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ABSTRACT

Cyanobacteria / can produce hydrogen gas from the reaction. of hydrogenase enzyme.
Hydrogenases foundin cyanobacteria are ‘able’ to- classified into 2 'classes. Uptake hydrogenase
catalyzes the oxidation of hydrogen molecule to protons. The large subunit of this-enzyme is encoded
by hupL. Another-enzyme, reversible hydrogenase catalyzes the reversible oxidation of hydrogen
molecule to protons: The large subunit of latter enzyme is encoded by hoxH. This special project aims
to study of hydrogenase genes and enzyme activity of cyanobacteria isolated from natural pond. Two
isolates (unicellular and. filamentous forms) of cyanobacteria were' found and cultivated in BG11
medium. Both isolates had'a similar growth rate but the growth rate‘of the unicellular cyanobacteria
was better than that of the filamentous-cyanobacteria. Reversible hydrogenase activity was
determined by a H,-evolution assay using sodium dithionite reduced methylviologen as electron
donor by Gas chromatography. It was found that the reversible hydrogenase activity of a unicellular
cyanobacteria showed the highest activity in 3 hour after anaerobic adaptation with 1.16
pmolHngChla'lmin'I whereas the reversible hydrogenase activity of filamentous cyanobacteria
showed the highest activity in 1 hour after an anaerobic adaptation with 7.08 pmolemgChla'lmin'l.
Using degenerated primers of cyanobacterial hoxH encoding large subunit of reversible hydrogenase

of the unicellular cyanobacteria was amplified by polymerase chain reaction (PCR). The PCR product



of hoxH was analyzed by agarose gel electrophoresis. It was found that PCR product of hoxH was
approximately 1,300 bp. It was ligated into pDrive vector and then transformed to competent cell
E.coli DH5QL. Transformant was selected on LB agar containing kanamycin, X-Gal and IPTG.
Plasmid DNAs were isolated and detected by digesting with the restriction enzyme EcoRI. It was
found that plasmid pRhydNC was the recombinant plasmid containing hoxH PCR product of

unicellular cyanobacteria.
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BIOLOGICAL PRODUCTION OF HYDROGEN BY
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ar s = q
AT FUNTIEHLEID DT OON LY {oxygenic-phototrophic prokaryote) Mlsznavdieizuy

a o d -~ 1 = | =]
Uae 2 52U Lazliviavednas s an (chlorophyll) MUBUA M IO FRUMDZ NS

= o F ) v Y 1 1
AseuIUMsHAANY 18 1asauves e luuafiSoadronuaiviie s -
- - D! s v =2 o .
Tunuaiisodulngwaans lalasmurumanszuaumsas s luTasou (nitrogen
a i 3 a o n’/‘ ]
fixation) laen TunuafiSorianlradiame153an (heterocyst cell) W ludlszuumaa
L] = w 1
11130939 I Tasudiumaeu Tl lu lnsTuauazniaialalasou 1dneldan e s

P v ) Y e o w = 2 Y W
ponday  uwdloegnildanizitiilulasnuie sxlimanialuangalulasmunioud

]

mswinmelelasouuazmsndangaily  Teonganiiuiinga Idezgmi T 14 uumaalu-

ap

] ] 9
o o s = . =1 = as 1
TasudmSuwaduni (vegetative cells) (311 2.5) iilpsnmame IsFadiu lullssuunasds

4
ar e

(P} o :’ -~ 14 9 o a Y] u’; @
"l,unﬂszmummmmmmTmaqam ﬂQ‘LI‘L!N"lilllﬂ'liﬁiNﬂ'l“lf@ﬂﬂ“ﬁlﬁ)u‘lﬂﬂvﬂdﬂ‘liﬂw’lu
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vosoulmilulnsiue  TeummelsFaduziimsdunsizrionlsdswmalalasimuanio
-1 P=} 1 & <] A =
{58NBNDY19K 11971 membrane bound hydrogenase 1Wutou Taainwylu T Tananaiinmusu
. s R I &
(cytoplasmic membrane) W38 INAIADIANNIUTY (thylakiod membrane) YOUIND ST AAFIDY

&
Fawflostuouledlulasfiuadonmsiard Tuagaondou luiduh

TN A
‘ / o
VEGETATIVE VEGETATIVE
CELL CELL
Sugars
{maliose) \ oxidized
H*jg‘/ glitaming
“'-—-—g:hom:ysteml
Ny Respiration :
\M_‘__

g 25 aswdedislalasmunagmseisiulaswulusadieduazivadiame TsFad
TulwoTwnaiGe

IRE http://www.fao.org/.../w724 1e0g.htm#chapter%s20hydrogenproduction

n:y v ==t d‘ (=1 -4 = o ar a
wonoinil  nguupleelukuanEeh ilwademe lsdaddiansonaa
¥ . '
a1 Tasouldnaneldanrentuaauas ludues Tasmsldanizniluaeozinmswan
o = =1 = o 1 3/ =s' tes [P= Py
MapsnFausasimsazaunaduyanlsa  uameldanzn liduauas M aoondieu
ﬂrl = 9 3 ¥ 9 o = 1 =3 o
ouland luTastiuaszgradretiuuaznssquldhan waziimsdasaalowodurnnllse
di YN ¥Ya o o Qs =8 a o
iwald ldsmnaseudimivunszuiumanselulaswuuaznszurumsnaainisla 1nsou
L1

aaiu leonTuguanSsuaaziiaveianumunsolunisuaaiis lalasoun

LANANNUAIANTIAN 2.1
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Ei o W A A
19199 2.1 swaumanaans lalaseu laslse Tunuaiise

aoWus len Tuuuaise

smatmalalasoufingn 1@

Heterocystous nitrogen fixing
Nostoc linkia
Anabaena cylindrica
Anabaena cylindrical
Non-heterocystous nitrogen fixing
Oscillatoria sp.

Oscillatoria sp.

22 ml/ mg dry weight/h
1.91 ml / mg dry weight /h
1 pmol / mg dry weight / h

260 pmol/.mg dry weight/h

5-6'umol / mg dry weight / h

Non-nitrogen fixing

Synechogcoccus sp. 0.05-1:38 wmol / mg dry weight / h
Microcystis sp. 11.3 nmol pmol / mg dry weight / h
Gloeobacter sp. 1.38 umol / mg dry weight / h
Synechocystis sp. 0.07 pmol /mg dry weight/ h
Aphanocapsa sp. (.40 umol / mg dry weight/h

111 : Fernando UAZ AN (2002)

oA ar 2y T a
2.3.2.2 mJﬂ‘m‘szmtnu1mmmswwmuumsmn‘luuai)nmmu

PR a o ' ¥ - |

I.L']Jﬂﬂﬁﬂ'ﬂﬁ']ﬂ']'ﬁﬂﬂﬂﬂﬂ'l“]iulaiﬂﬁmu ﬁ']iJ'liﬂllU\'iﬂﬂﬂllﬂlﬂu 3 Aguyauns
1} Non-sulfur purple bacteria |Qtin-Athiorhodaceae sp. 182 Rhodospirillaceae sp. 2) Sulfur
purple bacteria 1aun Chromatiaceae sp. W0® Thiorhodaceae sp. 1ag 3) Green sulfur bacteria
' ar o s o o 1 dwd.
ulg]}llﬂ Chlorobiaceae sp. ﬂﬁz‘ﬂ'ﬁuﬂ’liﬁﬂlﬂ5']31’1G’]"Jﬂl.l.ﬁﬁilﬂﬂllllﬂﬂlﬁﬂﬁﬂ!ﬂi’]ﬁﬁl!ﬁﬁlﬂﬁ'lull

@ r.i v =ty 1 A A A = [y =
ssndagiias ilvinlso TunuaiiBe amse uaziv@der AsliswniagiuuuamesTe-

L4 . = o . @ ¢
Aao1sWad (bacteriochlorophyll) uazunlsfiuesd (carotenoid)  AILUVIUMSFUATIEHILA

= J :.-1, v a = L4 [ o
vosuafiSonguil lu'ldeenFnudiundadus wazamnsoldmadsznevdalda Gulfide),
o ¢ o . 2 s .

FaWos (sulfur), TnTodama (thiosulfate), a15Us5ENOUBUNSY (organic compound) 50

Twanalelaswudums Waidnasould
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2.4 lwenlunundiSe @aan, 2542)

b.

= v

T TuuuafiSodmduTusasTon (prokaryote) WuRIIAULDATISY ARENIAN

a_ o ] 9

ddgmedlanTunwaiidein  Hssiagimuisoih il lumsdunneddonawdalé

o

a o oa I8 1Y & wqdy 1 o
wandusiiuesndiou Fegaautad linuluuuaiiSeia Ty
o A o :; o o P=)
loenTunnaiSelidnuusiddey 5 Usems Ae
o I [ o . . !
1. Nens@dmSumsduniiziaIsies (photosynthetic pigment) 1dun faolsiad
o aa
unTsfueod uaz I Indau

[ b or

o o ey o 1 u’;’ - < o
2. miuraaved I Tuuimdce witeondu 2-4u foefilsznoudmdayadies
o o - | = . A e 1 = o .
HIABAdUUANG s IALNTIAY (Gram negative) ~5on T Inilnd  (mucopeptide)
[} v o =] A (= 1 = :!yd
dmseunonaiaraaunsiiuiionlaq #3601 39 (sheath) Huod Tassaudniliianumn

Talel A 1

1 o - | < u’j
UNATNNU 'E]ﬁ]llﬂ"ﬂ'iﬂulﬂJllﬁWiﬂLLUQi’)'ﬂﬂlﬂu‘]fU“‘]

a

=) w:" '3 = o rey
3. o Tunin@iGennsiaturaddnfuosmadduiug luliidaneam  lynTu-
A o e A o &4 L/
wunfiFona lidnyaznisnaouuuuEey tna (gliding movement)
= o s = =
4. HamanAMIFURTIEHA e ahia s s ein o desfianilane ufla lae Tulu-
[ of = 1 e 1 o
oy (cyanophyceanstarch) Ifnunizdluaifng  nrzvwogia 1URE 831 laren Tu TWGu-
e 1 y
UASYA (cyanophycia granule) | . idlelaenTuWiFeuiiuanmesnnudlasiladuie e
14 1 o
Uty leTeawsg lmhenatuim i lagdniu
¥
5. daufluTalsensTen unndAntinfiatugadmanyms Tow (edkaryote) Ao d lai'ld

st lunaradauanszawegia 1 ulelawarady Sonsduiugiut biondumwn

v au

dai a; s ey 1
2.5 pulwinmevestumawanma lalasioululva luuafSouazavsig

=
a1ue

wulwyils TasTua {hydrogenase : acceptor oxidoreductase, EC 1.12.1.2, 1.12.2.1 uaz
é 1 =y ey =y = ey P -7 ar
11899.1)  ihuenlmiFusswfiTonmidalelasaunnlfisnidnduvesTilsnouuny

aan ) s aaas o as &
amelalasnunnilfisneendinduveslalasiu  Ufseidunduveaonlsd diaums

122
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hydrogenase

H, < » 2H + 2¢ aun1sn 2.2

Stephenson 8% Stickland (1931) TRyRjAfWN hydrogenase ﬁusﬂuﬂ%uinwﬁamﬁ
dunulaTasoulunuafiGoilfumFauug Methylene blue) flududidnaseon oulali
wunsxi]wfi’a"lﬂ“luﬁaﬁ%?wmﬂ‘uﬁﬂﬁ'ﬂuTﬂﬁﬂ1?1@msnazgﬂ1'§1@m Fadanlngee lase
sendunazlddnfalumssaliiter  lelasSwamusodwunyiialdmuiledolums

¥
N5 A3

2.5.1 Swunmamanamsinadgnsen

2/5.1.1 __Unidirectionall ¥30 uptake - hydrogenase si‘lumu"lmﬁﬁﬁ'dﬂﬁﬁ?m
= s o ¥ as =4
sondinduvelagalstasmulihiiullsaou, < oulpiinasmazwlasiannniy
é ~ 1 o " 2 = ~
(hup W10 hydrogen uptake) F9Usgnabn iy 2 wiiaNvTus iy Ao Tu hupl taziy

hupS (317 2.6)

o aaa
2.5.1.2 Bidirectional ¥30 reversible hydrogenase Lflmau"lnnumsall;]nsm

) o’ Aaa Ao oa o

sondiasuved linana laTasen lUdhilusaounasd§isoisdnduvesTrsnau iy
¥

Tuanalalasiow <o lmifioeatasidlasiau 9108t fox (hox 11919 hydrogen oxidation)
& Y = = dy 1o = = ar o u -
Fa1lsznoudutunausavvegiustinues Ly lumiafise sndaetienag Ui 2.6

hpS hairpin -
A, PCC 120 4 29 HIHI ] ---~----————--—_~l_,QB£3

o 0 T T 105k excsed v
(ot {o scsle)

ho€ o YhoxU [

et AT DM DAL 3

ORF! QRF2
5UN 2.6 uWUADY hup uazBU hox 11 Anabaena sp. PCC 7120

1141 : Tamagnini LaZAME (2002)

83390
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© d 4 ¥ an
2.5.2 Swunmusndlsznouvedlansigudnaiusal§iten

2.5.2.1 NiFe-hydrogenase 1sznpudasiindauaznguindnuazdmines (Fe-s

a ¥ o
cluster) TuuSUNSzAUYD RO Tl
T o { o
2.5.2.2 Fe-hydrogenase Ysznoudiongumanivsnunszduuoaou lad

b 1 a oA
2.5.2.3 Metal-free hydrogenase-wa’liny Tavz lafiusnunszduvoaeu lad
dos
2.6 pulvdwmalalasdina

& = v R
ouladdninala lasoiuap1956aB8ABE13%3431 . membrane-bound.  hydrogenase
A & o - p & 4
iosarndluou TadAvu 1wl Tanaaiinmauni 51 (eytoplasmic. membrane) 50 lnainova
s g o ar o {0
(U5 (thylakiod membrane) vouane 13daa oy lwidwmala asSwavimrnisa

Ujifsoeandiaguaes luenalalansnlaiflulslsnon deannisi 2.4

Uptake hydrogenase

TH /-] 28 AuMIh 2.4

v

H,

oo W = ~ 1
i laiowmnlaladua Tdsuamanlafne tuuuafiS sdaraeeiia 1Aun
. . 9 ' d A qycl T =)

Azotobacter sp. WAy Rhizobiuni~ sp.- 1uuén- Taonudnon laflafiniiiany ladeoandou

~ 9 | 3/ o o =) =1

wonniimsAuny luuuaiGoda gunsenwed laswina le Tasdmalu e Tunuah-

iFenansonsalulnswuldynadia (Houchins, 1984; Lambert uay Smith, 1981) 33 laon-
L4 { 1

TunuaiSuraaimean Weawsonalulnsou Synechococcus sp. PCC 6301 (Anacystis

nidulans)

»
Y A @ A

a oo =4 =) = 3/ @ 4
luﬂ\i’i]']ﬂlﬂuqmu@WLﬂﬂanﬂiﬂluﬁNﬂu‘l‘ﬂ ﬁﬂﬂlﬂﬂjﬁl@QﬂUﬂ'ﬁﬁﬁWUl’laIﬂ'il.‘ﬂu 53

9
=

o an Y = A a s P °
Wuwanaad ldannszunmsaselulasauindadunielumadiome 1s3an 11nmIniau
¥ '
vaueulad lulastiue  aaiulson TuuuafiSentdovazdudumonaz adrusmne 15San
19 Fddasvanvauluiwdnuueylsdswmalalastmwe  Tasgunsanufonssuve

¥

o a J < - . v o o
ou i idnalueme TsGaduaslumadind (vegetative cell)  szaufanssuvououlan]
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é‘ 1 s l=‘ dy dl =y ~ d" [
weghvanzildlumswzdowezarudlumafimeme lsdad venvinil deiinisfnu
1 ar J = = = = o o Pl 1 aaa
wudilesenmouen ldun uas dmina lalasiou wazasdunsdmsveuiinadodjnsenis
aawlalasiou (Oxelfelt waznay, 1995) laslinsanulsesumsunonssuvauou ladon-

v ¥ [
wmalalasiualu Anabaena sp. uag Nostoc sp. Masameldannziliommlnifuang
] a sd o s ¥ a2
smsnimsdylalasiou 4 89 20 efidud wundwnssuvesoulyiludenGeimula
r 9 . W
annziil lelassulusmmziigininioiifoaneldannzenielng U dnabaena
. e =Y =2 s e = a d d <) =
variabilis ATCC 29413 Himisfnwmunmsdnlalasnuuazearsounioniivouiinaiio
d ' ' ad 1 ' {
@nesdemsaainlelasnunolumadaaiioglusznimanfaouutlasluiuemels-
asood aw 4 - =) T w o
Faa uazenanuitehAnymavesiinnadenmsaai laTasionwly Anabaena deug CcA
J a o oo = d?, X Y 3 A o A
uay 1F wunmsnafenssuueten luiswna lalassmaduodnvnnuiuduvesiimnai

= A4 A o e Y o A A
@uaaldluems /7 fsusnmiadin dnabaena ONURUT-CA-Uag 1 uaddalswaudui

D

= T A @ od =) v oA e
gudui lse IuafiSomoiugena Samaemsiughfnssuvoimsaailalasouiu

v ¥ ¥
'EJQﬂ‘Uﬂ’JnJl"i’l,iJ‘l’Jill‘U’EJ\iuﬂl.ﬂﬂVImaJEN11&@11’1‘]5!’:18%‘%81,‘51‘!!,@0’3‘(]“

P = & ar =
TulaeTuuafiGenaduemelsdad . wulsidwmaleTasinadaulawesa

o i - ) - ' R Vo o ' w
'l (dimeric enzyme) YisAoua01YsAN 2 vUweINIULIAA19AUYIN U UL
i 2.7 Talsaunuaetoslnn (large subunit) %50 HupL dws sz 60.8
AlamadudsaommazilasiaunnnBi hupl > dailsiuvilavdeadn, (small subunit) ¥io
HupS flnnatlssutns 35 7 laniadidneauautasiaainainiy fups (gun 2.7 e
aRvufvuddunsaes i 2 siavewsnlmiownalslasimna lundudsdisaiidiula-

a9 as v oo = = ¥ 5 & . @ '

g lunuafised ey wundwunsaesil luinuAAIwndg “(similarity) AuUIINAI 93
dd o o= - = E o a = = W = '
Wesiiud (51en 2.2) waileilSeudeudwvunsaesi Tuvesduswnalalassiua wiw
gotlvnajued oo TunuaiiSe Nostoc @1wWug PCC 73102 AUnUATSY Desulfovibrio gigas

' 9y & o e W = o o 3 g 1 :1’
NUTANUAGIWATINUUBIAIAUNTABL 11 HupL dzaaaadu 43 ilosimudmiiy
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Nitrogenase (_/ Nz + H”
2 i: NH;
g P

e

- ——> 2H + 2¢°

Uptake hydrogenase

g1 2.7 1hpdages Tasdaseas Wudwma lalas e

40 : Tamagnidi Lazadle (2002)

P~ & d., '@ =4 = o WA = o of w = =
3137 2.2 Wesisdvedpas i vuiitudisuinalolnatassiainsaesil luvety
hupSL V0% Lo TINURTG €3 e Nostoe ,sp. PCC 73102, Unabuena variabilis

g dnabdena spPCC 7120

Strains NiugcleotideIdentity (%) Amino acid
Identity/Similarity(%/%)
hupS hupL HupS HupL

Nostoc sp. PCC 73102 84.4 83.8 88.8/93.8 91.1/95.1
vs Anabaena variabilis

Anabaena sp. PCC 7120 95.1 94.9 98.1/99.7 98.7/99.6
vs Anabaena variabilis

Anabaena sp. PCC 7120 84.2 85.0 88.8/93.8 90.6/95.1
vs Nostoc sp. PCC 73102

11 : Oxelfelt azaAmE (1998) LAz Happe l1agatie (2000)
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2 @ = = o = LY =t a 9
msfneidnuiang 1o Indvesduswmalalastiue Sudnlay (Carrasco uazam,
e = o A g = Y = 1 [l T
1995)  aseTuemsinSesdivuevestusimalalasiiuamizstoslnaly  Anabaena
w o ] y 4 o - - ]
mwiug pcc 7120 lwwsifimsuldsunlasnnwadlnd lifhweme Tsdad  doun 14l
6 w = o = o - n’/’ v 1 =1 ] [
mifnudwuiioagd lolndvestudumalelasSiuaviamitsdondn  (ups) uazmintedey
1 w &
1me (huplL) 11 Nostoc AWWUTY PCC 73102 (Oxelfelt LlazAME, 1998) (D2 Anabaena variabilis

(Happe Liazame, 2000)
ded d
2.7 pulwisnesadidalalasdiusa

ot 4 an = o Y oy = oy = 'y
e lniinesadive laTasSiuaimihiisalgsvieendindune Tuanalalasou

T duTilsaounazd §AsesdnduvesTusnon T InonalaTasou Avaumsi 2.4

reversible hydrogenase

H,. > OH- 4 fde ANNTN 2.4

d = A i 3 H
Snofasale lasduaithueu ladinualin s TunnaiiSoieselu nseuuay
1 R ' ) dyd £ = ¢ o ay
TueseluTasmu o Tasapunihnt dseaunisaneinunInssuvewsy ladstatl lu'lson Ty

=

A ¢ a . P~ &
WUAVILTOLY QDALY Synechocystis sp. Mg Synechococcus sp. Taron Tunuaison

= o

CYTENETRIAY
{ = o Y o
futy Spiruling maxima 30 lven lwinfiFeiaame Isdad . defnugudnuue
oy R ) =] A a Eam ~ ] al=t o
vouou lwisiesamiia lalas s aheusweuledsnmala lastmua wuivou lmisnesa-
moa = F=% [ = o o 4 o w
Fiiialalasuaiinnu deseanian - uazasvativewsn lesyinniuou laidwnalelas-
=t 1 9/ ey ] o o ~ = al=y g oo
g uanunnudouldaninen luiswmalalasdg Hunssuvouou laisnesadida-
= e o 9 = o o dy (] [~ 3 ar - 1ed
laTasdmalu oo TuuuaiiGoiadaeme TsFadezmuvuasiaiu ldda luaniieh Tud
R L ol 8 o a = o Y @ v '
81N (anaerobic condition) 1oy lanisnefadiialalasdmariinuld lnsordeniisdesues
TUsau 4 MUIBEDEAUANAINAY (heterotetrameric enzyme) 15IWAU  IasiiaoeruIstoy
safusunNlelasdiue (hydrogenase) taziidnaasniiedesimiasmFonilaozesa
(diaphorase) wyavtasypd lalasdma 5 naz B graeauazulasWau11nbu hoxy uaz hoxH
iy drunitsdevvedlaosrosa o uaz y gnoaauazullasdaninintu hoxF uaz

3 ] o ir 1 a o w
hoxU Taagesdusimingelumsvudisianasou'lids NAD  w5o NADH
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Bidirectional hydrogenase

NADH

NAD*

Hydrogenase Diaphorase

! ° v ° o (3 = |
g 2.8 wuuaeslasediuaznishanvpueu lmisnosagiia lalasiua

31 : TamAgdini tasAME (2002)
2.8 Unsengnlanaamaria

Polymerase chain-reaction (PCR) n3p ﬂﬁﬁ?mgnwwaﬁmmﬁmﬂu?;.%’mw%%ﬁﬂm
Y a wa o 1 g o Vi 1 ad ° Y @ ' 3
Maree1lfUIRN1AIY 52085 Lz IuasYe Idaue g A Idifams wanaeg vy
0819310
Tul s fnsognieweaivarmlssnandan Tufanaaiuy (femplate molecule)
A ad A < o Y = a a7 et Sy A & Ao @
georilufdonIev1s o U e BN sINLS TN & adetiana 1o Inarduherduq niideu
[ U s 9 ). 4!'! wl A 9 A =Y
wasumizgausUTmanafa (pfimer moledule) oA udtanAsiuS i Tuia-
) o & 4 P y
NaAuLUY  TuAoUVDRPCR AU 2.9 deilsznavaly
o ' =4 o =1
1) denaturation M3¥1 TAaIoRuURIADUBIENTINAUAIERITLSOU 90-96 BIFIBAITYA
z 4 d Ao w o ' @ @
2) hybridization #3® annealing HUTHAONUA WS WS Aildwuwuiuwzganliudy
a s d o @ ) a A a =
MeuRgIadueNuenIniLlude 1 NaNgungil 50-60 DR ITYN
ad ' Yy 9 o a a ' 9 A
3) auemelnignadisdiseu lxinedmeosainuaenuion A9 Tag polymerase
a A a a ° v ¥ ' ad v 1w ad 9 '
nanguvgil 72 eruwaTYd m“lw"lwmu“lwwuaaﬂmumnﬂﬂnﬂmummmmmﬂuﬁmg}
3 = o ' a2 > ° g ¥
VUADUN 1-3 FIUITUNI 1 30U MINMEIVUADU 1-3 A1) AT (HA1eI0) Ml lddsuw
s g P a o 45 o @ " A I~ [ 1 3
Auenvneiu I IuIATUMNEWUITNUUY exponential Aolluaoaihlunidazaiives
[ 9 s w n’; = = a ad a 9 [
soundazsoulFna 13 wi duivlunauiies 45 wi USaddueazmudiud
o @ o ::; 4 [
neyadfiuod PCR Ao 1ow'lml Tag polymerase 1avi Tag AO¥0UOUBY Thermus aquaticus

Ao A as A o [ oy 9 o Y o yd‘. =
l.mﬂmsﬂﬂmﬁﬂuastwumu'Ju“lu‘lmuw!seu 'ﬂ'ﬂﬂ’ﬁ'lﬁ‘ﬁﬂ“ﬂ'lﬁ‘]iﬂﬂﬂqmﬁﬂﬂqq
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ain Reaction
TSR TR A

30 - 40 cycles of 3 steps :

1 ﬂlﬁ,wm”wwqﬁb ‘ Step | :dcnu,“‘:‘iv- .

I minut 94 °C

T T I T

I l T \;. .‘:tcpztannealmgm

¥
L < 5
LLLLLM'LUML § »y)y % 45 seconds 54 °C
5 ; S
; ) N Alizrsss P8
T 3
y T e

fofward and reverse
(M ‘ § primers ™

') e TR TS -315]‘5"3:cxunsianml
N1 —ty = B QR (gt P = S
] 9= 0P )
e AT > + I | s = 2 minutes, 72 °C
S‘WF]“[\' =y 19 J l '_\ QRIVUNTP'S,
¥ T i f

(NI Y vemaiacie |579)

[ v
gilﬁ 2.9 UUADWYDI Polymerase Chain Reaction

01 : hitp 7hisers ugent.be/~ayiefstr/principles/perhtmi

= (] = o =Y o .4 v 1
UfAsga Tgwaddiosagniiintahdnerans mamsuunod ey | laun ms
a4 d o o e 2 A A
ATIINIYAFNINT L uvaval lsnaaTRaI) C lAt@MensInamamigingwnn el
Sinanfosludsdansny msamemntandiuiug Wodueddidinda ey Tagmmzduuyyd
dmsumsdugaTnilan o 1SANEEAT TN atsinlgistga laweawelsaunay
¥ [ v
aTazii lurSunas iflgmioa’se-100 luTasansTu PCR wb&ying’500 lulasdnsihale
a o A o 4 é
wanreAnu1 thanwfouTRa Sz gmitldnaliingoe_pNAathermal cycler Faldiam
o J 3 " < o o aaa v a
Uszanu 2-3 Flusdenss e lsimme=taumsiainnmstl§isegnlawedmesaly
a ~ a 4 o @ 1 o o =]
capillary tube YSWasiiios 1-2 Tulnsaas e lddsendanuon sl nazd1dlunaisiasa
szana 30 wiit in5eailef 141iuveansiin Roche 1oy Perkin Elmer
[ n’: an |aaa ] a = a 9 a wa A o b
duiutdgnsengnlevedwasatuiiuiinaaeumedesdjianmsiildannse

n" 1 a g Ay 9 =S A v A c:’ ' = d e
ATIVNUFUTIUUDIADUIDNABINIG udazialFunuAnieFuUNINAa1NA UID VD IIFAa NI

v
s a

2 5 o 0o q ¥ (& a g ° 3 =2 A Ao
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3 ¥ e o = n’/’ oo
Wududaua 25-50 diadTums uonepnnBnuasa mIzaziunaNeioulfAsndeding
3 v o o o v a o ()
ApuiWiWes MgCl, w3ade d1vn luidn MeCL sy Iion Tesd Taiviau
s 3 o a = = o’ o I Ao o v
2, lwsiwes (Primer) WumelodIniiind laInddawuemeaide Alanuswmziudu

fidoensssius Iy (amplify) 1sznoudav-Forward 10200 Reverse diilumuifoiioy
UMY complement (Fay) YOI
= o = 4 T [}
mM3Gou InsaosIs@ounniia 51— 37 42108145 U Forward 92 Reverse primer U4
4
outer membrane protein (OMP) ‘UENL‘d]iE) Caditatus liberoacter-asiaticus ﬁ@:
Forward : OMP1/5° GAAGTTGATAAGGGTATGGGCGTAGAAGGGY’
Reverse : OMP2 5*CTACATGCGATTACCTATACGAAAACCAAA 3’
o 1 L4 o o
Twswosoz Maumduduluray 0.5-1.0 Tulas TuarsuazmTewilu. 20 lulas Tuans
o o d .
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3. dNTPs AonHwlsenovtos deoxy nucleotide triphosphate' Uiz neudbLa 4 ¥ila
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[ 4 u,: ar = 177 N 1
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= d g ad oo g i o
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a ‘o nw < - o Yyg 2 o &4 Al A o
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° 9/ @ o W A e d,’ AL Qo E=3 Ay
m3th hli$lumstlesiufidalsafaifennies dunfiSe wazlaia wiedoaunglsn

4
U

vaizfimaiin PCR 'lﬁgnﬁmﬂ%ﬂluqmmwﬂ'ssmwmﬁymﬁ’a Fudhu gpamnssuds
oanfiis IR IR udszmeineg 4 nid et usnhiiley thitinunsnsdinlssay
Jaymn TraszinaluUaiaoate AHaronananddeesn Ifszma noqaidusy14gs
Poz 12 wiudvin mmgvesTinszualudesing - saulnadaninide hindadeald
wmadiaPCR N 158599801 Ml nunsotesiumsinsszuinyea Isa ldiunied
u'emmﬂf'rmsﬁmﬁaﬂmUﬁuﬁfi’aﬁﬁtﬁa‘l%ﬂumswauﬁuﬁ’c’jﬁaﬁmmuﬂiﬂsmﬁuﬁ.ﬂim
(genctic  diversity, ‘¥38  Variation), -gestuaunsndamiy 11837435 msdaideniid
Uszdnsnm uazgndesfisauingnasy

o v

av dd
2.9 U NNEIVDI

2 o 1=y 4
Daday uag Smith (1979) Anw1ismsianinan lalasmuniolugasvosloolu
WUARISE Anabaena cylindrica wuiiodumnalile Tannuidanududud (-10 dadlu-
P Y 14 4 w a d ° v A o ' o v -
a13)  MWunwehauame lsdadvei ldidolinsnanlalasion  unanziidnadudens
o =1 o u’/‘ o o d%’ = A 2
Maveuou sl lulasdue  duly lelasmundavulu 4 olindrica Tudannmsiiau
¥ 1Y }
vosou Iy lalastiuaminiu  wennnil damuiAnssuveseulxilalasSiuagnivds

3 o o :: = g @ s
Tasmsveuvouen lsauazgnivdauisuanios Taveziriiau



27
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v o =) ww 3 WL e i
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a  w I's w o Qs = d A
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=1 [} 1 =1 v ] 1 o A s
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@ & = L ) {
uua 1y Nostoe sp. AwNUY PCC 73102 A873. Southern hybridization NUAIARANTN Aup2 fl
=) s oo g o & 1 Y
IRIGUNINHAANUN PCR VBN Anadbaenasp. TWNUE PCC 7120 WU Nostoc sp. @1aWUG PCC
et e = 1A A g e P 1 = ..
73102 Houdwna la lastiuaualiiinesasiialalasdme \ dewilidl a. #. 2000 Tamagnini
wazamz  Anpanuvanraigyeslae TunuaiSenwdalalasnudomaiianiadiinm
seiuTmana  Taodenadnuludmfdubu sup, hox uag xisC (usC WuvSnunifans
@ o % [ 0 W = = o =t 1 o o
daisosmlndvesdrwutindlolnanelutu rwpl) wuhawsowueulwiswinalalas-
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Uazyu xisC 'WUmW"IR?111"l"D’U"I‘I‘HLL‘Uﬂ'VILSUU'NE‘T'IUWHI:]‘LYT]H‘Ll

=Y 'd Y o = [
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a 9 A = i ¥ N =
Alawauaznumsaeasidlugnneiinnialulasnumniv - aeldaniziiinsna
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TuTasiou Womewugnarowdauazazau lalasnuuinniaeiugnaie 3m
Tamagnini LagAME (2000) lavmsAneiniswan lalaswuly Anabaena variabilis
v o ~ o v =)
MU ATCC 29413 Ngnihldnaeiug (mutant AVMI3) Tasiasinnmisvianioli
a o ] @ d o
(deletion) VOIVUTNMUAWEY hupL ¥ 1HEU hupL Tisunsaneauazudasiaiiiueu lasion-
malalashuala uaaslassadrauestu pl (519 2.11)

. — —_—

A, variabilis

Ui 2.1 Tnseaffvotu sipl- Wl daabaena variabilis J W ATCC 20413

N7 Tamagaini TAZ AN (2002)

Lindblad® ydn g 2002), “Idnamanunilielhennssinunisnanie 1o Tasiou
mein Iyl dwabaend” sp. | Moiug PEC 7120 aie i dnefiuinAu@s ignyi Iinan
W3 (mutant AMC414) Iagnnavia lvivnanuiusuaaeld il 212)

hairpin

HupS 1 fupt ok 3
arccn\\ I SRS = 47

o IR

————— —E- 405 kb excised elament (not to scale)

Hindlll Xbal Xbal Hindill
I- - - —essh——t——— - - - | 47abaena PCC 7120 wt
: : xisC
Handlli ' . Hindlll Harndill Hind il
|
- [T [RERIANGE Gene CAssels | - - -] AMC 414

T

4
u

T ———— )
A) probe used for detection 500 bp

51 2.12 Taseadrauosdu hupsL W dnabaena sp. PCC 7120 eowusind (wild type) Laz
f9UAUN (mutant AMC 414)

71171 : Lindblad oz At (2002)
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3.1 iweqaunsanlilulassnuiiay

o

3.1.1 Twenlunuaiiie 2 meiug dail

¢ ¥
3.1.11 lwoluiweiiGogdssnavitionldvainimiosssuma

v ¥
3.1.1.27 oo TunuaiGog Us1aidueeiuen 1a Thlsamiot s suana

3.1.2 WU Escherichia coli muﬁuﬁ DHSOL. (supEA4 A lact169 (¢80 lacZ

AMI5) hsdR \7 recAT end Al gyrA96 thi-1rélAl)
3.2 MILadl

3.2.1 21M15AguY e

3.2.1.17 919113 BGLLI@AHUIN )
3.2.1.2 ammﬁﬂw"ﬂaqms LB (MANUIN V)

£ 3 -
3213 ’E]'I‘lfiﬁl.ﬁﬂ@ﬁﬂ@jﬁi SOB (MANUIN )

oA o ¢ o s e dey {d a a ]
3.2.2 !ﬂ11ﬂﬂlma1'}‘iﬁﬂﬂﬂﬂﬂﬂiiﬂﬂ]ﬂilﬂu\lqﬂinﬂiﬂcﬂlﬂﬂllgiﬂii]!uﬁ

3.2.2.1 wialileTanu (Methylviologen) (Sigma, Germany)
3.2.2.2 Twdon'la e lud (Sodium dithionite) (Sigma, Germany)
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S 7 :.'I =3 = =
3.2.3 il uzdugimswigueuniity
3.2.3.1 MuipFY (Kanamycin) (Sigma, USA )
o o d [ s oA s d g
3.2.4 iInfidnaEmSuanadluiinfidue

3.2.4.1 flauf (Glass bead) (Sigma, USA)
3242 1ivle3 TE (TE buffer) (A 1aN190.3)
3.2.4.3 Amdty lawadadame (Sodium dodeeyl sulfate) 10 alpiud
3244 TwRniaosass Indu (Sodium lauroyl sarcosine) 10 woddua
3245 Wuﬂﬁéuﬁiﬁ’wﬂﬂlﬂﬂ‘; TE (TE saturated phenol)
32.4.6) Wioa-analsasulalsedaunanased (25:24:1)
(Pheno! : Chlorofrom « Isoamylalcohol)
3.24.7 anelsdaiy- 1o Tyelauonnoasa (24:1) (Chisrofrom :
Isoamylalcohol)
3.2.4.8 ImiAuunsFian (Sodium acetate) 3 11905
3.2.4.9(enon 99 103 13U (99% ethanol)

3.2.4.10 loM11oa 70411031 UA (70% ethandl)
= 9 dq LY d ﬂ: Iy
3.2.5 i amdninimazvuesmaRnaasiygasm

3.2.5.1 dNTPs (Deoxynucleotidetriphosphate) (Promega, USA)

3.2.52 uuniliFounan’lsd (MgCl) (Amersham Pharmacia Biotech, USA)

3253 1oulyyd T aq (Tag DNA polymerase} (Amersham Pharmacia Biotech,
USA)

3.2.54 ozmlsd (Agarose) (BioWhittaker Molecular Applications, USA)

3.2.5.5 wagas (Gelstar) (BioWhittaker Molecular Applications, USA)

3.2.5.6 Uo7 TBE (TBE buffer) (MARWAN 4)

3.2.5.7 Fueruddue (Tracking Dye) (MAKUIN 1)
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3.2.6 WmEAUNTRIUNIIUaeTUNTY (Transformation) HAZNTIVANBUNIFUNAR-

[y d a d e
Han PCR ﬂlﬂﬂﬂﬁ1ﬁﬂﬂﬂlﬂu!ﬂgﬂwﬁﬂ

3.2.6.1 upaFounae'’lse (Calcium chloride)
3.2.6.2 10U lmidas uW1E EcoRI (Promega, USA)
3.2.6.3 X-Gal (5-Bromo-4-chloro-3-indodyl—B-D-galactoside) (Promega, USA)

3.2.6.4 IPTG (Isopropyl-B-D-thiogalactoside) (Promega, USA)

3.2.7 AdwosnasgHs

3271 dreuautian o) sad o lsiaas IWIE HindIh(A/HindID)

(Promega, USA)

3.2.8 yanaaou(Kit)

3.3 gilnsal
331

3.3.2
333
134
335
33.6

3.3.7

a0 oW L4 ¥ g " .
3.2.8.1_galaauntadm PCR Iauld)ninos pDrive (Qiagen, Germany)
3.2.82 ﬂ;mwnﬁﬁummma (QIAquick Gel Extraction Kit, Qiagen, Germany)

3.2:8.3 ‘]gﬂﬁﬁﬂ‘ﬂﬂ'lﬂﬁﬂﬁl%um (QIAprep Spin Miniprep-Kit, Germany)

Lﬂ?i’)ﬂﬂ‘u °JJ'1L“]!;'E)¢!1”JU|1’€J 1:1,'1 (autoclave)(Hirayama Manufacturing Corporation
HV- 50, Japan)

inF0an TUAUYMUNH (incubator) (Scientific Promotion, Binder, Thailand)
INSOVGUULAIIANYMNRT (incubator shaker) (Gallenkamp T490188, UK)
é’dwﬁ?ﬁa (laminar flow) (International Scientific Supply HS123, Thailand)
é’auau%’au (hot air oven) (Delta Laboratory,1375FX, Thailand}
tﬂ%"mi"]um"’;ﬂmuumuqnqmﬁqﬁ (refrigerated centrifuge) (Hermle Labortech
Z383K, Germany)

NTDIHI0ZI009 3 LAY 4 AN {balance) (Scientific Promotion Sartorius
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BP2215, Thailand)

3.3.8 m?aﬁﬂmmgﬂuﬂmdw (pH meter) (Denver Instrument 215, USA)

3.3.9 Lﬂé’ﬂﬂﬁ’ﬂi sua T (power supply) (Amersham Pharmacia Biotech EPS30,
Sweden)

3.3.10 Lﬂéﬂﬂwﬁnﬁﬁ (vortex) (Scientific Industries Inc Genies2, USA)

33.11 19309 AUANGMUHURI (thermoblock) (Biosan TDB-120, Thailand)

33.12 lulastula {Micropipette)

3313 1A50AIWIIAAIY (Glasswares)

3.3.14 NdDIgaNIsAIFTATTINAT (Bright field mieroseape) (Olympus CH30, Japan)

33.15  unausindnauans (magnetic bar)

3316 198 BaiuS s WUENT 33 (PCR machine) (Perkin Eluier 480, USA)

3.3.17/ gaguinsaliwnarsiugnssudan Ty electrophoresis equipment)
(Pharmacia Biotech GNA 100, Sweden)

3318 Waaumunaa 10 Uadansnieudile (National Scientific, USA)

3.3.19 L%Nﬁﬂufc{ﬁ (Scientific Glass Engineering, Australia)
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- oA 4 ' Y Y ¢ A e
athehil Iven TuuuniiSonsaasuualad  dosgdlondeaganssend Wonuwadi lvun Ty
1 o'y o’ r d
uuafiGeldguilarsmeanestulans IWdmomane stnlnoginusadwed udaldlae
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v ¥
QU Tissue culture plate V55991115 BG11 Suniesuds Minsgaoinisiuasedaios 3-4
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Gas Chromatograph Varian model GC-CP-3800

Detector Thermal:Conductivity Detector (TID)
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0.53 mm i.d. x 50 um (film thickness) column

(fused-silica capillary column) (Varian, USA)
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Detector temperature : 150 °c

He Carrier gas Flow rate 5 ml/min (99.999 % purity) (Praxair, Korea, Co., Ltd.)
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