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Isolation, identification and characterization of Microcystin degrading 
bacteria for water treatment solution 

Fathima Sumaiya Idroos 

ABSTRACT 

Microcystin —LR (MC-LR) is considered to be the most dominant type of MCs present 

in Sri Lankan water bodies. Hence, there is a significant interest in water treatment 

strategies that ensures the removal of MCs, with the exploitation of rnici-obes, which is 

considered to be a possible environmental friendly approach. Detection of MC-LR 

concentration and isolation of potential MC-LR degraders were carried out in 25 water 

bodies of Sri Lanka from 1" September 2011 to 3 l August 2014. The highest MC-LR 

concentration was recorded from Girandurukotte reservoir as 1 58.9 ± 4.71 j.g nil* A 

total of 386 bacterial strains were isolated from all water bodies and out of them four 

isolates namely, Bacillus cereus (I2GK), Stenotropliomonas inaltophilia (4134 and 1 

JAY) and Rahnella aqautilis (I 3UL) have shown an overall metabolism of MC-LR. 

This is the first report of MC degrading R.aquatilis belonging to class 

gammaproteobacteria. 

B.cereus, the most efficient MC-LR degrading bacterium showed 100 % removal of 

MC-LR within eight days of incubation at 28°C where both S. ma Itoph i/ia species and 

R.aqautilis showed 100 % removal of MC-LR within 10 days of incubation. Highest 

metabolism of MC-LR by all four bacterial strains was shown at 32°C. B.cereus showed 

100 % removal of MC-LR, at the end of 6th day of incubation at 320C. S. ma/top/il/ia 

and R. aqautilis required 8 days to show 100 % removal of MC-LR at 32°C. MC-LR 

degradation efficiency of each bacterial strain was optimized at different concentrations 
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of Phosphates (0,005 ppm to 0.05 ppm) and nitrates (0.Ippni to 2.5 ppm). MC-LR 

degradation rate of B. cereus and R. aquatilis increased from 0.43±0.05 pg day to 0.94 

±0.15 pg day' and from 0.38±0.01 pg day' to 0.56 10.17 pg day, respectively when 

phosphate concentration was increased from 0.005 to 0.01ppm. Phosphate 

concentrations higher than 0.Olppm resulted a decrease in MC-LR degradation rate of 

B. cereus and R. aquatilis. S. ma/top/u/ia showed highest MC-LR degradation rate of 

0.34±0.01 pg day1  (4B4) and 0.38±0.002 pg day' (1 JAY) respectively when total 

phosphate concentration of the medium was increased up to 0.02 ppm and higher levels 

of phosphate showed a decrease in degradation of MC-LR. A rapid degradation of MC-

LR was recorded by all four strains, with the increase of nitrate concentration in the 

medium from 0.1 to 0.4 ppm. MC-LR degradation rate for B.cereus increased from 

1.76±0.05 pg day' to 3.98 ±0.15 pg day1; InS. ma/top/u/ia. 4134 and 1 JAY, MC-LR 

degradation rate increased from 1.98±0.17 pg day 1  to 3.55 ±0.18 pg day and from 

1 .78±0.03 pg day to 3.76 ±0.06 pg day' respectively, where as in R. aquatilis MC-LR 

degradation rate increased from 1.86+0.05 pg day' to 3.55±0.11 pg day1. Nitrate 

concentrations higher than 0.4pprn reduced MC-LR degradation rates of all strains 

Moreover, all four bacterial strains showed abilities to degrade other MC variants (MC-

LF, MCLW, MC-RR) and Nodularin (NOD). B. cereus acted as the predominant 

degrader of MC-LR and MC-LF showing a complete degradation of these toxin variants 

within eight and twelve days of incubation respectively. Both S .mnaltophilia strains 

(4134 and hAY) showed a complete removal of MC- LR, MC-RR and MC - LF within 

10, 12 and 14 days of incubation accordingly. However, R. aquatilis showed a complete 

degradation only for MC- LR within 10 days of incubation. 
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The molecular studies confirmed that all four bacterial strains harbor mirA, mlrB, rnlrC 

and rn/rD genes in them. This confirms that these bacterial strains follow the traditional 

pathway of MC-LR degradation and break the toxic compound into non harmful 

products. Moreover, a sand filter was also developed incorporating the best degrader of 

MCs. Bioflim of the sand filter was developed by attaching bacteria into citric acid 

treated raw cotton. MC-LR elimination potential of sand filters was experimented using 

two full-scale sand filters: an experimental sand filter and a control sand filter. The 

control filter showed a 1% removal of MC-LR within three hours and 12% removal 

after four days. The experimental filter showed 3% removal of MC-LR within three 

hour of incubation and 90% removal of by the end of four days. Therefore, present 

study has provided a potential solution to treat Microcystin contaminated water by 

exploiting environmental bacteria. 
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