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Abstract

Microcystin is a highly toxic hepta-cyclic peptide affects liver tissue, tumor
promoter and leads to liver cancer. It is produced by most strains of a cyanobacterium in
the genus Microcystis. They are commonly found in reservoirs all over the kingdom,
particularly in dry season. Microcystis blooms is recognized by scum of cells on the surface
of water. The toxin is usually analyzed by HPLC which is not adequately sensitive at the
safe limit recommended by World Health Organization. This project is aiming at developing
the prototype of an ELISA kit for detection of microcystin in water. The technique is very
sensitive at very iow microcystin concentration and can be used at site without any special
equipment. Therefore, the kit can be used to monitor and warning system of danger from
this toxin for farmers and their livestocks.

Analysis of microcystin content in 66 strains of Microcystis aeruginosa, including
54 strains from the collection at the Bioresource Laboratory, Department of Microbiology,
Kasetsart University and 12 newly isolates from reservoirs in the Eastern and Southern
regions revealed that MCYST-RR was the major toxin while MCYST-LR and MCYST-YR
were minor variants. The strain M50058 accumulated largest amounts of MCYST-RR,
therefore it was selected for further studies on growth and toxin production which would be
. used as antigen for polycional antibody production. In addition a non-toxic strain, M50020
was chosen for induction of microcystin in laboratory conditions.

Studies on modification of MA culture medium showed that the optimal

concentrations of some ingredients should be adjusted, i.e. Ca(NO;), 50 mg/L, KNO, 150



mg/L, NaNO; 10 mg/L, B-sodium-glycerophosphate 150 mg/l. and Bicine 300 mg/L. Other
compounds in the medium remained unchanged. Optimal conditions for growth and toxin
production of M50058 were initial pH at 9.2, temperature at 35°C for growth and 25°C for
toxin production and light intensity at 256-300 uElmzls. It is also found that toxin production
by the strain M50020 was not inducible under laboratory conditions.

Comparison on kinetics growth and toxin accumulation showed that Microcystis
aeruginosa strain M50058 grew and produced toxin better in modified MA medium as
compare to the original formulae. Toxin yields consisted of MCYST-RR, MCYST—LR and
MCYST-YR at 2.22, 0.18 and 0.24 mg/g dry weight. However, it should be noted that
growth rate of Microcystis in the laboratory was still very low, as well as the amounts of
toxin obtained. Therefore, to attain sufficient MCYST-RR for use as antigen at milligrams
level, biomass of Microcystis was collecied from blooming reservoirs for toxin extraction and
purification.

Preparation of antiserum from microcystin was done by using antigen obtained from
conjugating 20 mg cBSA or BSA to 10 and 15 mg. Conjugation was performed using 600
mg of water-soluble carbodiimide (EDPC) and 1 ml of 10%EDA. Before selecting protein
carrier, it was confirmed that cBSA attached to MCYST-RR by comparing changes of
absorbance at 238 and 278 nm. The immunogen obtained will be used later for
immunization to experimental animals (New Zealand white rabbit). Antibodies reacted well
with antigen prepared from 10 mg MCYST-RR by observing titer values which showed that
several animals gave the titer higher than 100,000 and also reacted very well with free
microcystin.

The relationship between % of binding (%B/By) and standard MCYST-RR at various
concentrations from 0.2 — 20 ppb yielded very high correlation coefficient (R2 =0.9889). It
is also noted that changes of color could be noticed by naked eye at MCYST-RR
concentrations higher than 0.5 ppb which indicated that the sensitivity was sufficiently high
to be used in field applications without the needs of ELISA Reader.

Tests on cross reactivity of the antibody with other variants of microcystins, i.e.,
MCYST-YR and MCYST-LR as compare to MCYST-RR revealed that MCYST-RR gave R’
at 0.9911 and exponential correlation with the equation of y=66.005e'°'5355!. On the rother
hand, MCYST-YR and MCYST-LR yields R? at 0.9792 and 0.9771, respectively which
resulted in the correlation equations of y=68.255v2e-ﬂ'"r’mﬁx and y=66.115e'0'50?21, respectively.

in conclusion the cross reactivities of antibody to standard MCYST-YR and MCYST-LR
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were at 86.3% and 94.2%, respectively suggested that this method could be used
effectively for determining total microcystin content of water.

Recovery rates of MYCST-RR at the concentrations of 0.5, 1, 5 W&z 10 ppb in
distilled water and tap water resulted in surprisingly high values of 96.67, 80.73, 98.6,
89.2% and 92.0, 85.0, 102.3, 88.7, 85.1%, respectively. In addition, determination of limit
of detection {LOD) using direct competitive ELISA techniques by spiking 0.2 ppb of
standard microcystin in distitled water, tap water and natural pond water revealed the
detection vaiues close to the actual amounts and indicated the accuracy while HPLC
technique could not detect the toxin at all.

From the results of the above experiments, prototype of an ELISA kit for detection
of microcystin in water was successfully developed. The kit could detect toxin at the leve!
as low as 0.2 ppb (by ELISA Reader) or at the level of 0.5 ppb (by naked eye). Both levels
were far below safety limit recommended by World Health Organization at 1 ppb.

From the success in development of the kit, commercial production of this kit should
be implemented. The product can be used by several organizations that involve in
production and monitoring of water quality, for example, Metropolitan Waterwork Authority,
Provincial Waterwork Authority, Electric Generating Authority of Thailand and Ministry of
Natural Resources and Environment. However, further research on factors affecting

efficiency, accuracy and limitation of the kit should be carried out.
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