d‘ a a d S v 1 A A 3’ a a
BOINNUNUD Laullcmﬁlummsﬂﬂmﬁiuﬁmswmmmuﬂuumu%uﬂ

Y [
Synechococcus sp. MNUDWIN DU IHIANI 2]

Y A [ J
Al unaglsass yusuns
) = =
VI Fuadl
Umsanm 2549
U |
UNAAEID

[ 3’ a a { ] 3’ I
amemlomnuthturila Synechococcus sp. Muonldainviotimdoun
[ [ ~ ) dy A = 4 9
dansed aunsmhuuwiz@esluemisgas BG-11 fl Tm@en luaisueia 2 g1 neld
A 2 -l aw A o a °
ANITNULAL 120 pphoton ms - UMBRNFIUAWALIUHYN 3041 °C
dy 1 A = s Yy 9 =
911151aeea 113100 TAeunan lsannududu 6.25 g/l uaz Tndeu lunsa
AanuAudy 352 mM Gwaldamionsyaulalddnga (p<0.05) ualifinaliuendifves
A o aan 4 A 1 = Y dy
wulad luesasanmagege uendlaveueu lsigegaiioamseliony 10 Ju uaz@oaly
~ = =) I3 =\ = Y 9 dy Aaan
913 14T lnReunae 1sauasil Taden lumsaanudutu 17.6 mM uenvntiiteanInves
ou ol luasasdnmaluamsie Synechococeus sp. wilsiumumssuuaalugiciu lae
aan 4 ° A 1 Yo d? A " Yo aas
noadlnveou ladaadiauiloamie lasunas  vazgeiuieluldsuuaslaouonaings
d’ Lﬂ' U ] Yo o'/
ngaioanselulasunasuiu 12 ¥ Tuq
S v ] a 3 d a
ulad lunsasanmaluamsiesiia  Synechococcus sp. 1o laiaiia
Aa o [ [ 1 [l Y] Yy % P = dy
Aaanudinveamuususaiuvu liausaana lddedvesiliecdlay  wennnil
% J v J v A 9 aas J o S o ] o
Frllesaanandalinalitendinvouenladanas  owlyd luasasanme luanunsasy
ad 1o ad a { (] y
dianason 18910 NADH taz NADPH uasudianaseuninaiueaiioglumumsy wenainil
d a dy v adg 9 . . ~ aa <Y
Laullcﬁwuﬂuﬁm1smumaﬂmau”lﬂmﬂ hydroquinone 181¢ methyl viologen NYNIAIFAIY
. . . =3 91 J = = 1 v 9 o saA
sodium dithionite  audineu lyiazinmadeaainldueadiuannmsanadietwimesnil
~ =B v ada Iya [ 1 9 = ~
pxdlau  uAndeaINsosuDlanasaUIINEs InolanAToUAINA1D 1A MAMSANEIANIEN

v 0 L4 ' a 1 I
mmxﬁ&mamimﬂmsummunl%u Wm”lqmvmuﬁmmzﬁuﬁﬂ 35 uag 40 °C R REUSVAN!

U

U { 1 o 1 J o Y 1
nsa-aNzauaonmsiauluge 8 waz 9 wenandieulul luwsaianmaiian K

AMSU NaNO, Ay 185 uM uag V. tMIfU 200 pmole/min/mg protein  HDAAIAVDY

v
v o 9

ulmi luasasdnma WYNYVYIAIY  sodium azide, arsenic trioxide HAY sodium thiocyanate

ma:

Y { 1 [ qg.: an 4
AL 100, 69.6 LAY 52.4 % YULN potassium ferricyanide HTHadvdwonAIAYD U T3]
(3)



a

] @ 7 ! o
ﬂ1ﬁ‘Ullff1ﬁffﬂWViElTULﬂuhlcﬁﬂﬁ@mﬁﬂu 40 °C W 30 W NOUNINS

£ U

9 l
= S

a 4 Aaaa A Y Aaag 4 AA 5 ' a 9
amiwmgaﬂmmNaalmaﬂmmamullcmqwu VUSNYUNYUNTILACAIMN YUY YN D
o = Y aan 4
(0, 4, -20, -80, 50, 60, 70 °C) Hraliuenaainveaou lyianaq
4

@ S 1 <} { Aad o 1
asanaveueu 1yl liansonu 1A anguugiindwn 9 (-80°C) ua

< Yy a Y 9 A a o = .
fﬂll15@Lﬂ‘].|1311!ﬂalgﬁi’]ﬁ@aﬂfﬂﬂﬁlllsllu 10 sag 15 % ngaunnu -20 °C U9n1NU L-proline

Q Y

Y
Y o

Yy v 3 o o (119) ~ A ° ~
Wudu 1 M ansamnusnmasanaveou lad 13 Idnsigungil 4 waz 20 °C Tagh
Aaan do '
nonadInveuou laidinieg
a a 1 r'd [
MINATDUMIIAA cross reaction VDIBUALDAADIDU IH] 1aTAS NN
@ 4 [ [ 1 a
voaludnInanueuled luasesanmaluansanavenuamiesia  Synechococcus  sp.
1 @ 4 a . [ a = o A v
WUN asanaeu lyiau1TNa cross reaction fUtRUAUDARDEU 151 lasasanmaluly
9 9 1 r'd =Y [ 1 =1
T Inald waasiveu sl luesasanmaluansananeunna s Synechococcus sp. 1
1 @ 4 [
Taseadrauadrumiiounueu lyd luasasdnmaludinTna
] =S 4 [ Y~ Ao
HAINM5 IAAUEIUVBIDN nar VINLEAAEININY Synechococcus sp. 1ABUNT
a = ¢ & [ o w a U a =\ A v o @
vua 534 11708 1o Ingd FalaluddunsaoziTuld 178 niaozii Tu Janumdouiudiaw
Q' =0=1= =)

a J o w a . {
tndlelnanagdruniaozd Tuuesdelizinwiia cyanobacteria WINNAARD 67-68 % LAz

67-75% NNA19U

(4)



Thesis Title Nitrate Reductase from Synechococcus sp., a Blue Green Alga Isolated

from a Hot Spring in Krabi
Author Miss Uraiwan Khunjun
Major Program Biochemistry
Academic Year 2006
ABSTRACT

The blue-green alga, Synechococcus sp., isolated from a salty hot-spring in Krabi
Province, was cultured in modified BG-11 medium plus sodium bicarbonate 2 g/l as carbon
source under light (120 uphoton m-zs-l) and low oxygen conditions at 30+1 degree Celsius.

Effects of sodium chloride (NaCl) and sodium nitrate (NaNO,) supplements on
growth of the alga were examined. It was shown that addition of 6.25 g/l of NaCl and 32.5 mM
NaNO, brought about maximum growth rate (p<0.05), however these concentrations of NaCl and
NaNO, did not produce the highest activity of nitrate reductase (NR). All the algal cells showed
highest NR activities on the 10" day of culture but the highest NR activity was obtained from the
non-NaCl supplemented medium and the addition of 17.6 mM of NaNO,. The Synechococcus NR
activity also varied during the day, being low in light and increased in the dark reaching a
maximal level after 12 hours in darkness.

NR is a membrane-bound enzyme and it has not been possible to solubilize from
the algal membrane by buffers containing acetone. The enzyme could not use NADH and
NADPH as electron donor but it could utilize electrons from quinone pool in the cell membrane.
In addition, the enzyme could accept electrons from hydroquinone and dithionite-reduced methyl
viologen, eventhough the NR was partially denatured by acetone buffer. Optimum temperature
and pH for enzyme activity were 35 - 40 °C and pH 8 - 9. K _and V___values for NaNO, obtained
from kinetics study were 185 pM and 200 pmole/min/mg protein respectively. Sodium azide,
arsenic trioxide and sodium thiocyanate inhibited enzyme activity by 100, 69.6 and 52.4 %
respectively, whereas potassium ferricyanide could not inhibit NR activity. Furthermore
ammonium ions at concentrations of 4.0 to 5.0 mM could suppress activity of enzyme. Activity

of NR decreased when crude extract was incubated at condition lower and higher than room
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temperature (0, 4, -20, -80, 50, 60, 70 °C). NR activity was highest when crude extract was
incubated at 40 °C for 30 min before enzyme activity assay.

Activity of NR decreased when crude extract was stored at low temperature
(-80 °C) but NR activity could be maintained when crude extract was kept in 10 and 15%
glycerol at -20 °C. Furthermore the NR activity could be prolonged if the crude extract was kept
at 4 or -20 °C with an addition of 1 M proline.

Crude extract of Synechococcus sp. showed cross reactivity with rabbit antibody
against purified NR from corn leaf, indicating some similarity between the structure of
Synechococcus sp. NR and that of corn NR.

Finally, partial fragment of nar gene from Synechococcus sp. was cloned and its
sequence was analyzed. The fragment obtained was 543 nucleotide in length which was
equivalent to 178 amino acid residuces. The nar fragment of this blue-green alga exhibited the
highest identity of both nucleotide and amino acid sequence to other cyanobacteria by 67-68%

and 67-75% respectively.
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