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TOXIN-PRODUCING CYANOBACTERIA/N2-FIXING CYANOBACTERIA/
DENATURING GRADIENT GEL ELECTROPHORESIS (DGGE)/TERMINAL
RESTRICTION FRAGMENT LENGTH POLYMORPHISM

(T-RFLP)/CYANOBACTERIAL INOCULUM

The cyanobacterial behaviours in environment were investigated on the basis
of DNA techniques. Two groups of cyanobacteria were selected: microcystin
producing cyanobacteria and N,-fixing cyanobacteria. Firstly, Microcystis, known as
toxic microcystin producing cyanobacteria, normally blooms in Senba Lake, Japan.
Recently, this lake has been treated by ultrasonic radiation and jet circulation which
were integrated with flushing with river water. This treatment was most likely
sufficient for the destruction of cyanobacterial gas vacuoles. In order to confirm
whether M. viridis still existed, a molecular genetic monitoring technique on the basis
of DNA direct extraction from the sediment was applied. Three primer sets were used
for polymerase chain reaction (PCR) based on a rRNA intergenic spacer analysis
(RISA), the DNA dependent RNA polymerase (rpoC1) and a Microcystis sp.-specific
rpoC1l fragment. The results from each primer were demonstrated on the basis of
single strand conformation polymorphisms (SSCP). Moreover, the Microcystis sp.-
specific rpoCl fragment was further analyzed by denaturing gradient gel

electrophoresis (DGGE). The DNA pattern representing M. viridis could not be



v

detected in any of the sediment samples. However, the results were confirmed with
another technique, terminal restriction fragment length polymorphisms (T-RFLP).
Although T-RFLP patterns of 16S rDNA in sediment at 91 bp and 477 bp lengths were
matched with the T-RFLP of M. viridis (Hhal and Mspl endonuclease digestion,
respectively), the T-RFLP pattern of 75 bp length was not matched with M. viridis
(both of Hhal and Mspl endonuclease digestion) which were the major T-RFLP
pattern of M. viridis. Therefore, the results most likely indicated that M. viridis seems
to have disappeared because of the addition of the ultrasonic radiation and jet
circulation to the flushing treatment.

Secondly, Nostoc sp. strain VICCR1-1 was isolated from rice in rotation of
other crops cultivation showed the highest nitrogen fixation efficiency about 11 pmol
C,Ha/h/mg total chlorophyll a. The Nostoc sp. strain VICCR1-1 was induced in order
to form heterocysts and akinetes on basis of nutrient modification. Absence of CaCl,
played the role of heterocyst differentiation which was induced as high as 46.61%.
The number of heterocyst was induced up to 62.59% when transferred the
cyanobacterial cells from BG11 to BG11, (without CaCl,) medium. Proteins were
extracted after heterocyst induction. There were 72 KDa and 140 KDa proteins
expected to be chaperonin GroEL (HSP60 family) and phycobilisome core-membrane
linker protein, respectively in both the medium with and with out N-source. Besides
protein in size 45 KDa (expected to be outer membrane protein, porins) was up-
regulated only when grown in BG11, (without CaCl,) medium. In case of akinetes
induction, phosphorus and iron were found to be the critical composition in akinete
differentiation, especially when lack of both elements. The number of akinete cells
could be increased up to 21.17% compared with culturing in normal condition (BG11,

medium). The gene expression which involved heterocysts and akinetes
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differentiation was observed based on fefR (heterocyst differentiation), sodF and avaK
(akinete development). The results suggested that only sefR expression alone could
not be the indicator for heterocyst development and sodF and avaK were not detected
during akinete differentiation.

The germination of akinete cell was tested under various stress
conditions. Cells could well germinate under the broad range of pH from 3 to 10, at
high temperature as 40°C and high salinity as 0.5 M NaCl, eventhough grown on these
conditions for 7 days. In order to prepare akinete inoculum, akinete cells were
homogeneously mixed with montmorillonite clay at 4.0x 10°® efu/g of montmorillonite
clay. The akinetes could survive in the montmorillonite clay in constant number up to
1 year. The cells were still survived for 3.3x10° cfu/g of montmorillonite clay. To test
the effect of Nostoc sp. strain VICCR1-1 as biofertilizer with rice, inoculum was
applied in amount 2.8x10° cfu/m® in the field. After harvesting, the grain yields from
chemical-N fertilizer, vegetative cells and akinete inoculum treatments were not
significantly different. To monitor the persistence of Nostoc sp. strain VICCR1-1 after
harvesting, the MPN-DGGE technique using 168 rRNA gene was employed. The
results indicated that the remaining population is at 1.0x107, 2.5x10° and 1.62x10°

cell/m? in treatments supplied N-fertilizer, vegetative cells and akinete inoculum,

respectively.
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