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Abstract

The hydrogenase enzymes can be divided into 2 classes. Uptake hydrogenase catalyzes the
oxidation of hydrogen molecule to protons. The large subunit of this enzyme is encoded by hupL.
Reversible hydrogenase catalyzes the reversible oxidation of hydrogen molecule to protons. The large
subunit of the latter enzyme is encoded by hoxH. This special project aims to study hydrogenase
gene of cyanobacteria and green algae by polymerase chain reaction technique (PCR). Six strains of
cynobacteria (4dnabaena siamensis, Fischerella muscicola, Hapalosiphon delicatulus, Synechococcus
sp. PCC 7942 and Synechocystis sp. PCC 6803) and three strains of green algae (Chlorella vulgaris
var. vulgaris TISTR 8261, Scenedesmus obliguus TISTR 8522 and Ankistrodesmus falcatus TISTR
8557) were investigated. Cyanobacteria and green algae were cultivated in BG 11 medium. Genomic
DNA was isolated by phenol-chloroform extraction method and PCR products of hydrogenase gene
were amplified by polymerase chain reaction. The PCR products were analyzed by agarose gel
electrophoresis. It was found that PCR product of uptake hydrogenase gene was found in 4nabaena
siamensis, Fischerella muscicola and Hapalosiphon delicatulus. PCR product of reversible
hydrogenase gene was found in Anabaena siamensis, Synechococcus sp. PCC 7942 and
Synechocystis sp. PCC 6803. The PCR product of Hapalosiphon delicatulus was ligated to pPGEM-T
Easy vector and the recombinant plasmid was transformed to competent cell E. coli DHSQL.

Transformants were selected. Plasmid DNAs were isolated and detected by using the restriction



detected by using the restriction enzyme EcoRI. A 906 bp of uptake hydrogenase PCR product was
sequenced and its amino acid sequence was compared to the other amino acid sequences reported in
Genbank by BLAST server. It was shown that amino acid sequence of Hapalosiphon delicatulus
hupL showed high similarity to the uptake hydrogenase of Nostoc sp. PCC 7422 (80%), Anabaena
variabilis ATCC 29413 (79%), Nostoc punctiforme (719%), Nostoc punctiforme PCC 73102 (79%),
Nostoc sp. PCC 7120 (77%), Anabaena sp. (17%), Anabaena siamensis TISTR 8012 (77%),
Gloeothece sp. PCC 6909 (75%), Lyngbya sp. PCC 8106 (75%), Lyngbya aestuarii (75%) and
Lyngbya majuscula CCAP 1446/4 (14%).

Keywords : hydrogenase gene, cyanobacteria, green algae, polymerase chain reaction
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hydrogen production tvswflivafiliguaudia lumsndamialelasiou Aun Chlorella sp.,
Scenedesmus sp. Hudu

2. lowenTununfiSe (cyanobacteria)
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Aphanocapsa sp., Calothrix sp., Mastigocladus sp. Hudu

3. yunfiFefteusadunsizi@aones (phototrophic bacteria)
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hydrogenase

H, 2H + 2¢

Stepheson WA Stickland (1931) Vigygj@fnst «laTasSua Fudunfusamdemsduny
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fiamamafinalgnse &il
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2. bidirectional %39 reversible hydrogenase 1391z 1venFaduvss Tuanalalas-
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2o e -
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E) aa d & a &
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mauveuou lanflulasSme (nitrogenase) 10Ul uptake hydrogenase 9215 9fiTe1M3

amolalasnuiiuTusaeu deaunis

nitrogenase
N,+8H'+8 +16ATP — » 2NH, + H, + 16ADP + 16Pi
uptake hydrogenase s §
H, —> 2" + 2

Carrasco UAZANE (1995) asdduiiona To Induosonladfiidunfausn uaseBinunts
SaiSosdiduevesniavtosing] (large subunit) Y89EU uptake hydrogenase (hupL) Tuszusd
wadidamsnfounladludhuamelsSadlu nabaena aeiug Pcc 7120 uaglu Nostoc
eWU] PCC 73102 (Oxefelt aTANE, 1998) daueulaiaiinficoq reversible hydrogenase
wuta 10w e Tununiie swnseisdelogiufineaudvuiing Telndvedulu
Yasen TununfiSevaomiia 194 Anacystis nidulans (Schmitz UAZAYE, 1995; Boison UAZANE,
1996) e Symechocystis W] PCC 6803 (Appel Uz Schulz, 1996)
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lalasinuezaoyss limeivian Insadiauuazesndiouszasusy lilimedian Insaviuan

»
TeudeamanszuaInihds 90 Aladed ansondamaleTasiouldia 1,000 gnuisivauas



Wialelasinunlinnuuignige (Ui 22) deidevesiinisil Ae deamsaszua’lwih
il Ed

$nunnuazimsggydendea i W luudazdfuseuvesmsusnaaisdani uaz

swasohluanizgungiingendl 2,500 ewuwaiFoe  Weuon luanaveaih i &l

laTasiounazeondiauszney

51U 22 mswdamalalasioulasiznisuon Tumgaveaiionszue Indh

=

117 : http://www.rmi.org/sitepages/pid557.php

2.2.3 niswaamalalasinulagismeslunilian3 (thermochemistry)
Wlunszurumsnimsiannmswana laoms 1¥msseneusa Tus lua lunse-
= 4 qﬂc.l' - o ¥ ﬂ' -
vumswan FuiluishemnsondaialaTasion1d Taverwunamdougeigangiitlszuna
¥
200-780 vsmwadva JuseulumswdafmalalasioudinaiaiFenin mesTuniians
(thermochemistry)  Y0@u8anszaIuMsH Ao anse lgnudoulusidsufnseitiuntos
naanasuindei lumskaafalalasuld nasawiauagmirl14ed1adl
UszAiniammniiqe tazrardah Wasowsneenldne  uadeioife ywwaiunn

ms 1FmsilsgnouTansminou 18un Yson uazTuslug

2.2.4 mssdamalalasinunndalivinfimnnsadunsizruasly (biohydrogen)
uenNINIEMITIAUN Idnanuwdl  dadinszuaumsnisianmlumskda
[ Qs = =t a o o a '
Mar'le TasiouTavordun numuisavesgdunidlumsnaamaleTasounisonds  lule-
- = o = & o a -
lalasiou (biohydrogen)  gaunIonatvyiiadionlnilelastiua Foimihiieenslad
TaTasiou1idluTusaeunazdidnasou niesaas lusaeunazlanddeslaTasion gaunid
] ﬂ’ ' - o [ o o« o [
maiaunsodesamemssuniafiufmsmsveulasenlad nazialalasiugussoimes
dsznamsiuniifalslasounyudoulussuuiinmitlaz 200 dwdu dodunq
: 4 4 a4 ‘e - -
nszuaumsiine Malalasioui Ididudemaiazetn (clean fuel) Tunelvinailgwinany

godIndon



2.3 Qaunidninnuannsalumswanmalalasion

[

a  add a o ] ' a
yaunidnensonaamalalasiou musouisesn1diiiu 2 ngu dail

2.3.1 nq'u'i'rﬁﬂimﬂﬂqm?ian (phototrophic eukaryote) 18un amsw (algae)
muswurteinnummnselumsnaamalalasiou @5 2.1)  Tasms
a o ' ad 4 a o ay - =&
wanms lalasnuvesmmsunavuipiinsdivaineldanizi lusendiou  daszeziom
- L z L L z \ ; A n q‘q o o :
Tumsdsuaniuszuanaranuludug 30 wifisuds 4 ¥1Tue Felusznheninsdsuaaniu
sriimsnszquriedunsiwvioulmilalastiva  Tavdidnasouszgnasiunnessaen-
U (ferredoxin) e 11/ 19 Tums3a9 TilsaeulilifluialalasioulasljAser danaragaiss

mavhanusaseulallalasiug

3N 2.1 amseiinnuainselumssdamslalasiou

NI WAL SRV RRIGATE
Ankistrodesmus sp. Ceremium sp.
Chlamydononas sp. Chrondrus sp.
Chlorella sp. Corallina sp.

Codium sp. Callithamnion sp.
Coelastrum sp. Porphyridium sp.
Scenedesmus sp.

moldannentiuawzdnsnszquidiimsndamalalasion  uaiionnudy
- 4 - 2\ P da
uramugy AszuIumMskaama lelasusgniuddasnszuumsduns s idoueang
a o - - o 0’- o = &
MINAAMTDDNFIIU Taseandious: Wdudinsvnuveeuleilelassiua Fuilu
wulyiiifodesnumswaama lalasinu  aszurumsHaame leTasisuvesa v uag
lwenTununiiGe SianAseUZNAIHIUIZLVINT (photosystem) 2 SEUU AB STUVLEAIN 1
(photosystem I : PS I) figanduueaninnueniniu 700 wiluwas (P700) UazszULIAITN 2
= = A )
(photosystem 1 : PSII) Aganduuasninnuenindu 680 wlTumas (P680) ludsdamn
- i o = d . = d o ] -
91dnAsou  (electron carrier) famdidnaseuvzaoneadianaseuiiumessaendu
miuszmoneadianaseuliunioulesiivesdensu sendlasanmea (ferredoxin oxido-
reductase) lunszurumsasmse Iimansveu lasen laduneulal lumsasdnmea
(nitrate reductase) 1oz 1nToda IWiuAIANING (thiosulfonate reductase) A3 ulFATen Tumsa

a ] o

uazdamasansu daumalalasioussgandarumaeulaiivessaengusenglaianma
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ad -; - oo 3 o
aianaseungnldlunszurumsnaamalalasmuminldnnnszuiumsuandives

v ] ¥
Tuanai luszuuuasi 2 (photosystem 11) uazmsdovaawaisns 1ulamsanazauniolu

iwad lnvdidnaseui Idezidrgszunueaii 1 (photosystem 1) (3141 2.3)

‘. \ze- Hydrogenase C B,

zH"
H
~ Nitrogenase :
¥ _ .
26 o’
o '
D. P650
@ phatorystem (]

51 23 msudamaleTasoulaeamswdionas lan Tusuniise (oulmiuTasSuad

phoyesysterg |

wwzluy lson Tunuainise)

a1 : hitp://www.mi.org/sitepages/pidS57.php

9INII0UVDY Graffron 118% Rubin (1942) Wy s WiAY2 Scenedesmus sp.
A L] = ﬂ. ] i - ﬂ‘ﬂ 1 ﬂ’l "
Fauduamswilonifvuamsendalalasouluega @ luaaneiluoanniv - ua
dansonanlalasoulmana 18 uanisi hiluaaias liioonFoudndae  Taveu 'l
ﬂl 1 L - <1 é Rl L -
ninvadesnumsnia Tuanalslasinudvioulmilalastiua FRATeINMIITIMIKGA
lelasinuTuagalaneulxiflalasSiue uansdsaums 24

2H  + e VT A To 22X s 2.1

o - & - ad = e JdY :

amdianaseudiemeIaengugniarrals Tuanavenirlunssuiu
o 5 ' o o e Va o o = " a
Funsizvmonas eon lsfimudawuidm ivsidnasoudmiviou lmlla TasSualumos 18

[ Ed ¥

mnnndidnaseud ldninmsuandlves Tuagaveniiniu  uadalduninmstesaay

- = A L] 3 T ; o
asdseneuduns onazayluead vy uthfifiatulunszurumsdunsizvidlonas
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232 ﬂdﬂiﬂiﬂiﬂ‘iﬂﬂiﬂi A3len (phototrophic prokaryote) 1un
{ LY = <] A o I'4
2.3.2.1 wuaiiGenansaduansidisuauias Idoondnuiunaniasd
A A 1 l:y Y ] ~N A -} L) s A cy =y
suaiGelunguittdun loenTunuaiife wieamsedidemniniity
(blue green algae) lwenTuwuaiSentanuamsalunmsnanielalasouuanifansiei
4 v o a { o d
22 uazmsnNn 2.3 lasen TunuaiGedadluldsas Teahausadunsizvinas Tl
o a o I

ponFudunindoud (oxygenic phototrophic prokaryote) 15gnoUAITTUVLEAS 2 SEUY LA

@ s ~ Y 1 a
finszuumsfunnzriauazsiinvesnaalslad (chlorophyll) tilousvssuazNediion

1
=)

maan 2.2 lenTusuafSendanuawisalumsndame lalasmu

lasen TunuafiSennaafalalnsou

Anabaena sp. Nostoc sp.
Aphanocapsa sp. Oscillatoria sp.
Gloeobacter sp. Spirulina sp.
Gloeocapsa sp. Scygonema sp.
Lyngbya sp Synechococcus sp.
Mastigocladus sp. Synechocystis sp.
Microcystis sp. Tolypothrix sp.

a o A 9 [ v 1
AsEVIUMIHARNT 18 lasiauved lser Iunuais endeiuaIvs1e ua
ad T T a o 1 2 .
laen TunuaiiFodau Ingjnannesle Tasnuiuninszuumsaselulasou (nitrogen
. d a o d 3 i 1
fixation)  (¥ARIEND1ITAA (heterocyst cell) 09 laenTunuaiSeviubiflssuunas ua
asons e lu Taswudumaeulul uTassuwalduazaunsondanialalasnu ldneld
annziloondiou  uddieegmeldanneiillulasaudita ezlinseTeluanalulasou
wioudumsnanmalalasnuunznsnaangmily  lasngarfiuiindaldesgnir i 19iiiu
[ ) i
uvaslulnsoudminwadlnd (G 2.4) esnmemelsFadmiulufiszuunas Sa'lill
8 ¥ 14

nszuumsuandvedluanan  dufudelulimsadsmaeendiou ldudenmsinuves
a o Y] ' @ P 1
pulellulasSua  TauemelsBadzimsdunszien lmiswna lalastiue dazde

14
Hoafueu lanllulasSiuadremsia lumnasendiou Tudlud

o A Al 1A o a o o
wonvniinquuesleen TunuaiSeh ilivadieme lsdaa  Haawso
a o o,.: { 1 i
wanma lalasnuldnameldaneniuawaz Wluas  Tesneldanzidiuasaziims

a o A - a o ' ] Al 1 1oy
W’ﬁ@lm“lﬁlﬂﬂ“}ﬂ‘ﬂulLa:’,Nﬂ‘l‘i’c\’x’c‘mwamWﬂﬂﬂiﬂ LlﬂfﬂUiﬂﬁﬂTJS‘VILthrcNuﬂzlllli.IﬂWf
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- 3 L] o=
sendiou  wulwllulnsSiuawzgnahdiunasnszduldieu  uaslimsdesaaowed
& a o ° o o
uxam lsane 1 Iddianassud s unszuumsasylulnsinuuaznssurumsnanfie
Yalasiou

VEGETATIVE
CELL y

Sugars
{maitose)

911 2.4 mandaielelassuuasnisaselulnsiouluradlnAuezadiemelsdadves
Jagen Tununiiise

"VQI!J'I : http://www.fao.org/.../w7241e0g.htm#chapter%205%20%20%20hydrogen%20production

maef 23 mananmalaTasioulaelamn TunuafiGe (Femando tazaaiy, 2002)

wiirved lon TununfiSe Pnuihelelasiouiingald

Heterocystous nitrogen fixing

Nostoc linkia 22 ml/ mg dry weight/h

Anabaena cylindrica 1.91 ml/ mg dry weight / h

Anabaena cylindrica 1 umol / mg dry weight/h
Non-heterocystous nitrogen fixing

Oscillatoria sp. 5-6 pmol / mg dry weight/ h
Non-nitrogen fixing

Synechococcus sp. 0.05-1.38 umol / mg dry weight/h

Microcystis sp. 11.3 nmol / mg dry weight/h

Gloeobacter sp. 1.38 umol / mg dry weight/h

Synechocystis sp. 0.07 umol / mg dry weight/h

Aphanocapsa sp. 0.40 pmol / mg dry weight/h
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2322 wunfieiiennsodunsieidronaudlildeendinuiiundafasi

Lmﬂﬁﬁuﬁmmmuﬁnﬁw"laTﬂsmu‘luntjufr susoutisesmiiu 3
AguAB 1) non-sulfur purple 1AUA Athiorhodaceae sp. W0g Rhodospirillaceae sp.  2) sulfur
purple bacteria 18R Chromatiaceae sp. U8 Thiorhodaceae sp. UAZ 3) green sulfur bacteria
"\$1usi Chlorobiaceae sp. TatnszuauMsFunTIEHatIwswURABuduns iugama i
sndagiimellvnloonTuwafifs  amiw  uneiisdifes  AefisendaquunmesTe
noalsNad (bacteriochlorophyll) uazunTsfiuses (carotencid)  nIzLUMITUATIEVUS
veunfiGenguiilildeondiouiiundndast uazamnsoldmsdszneudalnd (sulfide)
daes (sulfur) Inlodama (thiosulfate) a1315enoUBUNTY (organic compound) W5®

lalasouTuagaiiumsidddnasou

2.4 SnvasdiigedlveluuaiiSy
ToenTunpafiSesadiuTilsa13Ton (prokaryote) ISudeafunuafife quauiafidiy
S s o A a o
vod oo TunuafiSede  Hssndaganninithl ¥ lunmsdunszvdionaada 1dnaadas

a 4 aes & o
Wueendivudsguaniadi liwy unuafiSenalyl (Geer, 2542)

Yaren TununfiSefisnuasiiding 5 dszms e

1. fasddmiunisdauns12vid i (photosynthetic pigments) 1Aun nae IsHad
unTsfiueed uaz W Tadidu

2. wifaadved e Tununiide univeenilu 2 du fleefilszneuddgadiofumis
[raduMUATIGoxilannsUAY (Gram negative) M3uni1iiaTalLIng (mucopeptide) dau
seuvenwiiuradtinezifhufionlan AGend1 0 (sheath) uoglnssou FnitiauMII
Anefiu e1ﬁﬁﬁn?a"lﬁﬁﬁn?auﬁmamﬂmfm

3. T TuuueiGeynaiiaaaduniuazmadduig ifumanvaa fdnuas
msnfAoufiuuuidenlna (gliding movement)

4. wawdmnInmsdunsizidosasiiuasdssanudlaiiandede ufldlee Ty
"InSou (cyanophycean starch) Sanvuzithudiading nszervegiialu TneFundr lee TulWgy
UN3Ya (cyanophycin granule) udldlwen TulwSeuiiuandresnnutlasiindude e
ﬂﬁ'ﬁ?mﬁu"laiaﬁms“lﬁﬁﬁ?mm.luumunuﬁaz"lﬁ'ﬁﬁ'ﬁu

5. sadluTalsm3Ten uandrennfivdugedmangans Ton (cukaryote) Ao a4

o lunmadaudnsznegita luulsTanaady  Tnsduiufuuyhionduwa
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2.5 aynsuIsIuedlwalumuniisy (@aa, 2542)
inuuaniseIno lasaswunlso TunuaiiSe Taol¥ndnves International Code of

Nomenclature of Bacteria 91411

Kingdom Prokaryotae
Division Gracilicutes
Class : Photobacteria
Subclass  :  Oxyphotobacteria
Order :  Cyanobacteriales

2.5.1 laenTununiiFayfiasadiie) (unicellular cyanobacteria)
iinegianan nieungu  vmowuglasmsmiswadeenidiu 2 dauwig Aud
3un31 binary fission M381AUMIUANNUD 1¥U Chamaesiphon sp. - UAVINMINTOIUMT
[ dy = 3 L= B ol
dunsizvsones Imseslulanvunazliedalulasny  undioiugiaawaunselu
msnaamalelasonld Tavlso TumadEon1dfnmn lulns sunimifiedlunguil Tdun

Gloeocapsa sp., Synechococcus sp. , Synechocystis sp.

2.5.1.1 Synechococcus sp.
ﬁaaq"lu Order Chroococcales 1102 Family Chroococcaceae fanyuziiiu
wadeaq vnewuglasmsmiazadeeniilu 2 @ ensodunsIzRA ULV

pongiauld  ilesniniinanlsiad @ wazdalanumnsalumskaamalalasiouls

ANUTVBY Synechococcus spUTRANAIFLIN 2.5

= /

-

31 2.5 AnMLYBY Synechococeus sp.
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2.5.1.2 Synechocystis sp.
ﬁ'ﬂﬂﬂ.lu Order Chroococcales LIfi¥ Family Chroococcaceae Hanuuzily
aaIALIq vorewug lasmisiisradseniilu 2 dau Ianummsalumsdunsieridoums

ud iansoadaluTaswusinussomeald dnuazues Synechocystis sp. uerasdagU 2.6

- L
— ALy - - -
-
L =
e
- = .
® .
= - - >
-
- - -
-
e
P
v - * /e
| - > 4
e
- 4.
1
e R -
| - L~}
-]
b T - ® ® o
T - “.]

UM 26 AnYZUBY Synechocystis sp.

2.5.2 TeenlhuuafiGasinduauniloime13Fad (heterocyst flamentous
cyanobacteria)
=1 - - [] o -
imanigay TaTaemsmivsadas snaruyad Taoinig I lunuaszun mue
=1 -1 L] " J- o L) A L -
Ao moAe) Tuadeafwuue I uYaanta nuME MEENGE o0 e 15T aa
& = = J el -y o oo
Fatinnwaunsonss luTason luem e liliverswnazsendiould AR RTINS $1
anvmusnlumsnaaialalasould  TaolsoTunuaficei 18dnn Tulassnumieusi

oglunguil 14U Anabaena sp., Nostoc sp., Calotrix sp. U Mastigocladus sp.
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2.5.2.1 Anabaena siamensis
9a0glu Order Nostocales 118z Family Nostocaceae 1o uiduaivey

Usznoudasiame IsGaduazaled  dndulauviiadorn jUsunaundognila 1eiiidn
1199 Hu dumeenasimisIfudnfeoniofhuiiuidandes vsiawadiizlsiwmy
duiied nau niegilfmaoy Tieme TsFadegszniuwadilnd Fuiuglasmsadivesiiia
[ @ .' - a ¥ a o = -
agmoludumy  nabaena Sinwuliniida ervi Mifansuguiluaiingna  vustewda
o | ' - & a -
msRfGond 1OUMENFU (anatoxin) FuTluiuilszinn Neurotoxin ANNULYDI Anabaena

uerAadagUii 2.7

| # B ‘.’, ~;-T_ (]
9090 ] ol / 4‘&1

3UN 2.7 ANWRILYOI Anabacna siamensis

2.5.2.2 Nostoc sp.
a0g1u Order Nostocales 1A Family Nostocaceae anmsiznivlnue
dedhundor  wioswduiunguegmulufnmuinazasd  udunyiiadneztanguins
misy  nquwaaimsnne ngjuazyusdn enidnmazdufeunaumiodiudy wadl
' w s =4 s Ty L) ' £ o 1
JUianay gududles juvsanszven Namels¥adeyszninnaly LazuosIniwuegh

taemiolau TezAtlnaglndfumame IsFad Anuoizved Nostoc sp. IAAIAIFUN 2.8
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dufnnemyanaid wszoemndaanszs
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253 lsslunuanSemiihadumonazinisuanfanunaun (true  branching
filamentous cyanobacteria)

| ' .ﬂ’ - o ] o o & =

Yy TunuaiGonquilinsgdu TaTaomsutasadasinansmuomed  Fuesy

Idnmeszunluniolnumaiones  Inmsuaniwvuaiuazeoonug lasnisviavion 11

moiuginnuansalumswaafalalasiould Taw oo TunuaiS o 1ddnunu

' >
Tasanuieuioglunguil 18un Fischerella sp. 1oz Hapalosiphon sp.

2.5.3.1 Fischerella sp.
ﬁ'ﬁﬂ{ﬂ‘u Order Hormogonales M@% Family Stigonemataceae iy
lwenTunuaiiGonfigysududuemonazuanns  Tjdsdeudimsnannats Tasdui
O " - ﬂ. ﬂ‘ e L) 1 ﬂ. ﬂ’d "
Humondnezides lufuddiiumeey nozdmiiduurusszdwsseeny  Tudauveudu
v @ ¢ w 2l 4 o Fa @ Jd . ¢
wimiumadinezosdefunatuaed ualudunwnainsziihusadiforn  guivourad
¥ ]
dhuudaiios veeswlinoegnily  nivlausswunsliFniiioy uazdenseudan
- & oa = . Vel ' " < o
waanituns snszuendeliidonmileala Tulidiuves  luwadezssneudau nsyaini
de [ o o u‘]- - e ' ' ] '
Inanovdnavguiznszaived Tnon, mradiEmes 15 Faaineyssnnugadaaiizying
wannasnuumssnaumilsududuvemislay  Tilsudaginsenszuenmibeunyui
uaneenyl  wilamIuRYzlesAtie lasezaguinamin AL anuwzABy Fischerella sp.

naReeazUi 2.9

g'l]ﬁ 2.9 ANYWY Fischerella sp.
2.5.3.2 Hapalosiphon delicatulus

»
ia0g1u Order Stigonematales wadildnuuziiunsenszuenduuios

e = - a o Y a4 =
ﬂﬂﬂulﬂulﬁ"ﬁ1ﬂﬂliﬁﬂllﬂuq.lgﬂﬂ']ﬂlluu HAZUATUNANIY UNAVHILUNUAS YU N UI9EY

72594



18

» 3
Fnmjuey  adesSusniuiisssuFrnozuanuvuseiigeniios ivuaiiuaneenszialy
AR INAYELIFAANAN adruame Isdaregnielumuadudnuazuvus  e1viigy
(polar notch) 4 3 du  daulvauiuglavmsadeares dnumzves Hapalosiphon

o 1d
delicatulus WHAIAFLN 2.10

3UM 2.10 dnweiz Hapalosiphon sp.

W o & L
2.6 ANHUCTINYUBIT NI LAV
' - | & ‘ | ol Vi e o1
aMIwdie8aoglu Division Chlorophyta  Fuilummsiongui lngiiqe Lddo
¥ - » - .’ g A 0 - z '
miloundn wuiahiahda thnsee ndy wusu duld uazFdameaiag Tnnedwdian

J i n . - e
nmlszaeumoradiisuradmoisesdaonidarhivi - lusudsnna lngjmuiiuiods

mmswRRvianuusi liidify 7 dszmsio

1. sendagdunsiziumeglunnelsnaiad Sdnnlszneumudeafuing luiiy
Fuga 'l fie ThaelsWad-io aasTaflad-a unTsi inzusuInfladAaeTswaiadvea
amiuilealidnyuzA139 AU 19U §U820 (cup-shaped) uRNFYAI (stellate) uazitluuny
$raad (parietal) Fedmuveinae Isnmansisiimemilniounnimilen 14

2. fideuiiundon

3. miﬂuﬁufﬁﬁqtmu'lﬁa'lﬁummmzmﬁ'unm

4. winwad Taoa i 2 $u wisuludhumanragTan daumissuueniiunan
mndu amieddennsagmiuunumousnsiimswaninau chitin) fuu nie
3 (silica) HuBntunilsdaiuds narduezidnmn wienssdle  vieanamnse

- ” , 4
naaanasnuumiurad 14 nawulidnauile
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T . 1 1 J '

5. smsazay amiwdinduIngwazauems 1inInivess lugdvewiue

] ¥
wariian il InFusoAsazauems uglveniniu (o)
) d A dewow s
6. eI wdEIINNINIsAABUN 1A nwuiliewaen (eye spot)
" ] == a o = :- @A 1 o
7. s wvesamiwdiioiivaonuudioiu nathusadider Tunguead iy

1 o e A
idume ilunasanione nazilunadanlszne uArmsadnusu 1nun (parenchymatous cell)

2.7 BYNIIITIUVOIN I BTV (AAA, 2542)
tnuuanseino lasaiwunamiwmvey  Taslémanves Intemational Code of

o a
Nomenclature of Bacteria AdU

Kingdom : Plantae
Division Chlorophyta
Class g Chlorophyceae

Fretnvesamiwddiamnani lalasouls U Ankisiodesmus sp., Chlorella
sp. AT Scenedesmus sp.
2.7.1 Ankistrodesmus sp.
$egly Order Sphacropleales  1TusaRALIMTBaBgs WiThinguote
wawq Ldwnusadlusgubinivey  wadndnyuzen dawesstiFomman wad
o1z 1R nisowiinnan e mivwadu naeTimaadituun udasad 11enss
wu'lniuews (pyrencid) annsanyl@vahuauaghih aneisves Ankistrodesmus sp.
uereAag iR 2.11

P .
() . 4
./,," Y
lf = "3
o M » y 4 ‘-.f >
L "‘g ¥ L] ‘_d' 1%
s L Iy S
- < ‘g-f-»;f -
“ ™ TP st £ ‘_—:‘_('—_ .
~g A ‘l| v ; -__/
] - ¥ r
i LS TRT
11 o " ’5_ nr
] | ™, i) Ly
.f \ ~--"ﬂ:’)’
"\‘_\ ? } ‘
h &/ A
| =

e > b

~

T , i
JUN 2.11 SNBUTYDI Ankistrodesmus sp.
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2.7.2 Chiorella sp.
L9 » * o A '
¥aoglu Order Chlorococcales  iThuarmswadiRuMBvImAn 31l51enaw

wiod  aaelamaadiluglyidioniathunvegiawad  linuiniuess  minaadune

y ¥ L] 1 [ R ' J A ' o 1
nulunidauazniniy egedndasy visinewoeghuiledevesdaihiinszandunds wu

Tuls Tad o i laas1iihudu  dnvuzuea Chiorella sp. uansnazalii 2.12

1 2.12. Snwaizves Chiorella sp,

213 Scenecdesminia spl

0y Tu Order Chlorococcales A2 Family. Scenedesmacaca 19adags iy
nauiFondr Fhudon  Tavewnidwenvessadmidowaiuihumn udaznaueziiinau
wadithimigaiues 2 wadigdsematoiuy su 3uld Unszaie Tawe thidu Ausadt
Wadnumziounieviviz viwiinemdnegTuganeimaNBLE 08NN Mariin T
fuq  soeTsmanadihuinun e iy dsad 1 Iwiuaus | iia unsiiiinaoaiisg |

BU ANUUSVEI Scenedesmus sp. HefaaR gl 2.13

]‘Il‘ﬁ 2.13 ANYUL Scenedesmus sp.
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28 v e deaumsnaamalalasmihlanhunaiiGauazame

Al

wulanflaTlasdiua (hydrogenase : acceptor oxidoreductase, EC 1.12.1.2, 1.12.2.1 uag
1.18.99) ithueu laniFasalfasnnmaalalansunnlfisoisnduvesTlmeunazaniy
Talasunnifisuesndinduveslalasiou  UfAsemrunduveseu lmiuaasianuns
22

Hydrogenase
H, 2H + 2¢ 2.2

Stephenson 1182 Stickland (1931) eysjAFN hydrogenase Withindasamasnisdumy
TalasiouTuuniEon $uaug Methylene blue) Thuiafudidnasey ol
nszneia I uAaiiESamaoiianstuliling Teauazynis Ton FaduIngjez e
sondivunay Idnfalunmsnlfiser  lalastiuaanan dadwunlaamileiolums

o o J
WIITWUT AU

2.8.1 msdasuwmmeylanilslasdiamunanmeve msnal§izen
2.8.1.1 unidirectional W7® uptake hydrogenase
dhuew i wiaineendnsuves uanalaTaso T Hu
Tsmeu I&nnnmoesasulaioio ity hip (hup H19 hydrogen uptake) 99
Usznouditby 2 wiiefhawsmiu Ao By L (Wastu hupsS
28.1.2 bidirectional #3® reversible hydrogenase
huen lwffis nlfasuvendinduves luana lalasian hhith
Tlsneunazilfinsefianduvaalisaou It lwangalalasm - WWaaminesuazuia
SHANININGU hox (hox 3190 hydrogen oxidation) §qﬂiznauﬁm‘t‘mﬂmwﬁﬁ‘i{ua;jﬁwﬁﬁ

w0 T TunUANIT Y UMHUTE hup UAZOU hox W dnabaenasp. PCC 7120 AagUi 2.14

Naupan
hupS hunl ORF 3
A PCC 7120 = [i] i o
500 bp /)\>. 10 5 kb excmed slement
4 8 8kt ol ot 1o scale)
kb
hoxkE hoxF hoxtt hoxy hoxtH
A PCC 7120 SRS W S 1] S D -

ORF1  ORF2
FUN 2.14 UWUNGU hup 1AZTU hox U Anabaena sp. PCC 7120 (Tamagnini 1AZAE, 2002)
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282 msdaswuneulyilalasdnenine i senevveslansiguinaruds
s
2.8.2.1 NiFe-hydrogenase Usznaudiviinia uagnqumdnuazdaned (Fe-S
I‘; =9 o o
cluster) MuFnanszduve wou land
2.8.2.2 Fe-hydrogenase 5znaudonaumannuinunizquvaueu lani

3 s i
2.8.2.3 Metal-free hydrogenase %4 liny TanglanuSunsyduyasou la

é q
2.9 eulmisnmalalasda
W o ar =) -1 =1 1 A v A‘l
o laiswna lalas diuaa1a5ondnod1amiiad1 membrane-bound hydrogenase ‘U839
ihoau Tandimylu les Tanaaiiannusu. (eytoplasmic membrane) 13 Inamasannnusy
(thylakiod membrane) vpstane Tsdas o leddwmmalaTasSuaimiig wfiier

pondasuyes lumapa laTasoulihiluTusneu deaunis 2.3

uptake hydrogenase
f, > 2H 4+ 2 (2.3)

ol wmnlalas e lasua o leininunueafiGonainetin 18un  Azotobacter
sp. . Rhizobium sp. (i Taowy et lassftiaiinanin 1epsandin usnaningfumy
TunuaRiFenan annsnwuen lefswma TaTay dneer u lso Tuiun G ol nsonde
TuTasonldnnetia  (Houchins, 1984) sawilslserTunuaiidemadinend hismnneds

TuTasiau Sywechococeus sp. PCC 6301 (dnacystis nidulans)

o Y & P |
o laTswma laTaswuativiwivan lunisdamleTasiou & Tumanaanldnn
4y 4 ad ¢ a? i ul -'\1 -
AsznuNIade u Tanaundedun e luwadiome lsgaaainnishieuve swou lad luTasi-
a u’: A aa 9 " ar
wa aaiulsnTunuaiGeiiaasas T duamasasiuama lsdad la 391d5un1m
o 4 o as =y 3
aulniufnsweulsidwmalalastiua Tasausonwunnssuvaseu ledlanaluame-
= o o =3 o o (ﬂr ¥ ar :; ‘:‘9
Tsdad uavluwadind  szdvAwnsswveseuluiuegiuanieildlunsmzitouas
.-i L) =y o s:yw =1 1 o ' ]
A lumsnaeme ls@ad  vennniidadnudnymuiiliionouenldun uas fnfa
= ad a" = v ey
leTaswu  wazasdunidmiveuiinaaelfisomsaawlalano  (Oxelfelt uazaAmE,
1995) TasiimsfinsmBoudivuinssuveseu leidwna lalasiuealu snabaena sp. naz
Nestoc sp. Wasinwldannzilenmilndtuannzeneiiimaanlalas 4 fa 20

sd & 1A va A A4 @ At a
lﬂf’]ﬁl‘ﬂuﬂ “ﬂ'nﬂ%ﬂs71['“9\“8uhl”ﬂuclu!‘lfﬂ“!at]*?ﬂ']U'lﬂﬂﬂ'l'lz'ﬂutlﬂ'[ﬂ‘515]1!111811‘_”?“]31]?‘\:'3



23

v A 44 a
ninsenidoameldanzenenlnd  TulsenTunuaWiSo Anabaena variabilis ATCC 29413
uaz 18tnsAnymuihnmsdulalassuiagmsduvisaiuesuiinasudnmissremsaaiw
lalazounwluwadundfiegluszninmsaunladlhthuame lsgad  uazvineniie
wnuwavesiniasenisaaiwlalasiouly Anabaena mwWuf CA uaz IF wuihmsifa
" o o =] J " oar W W =Y = d = ¢§
fanssuveusu lanidwma lalasSuaiusgiunmutuiuve sinfanduas il luems &
a o A A &

UBNINTIBNIN Anabaena AORUT CA uay IF udadsiswaduntutun lanTunuanbe

o 5 ~ L A‘\ 4 oo
mewutouq  Bnvatseenugnnanssuvesnsaainlalassuiuegiunmududuves
A & aa 2 A oa .
uninan@uas luemsdsadeIRu IR

1 d o o e

Tl TunushiFonadwame Tsgaa wulnidwma lalastuaiaihilaneda
i1 land (dimeric enzyme) Uszneudiomitvtesveellsfu 2 wuonilivuieaeiuunihem
Jwiu (U0 2.15)  Tils@umuastauIng (large subunit) W3® HupL Jvwiadszinw 60.8
Alamasunazneasiau Nty upl dam1lsAumisvean (small subunit) 3o Hup$ i)
yualszanm 35 Alasase KagnpATHAMNTINGY hupS (31 2.15) - eifioueuddy

v . 1]

nsapeiilue 2 sriiaveswma lalas D lungudaiviaiih lso TuuuaiiGodoiu
nuhdnunInesi lutinamuadionds similarity) fuwnna 93 11lesidud 13190 2.4) 1A
d’ [ L] o el ~ o (s T r L) o
dienfoumoudruniaesi uwesgudwna laTasda minsdeslngveslegiTunuaiise
Nostoc 8UWUE, PCC 73102 Mununi3 o Desulfovibrio gigas WiMAMUATUATNUTBIA 1A

- & A VAR
niAesdlu HupL wWasdadviae 43 naiigusmniu

Dinitrogenase  Dinitrogenase /
reductase

Uptake hydrogenase

M 215 nuuhaeslaseerd e duswina laTastuauas luTasSiue (Tamagnini uay

awe, 2002)



24

M 24 naSounouiduiiond Te lnduazddunsaesi Tuvesdu mpst vealaoTu
HUANITY 3 WU (Nostoc sp. PCC 73102, Anabaena variabilis W% Anabaena sp.
PCC 7120) (Tamagnini 11AZABE, 2002)

Strain Nucleotide Identity (%) Amino aad
Identity/Similarity(%/%)
hupS hupl. Hup$ HupL
Naostoe sp. PCC 73102 844 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 842 | 85.0 88.8/93.8 90.6/95.1

vs Nostoc sp. PCC 73102 |

nufinedwuiiand 1o Indue dusmme lalastiumsidulae  Camasco  unzAmy
(1995) &S uwnis taBumbuievedousyina lalassudmitsdesIna  Anabaena
mowug Pec 7120 Tugaiinmydaulasnnsadlng ldifuane Isdad | aoun14i
mafnud§ii e To Indussdusninn i laTes BiLanaomniaoteoin (hps) nsminoges
Ty (hupl) T Nostoe aomwug PCC 73102 (Oxelfelt nazAmE, 1998) UAY Anabaena variabilis
(Happe Bazame, 2000)

2.10 wylwisnesadinalalasdna

o laniiae Saantia TalasiumimihnEalfisvisendintuues lanalalasiouly

iHhuTihreunazilffsodansuvesTaeuhibfiuuana lalasm dwmnis 2.4

reversible hydrogenase
H, : 2H + 2¢ (24)

a ¢ A na - gl s " a a a '
snesadmiialaTardiumiueulaiinuiau lse Tunuaise fndeluTasiounaz i
v ﬂrﬂ =) =y ‘r
@34 luTasisu Taoneumihiinseaumsfnsmunsnssuveaeu leisiat Tu lveTu
1 d @
HUARISUIBAAIAYY 19U Synechocystis sp. DY Synechococcus sp. 1o Tunun i ohiidnyue

] a' ~ A
Fhuduao Wy Spirullina maxima e lsnTunueaiGonadwemelagad  diofinmn
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o ol a a5 - - o o @ o 1
nuanyuzveveu luiineiasia lalasuumounveu laiswnn laTastua WuN
wulwiinesagitialalasduaiiniuwesendiou uazA1 ueuvauen laauINn
woulmidwmnalalasdua uanmuanudouldaniueulmiomnalalasiiua Awnssuves

o & oo = e a!l W a4 A J’ [ - ]
wou'lefinesasiialalasduealulyen TunuafGe fadaeme lsFadszmuiusnaviulg
daluan1iei Liiiie 19 (anaerobic condition) 19U laiiesaditalalasduminm1dlae

o " " v 1 a ' o : @
2foinooeove e T1sAu 4 MitutasMAnA 19N (heterotetrameric enzyme) 1130 Tagil
aeamivtessmiuGonnlalasiiua  (hydrogenase)  HazliBnaeamuutaiMABI W
iFon1 lnezweiser (diaphorase) (3UM 2.16) wuawtevvealalasiue 5 uay p gnoeauaz
ulasianentu hoxy 1az hoxt AWEWY  dumitesveslaeseisa o uaz y gnnen
¥ "
uazasHaNIINDU hoxF 1A hoxU  Tasnaaasauimmimyaelunsvudsdinnaseu

4 NAD %39 NADH

Bidirectional hydrogenase

! B

H; « HoxH HoWL) Fulck NADH

2H + 2e Hox¥ -» NAD'

Hydrogenase ' Diaphorase
- & u ay L - -
M 2.6 nuvinesInssad wnaznmiemveseu lmiloesasita lalas e

(Tamagnini LagAME, 2002)

1
2.11 Ugnsegnianeanessa
2 i A A ) & 4 A g
Polymerase Chain ‘Reaction (PCR) WI8WTONaNY¥OWUII) in vitro enzymatic gene
% i - A 8 ¥ ~ I 4 =3 J
amplification 1Humafiangminnldednianduaminomaaivawa danatind
o An o Vo o . o o A
ihunatinnanfulag Kary Mullis UHIUTYMFAE (Cetils Cooperation) aMiganssm 1iiel
| L
f.f. 1983 @011 Randall Saike 1AY Henry Erlich Idiunatiatinlduazioaniasnly
. = v > : A A A
1303 Science WY A 1985 wasnnmiu laNdau Iniwnatain gt suamin
Warnnunatai It manldnthuaiewn Tula 1@ (thermal cycle)
3 el ﬂ’ L =1 A A Ll
PCR Hhumatinmamunlnudud A ueidgesnanisdunuy Falsngeglu
- ey & P a o o
Vun  (genome)  Taol¥iEms lunaeananssdathimafounuumsdannziaiueaiu

ad a £ 4 =t ' o o A o da o ) % =l
TITUYIRMNNAVUINDIZUNITHLNAIUBID D ANAUNMITTIATIZHAIDUID Iﬂﬂl‘l'!ﬂuﬂ PCR U



26

a 4 a f? "
wiluvasanaase FeannInAMuaTUAvesaue ldazannInTansIed 18 luilSunu

WNTMABINTS

2111 entsznevvesd§aimilumaiia PCR
2.11.1.1 APu@iIninn (target DNA)
ad . ¥ o & A A A
uRiduemoguazzdemidwuiiong lo InAnigndes
2.11.12 Tnaed
¥
ihiAidueasdu duvaiiionsung 20 54 30 e nazlidwanilu
L o - d ' 4 - d v" ¥ o da d L]
geudvAdueiiiuudfhiiuddueddulunsdunszidduemolm
2.11.13 Aduensdwesa
= - 4 ¥ v
Tumafin PCR 1% Tag DNA polymerasc Faamnsomianudoula
o i & A A
qena 90 avenasaisud son lanilinon 1ANNGD Thermus aquaticus B ThiuanGeimuam
Fouga
2.11.1.4 Aoanaiiind 1a Ind lnsweaia (GNTP)
znouandsendesaludulasvoamvn, _(dATP),  Aseandini-
Tudulasleava  (dGTP),  Aoend lsAdulameama  @CTP), uafeend Iniidulas
wWomwa (dTTP)
21115 tvlinas
thznavdwinsimadounns 158 (KC)) Tris- HCL 1981@U (Gelatin)
21116 nfeiintignnan 159 (Salt-MeC1)

AhigAIANNILAA primer-annédling vazmINAIEATo1 Taos

2112 Vumeumai PCR
mafin PCR - iThins AounuumsdunsSyaBuRina s husadiis3ag
wanmafd ey 3 ﬁuﬂuuﬁazﬂ?’t 2,17
2.11.2.1 mamhinamsoan messunAveRidue (denaturation)
Hunsuen@duedugWiflududer Tanldamdouinmiuse
laTasuiiufuegrsniwmidazy fowldaumgd 90 fv 95 esmumaidon hiam
sz 30 i3 60 Fui
2.11.22 MINAVAUFAN WS IAVBIAITUI (anncaling N38 renaturation)
wlmadnTnsnesiing Te Tndaudus 2 moas T §ise ns-

wadsmiiuduRBususazmoa Ny SusaIa  AeIves InsueTseuu 20
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fed0fimalelnd uariidwuamiugiumeimad 5° @wdo) nie 3* @)
fudwuavesdiBueidesmauinay  guungiitiouldie 2140 fia 50 serusaiFen
ithunanlszana 30 ©i 60 Fui
2.11.2.3 Madanseiamuyesdidueann Insuies (primer extension)
wihndunsizdauvesdwens v nswed lunmmenn 5°
3 Taeldaduemuanusazaoihuniuuy Gunhfigumrgl 70 4 75 sewaido 1

naszana 1692w

wivtu 1@ luusazseuves PCR Usznavlidae 3 Tuasudina1n nna seueeil
5 i oy § 4 . A 4
mamudusuduve st wenauluiluaeuni Fad 1w 30 sou wimsiRuFudua-
4 Y 1 a e - o '
wuenaulfaiud i W ladTinannifsaenszinn s lunsdneduaie lu

seauTuanase 1

PCR : Polymerase Chain Reaction

30.- 40 cycles of 3 steps

Step 1 denaturation

I minum 94 “C

WWHWTM“WI‘T‘—lﬂ ¥ Step 2t annealing

3 J_I,[ﬂ__]_...._.l_ v
‘.LL“L“-J.'_ g 45 sceconds 54 °C
¥ -EW 4
forward and reverse
‘I\LLHL\L_—ML\.I._J' '_LL’L'L\‘L _,lL. by‘l\ 3 primers 1
Sl b o L L L L R LU U 4 1 L R I3 e 3 HRne

T ,l . = -_}‘"_. L ‘TBLJJ Step 3 @ extension
e | | L 4] 2 minutes 72 °C

1T‘IT|'|~] I |r-~ )} only ANTP's
MM—J&JIWMJJML}H\

P Awnty X bl

31N 2.17 YumBUYBI Polymerase Chain Reaction

301 : httpz//users.ugent.be/~avierstr/principles/per html
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2113 dslaviveamniin PCR
2.11.3.1 19119330 (research application) 81714 DNA sequencing,
Molecular cloning, Dnase I Footprinting, Genome mapping, Evolutionary analysis
2.11.3.2 ¥ lusumemsunwndiasiifinyine (diagnostic and forensic

application) 1 lunFuges Isa uasignivang mlunsduiiued

2114 mafian1sasindasneyingana PCR %"uﬁugm
2.114.1 FadidinlasIvisda

Hiithi3Ensqnananfus PCR vinnsterfiuedioefine
Tus'lud (ethidium bromide) MAevINALATELIUNT9ABIEN TR T Faud 3T AT
smdafiga mzdmiunisnisaeuninaaiust PCR Ansiuvuianiueunazld
wAasaat PCR (Resriadvmde hundessfiafiannsafuanuandrsvesyuin’ld
Fanu mouFudnAduefitvuinennit 500 giue fouldezmlsmen 1 wedidus
Taeimiindeiuias usmimiuaduefitvuradunii 500 qrua dnldeznilsaiea

2 wedidudTasimindeysuas

2.11.4.2 Filmavauede leus lawmsu

fFmynsaomwaniaet PCR idesms lunsdifinsguasn
wa hidamuviedesnsinnuiule Fmsiidesldmpennitivaganiundnsud
PCR uazazduungoniuluaniziivmneay ddeamenihfiduei1d uddeshanan

P o Ak v A & o -y
fremsseansemisilneassdssdinsasimvdmaamtiudnas il

212 midennaIves

Tamagnini LAgASIS (1997) adeneuatouiesadidalalastivaly Nostoc sp.
PCC 73102 #2675 Southem hybridization fUAIARAM Avl UAE Av3 TusTeusinnaasTaat
PCR 493 Anabaena variabillis ATCC 29413 dmvfnuitusnesadidalalastiuamiedes
dauazmizvtesing andwy  uazaTnaeuntiouswina lalasSiualy Nostoc sp. PCC
73102 #2638 Southern hybridization AURIRAAM hup2 TASNVINWAASEIAT PCR v04
Anabaena sp. PCC 7120 Wi Nostoc sp. PCC 73102 Ttuswna lalasdiuens hitinefad-
Wialelasug  aoanlull a. ol 2000 Tamagnini uazane Anyiarumamvaeves e Ty
uuniSeiinan lalasiudrumaiiamedinesssuTuens  Taodordmnludnfidhiou
hup, hox Wag xisC (isC WuuSnafiRans Saisewn Intvesdiwuiiong Te lndne by

mpl) wuhansawuey ledewma laTastua by lso TunuaiGoynriiaiinge lulaseu
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1R daeulwiSnesadidialalashiuauastu xisc wumwizlulsn lunuefiSous

@ o 1 3
TWAUNTUY

Happe uasmsie (2000) Ansevinuneasdauasminaeiufveduswnnlalag
Sualulwen TunusfiSeitianuuzithuduae Anabaena variabilis ATCC 29413 M3
Sin312H820mATIA Northem hybridization WUH1BY hupSL neaIvalduduATivuIR 2.7
ATawauagnunsosasiatuanneiinaislulasurinfy  meldaneifnmed

Tulasiou tgamaﬁ'ui{na1vnﬁmmzﬁzfm'laiaiswmnnimwﬁ'ufu‘i’m‘q 3m

Tamagnini uasAMe (2000) AhnnAnuInInialalasiouly Anabaena variabilis
ATCC 29413 ﬁgﬂﬁﬂﬁnmuﬁ'uf (mutant AVM13) Taeiineinnisuiavielyl (deletion) ¥®9
uF1m a1t hupL iU mpL liornnonsauazutlastmihueu ladswna lalastua
18 Tnseardreve B hupL W Anabaena variabilis ATCC 29413 (311 2.18)

A varabils o] AIMI g

_. gz

1 2.18 Taseard19vedBu upL W Anabaena variabilis ATCC 29413

Lindblad uagasz (2002) lddnsfnuilfsumdounssuuninanieslelasoums
Sl Anabaena sp. PCC 7120 srilafuihuaeRuinufuaeiignil¥inaiefi] utan
AMC 414) Tasnsfvinaeiuguansld (‘;ﬂﬁ 2.19)

A PCCRTR o DG 1 B t ]~ NS

soe N

----- _% 10.5 kb excised elament {not to scale)

Lalizal B Al Mt Fardth
I- - - —esssesleesssseless—— - - - | Anabsena PCC 7120, wt
| . x8C
Hyrdi :

: Heradil) Hllli Hirachiif
T | oo AMC 414

i 1
1 1

] 1
me—— b used for detoction

LA S bp

31 2.19 Tnssas19ve st hupSL W Anabaena sp. PCC 7120 areWufln® (wild type) uaz
AeNUTNDY (mutant AMC 414)
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ningUeih 18 Taseadrevedtu mpL swiivSieidu xisc of Futhiduiiunaneg 3
it U el uae hups Tegvinlnasuegindfunniuasamnsahems iy
atutunmneauasutlasimthuoulsiSwvalalasiua msﬁﬂﬁ'&ﬁﬂﬂﬁﬂmﬂﬁuﬁfu
Anenn1sda xisC sandauou leddasimedsginsldtud i §Fuedh loumidiin 1w
U hupL W Anabaena sp. PCC 7120 Taiannsndhaulduas lifinsneauazulasimiiu

o' lasiswmalalasSua
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< Ay
gilnsanmzIsMInanss

3.1 egdunddidhilassandiay
3.1.1 Twlununiiie 6 mevhg
3.1.1.1 Anabaena siamensis
lavnaniuddeinemaniuasma Tu Tatuvetseme (1)
3.1.1.2 Fiscerella muscicola
TRnnaaiudtedneenanfuazina Tuladuviassma (32)
3.1.1.3 Hapalosiphon delicatulus
Tavnastuiteinemansuazina TuTatuviedseme (1)
3.1.14 Nostoc carneum
TRvnaotiuiteinemandiuazma Tu Taduvsdszma (22)
3.1.1.5 Symechococcus sp. PCC 7942
1§5umweyinieian ses.edey sueSydng nindvduad
augIngwiand prasnssiumingdy
3.1.1.6 Synechocystis sp. PCC 6803
185 uameymsenn seas.eiay SuiSafnd madsdauad

=3 I 4 o = o
AUSINYWIAAT FJWIINTUUNTINGIAY

3.1.2 mwhe@de 3 menug
3.1.2.1 Arkistrodesmus falcatus TISTR 8557
1Rnnaoniuiteimemaniuazing Tu Taturelseme (1)
3.1.2.2 Chlorella vulgaris var. vulgaris TISTR 8261
TRvnaontiudteineenansuasma Tuladuvialseime (1)
3.1.2.3 Scenedesmus obliquus TISTR 8522

Tasnaaniuitemeenansuazima Tu Tasuvatlszive (2)

3.13 wunfiide Eschericia coli ey DHSU (supF44 A lacU169 (P80 lacZ AM15)
hsdR 17 recAl endAl gyrA96 thi-1 relAl)
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32.1 emnanute
32.1.1 8115 BG 11 (NANUIN )

3.2.12 8115 LB (AARUIN %)

3.2.2 ml§wzdudimanigveaunaiiGe
32.2.1 weNNgaY (ampicillin) Aandudu 100 lulasnfudelinnans
3.2.2.2 NMUTIEHY (kanamycin) Andudu 50 TulasnSusedingang

3223 anndTudiodu (spectinomycin) Aamudndu 50 lulninfudeiinaans

323 ilsamammiumsaiafdue

3.23.1 Wiauf7 (Glass bead) (Sigma, USA)

3232 iled TE (TE buffer) (N9NU2N A)

3233 TwRouTanadadame (sodium dodecyl sulfate) 10 lasidiusd

3234 TmRouaeiass1ndu (sodium lauroy! sarcosine) 10 1loF15ud

3235 Fuendudidetines TE (TE saturated phenol)

3236 Huea-analsvesu-leTueliaueanesed (25:24:1 TaelTuing)
(phenol : chlorofrom : isoamylalcohol)

323.7 ane liesu-lo Tmediausanesed (24:1 lavuSuns)
(chlorofrom : isoamylalcohol)

3238 Tanfeuesdian (sodium acetate) 3 Tuand

323.9 19N uea 99 twefidud (99% ethanol)

3.2.3.10 @uea 70 1asiHud (70% ethanol)

3.2.4 wilFemtdmumsdnmeviasiivsinamagn o
3.2.4.1 dNTPs (deoxyribonucleotidetriphosphate) (Promega, USA)
3242 wuniiFounne 1s@ (MgCL) (Promega, USA)
3243 ou'lmd 7ag A8 ue TwAmeLsa (Tag DNA polymerase) (Promega, USA)
3244 axm1sd (agarose) (BioWhittaker Molecular Applications, USA)
3.24.5 19nea1§ (gelstar) (BioWhittaker Molecular Applications, USA)
3.2.4.6 Yies TBE (TBE buffer) (M1ANUIN A)
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3247 AneraiiBue (tracking Dye) (MIANUIN A)

325 milsaaidmiumntendenaasdaat PCR 1ihiunmes pGEM-T Easy
32.5.1 1ou'lan! T4 Awrue laine (T4 DNA ligase) (Amersham Pharmacia Biotech,
USA)

32.6 nNAaidmiun13a18181EY (Transformation) UazA3VTRUN1INNEAI AN
PCR Y8snanariia
3.2.6.1 unaidiounne 13 (calcium chloride)
3.2.6.2 1o laa¥fiA §UW1E EcoRI (Promega, USA)
3.2.6.3 X-Gal (5-bromo~4-chloro-3-indodyl-f3-D-galactoside) (Promega, USA)
3.2.6.4 IPTG (isopropyl-[3-D-thiogalactoside) (Promega, USA)

32.7 ABuBUMIGIN
3.2.7.1 whauantiar (A) dadueulesinadiniz Hindiil (A/Hindi)
(Invitrogen, USA)

3.2.8 yanaaey (Kif)
3.2.8.1 yalnauninsas PCR Taolfionmed pGEM-T Easy (Promega, USA)
3.2.8.2 YALUNABUIB9INL9A (Qiagen, Germany)

33 qilnsal

331 inseseusiniledaelen (autociave) (Hirayama Manufacturing Corporation HV-50,
Japan)

332 m‘s"'mmuﬂuqmnqﬁ (incubator) (Scientific Promotion, Binder, Thailand)

33.3 m?mmthsmumuquqmmﬁ (incubator shaker) (Gallenkamp T490188, UK)

334 éjfhm#a (laminar flow) (International Scientific Supply HS123, Thailand)

335 founufou (ot air oven) (Delta Laboratory , 1375FX, Thailand)

336 indesthuvisuuuniuqueumgll refrigerated centrifuge) (Hermle Labortech
Z383K, Germany)



337 lﬂéﬁd#ﬂﬂ:tﬁrjﬁ Juav 4 ﬁu!“ﬁﬂ (balance) (Scientific Promotion , Sartorius
BP2215, Thailand)

338 nFeeianimnihinsama (pH meter) (Denver Instrument 215, USA)

339 inIeuiuTumaWugnasa (PCR machine) (Perkin Elmer 480, USA)

33.10 1n3eal¥nazua iih (power supply) (Amersham Pharmacia Biotech EPS301,
Sweden)

3.3.11 yagunsaluenaIiugns sud o I (electrophoresis equipment)
(Pharmacia Biotech GNA 100, Sweden)

3.3.12 gagUniaintogiiiaziinsziernilsamen (gel documentation) (Syngene ,
MD1 1019, Japan)

3.3.13 IA3BINANTI (vortex) (Scientific Industries Inc Genies2, USA)

33.14 1n399RIUANGUNGI (thermoblock) (Biosan , TDB-120, Thailand)

3.3.15 TuTastlila Micropipette)

33.16 Lﬁ?muﬁwﬂ‘ﬂ@haﬂ (Glasswaers)

3.3.17 NABIYANIIAMIDIANATOU (Electron microscope) (Olympus CH30, Japan)

3.4 IEMsAUNUMS

3.4.1. msnziass s lumeniBauesaviwman)

34

J [ a an 1
mziaed leon TunuaiiFonazamiedwu luaiadvuie 250 dadans Niiemis

(g 3.1)

i J ~ 1 ~
74 3.1 manziase o TunuehiSonazamseddor lunaran

a1 BG 11 (Rippka liagany, 1979) US1ias 50 laaaas 1woAms 2391 120 seudpu™

Ngumnniveuay Muaannmudn 1,000 and w18 2 Tueae T (Huaaunu 7 fia 10 Yu
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3.4.2 MIWNIZDEWUANIEE Eschericia coli gy DHSOL

¥
Wmuahise £ coli eowug DHSOL 1 Tatall sumiz@ssluraadvuim 250

>

~y

HnAanINteMIMAIYAT LB (Luria-Bertani) (Sambrook tazAm, 1989) Usums 100
fadans 1wdmamiss 250 seureu Neumgil 37 ssraadon tunat 16 21w Tu
niglvesmsfadenigeninaaiad unmuonlfFzuesidau  aunsodadenide lu

pmslANMINTugahvvewenigau 100 Tulnsniudsiiadansvese s

p -
343 musnive lenluuuanGauazemed Vel iuigns
l'-l’ = L - ﬁ o A ~ J
mamzas lye TunuaiGelus msmaninlinsuiileuvewuaiiSuiaiu
o n’: - o 9 =1 J A 1 =1 VY o~ n’ 1 a o o
aniudesintludesdinisuonide lsn TuusiGouaza miwdidon MuSans Aeuninead
o A My g ~y q’ o ﬁ’
TfnuluszauTuana $935msuonie Wusansiai
1) matianisihildanazney (washing by centrifugation technique)
- a ' ° Y 9 ¥
MInENUANG gaoR N M WA 1A lasmsiluInanazneunazaig
¥ J’ 3 ' J v s oan Y 1 '
Moemidvaderumisingeuds Tavldvasailuanug 15 fanans lddedwamie
adlunasaiht  vnstusietamswiaauuilssnn 2,000 seumeu®  uw
a a i ° o 4{ = o @ '
45-90 W _Sudulusenlvivue idnhmsdezneudigemisifsaiednais hetw
¥ » » v
Hawasy 12859 nniusudaulasen ivua Tag hivn agneugu 19l lasthilandaea
J v & 1 4 1] ' J
ogaa melunasathmesaslusmsuda wazl¥momdedfeiiiminissindoudanain
15 dcd . 5 .
(streak) 9 WOIATIAMIWILATY 1 FAW adsasIvgamIuAondeayansimi uaz
- + & J " o
wenTalatimumdsmnmsthaloulihmzidesde i (dan, 2542)
2) IMALA streak plate (streak plate technique)
= g A t - Voo nfg o =
msias oude lyer TunuaiiFouazams waidva I gnim 18 laniadade
z AN B (N4 a4 o
%9 (oop) Tlauldl Welddawnlditn udanimiawede ldods lesu TunuaiGoas
1 " ﬂ“'—l o Y 3 =
amiwdiennanuuawmnyeite wsude BG 11 i lddviigungiieaaz ues
¥ ¥ ¥ )
RN 1,000 a0 w18 $rTugme iu e PBidhinani 5 59 7 fu wdunanusadin
a« & 4 z y g - ; ;4
WIgluuuummie  Mewduseutiwnsend ldwadiaer udtaninsadiaeai1a Tl

¥ ' ¥
meanu§uuluemsmal BG 11 asgin 3.2
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U0 3.2 Anabaena siamensis 1ue MIUTI BG 11

3.4.4 mIanadluiindidue veslemiuiuafiFaazamneman

yamsmzaselseTuwaiGuwudihde 3400 dewadinty Sohmmiy
wad Taniusadurthimisefinamads 5,000 souewd feangi 4 ssrusaidoa ihaa
15u1% VMiuAsE Veas hines TE flsznsudas TrisHC 10 Sadlua1d iag EDTA
I Hadluars ey 7.5 USuwms 400 hilasdns  i@uasiauda (glass bead) 200 lulnsdns
TR Tawagadama 10 nlefidus Ysnas 8 Tulssdas TwAviaesasnsinsdu 10
wefidud Ysiws 8 Tulasdas uazmsazmeiueaiiouiidoinmes TE (TE saturated
phenol) Y5195 400 lulnsaes asluasazawyan  vortex 3 A3 Avanz 10 Tundl adufy
uhinda 10 S udnimassmanealufuorissinamida 12,000 sovsew i Heungii 4
ssmnadur i 10T hdnladwiiaisueeginadadoiieanae Tsvesy-
o Twiodiauennsaed sasaau 25:24:1 TagSumsderSuminerine 1 iweaSumsd
18 afadosn 2 aTidonae lavledu-loTmefiaueaneaed sandn 24:1 Tavilfuasde
Ve 1 siwealSums - wianminhaauled i 18 ldmoagnoudisue Taudu
asazarnludowerdian 3 Tuard Wey 52 TulSuw 0.1 mveaSuins andauieniuen
99 wodidud wan I idundniliifuigangd 20 ewnsadea thatm 2 49T
wasmmiui lthavdusian i 12,000 sevssiah igamgi 4 ssrvsadon Sunan 15
UM Amzneusisienuea 70 iesidus Usums 500 lulnsaas qavazawAiduiesie

- - o |
INAUNR NI ST BIAY
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3.4.5 mAwneilBnafduediamatinesmlsanasdninslrsda

asueildnnde 344 uimreiilSuadlemaiineznlsmeadidinlas Tris-
FaluezmTsadudu 0.8 Wedidud wieuTneseormisa 0.2 niu Audvives TBE 15ums
25 fiddas  Warndeusunseiesmlsansmodhuiledoduiutned  dael3W
sy Isafiguugliszana 50 fia 60 ewuwaden  Wuweada i ludasidau 1 vie 10,000
dnezlsa wdRamldon  nmiuvesafiduendiues (wel) vouuszmIsaiea
dudu 08 ulefidusimTo e vhaumutan A) Fidadoeulsdaasune
Hind T Hudduenmign  Wnssuelwihifianesdndadd 8 Taadnasuduns

] b4
naTu 2 Falus vasentiutiuea lildssnelduadanitlilsnn

3.4.6 mafisiBnafduedomafinl§iimgnldweamersa
mainSnefidueySnstusunalelarSnmmietesing (upl) uasdu
Snefadilialelasiuamissdeslna) (hoxt) Aremeiinlffsergnls Taeilffsergnld 50
Tulnsfns dszneudretiines PCR 1 whiiiReendiiindleIndlnsrlaaivia (NTPs) 0.2
#iad a1 upstream primer 0.25 fiaf 1A downstream primer 0.25 fiad Tua1d Fufinfdue
T 1805 100 uTTunw wazien 1l Tag polymerase 2.5 giia NSRBI Taold

g A =y @ 3 a Ann o
IATBUNNLSIUATIRUENTIN (PCR Machine) Tnellvumsunisnalfisnduaasluais

3.1
e 3.1 SunsunisiuiBineve Buswmalslasiusinginedadiialalnssma
Funovd UV (@R valTa) fm
1 94 5UM
94 30 Fuh
2 50 11U 30 591
72 2 U
3 72 10 ¥
4 20 o0

347 mmhwansasi PCR Whidqns
wiadud  PCR  FesnmmhifuSqniunhnsardeudemaiinesmilsa
wadidnlasrisde luezmlsmendady 08 nlefidud TaelWludhiinmeisdindasdi 8
TardeERnms WnsERnIveRIBuBIonBEnINAUBE A TndaaLSiou

o { 9 ' o A o ' o 9
i’lﬁmum'ﬁmmms 88n mmmummmzmmamﬂ‘lé’iﬂ‘luwmwﬂaawmmaﬂ szé’aﬁﬂ‘n



38

u?qnﬁmagmwnﬁsﬁummnmmmuﬁﬁﬂgﬂ (QlAquick Gel Extraction Kit, Qiagen,
Germany) Tagtimasanaaeditinaduvesiiduefinesmaudutivives QG 15ina 3 oh
vesthminaiinelé Uuigaimigdi 50 oswisaiden Hunm 107 wdarneansaeii
adafufuivivesud Tulaesazareldly Spin column H1eegluvae Collection tube
yum 2 fadaasunsh i huvisdiiarmiiey 12,000 sevdewdt it 1 wil e
ysammlu Collecion tube tANIwednT 1 Thividessnnefinamuda 12,000 souseui i
a1 1w uazi@utvivies PE 750 TaiTnsAng 1miudie Spin column il lunasatmi
u¥adutiv-oled BB 15inas 50 Wilasans astunednfudaneneld 1 u udssailiiu
wissinmudasen 12,000 seudeutit thiaat 1 M Wadwefuen1dlumnsiing ey

3
#usmazasrsrsuvytadianaiiaszm Isaeasian ins Inksaa

348 mudeunaasant PCR iifunn@med pGEM-T Easy
wedasaal PCR §iidunn e ifeenuuu i iumeSutuswma lalas-
Tuamizedestvy  unetudnedadidalalavSivamindesngfituueaswmdents
A ifuS quiindeusunames pGEM-T Easy (Promega, USA) (Manuan 9 ¢
Sas e mARAT PCR danmmeditiu 10 : 1 Y§ASemsidoy Gigation) 20 luTasdns
1l5zneudae Tvies ligation 1 i1 18w lan] T4 DNA ligase 3 giin waRSaal PCR unsnined
PGEM-T Easy 50 u1Tunu maulvid v uazﬁmaaﬂﬁﬁﬁauwﬂuﬁmm‘lﬂﬂuﬁqmwgﬁ 16

s uaaEed 1Wuaa 16 ¥ Tus

3.4.9 maa3ey competent cell Eschericia coli DHSOL nv¥umanuenie Sumidy

W1 E. coli tevus DHSOL 1 TaTail u1sw1zs§m1ummsmmqn: LB 15u93 3
finffns eungi 37 esrwaen weifinamudisey 250 sevren Hhunat 16 $alae
smfutudoastuamiving 250 Sadns fflemsvaigas LB WSuwms 100 Haddas
wefinmuaseu 250 souReNTATRMNGR 37 serisaden ithuam 3 $aTae sy
Fenahniudathnom 15 wift vl haiediarmss 5,000 sausauT® 1Thunat 15 uM
gl 4 serriwaidon fedulaudauiivesinnidounae'lsd urmdounnelsd 50
findluaunz Tris-HCI 10 finaTuand) Y5y 10 findans denchniudathum 15 i
i huvesiinanuda 5,000 seudeu i ihuaan 15wt figungi 4 seruaiSon g
TruduAnivivlefunaiBouanslsd 1.5 Tnddas niwesen 86 wedifud 0.3 Tndaas (v

& (Y] A a & e
T 1fiu competent cell Tigaungdl -70 serrusadve vie vt mamanesuFuTUA
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3.4.10 nrmanuevie Fumiu

Tsadfision PriefietonhvasfianddicBmninds  Damwadin 100
Winshas ldaclunaeafifidumaniinion3dmiy gation #idefuei3lude 348
Wlhnanafudathunat 30 wii heliiiaamgs 42 swreadon S 903 Tu
m?eammuqmmﬁﬁm?waaamaawumﬁn anfudelinamindudhum 2
uif Buetmsman LB Sums 900 WlnsAny astumaen drhihinfgumgli 37 ewn
waden Tuom 1 delie duweditnlhn spread vuemuie LB MiRuenlfEoue
senAgausudiudugane 100 lulnsniudefindfing X-Gal (5-bromo-4-chloro-3-indolyl-
[3-D-galactoside) 80 TulnsnSureiindfiny uaz IPTG (isopropyl-f-D-thiogalactoside) 0.5
findTumy figung® 37 swnwaded 1thiom 16 $alue  udahnssaifenialafii1éiy

msnsuanssuds 1i

34.11 nrifaRennsveledinanm
saiflenlnTafifiidusunaafasl PCR vostusnmalaTasiva VINARNNIA
mafnmmlfFusneniaauunginifitony X-cal uaz PTG TauidenlnTafififidym
FuRanawaadiagadegaauinumsndiueu lmhugnuonTadina  (B-galactosidase)
Tunmldou X-Gal WdnARfuaARMihi vimhniTa Tefifvrdsshemsmas LB
Wuws 3 finddes Tinamudndugaioveweniiday 100 lulniniudedianans Tug
mzAsaLvedonmida 250 seudeutd thuam 12-16 $aTue fisangd 37 sen

a o gt a ) A ad [V
wados AN nradmsg Wuhmsadanaaiiafiduedioan

3.4.12 msananaiaNnawwelnel¥eng (Alkali lysis)

Thadirunsadenlgandiude 34.00 wmnzAvennsFydulauasth
wissiamuda 12,000 seudoud foamgll 4 ewnwndd haamt 1wt thazneu
wwadnszewly Solution I filseneudaonglaa 50 HadTwmd Tris-HCI 25 HadTumy une
wiau laeiiuenszesdian (EDTA) 10 faaluary armuhinsadn 8.0 1Suws 100
Tulasfing @Y Solution T AlsznevdaeTudoyTanadadama (SDS) 1 wehidud uas
Tudenlansenlad 02 uesuen Ysinas 200 Tulnsaas weubidiulaenduviaealin
uazrmninde s u vnudy Solution M AszneudaeTnmmSeuszion 5 Tumd
WBums 60 fiadans naudoesdan 115 fodses uazil) 285 faAsas 1w 150
Tlnsdas  nduvasaltin 10 Sui sasemniuds 3w iluthdesfinomida

12,000 59 URBUTR Tigamll 4 sswruwaide Thua s Ui gadnlufiegdmuuldvoen
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H [] [ 2 4 [3
Tl Fwenuen 99 iwefidud 2 wiwesTimshiiduasdeie ¥neamgives thiom 2
U A v ' 13
i i lithuvseinamuds 12,000 seudeu® fgangd 4 swwwades Thiaat 5 il
& a 3 Y 4 A
nmivdnaznsudBuefiddsemuea 70 1Wesidud antiuds uazasaelninduian

Foudalsinas so Wwlnsdns

34.13 mdanmaniansuednmeilaiiasunie Ecorl
dmaefaadueiasadaniilude 3.4.12 wdadueulsifadune Eor
TanlffSowesmsda 10 Tulasfas dszneudowaraladidue 300 urTunfy dvivesves
woulmiiasuws FooR 10 i 1ew lanfdduwte EcoRI 10 giim naztinduiisidouds e
Bufmsgathadu 10 lulasdas seuthdiu dudndu figungl 37 esrnwaide
nmiussnaeunTAduevewAadust PCR fnnsenuninsusiveduiideinisdae

= =y oy A
matinszm lsaeadiin las TisSa luszni lsaitiniandaudy 0.8 lesifud

34.14 mmnsidvuiindleind
Aipsevidduilong lo Indvestudnmalalasdiuasn  BigDye  Terminator
. A
Reaction A261AT99 ABI PRISM" 3700 DNA Analyzer
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Nﬁllﬁflﬂ]iﬂiﬂﬁﬂﬁﬂﬂﬂﬂ&

anfmriiavesdlalassiuavedlsmTununfifouazamiwdifes  Tasnsmizides
WolanTuuaiiGonnzamiwdden it vminfueadldadad TufindSueuns
liimseiBnaicuelaseemisadinlasTisde  uashmsfivdSnadiduevedy
TalassiundomaiinlAsognTewednesa Taeldwsmesi 8T unseenuumnnnuson
sySniveddy lalastualu e TunuafiGonmemeonug anifufaden v Tunailed

hifisenusduinegTe Indvsstulalassiualusuarstu lidnuidduiieg o' lndas

4.1 wamsanmnuwlslasdalilsmlumuanSauazansinmiioldlamaiia

Un3mgnlgneameisa

4.1.1 wamaiTlee haaiidosesmwhedidedvusans

vamsmzAes s Tuuefidaazrmied@esuemsma duna 1-2 dland
t‘i15%5‘?;"16"’11]9»3'J'nﬂeumsﬂmﬁewmﬂﬁuﬁﬁ'ﬁsﬁﬂﬁ'uﬁmmsdmama‘lﬁnﬁawamsﬁﬁ Wy
Fhiimsduiievveslas TununfiGonsommsoiidorriinay uA e wnseszy Ida liling
tuidloununfide ﬁeﬁuﬁaﬁmmﬂﬂﬁammsmmzﬁmama‘lﬁnﬁmqamsﬁﬁ wuinwadndeuil
M dunswes sy (safranin) unefievesnsadnl21oa (crystal violet) HAAIIN
avthuiouveuniie 3«5@#131;??9“!1]vi1un1sswm§a°lﬁu?qw§ Taalsuonnsiuisad
fluuefdetudleniiivlfisadanasneuiasdramaddise madsudefiunsaindonds
thzinm 56 af1  vnthnide anuwemnds BG 11 PR IwaNeliFmsuenisay
(ampicillin) andud 10 fannudeemsisude 100 Ganans uaztilihinluidurs wu
"lu'mmm6’u5"~an1m?q;mmuvﬁﬁs‘%’s udﬁ'ugeﬂmﬁqwm"lwﬂuumﬂﬁﬁmmzﬂmimﬁﬁm
dnhusaide llamuvemnands B 11 Mon§Smedunmintody (anamycin) Aamdadu
2.5 finfnsueensimoude 100 inaans wudlsnTunusfiGonazamswiilissamnioniy
WRunsiimmuSmitn  amhnhsadidsmenmsduiion Wamuuemsmoudoonldidy
TaTafidsmeztnavnuiiouvemuniite Fali 41 aminihTaTaflRes Tudmwn
5ﬂymz;ﬂs'1e1:mu§aﬁqan1sdmgmtﬂﬁﬂﬂmqamsﬁﬁ wuh  lenTunuadiSemenug
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Anabaena siamensis Sanwazihadume varadiglsuiuiioiifewdes @i 42 )
Fischerella muscicola W8nuaizdudumonazinsuania (gﬂ‘ﬁ 4.2 ¥) Hapalosiphon delicatulus
IfavasiuadnszuenduSowesuiudume uazinsuanuvue G 43 @) Nosioo
carneum Siguirnan jUnsenszuenBesderuiiudume qUR 4.2 O Synechococcus sp.PCC
7942 Tdnvsiihuandine: dugilivis uoneenanfu (U 4.2 v) Symechocystis sp. PCC 6803
fidnvasihredifes gUsunan ueneenvindu @Al 42 )  wazamsediSvamoRug
Chlorella vilgaris var vulgaris TISTR 8261 Nfnwaizthugadine gusenan uies qUt 42 %)
Ankistrodesmus falcams TISTR 8557 fianyaize1s Umeaesdraioauman sgrwniuilunguedn
e (U 4.2 %) une Scenedesmus obliquus TISTR 8522 fidnymzegrutuilungy figilsres
@i 429)

4.1.2 wamsanadlufinalweves lamluuuefiSeuasmvafide)
a¥annamamzasd v TunusiGouasameditouuemsuds BG 11 lunm
1-2 et Juiuvadinanad Tufindidue  Tasnrsuanadsdrefiauda (glass bead) uazafia
Seiluenduddaeiniles TE i Tuiiniladalduinszilueznilsmen 08 nlefidud Tas
I¥nsnaldfiisnnudednd 8 Tanidemuames  hwandesniolduasdanirlTomna
vinnsSsudouieuvesd TufindBuediaialdves lver Tunuafidenaz amsedidoafunoy
Adweasghwanian ) fidedaoeulanidasine Hindim  wudueud Tuinadue

5 ag = ¥ A [ = At v A'I'
NAATUNTSAVIRSINUNIVAIDWRINATFIUNTVUIA 23,130 Qiua (F1M 4.3)
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VU ()

23,130 —=

9,416 —e
6557 —=
4361 —=

2322 —o
2,027 ==

564 —=

" = - g ; ¢ 4
71 4.3 FTudindidweveaFenigns ninmsusadionszua i luesmlsmea 0.8 nledisua
e | A o o
M aiduenasgwrhanamial (A) Mfadaaeu laiaas uniz Hindil
ot = oo od = ar d’
1 STulinfdweNana 1A IN¥e 1nabaena siamensis

Funnfidweana 1890 Fischerella muscicola

I~

Sulinfiduienana lAnn¥e Hapalosiphon delicatdus

L

o - - o5 o A.
4 YTulinABWIBNTNA 1A IN¥B Nostoc carnenm

N
)

Tuiindidwieanaldsnide Svnechococcus sp. PCC 7942
o
0

o

A 4
BueRIAA 1R INITS Synechocystis sp, PCC 6803

=1

Tuiin

=]
<=h

Tuiindduenana ldnnide Chlorella vulgaris var. vulgaris TISTR 8261

~3
=k

- o

ol o ‘-; L “
8 uiinALuehana 1AvINAe Scenedesmus obliguus TISTR 8522

Ly )

‘i »
9 VTuiinAduenanald e Ankistrodesmus falcatus TISTR 8557

nHaMI IR Tulindidweves len Tunuaiisuazamiediordomatin
prmlsmeadinlas iis¥a namsldiiuinismauansasmisianMuazananenloiuea
sumidroties TE hidtnilaiiaunsmiundaded Tuinfdueveslse TunuaiiGonas
amiediien1d vennnil STuiinfindaldnndidiinmniigs maedsnguou Tuin

g -t - - o ' ' d - - ot - e od a4 W
arduesanuReinazAidue higndesdiseu el DNase adiafSinad Tuiindiduenada
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e b T e é =y -1 e | 5 o 4 l L - 4 ﬂ. o
TannitiinSmuweaums  Falsumd Tuiinddwenana ldtionniuegiuliinandeninn
e M Tuiindduwenana la 1 umamuSinudromaiinlizegn Ty

wadwssnae i

4.1.3 wamsanyiauenmalalastvalagmaiind fisegnlanedinesaves

lanluuaiiGauavannhadids

nnmahi Tudndidueves lsnTunuaiiGanazamiedfoildvnde 412 wnily
adwedunnlunsiuSinudidueveduinma lalassnadomaiiniizegn Tawed-
worsa Tngld lnsweds Unyd3-Uhyd2 (snnsal, 2545) nazlfaungiilugiaduda (anncaling)
§i 50 esusaiion  nmfh liiRserinaiuer PR 18 0madinezmTsmeadidnTlas-
TsdaluermTsman 08 nlosiFud sxalsnguavddue 1 nap uaziienSoudouvnaves
waatwal PCR Alafudduemassnihanaiiaidadasen lxidadume  Hindim wudh

naanwal PCR vadouanwmalalagiman Iaiivuaiszum 1,300 gua (514 4.4)

nAMsAn LI Rvesndaiud  PCR 1 ldivmnalndmoiiuvuaiiniaies 185vie
1343 g uashiiuovdswelatudeuans rswesiigiaimsmne Ty Tuuadide
ﬁﬁﬂﬁﬂﬁmﬁ PCR Uﬂﬂ‘lﬁimﬁgﬁ' Uhyd3-Uhyd?2 A0 Anabaena siamensis, Fischerella muscicola,
Hapalosiphon  delicatules (W13 4. 3 wevugi lym Tundisofiiindieme 1s§ad
VaunseassiuTasould naxiwziimsnamey lanionma lalasiuasmauswma'lalas-
Swauwhmsaawren Tudisnnaszauatass lulassuhtidndadsmaiiulalasou  du
Nostoc carneum Hnawman Jusuivininziitusnmnlolasdum vletsniivadiome s3ad
uadsmg ' hildndaduat PR vmsinl§iamgn Tawedamena  ermiuwaninind Tuiin
AduweniadaldiuTinudennu linzannilfinlinsogn Teneamensa hinnnzay
otalsitam eradu & Nosroc camewn Giawugi Biiouswmalalassug  usnendite
hiwuwdaimy PCR ‘UBQ‘lN'jﬂJﬁl{ﬂ' Uhyd3-Uhyd2 TulwonTunuaniGe Synechococcus sp. PCC
7942 U0 Synechocystis sp. PCC 6803 3 Ty TunaiiGons 2 moniufiihy laen TunniiG e
Tifhiwadiame Tsdaass hiimsasaluTasou drummsiod@ormoRus Chlorella vulgaris var.
vulgaris TISTR 8261, Scenedesmus obliquus TISTR 8522, Ankistrodesmus falcatus TISTR 8557 i

wuguewma laTastiuaninnsinljisognTanwedwerse 1ifesnnlwswess Uhyd3-Uhyd2 §i
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s lwswed Idideyanain lao TunuaiiGuviniy

M 1

-
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.
o
:

U (FRLeT)

23,130 —»
9,416 —»
6,557 —=
4361 —»
232) —

4021 -

1,300

564 —»

o
=

31 4.4 WA N PCR vad Insmads Uhyd3-Uhyd2 veuFeuians

M ABusnasgnnhsuamia ) idadoenlldaiume Hind 1
| HARNMN PCR ‘il"lﬂt“lfﬂ Anabaena siamensis

2 ARl PCR il"lﬂl‘ﬁ'il Fischerella muscicola

3 WaANMM PCR ll'ln!‘éﬂ Hapalosiphon delicatulus
4 WOAN PCR il"lllléi‘] Nastoc carneum

5 WAANUY PCR 911148 Synechococeus sp. PCC 7942

6 WOANMI PCR iﬂﬂ!“éﬂ Synechocystis sp. PCC6803

7 HAANMN PCR 'iﬂﬂléi! Chlorella vulgaris var. vulgaris TISTR 8261

8 WA PCR 9INI30 Scenedesmus obliguus TISTR 8522

9 WAANMIT PCR 0INIYD Ankistrodesmus falcatus TISTR 8557
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414  wamsAnnavInesaddalalasdivalaamaiingd §idegnianedmalsaves

laenTununfiSauazaniedive)

nnnsii Tudinddueves lsm TunuafiGonazamswidond 18onde 412 wuiu
adwedunulumsmnlTnuaiduevesduinesadiialalassuadomaiinljizogn e
woawaisaTaoldInsesy Rhyd3-Rhydl (wnnsal, 2545) nazldgampilusiediui
(annealing) # 50 pernwadoa  nntaniThiSmainaasuat PCR 7 1d@omaiinozmlsa-
wosidnTasTsdaluesmTamon 08 nlefidud sxlsnguovdidue 1 uoy uaziie
wisudouvinavessdaimal  PCR A IARUABIeAs s uvhanaiafigad ey lafda
§UME Hindill Wy wAaiut PCR vostuinesadiiialaTassmad Idivinmlszunu 1,200 4

wa (U5 4.5)

PIMEANEINL e wdadual PCR Midtivalndifeiuvinaiinaie: 1850
AD 1,189 g e hisinnlanuiloniumaah Inse il dinwsnmz. v TunaiGeii
HdANMS PCR ﬂﬂallmmafg' Rhyd3-Rhyd1 f8 Anabaena siamensis, Synechococcus sp. PCC
7942 0 Synechocystis sp. PCC 6803~ daut lasen Tunnaited ot hiindaiual PCR o Inaniess
Rhyd3-Rhydl A0 Fischerella muscicola, Hapalosiphon delicatulus Wdg Nostoc carneum ﬂ'l‘i#l
Fischerelln:  muscicola W0 Hapalosiphon  delicatulus hinundanne  PCR  vadtiu
3nesadiialaTasSmaewilummnuinwswesd Rivd3-Rhydl dluInsmesfiosnnumnen
lon TunueiGolunau. — Synechocaceus sp., Synechocystis sp.. W% Anabaena variabilis
Wi aesuIneTasiin la 1asumves Anabdena siamensis, - Synechococcus sp. PCC
7942 Uy Synechocystis sp. PCC 6803 110 N9 Fischerella muscicola 10 Hapalosiphon delicatulus
otne lsnaweiluWéh Eischerella mascicola naz 1 lapalosiphon delicatulus hitiiuTnesa-
giialaTasiua a3 Noswe camncum nnuatanJaanhesiituinesadiialalastiva
uads gl ldwdadme PR vnmisiifisogn Tawedwersa  erdunaninindTuiin
Aidwediaia 1dTUSnanteiu Wuazmn i 1$hURsogn Taweawesa hinmnzay
wonnniide hinumdaiugt  PCR voelwimesd  Rhyd3-Rhydl  lwamiwidiion
Chlorella vulgaris var. vulgaris TISTR 8261, Scenedesmus obliquus TISTR 8522, Ankistrodesmus

falcatus  TISTR 8557 1118390 In5mesg  Rhyd3-Rhydl  Iadmdnmizastuinesadia
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lalasdiuaveslao TunuaiiGonnnhamswididisamzasesnn lwswes Idihdayan

= = " :
910l TunuaiGamniu

TR (FIL)

23130 —=
9,416 —=
6,557 —=
4361 —»
2322 —
LOXT —™

1,200

564 —=

U7 45 wdanwe PCR voa lwsmeiy Rhyd3-Rhydl veuseuiqns
M Aoweanas g uvsnanial (A) Haed oo lanida§ 1wz Hindiin
¥
I HAANWAN PCR 9INI¥0 Anabaena siamensis

& w (7 &
Haanus PCR 910%8 Fischerella muscicola

o]

- a e 1
3 Waanuy PCR 9IM¥0 Hapalosiphon delicatulus
¥
4 HAANDIN PCR 910158 Nostoc carneum

- oW o 1
HAANMAl PCR 9101%8 Synechacoccus sp. PCC 7942

h

a o A
HAANMA PCR 21M%8 Synechacystis sp. PCC 6803

=]

HAANMA PCR 910140 Chiorella vulgaris var. vulgaris TISTR 8261

~J

HAANMN PCR 101¥8 Scenedesmus obliquus TISTR 8522

o

¥
9 HAANMYN PCR VINI¥D Ankistrodesmus falcatus TISTR 8557
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agiiu 18TidAnudwutiana Te Indvestu laTasSuaves lso Tunuansolunane

o o .
Mowug Aamsen 4.1

a5 4.1 msAnudmuiiong 1e lndvestu lalasSmalu s TunuafiGolunarsenonug

Fiinved lyon Tu yiiavesou'lalasdua Accession Number | 190@1391984
nuaniGe

Anabaena siamensis | hupl. and hoxI genes AY152844 Phunpruch 11a¥
AN, 2006

Nostoc  punctiforme | HypF and HypC genes AF325829 Hansel HAZAMY,

PCC 73102 2001

Synechococcus sp. hoxH gene X97797 Boison HIDZAME,
1996

Synechocystis sp. NAD(P)-reducing nickel X97610 Appel.and Schulz,

PCC 6803 hydrogenase 1996

= o VoW res e - et o o
e 41 seiuldhddhiisosousu laTasSiavss lsnTunuaiiG smonus

4 b ‘ -
Hapalosiphon  delicatulus - 1U5uM50U aniuing snuleeiinainsdneins lnauou

laTassmalulanTunuaiGomonus | Hapalosiphon  ~ delicambus -~ nazvinhldnnddy

fnn T Inaae il

4.2 wamslnaududwmnalalasdiuawes Hapalosiphon delicatulus

421 wammhwandua PCR WuSqnidanyausnasuesennniea
vwdaiuat PCR ¥aInsniesg Unyds-Uhyd2 fiiivinatszainu 1300 gia Taold
Vuiines  Hapalosiphon delicamlus  wrinlWuSqnidaoyausnaduessnainisad ezl
(QIAquick Gel Extract Kit, Qiagen, Germany) xnuunﬁngumﬁ'ani'naanuuumﬁmi’mmn
ABweRviadaus 70 gruasuis 10 Alawa Swrunsolfuonndaiust PCR fideants A

o L J LS \ - o 4 o
TaverdonaninIFanudeunaziiies lunisazamsaniindanua PCR Nidpanis udving
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nonKARRUN PCR sensniiitei Taold spin column Fandanuat PCR szfudummmsuves
spin column 9 IAUANKARRLIS PCR Heguunniusudaoivites il ¥deihudeudhily
AIDUIBYNYZEBNNINIMMILIY MINIYRAANNN PCR 88NYINMNUILTU nminiwaaf
PCR i Ifuiqmintinszidiomaiinezmismendidnias Isdaluezmisama 08
wefidud Taoldnszuaihfinondndnd 8 Toadesudmas  nfisufounoundaius
PCR frumanh ¥ gitunouddueinasgnheaniaiaadoen lanidaime
Hindill Wuhilnoundasmat PCR veawsmedg Uhyd3-Unyd2 $1uau 1 nauifivinadlszana
1,300 giua (3 4.6)  iiiedmazifinusdasus PCR wuhilfine 67.6 wiluniude
Tulnsdas Tumsihindasust pCR TuSqnidoisamnan Suihinsuonerdahuiieusn
ﬁuﬂawmmslﬁuﬂ?mﬂ:ﬁgﬁulaﬁaﬂmﬂﬁﬁﬂﬁﬁ?mqnTi‘uaﬁmaﬁﬁnammﬂﬁﬁﬁ'ﬂt'ﬁ PCR i
ABINT nﬁaeﬂmﬁ'u1ﬁ1ﬁﬁeﬂutﬁaulnﬁ1ﬁ'lﬂ:umuﬂﬁﬁ?mvmnm%unﬁnﬁmﬁ PCR 19111

a : L]
1 ﬁlﬂﬂ‘ﬁuﬂuﬂﬂ 119!811.‘

VU W (RRLY)

23,130 —»
9,416 —
6,557 e
4361 —-
2,322 -
2,027 —*

A4 —a

- o A o = = -
UM 4.6 WAANWI PCR Y83 Hapalosiphon delicatudus M1 UTqnia0gauonaioue
PONIININA
M Auewnasgiuhsuamian (A) idadaaeu lsidasume Hind 10

- wr J T
I waai el PCR 484 Hapalosiphon delicatulus 7 1% 3131858 Uhyd3-Uhyd2
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4.2.2 wamsiHouNanFaal PCR fUAM0s pGEM-T Easy azmammvarlasndngivad

1¥ie1fle E. coli meiug DH5OL

nnmsviraaiusl PCR 71180 Twamos Unyd3-Unyd2 vinalszana 1,300 giua i
sumsn S gnimogauendidwesenanea iFeudeiuname; pGEM-T Easy a3
yinwdae T F1egasenntevesty lacz #Imeulenl T4 DNA ligase Taol¥8asidaunaanua
PCR donnmeiiniy 101 uaznswadedmdigwadlforwoves £ coli moWug DHSOL &4
wan v deilsz@nEnmlumsnswanesumdu (Transformation cfficientcy) 191170 1.5x10"
cru aolulasnfuvesdidue  dadenTalaiifyniinsyuuemsuds LB fAienlfine
WONRFAY X-Galuaz IPTG Ialailiimmaiiagananesiidviiiiosnngapdoquaunialums
ahuelnfiudnuanTadinmntdss x-cal MWidnaasuaiinmniy  vnnsmanedld
dadonTnlaiiimadiaziledasuet per 10’5 Talafl sinhutian@osluennsnal LB id

| o e PR ot P - | '
enlfFruzneungauonirllasanamianuede lil

423 wamsananaiafiadsueainns e sauuwidad 1

WinTnTofin s uwmIniianinaRiNe PCR waq|nsmiesg Unyd3 Uhyd2 Tuidoelu
omamad LB ienl§iusenigaunmidudugaedy 100 Wilasniudeiiaanns
M MR radiasA TN aaRIRIeA IR (Alkali Tysis) AsseWmIETAgNRAY
veand@nmal PCR veiInsmess Uhyd3-Ubyd2 31 pUhal.l, pUhal.2; pUhal.3, pUhal.4
uny pUhal s immaiiadsuenona hiiinssigsmaiiaaemTsawaaanTas s dalu
axmTsmnn 08 Woidua wisudoudumudiduemnassnmhivauia (L) idadioenlsi
iAS M1z Hindill Wy mmaiianiaued s nguanadie 1w Ui 47 snmuAeue
Fienumia 5 TaTadl muhiwaadiaaduemiousy.  Ashisdadenwa i pUhal 51®

ihld@nundduiieale lnagelu



53

WU (Ffouen

23,130 —
Q. y
&3]

2,329 .
2,027 ——

S6d4 —e

. = = d o s ¥
31 4.7 naasinRBUIe pUa Aafind o8

M Awmenaighviautiang (L) Aaadioeu lsddad ung Hindin

1 pUhal.l 4 pUhal.4
2 pUhal.2 5 pUhal.5
3 pUhall3

= e 4 = < s
424  WOMIAIVABUNMINNAANN PCR YInaadiantdne pUhal.s 1a8n156ae 28
ulaidadumy EcoRl
a - - | - o oW o & s o
VInMsimmaiiadidue pUhal.s Nanaldande 4.2.3 nassasumsiinaanu
v - o LTS = a P

PCR 4831051483 Uhyd3-Uhyd2 Taonisaasioeu lmidasinie EcoRl uazing izinan 18

- -~ - - - - o o v - -

Aromatinezn smeasian 1as IdsFalueznmisaea 0.8 ifesikud  wudmaralia pUhal .5 N
- v e o : A

aadaoieu laidaads umy EcoRl sxalsinguavddue iy 2 nou Alvinadszanm 3,015 uag

' ) a = a = ' o

1,300 guua (314 4.8) novmising 2 nendl napuuiivie 3,015 gua suilunouveanaiaes

pGEM-T Easy # hilindafinai PCR 1830 mgnaadgiou lsidad umie EcoRI sz 1u pGEM-T

- - o W g g - S x % & v

Easy HUSnvaiweasu laidasume EcoRl Tunina multicloning site 1egneuntiniae T

- - - a od ‘o a : d o =

AU tiisAANMINIIARIBUIBYNHANAIIBY 19IAAT UM EcoRI N9z 1A1IAIABS pGEM-T Easy 0

- o i - ar & " '

U5 AINHARANMI PCR ¥R 3,015 IUa 1AZHDUYSINAANMN PCR FI0gA A 193iviIa 1,300

" g @ ' - o= 1 a = o

gua  ldaunseagd @ maaiia punals dunaadiagnnauiiiannnisinnees

pGEM-T Easy 1¥ouaenunianms PCR v84 1ws11e3¢ Uhyd3-Uhyd2
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- o = d o
1M 4.8 msdaanadiiafdue pUhal.5 Aavieu lsidasumz EcoR|

M -aduesnas g suanian (A) Maarisieu laiaad uwg Hindill
I noeriaAIewe pUhal 5

2 WeaiAAIeUe pUhal.s Naadiomu lsiaas iy Ecorl

425 WaNSANE 1A WMUNING 1B Inaveanaaiie pUhal s
° 5 i K = e o
vinmIimanadind e pUhkal.s MHIUNISNAAIUMSHFUAIHVIINAANWMN PCR
voeInswess Uhyd3 ey Uhyd2 indinendiduiiing 1o madae BigDye Terminator Reactions
- & W i (q’ v
HaTINTIZHAIALTIAG 10 AR ABI PISM® 3700 ' DNA  Analyzer Taul¥Inimeineg
- - o o y o =g & =4 o as J
vinuTilsTumes T7 vewar@es pGEM-T Easy Tswes T7 idwuiiing le nadail
5" TAATACGACTCACTATAGGG 3 ldwaaalasiniannsy (manuan 9)  lumsdnuidny
nannTe InAves punal 5 9z 1adwuriand Te Inandenvilais T vetamesmedTils iasd
¥ ' ¥ "
17 didwuiiond o Tndvanua 906 gua (3 4.9) s imimidauiiong Te lnan 14
WSsudiounuimauiiong e Inavesdaiixiaouniiswau 1 lusumstudisTsunsu BLAST
T . ey e o o A W - e
server WuNARLIIAG 18 Tnan Iaianuadondsnuduewma laTasdmaves lvo TunuaiiGe
L " o o o
MONUT Cyanothece sp., Nostoc sp., Anabaena sp. Waz Gloeothece sp. 1NN 80 1lediFua
v » v

(@13199 4.2) niMimihdauiiong e InAves pUhal.s 1 18 Tlaludwunsaezii Tu udni 'l
nlsoufouiudnunsaezi Tuvesdadiyiasuniisoan M lusuimstu (G 4.10) wudddy

= .:i e & w g a - o o - =)
nsaezdl Tun lalisuadwatsnudnunsaesil Tuveasu Tsiswma laTasdiuaves
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T TunuaiiiFonaialulasiou Nostoc sp., Anabaena sp. 102 Glocothece sp. AN 74

o IFud (13199 4.3 )

@319 4.2 ANUAMeRtweIAeiIND 18 INAYBY Hapalosiphon delicatulus 7 1A npAaR M

PCR % I@nnmwaaiia pUhal.5 Audauiiga e lnan 1d51sam B lusunenstu

e = B AMARIBATY
Ty Tunuaiise siiauodu laTasa Goc
(Jesigua)
HupS (hupS) gene, hupS-hupl. intergenic
Cyanothece sp. ATCC 51142 90
spacer and HupL (hupl.) gene
Nostoc sp. PCC 7120 DNA 87
hupS, hupL genes for uptake hydrogenase
Nostoc sp. PCC 7422 small subumt, uptake hydrogenase large 84
subunit
Nostoc PCC73102 hupS homolog and hupL homolog genes 83
Lyngbya majuscula CCAP 1446/4 HupS$ (hupS) genes, HupL (hupL) 83
Anabaena variabilis ATCC 29413 chromosome 83

Anabaena sp.

[NiFe] uptake hydrogenase small subunit
(hupS) and | NiFe] uptake hydrogenase large

subunit (hupl) gencs

81

Anabaena siamensis TISTRE012

uptake hydrogenasc small subunit (hupsS)
and uptake hydrogenase large subunit (hupl.)

genes

81

Gloeothece sp. PCC 6909

uptake hydrogenase small subunit (upS)
gene hupS-hupl. intergenic spacer and
uptake hydrogenase large subunit (hupl.) and
uptake hydrogenase specific C-terminal

endopeptidase (hupW) genes

82
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MINA 43 ANUANBATINUIBINIAUNTABZ TV Hapalosiphon delicatlus N )ANAHAANMN

pCRlummaiia pUhal 5 nudduesdi Tusimrsau 1 lusunmstu

yiAvaINIABLI TU AuAdIoAng

loo TununiiGo o

(lasirua)
Nostoc sp. PCC 7422 uptake hydrogenase large subunit 80
Anabaena variabilis ATCC 29413 NiFe| uptake hydrogenase, large subunit 79
?u.s:!a* punctiforme hupL. homolog 79
Nostoc punctiforme PCC 73102 Ni,Fe-hydrogenase [ large subunit 79
Nostoc sp. PCC 7120 |NiFe| uptake hydrogenase large subunit 77
Anabaena sp. [NiFe] uptake hydrogenasc large subunit 77
Anabaena siamensis TISTR8012 uptake hydrogenase largc- subunit 77
Gloeothece sp. PCC 6909 uptake hydrogenase large subunit 75
Lyngbva sp. PCC 8106 Nickel-dependent hydrogenasc 75
Lyngbya aestuarii 2 l-iupl.. i 75
HupL 74

Lyngbya majuscula CCAP 1446/4




ICCTOOQ0AAACAQAGOTTCCACGCAATGCAATTTTAGCTAG
4 AAACCTCOOTCAAATAGTCCGAAACAATTCAAAGTATACCC
UNCOCTATTTTITACGATTTATTITOCAGATCOACCTCACCAATA
12! AAAAATATCAGAATAGCCGCTACTATAGCGAAGCAGTCCG
lCCGCTTTGCTOCCTTTACTGGCAAACATTACGAAATCGGC
WIGTCACAATTTCTGCTAAACCAGTAGAAATTTATGCCCTTT
M TAGOTOOTCAATGGCCTCATTCTAGTTACATGGTTCCCGO
BICOACATGATATGCOCCCCCACCCTCACCGATATTACCCGE
BMGECCTGOTCAATCCTAGAATATTTCCGCACCAATTGGCTA
WAACCTGTGTGGTTGGGTTGTTCCTTGGAACGCTACGAAGA
W AATCCAGACCIATGATGAC T TTAISGCTTAGTTGCACGAA
M AATCGTANMC AT CGEEMG T/ CCACTTOROGTTITCTATTGGC
BIGOATOFOTTTACATATT I I T TAGATAAANTTGCGTGATGE
SUTOTTALTAAATASGTIATT IO GAGATATTTANCCATOAA
ClOATAAATACCRAAAAKCT QA TTATICACCAGCCOTVATGC TG
WICCATGADCATGAARAGTIGOAGTATACEALCAGT NACACCGA
BICACTLACACCTETI GATG ORI CATAL CTTIGCOCGTIGAGAAT
BlACAGC TCACTCTT RO TACRRAAGAAGGTACAGSGAGACATTC
TUNACGCCETTFCH AT SO ACCRE AR CTCL OATLOOC CALAAATAAT
761 A AAGACTMOACHECOC T TATTOT MG T CAITACAGTCCGC
WCACACDQAATATOCACOACDTAGAAGCDGACACTTAGCCAD
Bl ACATTOOTCACAROBTATACACUCAGCGAALCTTGAGCACAT
BITATAANGPAST ANCEIN. QA ITTTC A

71 4.9 draniand Te Indveswdanaial PCR luwanaiia pUhal s
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} 10 20 120

HETEVPRNATLARNL GOTYE TIQSTPRYFYGLFATIDL THKKYQNSRYYSEAVRRFAAF TGKHYE IGY TISAKPYETYALLGGOHPHSSYHYPGGYHCAPTLTDITRAHSTLEYFRTNHLEPYHLGCSLER
HNTTYPRNATLARNLGATYETIQSTPRYF YGLFATIDL TNKKYRSSRF YDEAYRRFSAYTEKSYELGY TISSKPYETYALFGROMPHSSYHYPGGYHCAPTLTDITRAHAILEYFRTNHLEPYHLGCSLER
HNTTYPRNAILARNLGOIVETIQSIPRYFYGLFAIDL TNKKYRSSRF YDEAYRRFARF TGKSYELGY TISSKPYEIYALFGGOHPHSSYHYPGGYHCAPTLTDITRAMAILEYFRTHHLEPYHLGCSLER
HETEYPRNAILARKLGOIYETIQSIPRYFYGLFATDL THKKYRNSRHY EEAYRRFARFTGKSYELGI TISAKPYEIYALLGGOHPHSSYHYPGGYHCAPTLTDITRAMAILEYFRTHHLEPYHLGCSLER
HETEYPRNAILARNLGOTVETIQSTPRYFYGLFATDL TNKKYRNSRFYDEATRRFARFTGKSYELGYTISAKPYET YALLGGOMPHSSYNVPGGYNCAPTLTDI TRAHATLEYFRTNHLEPYHLGCSLER
HBTEYPRNAILARNLGATVE TTOSIPRYFYGLFATIDL THKNYRRSHFYDEACRRFARF TGKSYELGYTESAKPYE IYALLGGAHPHSSYHYPGEYHCAP TLTDITRAMGILEYFRTNHLEPYHLGCSLER
HGTEVPRNAILARNL GALYE TIQSHPRHFYALYALDLPNKKYKNSPF YEE ACKRF SAF TRTSYELRL T TSAKPYELYALFGGUHPHSS YHYPGGYHCAP TLTDITRGHGINEYFRTNHLEPYULGCSLER
HGTEYPRNAILARNL GOLYETIQSQPRYFYGLFAIPLINKKYKNSPEYEEALRREAPFT BKSYEIGLTYS BKPYKIYALEGGOHPHSSFHYPGGYHCAPTLTDITRAMAILEYFRTHMLEPHHLGCSLER
HETEYPRNAILARML GOLYETIQSHPRYFYGLFAIDL THKKYQNSPEYEEACRRFSAYTOKSYEIGY FISAKPYEIYALFGGOHPHSSFHYPGGYHCAPTLTDITRAHSILEYFRTNHLEPYHLGCSLER
HETEYPRNATLAKNLGOLYETIQSHPRYF YSL EFATDL THKKYQNRSPEYEEACRREARYTHKSYE IGY TESAKPYET YALFGGAMPHS SFHVPGGYHCAPTLTDITRAMSTLEYFRTHHLEPYHLGCSLER
H,TeYPRNAILARNLGQiVETIQSiPRYEY gl %AIDL TNKKY cnS £ YeER .oRF aaZ TaksYELg! | iSakPVei YALFGORHPHSSZHYPGGYHCAPTLTDITRaM , I$EYFRTNHLEPVHLGCSLER

131 140 150 160 170 180 190 200 210 220 230 240 250 260
. . i . 3 + I
YEEIQTYDDFHAHLHENRNHROSOLGFYHRHGLDIGL DKFGGGYGKY Y TUGYL PHEDKY GKPTIASRNAHNIMESGY Y DSY TOTHT LHUHTF ARENTAHSHYEEGTGDIHPFDRT THPIAKIIKTS~-RRL
YEETQTYDDFHOMLERDIKHRESDLGF YHRHGLD IS DRYGRGYGKYYSHGYL PHEDKY OKP TTEGRNAGNIMKSGYYOSEENTHT L HOHTY ARENT THAKYDEGNADVHPFDRTTKPTHKNTKDF —KNA
YEE TQTYDOF MDHLEADIKHRE SOLGF YHPHGLDT GLORYGRGY GKYY SUGYE PHEDKY OKP T TEGRNARNINKSGY Y DSFSOTHTLNOHTY ARENTTHSHYDEGNADYHPFDRTTKPTQKNTKDF ~KNA
YEQIQTYDDFROUL DEDRNHROSOL GF YHRNGLDIAL DRYGRAGVGK YV THGYL THEDKYOKP TTEGRNAANT RKSGY YRSEAD THVI nDQ@SFETRENTTHSHYDEGTEDIHPSDRT TKPTAINTKDF =DNA
YEQIQSYDOFLDHLDENRNHRESDL GEYHRHELDIGLORYGAGYGKY Y THGYL RHEDKY OKPTLEGRNAAN L HESSYY DSFAD THTLHDQSF TRENT THSHYDEGTRDIHPGORT TKP TANNIKDF -DNA
YEE T0SYDDFHRHLDEDVKHRE SDLGLYURNGLD IGLERFGRGYGKY Y THGY) PHEDRYRKPYT EGRNARYIMKSEYYDSFSD THT LD QS ARE HLSHSHYDEG TQDMHPSORT TSP T IMNOKDF -S6A
YEETQTYEDFLEMLDESPHHANSDL GFYHRAGLDTGL DKYGGEPGRYL THG YL PHEDKYOHPT TEGRNAAYTHIGEYYUSE TOMGHUVOHTE ARENTSHANYEEG TRADYHPFORTTAPKHINTMDY-EGK
YEETOTYDDFHAMLDESPAHANSDL GEYHRHGLDIGLDKYRYGCGRYSTHGYL PHEDRYQKP TIEGRNARVIHKSOVYDSFTOTHTLHOHGE TRENT THSHYEEGTEDIHPFDRF TYPTQNNIKDF -DEA
YEEIQSYDDFHDHLNESPNHLNSDL SFYHRAGEDIGL 0KF GUGTGKYMTHE YL PHEDKYARP 1 TAGRNGAY THKSGY Y NSF SOTHQL HEHHE TRENT THAMYEEGNEDYHPFDRFTYPQONNDYNF QDGR
YEEIQSYDDFHTHL GESPHHLNSULGF YMRIGL DEGLOKHFGRGETGK Y HSUG YLLNEDRYGRY | TRGRNAAY LK SHYYDSFNOTHO NEHHE TRENTTHSHYEEGNEDYHPFORFTYPQONNDYODF LEGA
YENTOL Y$DF$ HL de o onHr #SDL G T YMRIGLDTGL#KEE L Gublk Y vt HEYLOHEDKY SkPT e ¢ RNARuIMKSEYYDSK .0t Ht 4ndh JF aRENLL HsHY $EGE D JHPFORLT JPL 4 o0 kdf o . .2

261 270 27?
I

FL=YSAYRHTEYGRLEAGP
YSHSTAYLHQDFGRLEVGP
YSHSTAYLHQDFGRLEYVGP
YSHSSAVLHKDFGRLETGP
YSHASAYLHKDFGRLEAGP
YSHASAYLHKDFGRL EAGP
YSHSTAVSHKDLGRHEVGS
YSHSSAY THKDLGRHE VGP
YTHGTAVKHADFGRAEYGS
YTUSTAVKHQDHGRLEVGS
XsussAY Hk# ,6REEVGP
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Ugn3mgnldwedmera

5.1.1 lwor TunusiSoa 1Uﬁqunabaena siamensis, Fischerella muscicola, Hapalosiphon
delicatulus Tibudwma g TasSiua waadaiat PCR Svuia 1,300 gua

5.1.2 "lmuﬂuunﬂﬁﬁ'umuﬁuf Anabaena siamensis, Syncechococcus sp. PCC 7942,
Synechocystis sp. PCC 6803 Fou3nesadivalelasiue naanais PCR Jvuia 1,200 qud

5.1.3 lwenTunuaiSeeewus Nostoc cameum wazamiwiBvrawwus  Chlorella
vulgaris TISTR 8261, Ankistrodesmus falcatus TISTR 85570% Scenedesmus obliquus TISTR

8522 linunanasaet PCR vastulalasTua

o @ d LY
52 MsAnMAIaUHIAg e Inausstusnma lalasdaveslwe luuunniise

Hapalosiphon delicatulus

~ o~y 3 ) 3 1
52.1 waraliagnKaN pUhal.5 Sluwarafiagananiunaiussninames pGEM-T Easy
flunanfaisi PCR vostuswimn lalasSimaves Hapalosiphon delicatulus
522 &wvilhndleindvesdusmna lalasdiuaves Hapalosiphon delicatulus Hiennsn
k4
onldtivuaienun 906 gua  unzlinywedeaasiudusnmaleTastuaveelyeny
uuAfiSoa1oWUg Cyanothece sp., Nostoc sp., Anabaena sp. Wa Gloeothece sp. 1AM 80
dad o
ilosigud
o o/ oy o’ A
523 fRuninesd Tuveweu lanidwina lalasSiuaves Hapalosiphon delicatulus 1183
9 QR @ o @ a o o £ A A 2
anuameadsudrunsassl Tuveusu laniowma le Tasfiuaus s leo TunuaiSoiinss
luTns19u Nostoc sp., Anabaena sp. 1408 Gloeothece sp. MR 74 1efidus
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MANUIN N

e1mtatudegns BG11 (Rippka KazAaiz, 1979)

#3u52noU Trace metal mix 1000 1911

p3AVB3N (H,BO,) 46.30 find Tuay
unsaila () ane lsamase laiwsa (MnCL-4H,0) 415 fianlumy
Ferdammeras loinsa (Zoso,-7H,0) 077 findTuay
TmaonTuduanalalamsa (NaMoO,-2H,0) 161 fiadTuas
aetles () Famamuaz laiasa (Cuso,5H,0) 032 fiadTuand
Tauead (D) luasmenye laimsa (CoNO,),6H,0) 0.17 fHiadTuas

dauilseneueImis BG11 100 w1

TandonTumsn (NaNO,) 1.76 Tuag
uuniiondamaanas lawmsa (MgS0, 6H,0) 30.40 nd Juas
unaiFounne l3q Inlemsa (CaCl,-2H,0) 24.50 fiad Tua§
N3AFA3N (Citric Acid) 3.12 fianlung
laTanAauddiie (Na,EDTA) 279 lulasTuard
Trace metal mix 1000 111 100 iiannas

dsulsuanily 1000 Fadaas

dmlizneves s BGll
813 BG11 100 1311 10 addas
TriRenmiveia (Na,CO,) (2 n31/100 Tnians) 1 Unddas
laTwmmdonTaTasnudedla (K,HPO,) (3.05 n¥w100 laddns) 1 fadaes
iesSauen Tailoudinan (FeNH, Citrate) (0.60 n¥u/100iianans) 1 Usnaas

sulsinasiilu 1000 Haddns
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MANUIN Y
mmsaémnéaqm LB
dauilsznsuems
nuaTansdTau (Bacto-tryptone) 10 NSUADAAT
TwAsunas l5d (NaC) 10 niudenAs
Fadana (Yeast-extract) 5  puaeans

b4
dsvdenily 74 Fremsazmediemsazaslufenlensen’led (N2OH) MUy
5as TasldfSuasgaihailu 1 fas dwmsumsmSouemsudisgas LB siv1&Taeds

daualszneumuid muanazi@uiu 15 nfusedias
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HMNANUIN A
ivlivled TBE 10 v
dauilszney
Tris 0.89 Tuany
AsAuesn 0.89 Tua1y
EDTA 25 fHadluany

3 4 E 4
ihdulsznewitmuanazatei USufiewniu 8 vimiulsulSnesidilSuasgathe

iihu 1 8as
fiviivles TE
duilszneu
Tris-HCI 1 Tuas
EDTA 05 Tumy

E4 9 9 *
haulszaeunuaazmataziuiewiy 8 nnsiudsulSuiesdroimau il 1

ans
Tracking dye
ausenen
9
9 1As (sucrose) H30NAIBBIBA (glycerol) 40 wefidua ahwindelTunas)
9
TusTadlueavg (bromophenol blue) 0.25nles1¥ud (imiindedSuas)

k4
o 8 Y % o [} =y a a
haulseneunanuauiazateluliviies TBE 1 i USuas 100 Haddas
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MANUIN 3

namesdmiuTnaundaiuel PCR

pGEM-T Easy

¥s.

v A\
agnant®

whanstduenarsianubdmiunmslyenuiionisfinwimnidy lueygralwildlayszlevuniunisen

lunnsdilas Msdu Bnnanudilvdawdadilon wavneto19daduavatenalsynasaninisinluly
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TasinTaunsumsAnuidrwuiingd Te IndvestudnmalaTasiiualasldames pGEM-T Easy

Mode 3100 18-2-50_H37_pUnya_T7_15.ab" Signal G0158 4:113 T:115 C:133 Page 10f3
' Verson 3.7 DTZ100PGPABDYV2VT mob Tue, Feb 20. 2007 323 AM
Basecaler-31004P0P4_plnye_T7 BSU_3100 Mon, Feo 19, 2007 8:10 PM
BC 1.5.00 Cap 15 Fointe 1200 to 150000 Pk.1 Loc: 1200 Spacing: 20.08(20.08;
NGECCEOE TGCAL CTREC3% COGC6RIGGE COBECHestl A0 Ca i N INNe6--TCCT G 7T TAG ATACAGCCTG GG AXACHS MGG T2CCRC!
13 77 g % éc g 100
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'l A "‘lnti u,» I'm |,"|
U_aa__.“‘ \“_\J_A)J;'_L_i"_"._lL_J_LL__LJ
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116 20 130 140 el el h' N L = 2CH 210 22
‘ i "
"] l‘4 ' ’ ,Ei'
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e B CC T I e @R TCAATGGOCTCATICTAG TTACAT
321 350
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Mode! 3100
‘ersion 3.7
Basecal er-21004P0P4_pUhye_T7
BC 1.5.00 Cap 15

13-2-50_H07_pUnyd_T7_15.ab’

Signal G158 A2 T:115 C:133
OT3100POP4/BDVIIVT Mol
BSU_3100

Points 1200 to 15000 Pk 1 Loc: 1200

Page 2 of 3
Tue, Feb 20. 2007 3:23 AM
Mon, Fe 19, 2007 €:10 PM

Spacing: 20.08{20.08}

T CCAGACC TR TG AT GAC T TTATGGC I TG 6T TGCACEARAR TT S TA ACCA Zo0 T Ll et L T L e T G T PG 0T 55 ATGGG T T TAGATAT TG 6T TTAGATARR T TTG GTGGTGGTST
490 500 51C 243 536 £4 850 266G E7 gzg 11 eas
. 1
\ ! 4
} } : bl
] 0) l b I [ t A f 4 A
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