dependent loss of confluence as judged by phase contrast microscopy. Similarly, 

fluorescence microscopic observations following Acridine Orange-Ethidiurn Bromide 

(AO/EB) staining confirmed that both cell types were undergoing apoptosis after 

treatment with MC-LR for 24 h. Expression of three apoptosis related genes namely, 

Bax, Survivin and p53 was analyzed by quantitative RT-PCR analysis. Both Bax and 

p53 genes function as promoters of MC-LR mediated apoptosis in ACHN and HEK-293 

cells. Survivin gene acts as a suppressor of apoptosis in lower MC-LR concentration (I 

tM) and the gene was up regulated at higher MC-LR concentration (10 jiM) tested (p< 

0.001). A significant increase of caspase 3 (p<0.0001) and caspase 9 (p<0.0001) activity 

was detected in both cell lines after exposure to MC-LR for 24 h indicating that MC-LR 

induces cytotoxicity and a marked apoptosis in both ACHN and HEK-293 kidney cell 

lines. MC-LR treated ACHN and HEK-293 cells exhibited marked dose dependent 

cytotoxic and apoptotic effects in the present study contributing to elucidate the 

nephrotoxic effects of MC-LR on Human kidneys. 


