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Screening for Thermostable Nitrate Reductase from Hot Spring Algae
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Abstract

Algal samples were collected from various sites of hot springs and warm streams
in 5 southern Thailand provinces: Ranong, Chumporn, Surat Thanee, Phathalung and
Krabi. Screening through the green and blue-green algae collected for thermostabie
nitrate reductase (NR) activity, three species of blue-green algae were isolated in axenic
culture, i.e. Phormidium _tenue (Menegh.) Gomont, Synechococcus minervae and
Synechococcus sp., and maintained in the laboratory.

Growth of all three species of blue-green algae required bicarbonate and nitrate
ions with no difference in growth rate for the first 6-day period when nitrate was supplied at
0.5 - 52.9 mM in the BG-11 growth medium plus 2 g/l NaHCO,. At high concentrations of
nitrate (35 - 52.9 mM), cell death was detected on the 7" day of cuiture.

The filamentous P. tenue, also a periphytic species, required constant shaking to
prevent cells from adhering to the culture flasks. its NR activity appeared early in the log
phase (days 2 -4} reaching 12 nmole/min/mg protein, its highest value, after which it was
reduced to 10 % on the 8" day of culture. For the uniceliular Synechoéoccus spp., the NR
activity was found when low concentrations of nitrate was supplied under low oxygen
environment.

The NR activity detected in all 3 species was membrane-associated and active at

pH 8 - 9. Crude pellet of P. tenue showed higheét activity at 55 — 60 °C. while high

activities of Synechococcus spp. were between 45 - 50 °C, and could be increased 10 %
by adding FAD and molybdate at 20 uM.

Electron transport inhibitors such as NaN,, KCN and NaSCN could inhibit the algal
NR activity, the highest inhibition found was by 0.2 mM NaN, which reduced NR activity to
about 42 %. At this concentration, KCN and NaSCN respectively lowered P. tenue NR
activity down to about 48 % and 76 %.

Cross reaction could be observed between NR énzymes of the three algal species
and the antibody against corn NR enzyme. This result indicated that the molecular
structure of NR enzymes is similar in both groups of organisms.

Differences in stability of the NR activity in algal extracts were observed amongst

the algal species. Enzyme extract from S. minervae was stable at 30 - 40 °C, while 80 —



90 % loss of NR activity was found after one hour incubation at 60 - 70 °C. The NR
activity slowly decreased if the extract was kept at '0 -4 °C, and all activity was lost after
freezing. P. tenue crude extract, kept at room temperature for one day, would lose about
30 % of its NR activity and almost all was lost after one week. However, nearly all the NR
activity of P. tenue extract could be maintained at -20 to -80 °C by adding 40 % glycerol.
All attempts in extracting the NR enzymes from the algal membranes with acetone
and various detergents rendered inhibition of NR activity. Only after extraction with 10 %
acetone, Synechococcus NR activity could be increased 20 % with the addition of FAD
and molybdate. When hydroquinone was used as electron donor, the NR activity was

furthermore increased about 30 %.
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