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KR HE . Ectothiorhodospira halophila, 1%, 2-4M& W9 BEABTEEES
BOFEMME ThHY . EBREHT THRERICE > TEET D, Fald, 20
BHOEATAINSZSREAEOREE, Bk, BELZHAEL TETVE, MEOEEEF
WAREERRETAZ LA Uiz, AR TIE, ZOMEIC X 2 G HRAKERED
IR D REME R BET B 7200, RAEKFEOEENBNT, KEREICHPIDLIER=
e A F—FPRBEFO/a—=r RO OMBEOBLEFESAERZZOREEL BHY
L L7,

TE=T 156mM & E T ERERI M TR LA OKRREEREIX, ENEICE L
FAZERBELONCR TS, TUVE=TOREZ sSmM ICTif-E 2 A, 1 3EM
DOEFE TEH 1L H72 Y 80ml OKBRANRRE LNT-, RWT, BERFEET VE=T
DHEFRT I JBRICERL, TOMEEFA, NI T NI 7 ERVWESE, BE
DEFEB R BN oTe, £, TV V| AFF=2 TARGF U TUF Iy
BERALE & XIAERENRD SN o7, ZHBLSDOT I/ BEFER LK
BAIE. BEOHEAER b NTKBEORENRHER SN, KBERERBIIT AT VB
NhobBENLTRY, RIZTT7=V, 72T 72V, TAFXF=VOIRIZREF2
BRAPEE EENYL, ufy, VOV, BRAFOV, VRTFA Y, TR
B, B ZBWTIET =7 5mM OBE L RREODKZRERA LN, AV
oAy, AvF=y, FulrERAWESRE, KEREEIIT E=T7 5mM & H
WhEBE X VDR SR TIIR 1o T,

/K3EF4 1%, E. halophila OXEEEICB W TOREE , SHEOETEL > O §% L5
~DBITOERNIRAKBREEE L RTZ ERHALNIR o T, FFEHOBITERD
ICHERIE DN EFEEL, FIl-REEREBM LI 2 A, KBERENRFR L, Z
oMb, RARPOKEREZGCAT A0, BERBELZHIE L, STEEmEN
T D LT VW LR E T, -

KEREEZDF LIV TERTIHDIC, = huFfr—E¥&EFOI/u—=v7%
Rtz BREEEZTOMEICBWTL, = be s —8id, nifH, nifK, nifD @ 3
BOSBERENOERINDZ XML TV, NifD OELSMh D7 v—=
TR L. Z O84Sy % AT, NifH @ 8% 771bp, NifH & NifD © U > b —5E3k
(18bp). NifD »4FK (1461bp). NifD & NifK U v »—%EiE%k (82bp). NifK D
5’ (296bp) 27 u—=" 2L, BFIZRET S Z LN TE 7z, Zhid, E. halophila
IZBWT, = bul P —BOFEEEZHER LERANOF Th 5, HE, NifH XU NifK
DEED7u—="7 Lk, nifD OFBEERAR TN, o
E.halophila iz oW TiX, BEFREOERBHEILLTHARY, £Z T, FFUVAR
U RRAUEEGFREROBRERA T, BHIZ 10%X7 4 v E2RMT5Z 8
2k Y. 4%NaCl I8\ T, KEE & E. halophila OILEFITAHII Lz, KT,
ARV AV UTEDT T A REETeREEE & E. halophila DILFERIZ LD |
2 NV hwA UitEERF % E. halophila \ZHAATe Z EITEEI LTz, ZHUIT X
D, KBEOTS 2RI FIZEWEGTFEMAATeZ & T, E. halophila DT BEEHLN
WRETH B I EBRENT, SHIL. ZOFEZHERL, FEDOEGCTFHEEAZ ATEE
L7y,
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Bhpkbged - AT #kE GREISRPIEEITRFERRE  WEAISF IR

HERARFGEE 4T T (RRERBFEITRFRRE  WHARFEHER)
L Pe— (REEMBFEIRERRNT  WHEAISREZER)
AR BE ERERRFEINRFRRE  WHEAIRFHFE R

W5t /14 : Remco Kort (RRIEHBIFBINAERRTE:  WHAIRF FEHH)
L A% (RRERBIFEITRERRY  WEARRFEERD)
RE e (RREMRFEINAERRY WHEARPFEER)

1. WFEEER

WAEFEME ., Ectothiorhodospira halophila, 1%, 4 M&W 9 BEEABTRIRBELFD
IR Th Y . MRS AR T THRERIC K> TERT A1, Bexld, ZOME
DEATAINSRERE ((zu—7usA ) OfFE, Wik, #EBC oW THELT
X TVWAMN2L, ZOMEOREERIC, ZOMESEERMICKELRET DI LERH
LTr, BHERZRIEARIZ X ARERENELNIUE, TIVUIREIER~DISH A IS
B, Fi. TOMENL, EEEHTAETTL0, FIITHEKEEDEEEREKL L
THWAATEEER D 2720, T E THRARKERAICHAE SN T & AL EIEmE
BED b TEMCAORERS B EE X, T7bb, ZOMEZFATLIZ LITLY,
VBV DL & YA IR EREDEGHDRENEONA FREERH D, THDDMG
P& ATRICBW T, Z OME DA RRAIKERERBORN L BEFILFENT 70 —F D
AIREMEDBRIFZ BZ L LTI AR T T,

TIVE T, FAFEREMEIC OV T, HARKKRBEIFMIALNLTE T
DM, T OME TOKREREE R STRBNTR, S DI, WAREAWTERZITOC
DT, ZERERBIORERZ M2 2 LERDH Y | 2HRARKRIEITE LI ZRRC
REFELEFRT B2 EOEETH S, £ T, E. halophila DIERAIKRFEEIZON
T RAEDTEE BERAMELREBDOBR CEENRNTEITO 2 L 2B — DR
HL Uiz, —F. MAKREME RO ABRIKRREDGAIE. ER V- IITE
LCWARVORTRTH B, KERERIIHT HEEERFND 2V LB EFIHENR
BSF LML DT 7 —FRRIFTNE 2 ENRERO—D L E X b, fLAKFHE
HE CONARIIKREREL, = e/ T —RBIC L2 EZREEORENTH S Z L1
BRTWA, LaL, MEREEEICOVWTIE, HBERAKRREDHFHEDD 72N
BT, = hasT—EOEES AR IN TV oT, £ T, E. halophila
D= hkuFfF—FREFHEDOS a—=0 72TV, BEBRRKRBECE T 0F 1
ITCOERFTH Z L BOREEME Lz, &5I2, E. halophila IZ2WTiE, &
BFREOEBHELL TRV, T2 T, MV ARY VEIGH LICBRETRIEORE
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FART 2 LB =0OMFEERE LT,

2. BrEEE

2 — 1. E.halophila D& L RAKEEDEE

E. halophila ¥, 2.2M O&HE % &I L 0 | EFEERIIC LV EEE LB
HFREEIL, BEEEROZIEE T 5000lux &725 &k DI L, BEEEER 32°CITR- T,
TERERE MY, ERJRE LT 15mM NH4Cl ZEA TS, KERFREICHE L-ERREOBE
ROT=DIZ, BT IV BEERRL LIS TEELIT., KEREEZHR L,
BEPORERMEIL, K EEHIZ LV HE L KFREBE AV CRAEKEEEZ M L7
%72, 500nm TOBELC X 0 #EFEi#R 257,

2—2. =t r—E&EFHOIa—=v T

PCRIEIZ LY., E. halophila {5+ DNA 26, = ha s —EBEBETFHOn—=
VT EATo T, TBRE, AEFEMBEAER LOEEO= o/ —E 0z 2R
L., REEORWERERAT, 774 v—2Ek LT, £, 77/ v—Zidra—
=27 DO EcoRI A MLz, T4 ~<—iL, =ARy 74 ) TP —ERIT
VERE Zfk#E L7z, PCR %, TAKARA Thermal Cycler MP (ZZEi&) ¥ X Biometra
T-Gradient & BV TITo7z, PCR W/ DOHEERINIE, DNA > —4—7 3 —SEQ4x4 (7
TN T) IKEVRE LT,

2—3. BETFRIEROEE

E. halophila i%, JEBEEMEME THH 72D, BE OERFH TORERITITE 2V,
WSS TOERER Y, BH7IXF v 73y (P T Pouch, Sakami) (ZX91T»
Tro BEFOBENIKBEIZLAERIZL 2 TTok,

3. BrRREER
3 — 1. E.halophila IZ X 2 X & RHIKERLE
TEYEREMIC X 5 E. halophila D83 Tlx, EHEOKFRAENR O BL HEET
10ml BATF), BUERSHIZIE, ERRE LT 156mM O NHLCL B3 EENLTWD, —F, )t
BEAREIC X D NARRAIKERAEIL, = bafF—EDERICL D Z &R FbTn 5
4], = s T —Eik, EREECEETIBRHETHY ., ERIANLT VE=T %
FEAET B UG BT 5, .

Ng + 8H* + 8¢~ + 16MgATP — 2NHj + Hp + 16MgADP + 16Pi
Lic3oT, TVESTIRIORGOBERE LTEIK LB bhD, €I T, EXIR
ELTCERT 2 BERAVERAEOKERAEIC OV TR ZITo T, TOREER LI
T, P EHOTUESTERES SmM I T e, AERERTEMNLE, 2
D#EFRX, E. halophila |12 X A2 HARKKEREL, = bl F—EDfERICLDZ L
ERBRTHELDOTHD, REZEHRRE LTI 7 b7 7 v 2ER L & EITITEERDA
ERBONLRpoT, ETV Vv, AFF=2, TARTIEL, FVEIVEFERL
7o L XNIIKRBRAENRBD SN2 otz, THBUNDOT I ) BEFER LG, B
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RDHEIE R b ONIKEORENHER SN, = ha s T —EBIZoWT, FIAFIvdHD
WIET ARG R RERRE LTEA LSS = b/ —E0ERBsHIH s, &
BWNEIINANE I, TANRSEY RRICLoT=hulF—EEEREESD &N
STCHRENRENTR VB, SEOFERILZNDOW|E LITFELR,
KREREBIIT AT R VBN b2 EBENTEY, RIZTT7=V, 72247 7=
V. TAX =V DB BFRERE B, TNV, mA vy, PV, ERFDU
VRFAV. TIEIVER, Y ACBWTIET VEST 5mM OBA ERRBREDKSE
RENRL LN, ’BA YAy, AvF=y, FuirERWiEEa. KRREX
LENTELDDOREEILTT VE=T 5mM ZAVERE LD DL, ZIFRA TR
7
E. halophila O¥EHE L KBFREDEREZR LIZOR, K1 Thd, —MRIT. HEDFH
IF U535 S E % B DR OFEEHIc B4 L. S PBES FEE) L idh
AEFEOR T HIRVIREEE 25, T OEEROEIC, MENIRHEBRVIET I LIZL-
TR HETE L T < SEEUERERIC M 2 D, MBI OHEFEIL, FIFFTREZR SRR DIEFE
HAVITEERMEDOEE L - THIEEENMET L TWEELET S, 295 LT
BAFEER DS & R OHEFEANERIE U7 B IEBI~ S BT T 5, FRLEIC AL b MAEP
TRNVR—EFEY ORI B2 & o TOTHIEREE T 2, FEEE & FHE DR KRR
LB, TR R OB DR R X B6], X 112 NHLCL (1), Cys (2).
Asp (3) 2FNFNERRE LTHWZEA OMIEHR L KBRELZTFLTND, H
RIEY72Fl L LT Cys 2ZHRFIT L bDE R D LRGN D 40 KT EEEH A e
x| BEERBRLEH D 50~130 BRI TRIBUETER & 72 0 . 130 FReERICAREI SRR LR & 72
%, BIEHTIL. AEREDSRONT, SEEFEIIC 2> TKBEREVHREY | FI1EH]
DERMCKEREIIE—II0ET D, Fo, FIEHICBITT 2 LARRBELEFLET D,
T UEZT BmM & AWTEASC, $hERIIIKFRFEETT Asp ZERIRE LTHWT
b, H?F%@F%bn 2o bie (1), ZOREID, MR RrIK R E L TR
T AL, FICHEHEEAIC2 5 X 912, BARBEELHETIIEIIN LAVRIRS
s, l 3 :t B IEENC AT D ER LV%{&@# YERDED ., FEOTEEEEHZ
IMZ A DARBEREL, TOEEEREFEIZBEOKBRRELHBE L LD TH D,
S X 5 2 & CRIEEUETER SR L. KABREDHEL VDT LRD0D,
REFICOVTHRE LR, BEAVTV BEERLMNC Y v IR RIF2ERZ
527,

3—2. = ruFI—EBEFHOI u—=2T

R EE X RERIIOVWTOKRERERRS S, E. halophila [231) 2 JtARRIK
ERAET, = haFF—FIciB 2 ERNRORRENT, 2F LYV TOKEFREME
OREOEHIC, = haFfr—EBEFED n—=7 %R %7, E. halophila B3k
= e AP —FOEEESIR T 2 BEIIIRE STV, LALRR L, =h
o A —BIIHE OBEICER/2< . S ORGFER b OFZ NI ETHD, €I T,
KR TIE, FORFEE» O TR SN EERSIEZ B LIZT T v — &R L.
Polymerase Chain Reaction(PCR)IEIZ LY = b/ —EBBEFEEIETLI LT/ r—
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=V T ETol, BBMO= e F—E8 T LT T v —REEMLZ B 31T LT,
KiZr a—=v 7 Llc BT OBERSZRE L, HREREEZITO 2L TERNETS
BETIERTE NS D DEHER Lz, BBRICRE LLEERSIRS IO I/ BES
FENTS 5 Z & C, E. halophila 3= tu /" —E ORIEEIT > 7,

= ba A r—E BT 2 BE TR nifH, D, K 226725, ETIEXLHIT, nifH 2
ONWT, BEDT T4 <=—xT, PCR IZXB 70—V T R{Tolc e 2 A, 2TED
PCRIFZBAZENTE, LL, PCREM1, PCREW2 &b, HERFIDR
o P—RBERBRIL, nifd CHEFEEOERWNE R EE LTHMLNS behl (N7 7V 4
sauaz74 VR VE 77—} Ta=y ML) [TDEHESN, £, ENENDT
3 BRI L AL EFEREANE R capsulatus H3k NifH, BehL & CTHEREITo7z &L 25,
& HIZ Behl & DMRIER LV BN ERENTZ, Ll PCREW1E 207 I /8
FRF B2 > TNz, PCREM 1 & NifH & D7 2 BROFREMEIL 27%., BchL & OFE[A
PEIX 34%. PCREEM 2 & NifH & DFERIMESS 28%. BehL & OFBFEMED 62% Toh o7z, LA
LG, PCREH LS 2 B NifH TIE2W Ll &7z, E7-, PCREEY 2 23 Bchl TH S
EEZLND,

Wiz= ha A F—EE S N7 B O NifD & NifK IZ%B Lz, NifD iZNifk kv %
MOFEH COMRMED R < | NifH O &SI L& VA7 B bHEshThRang
C A B4 7R L2 nifDF1 & nifDR1, nifDR2 2BV T nifD © 7 n—=2 7 %2R A7,
75 A4 <—nifDF1 & nifDR2 (K9 450bp) IZBWTEAIE T 5 KE S PCR EEMHHEIE
v (PCREEM3). BEBFIZRETHI LN TET,

BERYZREn U—RBLIERERIL, BAED 1 FETH D Azotobacter vinelandil
D nifD & 86% DIARINED & A FEIMBTFET D L5 b D Th o7z, PCR EW 3 DHEAFD
P27 I ) BRICER L, tOMEBERNID & U-RERE2R 5 1R T, ZOfRRIL,
SERITRIFE ST BIHDS TT% LIEFICEL, ST P—REOFERD nifD THHZ &
D35, PCREW 31T nifD THDH LHETE B, ZiUL, £ halophila k= hkrlJ—
PEAERY72=y b 1 2nifD OESER 2O Tru—=2 7 Licb D L izotz,

nifH. D K IFHERE SN TV BHITIETRT, 7/ ALIZH, D, KDJEICIEATa—

RENTWS, £Z T, nifD D7 va—= 7 FV =75 A <—nifDF1, nifDR2 & Z i
i nifD, K OBV AUDT 5 A <—, nifH, D TOT»FEH L ZADT T4 <
— L LTCTHWAZ L Thifl, D, KEITOZ o —=2 7 %8R-, PRIZBIT AT R
DT T A <=—IZiE nifH D7 o—=" 7 OFKIZAV- nifHFL, nifHF2, 7> F& 2 A4
DT 7 A <—IZi%, nifDR2 AV e, TOHER, PR EMA5HEDLZ LN TE, £OHE
HEERFERE LT,

PCR FEM) 4 DA 5 200~300 AR E LEF 2 FEr V—REBE LIERIE, 57
A% nifH, 37 AIAS nifD &720 . EHIZ nifDMDT I ) BeEZFI L PCR EMH 3 (nifD)
EERIT—H L2 0D, nifH & nifD MTHEIESh &R Lz, ZDOEBRERIC
LV, NifH O C KImEL % & ATEER TR 771bp & NifD O N FREEELE & A TEER W
7 600bp ZRETH T LR TE T,

WIZ nifD D7 v —=2 7 DBVt 2D 7T A <—nifDFl &K 4ITR LT
T3 A v =BT nifD K TOI n—= 7 &2 KT, ZORE, PCREW S 2B
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TEMNTE. FOEERFIERE Lz, TR Y—HELER, 57 23 nifd, 37 4
M nifk ThaBLRERENT, £72. 57 MO nifD 2BV Tid, PCR EM 412381T 5 nifD
R OMEEFF| L 100%—F L TW=DTnifD KD 7 m—=V ZITRREN LTz Z & 3RS
Shi, LLE2S. nifD A E & nifH O C RN 2SR WA, nifk O N RS
R EEr el AW DR ETRF R ET 2 2 LN TE 2, M4ITIT5EERDEDIZIRE
TX 7~ NifD OBEFIEFBEMEDE VY Azotobacter vinelandii ONifD & & HITR LT,
TNLDRERIIESK . A%IT. = el RETFHOSREALLICTITET
HD,

3— 3. EETEA RO

= b AP —PEREFERICESE PRIV = ha T ERREEREFFCEL
FDWEET% E halophila \ZHAATeLEN D D, E. halophila 1X, 77 XX FEE
P BETHE X ERBRARETH - 12720 E. halophila DB FHEMZ REFELT D
TemBbEME LT, ZODIT, KFEHE L EEE L. KBEDO YT A N& E. halophila
WCEEHAT D, SBICFTUARY UERFIA LT ER PYP BB 1527 €Y —AIZHEA
Ate, WD HEFTHEDT,

 E. halophila I3HERHREMARE Th 5 fod BH ORFIBRILTE 20, MR 7 AT
v Ny SN TEREELZITV., an=—%2E825 Z LTS L, £, BERET TE
545 E. halophila &, SHEE T CIIEE CERWKBHE & EY ZREs St T ot
BTDHILERL, —MRIC, HEEEEE, ERICR YA R EORET EREICEY
Hd o LT BBEETE LTV D, BEEIRIC 10% % 1 Y EIRITT 2 Z & T, 4%NaCl
FC. KBE & E. halophila DIERERICEI LTz, BI&HmE, RFETT7 2 I NIZEE
NAHUAEWETEEET % E. halophila D2 0 &Y — AZHAATe Z L 2R DTz, T
LEBAEREL, TR A 27V, Z7aibh7z=a—N, TrEVI Y ALY
RV, DTAVVRORT TIVY U ThHD, 787 A7 z=a— )V, B
halophila |5t U b BN R FUEWE Th - 723 KIGE ORI T 2 AT Z & 1
TERMPoTr, A RLUT Mo AT LT, 100 EOTE% R E. halophila %5
LI LE (™M 5), 7r—=r 7 OfER, A LT A U UTHEREFD E.
halophila D7 B —AIAPRAENTNDE Z L PR CTE, A PLVT hvA
L UTEE T COBFRKIERESEIT X Y iE E. halophila DY v 7 /van=—%zF5 T &
W& T2, 2 L 0, KEE & E. halophila D3:853812 X Y ERE(ET % E. halophila
WCHEAT S LNTAEETHY, A RLT hvA VUMERIBELTAZ LT, BRTE
BT LRI, T OFERVEISES 2L T, E. halophila DR FERIERZTE
MTAHIENTESEHFTE D,
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Table 1. The effect of nitrogen source for the cultivation and hydrogen generation
of E. halophila

Nitrogen Source  Turbiditys = Generation Rate Total amount Relative amount?
of generated H2  of generated Hz

(mI/W/L culture) (mV/L culture)

NH: 15mM 1.76 N. D. trace —

NH: 5mM 1.65 3.1 80 1

Glycine 15mM 0.62 N.D. trace —

Alanine 15mM 0.52 4 280 11.1
Valine 156mM 0.33 1.9 140 8.8
Leucine 156mM 0.38 1.1 125 6.8
Isoleucine 15mM 0.41 0.2 20 1.0
Methionine 15mM 0.34 N.D. trace -
Phenylalanine 15mM 0.58 4 240 8.5
Tryptophane 15mM - - - -
Serine 15mM 0.62 1.3 240 4.7
Threonine 15mM 0.35 10.0 47.5 2.8
Asparagine 15mM 1.04 - - -
Glutamine 15mM 0.82 — - -
Tyrosine 15mM 0.51 10.0 32.5 1.3
Cysteine 15mM 1.69 2.2 82.5 1.0
Lysine 16mM 0.38 1.8 127.5 6.9
Arginine 15mM 0.74 3.7 182.5 5.1
Histidine 15mM 0.52 0.9 92.5 3.7
Aspartate 15mM 1.02 9.6 560 11.3
Glutamate 15mM 0.36 1.7 145 8.3
N. D., not detemined. —, not observed.

a. Absorbance at 500nm, which indicates the cell density.
b. Relative value of total Ho/turbidity to the value obtained for NH4(5mM).
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Figure 1. Turbidity change and Hs generation rate change of E. halophila culture
including 5mM NHLCI (1), 15mM cystein (2) or 15m0M aspartic acid (3) as a nitrogen
source.
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o> 25F I I I [
= - ® - fresh medium replacement
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Figure 2. Hs generation rate change of E. halophila culture including 15mM aspartic
acid as a nitrogen source. Solid line shows Ha generation rate change of a culture in
which a half of the culture was replaced by the same volume of fresh medium at the
arrowed point. Broken line shows Ha generation rate change of a culture which
medium was not replaced.

Ni _niHFL _nifHF2 o
Anabena 1:MTDENIRQIAFYGKGGIGKSTTS L MGRRIMIVGCDPKADSTROMIH. TTVLH. GAVEDLE|LHEMMLGFRGVRCVE PEPGVYE 100
A.vinelandii 1:M-—A-M| AIYGKGGIGKSTUTDNILVI AEMGKKVMIVGCDPKADSTRUTIH INT IME GT EILEDVWLKNGYGGVKCVE§ q 97
Rcapsulatus 1 :M--GKLRUIAFYGKGGIGKSTTSONTLAALYEMGRKILIVGCDPKADSTRf|N DTVLH. GSVED LENEDWVK 1QYKGI KCTENGGPEPGYE 98
101 * KMPTH R KTDREJ 199
98 :/CAGRGV|ITAINF LEEEGAY,| v DVVCGGFAMP IRE TDRE 197
99 :|[CAGRGN|ITAINFLEENGAY] ) DVVCGGFAMP IRE AN A RKITDREL 197
200 : ENLAERLNTOMIHE VPRPNI /QHRA RRMIT E| SNREQEYRALAKK|-TIINNDKL!' IEMOf IEYJILDDDSKHAE IIGKPAEATK- 295
198: IALANKLETOMIHFVPRD RAE[L RRMIL E KRADEYRALARK(VVDNK-LL' IT)MD}| E IMEV-ED-ESIVGKTAEEV-- 290
198 :EALAR CKMIHEVPR| QHAE RRE[ Q CSDAQEYRELARK|THENS GKG' ITIME| IE DEGIMQSEEDREKQIAEMEAAMKA 295
NifD nifD F1

_>
A.vinelandii 1 {M}--TGMSREE|--VE--~SLIQ| EVYPEKARKDRNKHLAVND--PAVTQSKKC-I— ~BNKKSQFG LMTRGCAYAGSKG VVIWSPTKDMIHISHGP 85
Nostoc sp7120 1 :|M\--MTNATGE|--RNL-~ALIQEVILEVFPETARKER VSD-~PKMKS VGKC—-I-——=I-[SNRKSQPGVMTVRGCAYAGSKGVVIEFPTKDMAHISHGP 86
R.capsulatus 1 :{MAKDHAGGHE[DLERLVRDLI EAYPAKAQKK SVAGATSEDADASRHRVEMRHVKISNIKSVGVLTIIRGCAYAGSKGVVWEPIKDMVHISHGP 100
86 : VECGRE SRAGRRNYJY IGIr TEVNAFVTMNE[JSPFQEKDI VE GGDKKLAKLIDENVETf SECPIGLIGDDUES[|SKVKGAELSKTIVP 185
87 : AECGOY SRAERRNY| SEVPSFGTLNE(ISDFQERDI VFGGDKKLSKLIE] i IQSECPVGLIGDDISANANASSKALDKPVIP 186
101: V] SORRNY| TGVPSFVTMQF TP FQEKDIVF GGDKKLEK IDEINELER LS KGIT IQSECP DDIEAWS KKKNKE INKT IVRVRCEG] 200

nifD R1 nif
fD R2

186: NDRVRDWVLGKR-DED T~ STPRDVAI DYN DAWSERI EMGLRCVA(Q DGSISERELTPKYKLNLWHCYRSMI S 283

187: ILNNR-EGQ--F TTPIIGDYNIGG DAWAISRI % "'ﬁ TL ENTPF L HCYRSMNYIA 283

201: AVRDWIFEQPESEATKAFEPGPYDVNI[LGDYN pawplge I LLERTGLAVI- DATLAEMERAPKAKLNLIHCYRSMNYIC 298

nifK R3
NifK <

A.vinelandii 1:MSQQVDKIKASYP) DQDYKDMLAKKRDGEEEKYPQDKIDE] ITTKi E REALTVNP PICQP LGAVLCA[ EK]| [GSQGCVAYFR| 100
K.pseumoniae 1 :MSQTIDKINSCYP| QDEYQELFRN| Jou AHDAQRVQE| |TTA] A REALTVDP QPLG LCSI AN aﬁ SQGCVAYFR| 99
Nostoc sp7120 1 :MPQNPERTVDHVDILEKQPEY TE LEENKRKNFEGAHP PEEVE. SW REALTVNRAKGCOPUGIMFAALGERG ko 250 AYER] 100

nifK R2

101: SYENRHEREP KDEJLONC KA DM FIPDEF KHTP ~¥ q 200
100: TYFN x]: 2 N gﬂﬁw ASA 11 EVDSSI. GSH q 199
101 : THLSRHIYKERICS A TEGMONVS YQ KM SIPQDF! AHTPSH mrdyl 200
201 : FEFIARY FTLKSMDDKV G SNKFIINIVE YILENF RV IRRFLSEFGUGY SL EEVL| DREQF GFTQEEMKDAPNHLNTVLEUPWHLER] 300
200:FE FAKTFT-ADYQGQ—PGKLPLLV, gﬂgr LKRMMEQMAMPCSL SEVL| DEHYRMY|SGETQQEMKE AP DN IDTLLLOPWQLLK 297
201 : MKGI-LS-NLTEGKKKATS -NGKINF I HGEDITYM] L G pYTI SDYFDISENMEEY EMYIPGRTKLEDAAD ST vALOAYTTPK 297

nifik R1

301: TKKFVEGTWKHEVPKLNI| LDWTDE KFFSE ISQQHIPASOTKERGR LVDMMT[DJ H' 15' POFVMGLV. ‘; |V ICHNGNK 400

ZQB:SKKVVQEﬁNQPATEVAI L@TEQL%K%AD TLM!EH% @ug E‘VMGLT T S%ANK 397

298 : TREYIKTQWKQE TQVLR-| VKG| FILTAYSELTGKALPEELEIERGR LVDAT YRWI KKHAIY|GDPOLIIS ITSEE | V] [CNNGDD 396
Figure 3. Multiple alignment of nitorgenase protein, NifH, D, K, amino acid sequences.

Boxed region show conserved amino acids. Oligo nucleotid primers for PCR are designed by

use of the arrowed regions.
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1 OALTFEVLEVY PEAT INKHLAAVGAD— 49

SLICEVLEVY PEKARKORNKHLAVNDPA! I 50
GVMTORGCAYAGSKGVVWGP IKDMVIHI SHGPVGCGQLISRAGRRNYY| 99
51 PGIMTIRGCAYAGSKGVVWGPIKDM HISHGPVGCGOYSRAGRRNYY] 100

100: TINETSDEQERD IVE GGDHRLFR T DEVEMI FPINRG TV 149
101: NFTSDFOEKDIVEGG TDEVETLFPINKGISY 150

esis]|

150 :[0SECPMGLIGDDILSVIGROATERLHKPV IPVRCEHAFRGVSQSLGHAIAND] 199
151 :|0SECPGLIGDDIESVISKVK KTTVIPVRCEGFRGVSQSLGHHTAND| 200

200:T ROADGH-QAGPYDVA INMGDYN I GGOAWASRI LLEEMGL 248
201:A FDTTFASTPYDVATTIGDYNIGGDAWSSRILLEEMGLRAY] 250

249 JAOWSGDGTLAEMENTPRV [HCYRSMNY 1] KTHGIPWVEE 298
251 |AQWSGDGS I SETELTPKY] HCYRSMNY TS EKYGIPWME] 300
299: JSLRETAARFDETL VIAKY(Q E IAKYRPRLEGKK 348
301 :|GHTKTIESLRATAAKFDEST VIAKYK] AKYRPRLEGKR 350

349 VMLYVGGIRY RHVIGAYEDLGME\/R}GTGYEFAHDDDYDRTW 288
GDS

=1 =]

351 {VMLY|IGGLRERHVIGAYEDLGMEVVGTGYEFAHNDDYDRT

399:YD RETERVOPDLVAAGIKEKYVEQKMGLPFROMHSWDYSGPY 448
401 :[YDDVTG 409
449 : HGYDGFATFARDMDMTLNNPVWDRMTPPWKATGEPASKAA 488
410: 410

Figure 4. Amino acid sequences of NifD of E. halophila (upper) and A. vinelandii
(lower). NifD sequence of E.halophila is decided in this study. Boxed region shows
same amino acid between E. halophila and A. vinelandii.

Figure 5. Pouches showing single E. halophila colonies after mating with
streptomycine resistant E. coli S17/pKT210 (Ist row) and negative control,
streptomycine sensitive E. coli S17 (2nd row). Dilutions are 10! (1st column), 10-2

(2nd column) and 10-3 (3rd column).
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Hydrogen Generation by Halophilic Photosynthetic Bacterium and its Application

Mikio Kataoka, Yasushi Imamoto, Yoichi Yamazaki and Hironari Kamikubo
Graduate School of Materials Science, Nara Institute of Science and Technology

Summary

Ectothiorhodospira halophila is a salt-loving photosynthetic bacterium, which
lives under 2 - 4 M NaCl. We have been studying photoactive yellow protein, a
putative photoreceptor of negative phototaxis of this bacterium. During a culture of the
bacterium, we noticed that the bacterium produces hydrogen gas. In order to examine
the possibility of the application of hydrogen generation by this bacterium, we carried
out the quantitative analysis of hydrogen generation, DNA cloning of nitrogenase
genes which is a key enzyme for hydrogen generation and the development of the gene
handling system with this bacterium.

A trace amount of hydrogen was generated photosynthetically by E. halophila
with a standard culture medium containing 15mM NH4CI. It is known that hydrogen
generation by photosynthetic bacteria is mediated by nitrogenases, enzymes for
nitrogen fixation. NHj3 acts as an inhibitor of the enzymes. Thus, we examined the
effect of various kinds of amino acids as a substitutive nitrogen source for the culture.
When the concentration of NH,Cl was decreased to 5mM, the improvement of
hydrogen generation was observed, 80ml/L culture for 1 week. No cell growth was
observed with tryptophane, and no hydrogen generation was observed with glycine,
methionine, asparagin, glutamin. Among the amino acids tested, aspartate gives the
most effective hydrogen generation. Alanine, phenylalanine and arginine gave also
good results for hydrogen generation. Hydrogen generation was only observed at the
Jogarithmic growth phase. The total amount of generated hydrogen increased, when the
density of cells were controlled to keep the logarithmic growth phase.

It is known with various nitrogen-fixation bacteria that nitrogenase is composed
of NifH, NifK and NifD. First, two PCR products for the candidate of nifH were
obtained and DNA sequences were determined. Homology search indicated that these
two products were close to a gene for bacteriochlorophilide reductase, but not for nifH.
Although we designed and examined various kinds of primers, we could not succeed to
clone nifH gene. We could succeed to clone a part of nifD. Using the cloned region of
nifD, we also succeeded to clone the entire region of nifD, the 771bp of nifH including
the C-terminal region of NifH, the 5’ end of nifK and the connecting regions for nifH
and nifD, and nifD and nifK. We are now trying to clarify the entire sequence of nif
genes.

In order to consider the nitrogenase function with molecular level, we tried to
develop the genetic engineering system for E. halophila. First, a new method was
developed to obtain single E. halophila colonies without the need for an anaerobic
cabinet. Mating experiments of E.coli S17/pKT210 with E. halophila resulted in a
100-fold increase of streptomycine resistant E. halophila colonies compared to control
matings with E.coli S17. These results indicate that (i) plasmid transfer occurs between
E. coli and E. halophila (ii) appropriate plasmids replicate in the extremely halophilic
bacterium E. halopila and (iii) streptomycin is a suitable antibiotic. We will develop
the gene handling system for E. halophila based on these results.
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