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HE RIS LEGERZFEHE U BB 4 2 2 ERgeT 9T

BEBLUVEE

AEMFRIE, B18 2, 528 b RoXx) oF3—)VEMEEM LD
RSSO DEENL,E3E F I DOL D ITO BRLICHBIFZTIVE X b
D, 848 HEBRIGHLETF MO A o 2 A LENBMORE, D4ELD
D> TW3., T/, FE2BEFFHX 1 LT, FIEFIFRX2LLT, HLE
FERLI L LTHITENE, H2VWEFITFEEH 25 XIIEL TN 5S.

AR DBEEIUT OB TH 5.

WES DHEKERFRE DL S IC#E A, LAMEHIHES RV AN F—2 AT L2 iE
BT DIEHDBROBREL RS> TETWS. FED, HYCHEHRHMBEOR DEIED
BWHEEHMEEZRA L OB ZRENR L, KB 2V X —DERIAMAZK A S &,
eeZielt C&E . 210, £BMERMEIC hydroquinone-2-thiol Z BT L /= B % [t
BB ICRE T 5 2 LT, RIRICT ) — REBRPBET I L 2H
FERICRELEZ. UL LR, BELEAEREIFHLZOIDED DML,
HEBRFRERDURDPEIN TN, ZORKNEZELME UEER, RIGH 0K T2
BHETCEABEELET ST, REROES PIIFEETEL2HDLEZ, ROLD
REBREITOE.

S EMFEE L ICRE U 7= hydroquinone-2-thiol & Kt Ay & DB < A1) 2 5
LT, @Bl bicRpHnz2EERZHEE L DD, BELT S Lzildz. SEMIC
%% U 7= hydroquinone-2-thiol % P& {t L, ubiquinone B &R\ /= SHLZE AT
L& oT, BEEbENEZRBEHMIELDEINETTRDRERT ) — FAERE
DESNE. TOFRIL, RFDHDZED Qp-Efil & p-benzoquinone-2-thiol D THi
MAODTZ LIl L > TRISH UK FORRMEPEBERLEZZEZRLTNS. ZO7
J— REEEE, BFBICF P OLQERMTSZ LI >TSKE (F—2F4—
IN—#C 2,500) LA EF T EMIZE NI

CODEHITULT, MEARERBMIIEBYETCEL0nEd, BMZEHTLE D —



DB ) CHERTRE[MELDLHD. ThbbH, ABHTHLZ PO H
EniEEH S —H OIS AEBEDEMTHZ L, X7/ — FDEFHEART
HDBF IO L DPAHRNICEBRINTELZ L, FOERHDEHZ. 2o DEMHIC
5 HDE LT, 1 MHNO; RO ORENEEHITREDBI/KEZ Z 8 72 indium tin
oxide (ITOYEBMZBFE L. COBMETTF IO L o & CIFHERHK) 1 EFBRILE
TG ERL, ZOBLETEMEIZNZN+310mV, -15mV vs. NHE & 2o/, £
72, F M7 0L DBRLIETIEBROBKEZDLITDPICED B L THETEDL LD
WZigozidheEd, Fr70LCOZNEENBKIEDEMERTDOABHLZARETH
o7z,

HEBMEE L ORMERDOEDOPEET S I PR EZDT, B D20EM, T
bbb, NEBKIGHINZE EE L p-benzoquinone-2-thiol IEAT G EM & F1H % K
LALIE L 7= ITO B ZF M7 O A IBHICHEATHZ Lic L b, AW =Eithz &
RANETH BRI UCRBRT 2 2 L O SR RIGH O E B EEI IR I
IR TCZDEMERIZY 7 ML, ZOETBHELCEIKRE L. £k, HEBOERK
JEEBIRIEL 40 nA, BABEEREIEL SmV &ro k.

BHRATHONAEMRE TR BICERET S I LIRS, EYOETF
BE)OBEEZ M L - 6E M2 SUET 2 ENERAZ LI, $BIVPEOR N
ERBEEORSE, WHEBEOWEFILL ) ERI~DEFREINLbDLHFTES,
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B 1B FITES > B —RAWMSY 2 v 7, A DBPBRAEDOETTKEZ R T 54
AEBRERTHZZ L Z2RZBICHZ T NE. P kis, BRXHZEE, S X
Z TV B AMIEIE VBRI TG T 2 EMICH B L, HHBLRVWETSH, SHOD
LT RNF—FE UTREFHT2DOTERL, FMPe UTEMSRAADPK S
NBERETHAD. COLIRBEBIH>T, TRXAINVF—FFEEL LTOAHMICRDS
HDE LT, KEDWAZBTZ LD T Rok. KRIIKOETHIR LICKREIZEE
LTHED, ShEMLPOFETHEARE UTERIHLENE, SBROZ RV F—EF
L UTORBERHTHIMAETI VA IV TE, TRV —HEIE LS Rl
EWMEL, ULPIVNANARIANFT—IEE~NDERDPELTHDLENVI AP, X
MRDOZRXNVF—FHE LTHFHFINTWS., LELREL, EOXIRAHEERDIC
L AKZRDOBLEBRIIRAKTH D, HEICEZBEOENZLELTS.

COEZBRDIRXNVF—FREZHESIIDL LT, KBTIV F—DRHABPHEZHI N
5L oTALN. KBOEODZRANF—TERRZIDT, K LOH SO B4
EEHERBE AN T —OREZZIT TR L>TNWE. ZOZR)NVF—a=IEHERK,
ik b, HEINVERSFRRCEIDEEINZ2TNE D, HRD X S iapigi iy
WHO>TEREPICEST, FED 1ERICEATLILEZRIVF—ED 300 ZEI2d D
5. COLIRERGZBOIRINF—, BICINEITHHSINLZ LBV abh o7
KENERHT2HRELEDEODPREINTEE. P ZOFTH, HEiMCRED
EHAREMEOE WD ODY ) 2 EOLERERHT S, b5 KGEMTH %1,
BLETIR NOEE, BEINOEHNEDOHTHDIH D, LahTWd. ZOHHER
W 2iH e LT, BRMRERIREEM O6AIV /328t & 7 Gratzel Cell £FFHENT
W3) IZfT BIE D Gratzel 512 L2 RMRIME VLD D Th, ErsRIH
TW5 9, FBLOHSEDPH D, REEALICEERN.

—J, HZHARCHITTHAD &, MYILKBEE2IEF CHMICRIA LT RERAL
EREWVDNBWBELEZHERELIT>TWS. YOS ONANEEIDRH Y]
HADERCld, 7 00 7 4 VD KBO K Z R L THTOORK DET 2 monTIET,



WhBHMEEBRET L U TUIIL 100 %O EHSETHEEL TS, LED>T, &
orun74NHcNEI7nn7 4 )VESTHIEANNEETCHH /70077 X M EE
BEM BTN, AEEESRIGEEREAICLVELLALTZETTHS.
L URHBS, TNEDRFHD2WHNEERFERICARET, HELREHIERER
B, LED>T, IS DPDHFETREMINRNVED RAHICIELM LFRW.
HEFMEONERBETH A7/ O N 74 7E IO TSR MR THEED
HBThb, ZONFEETHEHEED ARELRNRIMICS R TS. Y Fi,
NS DEEREMNE, BAFI M v 7 RCEET S, FEREREICENT S, SO
BIZk D, EEORGEBEZIEMT I EMBHRS. LENST, 7075 M
R2Tr O~ N7+ 7EEHIEMITBHTE, EERESEZAEERET L TEICKE
ULTCOHOPOREEXIIMHINDZETTHD. ZDLIICEZT, FEELEAM
& Rhodospirillum rubrum D7 O N7 A P EEHREAFELUTCHEHRAT2Z 2L, 70
P77 AT EEMEDOETHITIGE U EFORZDWEED &S P DN TR TIRET
L=, &7

70~ b7 7RERPICHEALEEEERE EEMNSME PSRN T2, AY
— RAERDPBHITNZ. L L, COB@ET ./ — FBFTIIREHISE ERE
Rhrolz. AV — RIEEBRIEA X MVIE 600, 800, 875 nm IZHAEZTRL, 71O
M7 A VREROEINA T Ve XL —B L. BlllxhEhY — FAEREL
SREBALICHAE L, -500 mV vs. NHE & T % OfMEIZEM U, F/z, HBEFHMER
TODMAREZRLE. INSOFERPS, BEER ETEElTNEZRY — FABRIE
70 b7 7ORMBIGERLTEL, EBPLS707 N7+ 7 ADOETBEIL
ubiquinone 10 &, %43, KJIGHUN bacteriochlorophyll Z/ L TiIThh T35 & D L T8
L. 727X b7 470XV —-FAERIT, BEH®KE DI
1-methoxy-5-methylphenazinium methyl sulfate Z¥RIIT % & RS MU, LR
ERMEIEAS YR, BB, 70< 7+ 7EE, BSINRASEEIRE L T4t
Lz, LU, NEREAAAT MVOBRKEREEMIOGELRIUTH . =
NS OFERD S, MU= 1-methoxy-5-methylphenazinium methyl sulfate {Z B/ & 7 O
RMT7ATEHOEBEBFAT A L—F =L UTHEEL TWS &l L 7=,



ZDEH R Ov b7 7 ONEBESUCFRIZETOMETIE, B, 7DD77X%@
%na@ﬂm,“ﬁiwmmﬁﬁ%%ﬁﬁ(miéﬁ)«@Eﬁﬁ%,?/—F%%
ROBEZEZREL LD TH oD, EBERETEY ) — FMABRIZEN TS,
o, CORRELT, EBEMIPS 70X M7 37 OHEFHEDLN, 7/ —F
ABTICBNTEZ, ARICELTWRZIEHELILONE. 22T, UEFBHER,
CHET n BEERTHAMAXEBZHEHLT, 7/ —FoEBTFToOrno~v b7
7 DHETACFH G &Mt Lz, ©)

rnow b7 & 7IRBREBHRICBE A REREFALT, 7/ — RO MOERH LT

— REEBRIEN S NP>, SORREZ7OY M7+ 7HEMOFEHATIEET
HEEAEDENEICH D LI L, BBEPC 72V ECBERMURE 2 2Dk
MET7 ) —RFRAERIPBELE. CO7 /) —FAEREIRICHWY
1-methoxy-5-methylphenazinium methyl sulfate 21T 2 LEMI N, DL SEH
INET ) — REBROREMRBIZONWT, HERIEFAANRY MU, KEROEBHE
RARTENE, PV VBRIERICEE L7 0~ b7+ 72T 2 6EHRBER & D
ERICEDSEEREZMZ, A7/ —RFERE 7O b7+ 7HTHBEL =
bacteriochlorophyll 7» 5 DEF WA XEMICEITT A LICXIDEL, 7XaNE
VIEBIC & D YEER{b X 7= bacteriochlorophyll DEETEND I TR T2 & FHEL
7.

ZHLT, 709 b7 3 7EERFTRICAXERZHEHA TS 2ICLb Y/ —F
NEHRE, HEBHRZHEHTAZ LI DAYV - FAEREZREZ D EPHIRE
DT, ZO2HMDOEMIC L D EREMELE. O UL, XEENL 6O mV, &
FEIEBIRIE 500 nA & H/ME L, AFmE LTORHRNES 30 aBELHWHD
THol. TORERE LT, 707 M7+ 7 2ELEREYEOYEREPRETD
528, BXU, #EE0BHICEIh 7O N7 a7 OEFLEEEDNZELIETT
52k, BEZLNEDT, Rhodospirillum rubrum DHEREREEBRRT L UTHERAT
3z ERA. D

Rhodospirillum rubrum O ERGBETICBEA X EMEZHA L, EEAIHETIZ
WEBE T2 L, 7 — RAEBRIBECTE, D7/ — RHERIE methylviologen D



WINTHIESND Z BT TCIAZD /N —TIC L h#EShTnE. P 22T,

L O RERIBIBE ZRTHELZMK TR, methylviologen FHBEAZRHIZHIMUL T
HERDBIBDOEE ZME L. LD L, methylviologen LI DBIEE % 75 3 303K1%
R# 7= 57, 1,1-ethylene-2,2’-bipyridinium dibromide DRI T EEBFE X IZ D L
2. IO DHFEIBEDEZZHN, BMEFEKLEDEDEFAT 1 =—F—L L
THEET 2L IO DERBRZBUTHL PR oD, AIRITIT o zaE Bk
kB ING DEIEDOEKIZ K 2 J6RTTEEOREIE T, BFEDTBEFIRICHE &
TENBEWIFERIEFEON. COFBELUERBRE, VA7V IHRNE LAY
— I K BABEEHEATOINS DAFREDZEZDHEDN S, AFEDFEFEBEEDENIZ
LBHDEHW L=, 7/ — RABWRIE, £, HEZEBA TCHEELRDLTD
BHHET2ZLDARETH D, AN EHAGDLE OMEMEZHER TS WM SR
B b, ZOMEMERNS VDT,

HBRODLEZA, EOXIRNEMEHKT HICEL, WEREORHE»LKRER
BHZMGERIICHES 2 LIFEBAASI 2B RVRRE R, £, BP0/ Dv
N7 a7 EFEHLEEERBIETRIGHN bacteriochlorophyll DESS DL & KRHR
DEFEENTWE., IN6DZ b, HEMRIEHLEERZER L JeERRE
E, BRY, WHEMZEORES LW SHKPOEND R, KENGHIXDEETDH 2
KA BB LDEMADEELOWET, LWnofflciE L, &7, FACxH
B, RIGHLREBRICASEEEZHAL, ABRAER2T o=, WD

COEMIE, EBUMETHREN TS, 707 770G EKICAY—F
HEFRERE L. EEREIZHMEN-500 mV vs. NHE & TEALICEE L THEML
= HERMEE, Tz, RIGHOEE, BHRNEEEICKRELEZ. Ihb OKERRD
O S, 207 b7 a7 RSN ZHEEDONEROAO—DIE, F1EM D K&k
VSRR LTV Z LD E o7z, HEREHA X ~Z MVIZE 600, 800, 850
nm IZEADH D, ZNIERIGHN bacteriochlorophyll DIRISAE K IZ—E L=, L=hs
2T, RISHFLIZXZ2AY —RIEERE, LBAEICEDELEREAF L
bacteriochlorophyll A F 4 U ABBRL D ETHEAINE I LICIDELZ P,

BUSHNZ & B H1 — FOGERIE, B, I 1-methoxy-5-methylphenazinium methyl



sulfate ZRMT B L hBIEINE. COREDOREIMFTTH, Ele
bacteriochlorophyll i F 74 > L DEDBEBFAT 4 T—F—L LTHEEL TNWB D L H]
WLz,

W, FA-NVEERETHELZ DG OREMEBEICHEEICRE L, FER
BRKGSZRETZ2ZEDHELPIEINTEE. fIZE, EREYVOF 70 L ¢
B E D& E B TIERLET RIS Z T WERWDE, FA—IVEEHNVEFIIVE
2ET 50D 5 EEEM LAY E EMEE BT 2 &, ARKEBETRIGDE
BTEB LIRS, 9 Zhid, ThSDLEYHERMRHICT A —IVEEN LT
BEICHEAL, F N 0LADEBADOAAHHREZEET DL, 5 —DDERE
HETHBANVERFIVNELEF NI OLDANLZ UNZAFEIED Y D U 5EE L OB
HEEBIZELZF N7 0L TFORAENERTSEI L, KL DEanNTWS. —
B, 70X b7 7OBELEE, KIGHFLEFEHA LTS HEEM ETEIEEIZ/hE
w7 —RNEBRUDPERTERPE. 2T, F M7 0L5TOBE LRI,
FKAWEDFLOMEEMAZMNA L TRIEHLZBBICEELT 2B HHREFICANT,
hydroquinone-2-thiol % R ICIEAR L= B ZHH U TRISHINZ K 2 B RDFEL
EE Lz,

I i AR I hydroquinone-2-thiol % FRENICEAN LU = &EMEIA L, EEL
BT REE T2 &, 7OV RRICBEEICHENS 7/ — FAEERDP UMD kR 7 ) —
RABHRICE R > BN, BLOERDPS, /OVRRD T/ — FIEERIZEMR
KEIZHELET 5 hydroquinone 53T & O & O EMEAIC L b EM EICEE LT N
FOSHDRFIZ L D, AFe) e 2 WIEIEEic &L b EAEREICREE U RIS OIZ XD
FELTWAHDLFEULE. ¥, RRICTRAANVEVBRZRNTHZ LT, 7OV
ZARDNEBRITEFER 2 HBRACELL, ZORSIHHNI[ERok.

ZDEII, EEEICEELINERIEFMIES EEZO5NET ) — FEERD
BUTELRD, ZONBROFBEEHMEOMIE, RILHODRREZE ELSM D%
SEEHRNE LT, BADOERRZEELUZ. KEMHXTIE, ZOMETOFMIZDONT
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NO, ® SO, IZ L 2 R&TEY:, BLU CO, DREBHMHD K S BRI BRBERMEZEE
T, AR OMIZEIRS Wi NIER S RN, KESET MO eEm%
FALUERBZ RV F—EROBEES TEHLIERWINhE S, REKT 2T
FINVF—FBBITINZ B E0ICH KGRIV F—FHEMNOBEBPERE LTHETH
3. HEROVIERIEIABT AN F -2 R NENIMET RN T —CEHRT 5 7=
O, TONEGHBEREEZRERTNE, TIcLde, KBD RNV F—ZHEoREg L
UTHEWR 2D H 2. D COmERRLTE DMK 2k h, KBTIl
F—EHRTOY 7 P ULTOHRCEEEL T, AR OMEMEN & 5w
DT, MIEMEREYIES 2 HEMICHEE TE B AREEIREI N,
EDITIN—T7TH, NEHMSUGHWVEREKICRE LU A2 Bl A ES(L N ZEE)
EFRLTCEE. Y ZORKR, EEMOMFHBHRTLZ2ICLb, AV —REER
EERTIBIIHEEZTNAED, 7 — RABRIIBEME TN TS ZEH LS
FEDORESITULDPEEINRD o=, LESBLSRICR>T, IMERXEWIC,
hydroquinone-2-thiol ZEBMERMICEAIT 52 LIcL>T, RinHWEERTT7 ./
— RESERBERT LI EIHIILE. Y L L, BElEhE7) — REERITINE
LELDIEBPITNI NS DE o, FISHLEARD x i BHEEAT 25 5
ROSH DR FIZIEEAEIKETH b, FERRERIEL 6 nm TH D Z EDH->TNW 3.
L7B>T, d UEBANDOEFGEMD, TDLDBRRKESREKEOHR FO—FBIZH
LERETHE, ZOMERFEDOHIZT /) — RABROKRSIHBFRID H/Hh&L
72> THPAEBE TR . BE, bacteriochlorophyll, bacteriopheophytin, ubiquinone 10
T & DETFREMNS OMRESANIL, RIGH DR FICHBEICHE LTV, Fhit, &
W& SGFbRF DRIDBEF O EZER T 2RI, ENODABLNS HDHEE
2> T 3. 2DL3IZ7 /) — RHBED/NES DI, Fig. 2-1(@)IZFlmRd 2 L 512,
Rt FORER G L o T, KIEHFLD S BEADBFEEDEIIZ EFT

il



LRWEDEEZLNS. 2T, 7/ — FABEBREZRE LTI, RISHF LK T
%, Fig. 2-10)KRT LD IC, EEREICOFLIVTERIES I LHERINS.
Langmuir-Blodgett SLEFH%° avidin-biotin QI A ZFIH U=EEHED, KIGHIO
DHEEZED =DIZEAALNE. 0 L, Zho ORI, BFEDERFOM
BILOEHEE L2720 avidin OFHIC X2 EHERETBHOMEICLD, BN
FEEVWERE R, RIGHLRTFORPOBKREFSERL LTHSNTNS
ubiquinone B i, HHEBEE Z XA EEEAI CTRIBHFLENETEZLICL>T, X
BEAIHER O EERZVIHET NS TN ED, BRICR TP LT HI EHT
5. Y M2 T, ZORMEEN=EFEEEE, ubiquinone & R\ KIS
A D ubiquinone 10 F /=MD A L)% quinone FZ BT I LICL>TH B
EFCREIVZZEHTEE. REL, RIGHLRTFDIED Qp-HifiL & BEMIRE D
hydroquinone-2-thiol & DR DFEEHFI ST K o T, ubiquinone B ZHIH L /= IS0 %,
KEEMShESEM EICEELL, BAMTTY /) — NEEREBIET 2 DT
DT, TIWIHRETS.

2.2 EBRAE
HAHIEE Rhodospirillum rubrum DB F J 4 RRIE¥ (G-9) ZARMZEZBUT
FoLFALE. UECRARONE 2E3510, ZOMEEY VT RF VS 7O
DF, 30 °C T 3 HEMKWICEE L. MENICELET 20a0EE (Fax b7
7)) i, REHTICHEEIN ML SETHLE, = 5ITELMEIC X > THR
L7z, 19 RIS E SR, Vadeboncoeur 5IZ X 258 WE DI MICHE L= A%

{11

IZ & T, N,N-dimethyldodecylamine N-oxide (LDAO)YZ FIWTHE L. 25 U THE
U= &b fovix, 0025 % LDAO % & & 01 M (M = mol/dm® )

tris(hydroxymethyl)methanamine (Tris)fEEK (pH 7.5)IC &AEHIIIRE L, 4 °C OBERT 12
FRELERI, 280 nm XK 5 802 nm DIRFEELED 130 TH b, Bl

it

RELE. 2O
BAERLTWE. ZOMEIT SDS-PAGE OFERIC L b BRI NE. FhicL b &,

L, M-, BLUH-Y 722y MIREINS N RUAZIEBIIA S L5 3 Rk
Rohiiroiz. 58I OFABMZ native RC LIRS, UGHUWEEROBEEL,



4 bacteriochlorophyll DRI T3 B 802 nm B ZWHERE (Ase ; Asee = 1 1
bacteriochlorophyll @ 3.47 uM IZAH24 9% '») T#7. ubiquinone B ZHiH L /= Kt
LD ZED Qp-EBRL & 42T _I D hydroquinone-2-thiol D FEEHAI N ZBAZ B 2 =D,
ubiquinone B %, Gimenez-Gallego 5D /LY DT HICWE L= /FET, native RC
DPOWMELE. SDOLSICLTHES N ubiquinone B 2 Uz KBHLD £z, [H
CHEEIRICRE L7, 2% Q-depleted RC & IESS. s ALK F A D ubiquinone 10
DEEIEHPLCIZ X oA’C EFBUE. ZTOFRE, 1.85 - 1.89 2@ ubiquinone 10 (T 74z
HbH, 145FD ubiquinone A ZIZIE 1 59+ D ubiquinone B) S native RC ¥ FIZEET
32 DS PIZR o=, — 75, Q-depleted RC ¥ FH1IZ 1L 1.14 - 1.17 43F D ubiquinone
10(3 &b B ,1 5T ubiquinone A &l U E 72D - /= ubiquinone B) EAE L /=
o DER, RIETH 15 %D native RC i 155 Q-depleted RC R BHITEK > T 3
CLEEHRLTWS. 7=, £10 %D Q-depleted RC ¥ F 15, native RCDRMPIZH &
HEHFLELTNDHEIRERL TS,

hydroquinone-2-thiol I& 3R 'ICHE > TEBR L7z, B (FEHE 1X3 cm®) DIEAT
(&, 10mM DA% J—)VIEHKIZ 10 2R T Z £IZ K > T thiol BEEEFRE T ¥, it
W, RERID AL ) —IVTHED T &I & > THT o /2. AT S L7z hydroquinone-2-thiol
DRLIBCEALIE, Tris FBEVE (pH 7.5)H T, R#EKRBEBIZHL+220 mV TH B &
HEI N/, hydroquinone-2-thiol I, %@ HER{LED =z, SEMIERME LICEL
MEBTRBEOEBEGME LTRESNTWAREEZONE. LED-ST, DLULERDS
(& hydroquinone-2-thiol TEfMiZI N =&EMZ , BlizhiEZx/ L 2RECBRILERE
IBICY B 7281, Tris SEEIH (pH 7.5)F THIKREMEREL400 £ /213+50 mV T P
BRELE. Z0®, RIGFLBEHE (A = 1) KRETZ2ZLICLST
hydroquinone-2-thiol {EAi &M I native RC ¥ /=& Q-depleted RC Z[EE/L L, Bl &kt
X, o<l bk, REDEEBRTHE L.

HEER 0.4 mm ONEFRMEAEMFE DL, ISTODSEEES W=BR, &
SR, BV AgAgCl ZIMBE b HkTn\W3. B, TOMEITHLETWBEN
O&TiE, FHE, FEHEKEEM (NHE) N T 2MEICHIELE. EBAEMRICE,
LI EBITERREF A&y M HAS01 ZHV, £UEERITEE®RE S

10



RW-21TIZ X D ek L7z, JEERIL, 25°C D Tris SEMEE A, BEATICB W TEERDEM
THMEIT oIS, X T LI LICLoTHAELE. HIFEE LT, 60WE VI
FUoUTERN, BMOEEEROR DI, BF, EX 2cm DKT7 4 )V —%
AR . KBRIEAAARZ MVERIET 5720121, 500 W ¥t/ > 7—74]
(Wacom B! MX-500) #¥J|EE LT, A bAT7 7 4J)VF— (UV-39 /=& VR-69)

FHE LRI FO 62 (JASCO # CT-25N) CHHAGHLETHEALE. AEBRE
XA E 30 AT IVITNT ) 7B I K> THRDERWE.

2.3 MWHRLEE
it EEEM LU ZEEBEFEA L THE SN - B RER. KEHHZ, Fg

22D c & dIZmRT. BEOEDICREHVERKRICRELZEEMTEONEZa L b
ohig Y HITRT. b, ABNEROBROMMEZ, BENAEROMEL LT,
% LT Fig. 2-2 DEARIZRLEBVWEDHS%Z 7/ — MABROER =L LT
=, B L DI, Y JEBIT/NE kR 7/ — RAEBRDS, BT, native
RC BBWICE L LB O&EM FCEEa N (IR ). —77, RSHOERER
i1 {Z#21& L /= hydroquinone-2-thiol {EATEAR T, JEIRDA > F 7T U TV ZIRD
7= RBILUOAY = RABRBZD/NSRT7 /) — RABRO LCE>THEI N

(Hh# b). H3fr, Hirata & Miyake'® I, 220D Qp-#{i & quinonyl ZED I < EH D
$ M 5112 & o T Rhodopseudomonas viridis D 5 %5 8 U 7= Q -depleted RC 7
quinonylphospholipid,
N-[12-(3-chloro-1,4-naphthoquinon-2-ylamino)dodecyl]dipalmitoyl-L-a-phosphatidylethanola
mine, @ Langmuir-Blodgett 7 4 )W ANFEE T HEZHRE L. 2OHFT, KIGHID
bacteriochlorophyll 7* 5 menaquinone (Qa) Z#ET quinonyl EANDNHHEEFHEE Z £
LAZENRBENE. MR TRORZEOHRSE VT, BENRAEROIER, KIS
HtkE - & BRIZIERT & 4177 hydroquinone 53 F DB QI I11Z K > TEBEE G
HLRFRIRESINDZLICE>TELTWA LI ICEZLNEEDNS, native DD
W& Q-depleted RC SR hydroquinone-2-thiol {EATEEM EIRET 2 &I Lo T
RistizBEEb L -BlEERLE. ChbDBMEHHATAILICL>T, BE
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K727 ) — RBEIHY — RABRDIVERD RIS U THOFRE Uz (Hiftc & d).
Q-depleted RCIZL > THRELEINS DIV RFZETHE L (i d) DloxL
<, native RC 12 & 3 BRI K BHIE , B d & LE~CIRMIC® 5 < D 238 L= (i
#c). Q-depleted RCIZ L B BIEM 27/ — RAEBRIL, KSR OWVEERT TEES N
FHDEDE 1.6 EREL ko, —HORIGHORTIL, SIS U TRIGHD
bacteriochlorophyll * 5 /=72 1 (DT % ubiquinone BABEH T2 Z & HE 3. 1) 2
LT, fE8R Y UTH U =BER bacteriochlorophyll 55, & 5 —E B EFHH 21T
O, ZORBOEICEHTEITINRITNIERS R\, SHEEBR LD >4
ZII5 U8R R 7 ) — RB LAY — RAEBROFLE L0 5 MR R ESEX, &
JEHDKRLTF D= o = —E DR EBESEE L DPIT ARV E VWS BICERALTWS EEBbh 3.
MZ T, MEWHCTHEEINE LD RS RBER R 7 ) — RAEBRDHEETTICRE
S>TWTC (Hi#E ¢ & d), native RCIZ X B FNIE, Q-depleted RCIZLZBHDED HK
Eh o=, KbHLZEEML L WY hydroquinone-2-thiol {84 B % [ U /MESE
HFOd ETHREBH T2 L, KEBHROBERFIFEIS/ NI oZThE D, HERZRIEER
DRERELE (F—FER L TWRW). pbenzoquinonethiol ( B 1t B
hydroquinone-2-thiol) DX & ./ — )LiEklL, 435 nm WZIRIAE K%, £ 580 nm (2RI
%R LJ=. &5, hydroquinone-2-thiol IERFEIEIZ & 2 B, R65HY M4 77
AT —ZHERITHATHZEIC L > THESI NG ko, #>T, TONERHK
SHBEOFMIIHEETREL TR RVWTNE S, FEAYEHLTINFEEDN
IR HER (R AEERO ) OFEE, B LD p-benzoquinonethiol 12 & -
TELEHBDEEZONS. 2L T, ZODH DL, &M LD hydroquinone-2-thiol 5>+
EDOFMIT X DDTIRERL, HRBETYWHANICEE LT\ 5 RIGH R T D Rl#R 4z
Sl L DBEZLICEDICBVEFREBERIER LTS L5 CEbh 3.
BRI N RISHLDEE, Fig 2-3@IRT LD, #6020 F TiRERR 8
MEHITHR U, HBHEIHEN, RIGFLO—RFH 5 EMII—EFZIBHT 2
CRELT, BERNZNEBEROEBESREDS Q-depleted RC DEFELEZ HfEd 5 &,
BAMEYL LT 21X10" fll/em® & WS EHFFB LN, COBMEEREIRSESNEDdD

L 4 fEREDPoE. 9 SEMICFE U7 hydroquinone-2-thiol D&%, 5.2%107%
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mol/em® T 5 & LB FAEIZIRE L. P 2 O#EIZ, hydroquinone-2-thiol 23 F D 5
AEED 032 mm* THEBEREKL TV, MEICHEIhEE Y LB LTH
oo Eiz, RIGHRTO AR, FEEICLT48im? LEHEEI NS0, —[HD
Bt Ak, W X = hydroquinone-2-thiol 150 2 F D FICHEELEINT WS Z
LiZis. CORER, RIGHOKFIRREREINEZE LTERLEEL DR 2 5
RED 2. X 51Z,0Q-depleted RCIZ K 577/ — RHERBFITH T 5 EBELEIL, Fig. 2-3(a)
WRENB LD native RCIZEDHDE DM 12FREL Ao/, COMRIIRDOZ
DOEHDDI LEOWTHRIIL LI LZFRRLTNWS. E—I&, Q-depleted RC Ki-FDHEL
HE D, EM_ED hydroquinone-2-thiol 23 & ZEIZ72 > T 5 KB HLRLFH D Qp-Hf
i DFEMAZ L > T, native RC IO HEL<R>TW5B., FE, BEELINE
Q-depleted RC Ki T DED, )it F & hydroquinone-2-thiol 43-FDE DA F1 D [A]
FDEDHITERLUE.

LTl LS5, Q-depleted RC IZ L ZBER R 7/ — FHERIE, SHICHEL
7= (Fig. 2-2(d)). ZNIZX LT, native RCICL B2HEBRIFL DO D EFWEL TN
(Fig. 2-2(c)). MZ T, HBHIZHE L T—2OEH MK FE, ZE—DDET2E
MAERZEDHES. D LEDST, 7OV RONERORE, EMICEMAREZE
e N0 D 5 BBADBENEFHENT X DA UDITH LT, native RC Z{f
AULELESEEINEZEROEBVHEIL, BMLETORFORERD X S 2B M
ZRICHISHNWTETRIDELTWE DR ERBbN5. FhEld, JEREICHE L
J= VI L AEMIENRR (Fig. 2-2 DIARKIZR) ~OE#E THENEZTEID S, ES
=% FHI LU /=D T, native RC TEHEIND L5 REBWENZLE D HIGEITHT 5 ES
B2, PEACEE LN TDPLDO0 > D E LEEBETREOFSHZZATNS
CEEEWRLTWS. o7, RIGH LR FORMEZ EMICFHE 4 5 2012,
Q-depleted RC & native RC IZ X 2 @ER R ER % LT 5 fz@b% % . Fig. 2-3(b)iC
&, BERELE (BRaofbhIZ) BERNY ) — REBEREDBERZEZRLTNS.
Q-depleted RC IZ & 2 BEREEIMOMEIER 40 0 F TRERBOEME £ H WML
7z. L? L, native RCIZ X 2BEHEEIRIE, RERBO I < SAIORZITEML,
ZOBIIFF—FIHE N, X512, Q-depleted RC 12 L B @EER 7 ) — R BRI
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native RCIZL B2 DD 22 R E 2>z, #ETHE, INoDHERIE, KIGH
R DE B DHIARMEIC BN T X L H, Q-depleted RC Tld, KISHULWRLTF7» 5 &
WADENETRE 2 WEEIC T 5 LD ICEE(L S = Kb H R F OB L T W
52EMLTWA. T7abb, INSORRIE, EEbIhERIGHOLOHSED
e L HTe LA Q-depleted RC K FDEMENSE L ZZ L ZRLTNWS.

H L, HARRDOFIHAEFE D B Uit F1i0 bacteriochlorophyll — &4k (W 3 Special
Pair 3 B\ PST0) 705 B N B BT DIERICHE < BT 372 5, HEHIE
AR P VIEEIGHOVREBR DRI A AT bV e —ET2E9TH5S. FEEICTHN
e (1-10)m®s) OFCHEE LZXEREAI T MUIE, RIS 0RER DK
IWA~T MVEDPRD L —EL,600(/h S WHEEFRE),800(F b KE VW HEFIE),
BLU80mm (KEWHERME) THKEPENE (Fig 24). ThbsDOHERIE, &
BIFRIND LD, HEHIE U TCEER 7 ) — FAERZRES R 21201,
P870 7* 5 bacteriochlorophyll E ./ ¥ —, bacteriopheophytin, 3 & ¥ ubiquinone A % #& T
) 1% U 7= p-benzoquinonethiol iIZEFHBH L TNBZ I LZRLTNS.

Fig. 2-5()ICi, EMEN L BERDEERME & DOBRZR L TWS. HERIE, +200
mV 2 5+450 mV £ COBAMRIC L > TR O Nz BEFROKRS XL, BAIH+300 mV
TR, £DOEEMA Uz, Fig. 2-5@)IC L TR IGH DK TR TOEF DR
NZRT. P870 DERLETENMIL, +450 mV TH B LRESINTWVWD. Q0 LiEd-
TLBERDEERD+500 mV L D BB T UAERIShRb o= 20D BRI, P870
DEMTEEEFRIEINTVEILITERLTWS. 51T, BRICEEL TN
hydroquinone-2-thiol DIE{LIRTTERIIL, pH 7.5 T+220mV THo/=. LED->T, B
EFEERIZA1S0mV LD BREHTERE LRNWI LIZhD. ZOEETIE, &S
LT\ % hydroquinone-2-thiol IXBARTIT & A EE LI N, RIGHLHFPLDET%
RO ZITMB P TERVWPLTH S.

EERCERMEILFE 2, WD pH ITHTE L, HMERHED pH THAZR L (Fig.
2-6(a)). Rhodobacter sphaeroides D 5 }EH U 7= KGH LD H D ubiquinone A 75 B~
DETFHEHEE (kap) &, pHS & 8 DRI TCIEABERNIZ pHIZH L THVTH BTN E
H, Glu-L212 DR 7’0 b MEISERE LT, pH8 L LTI L EBMEIhTH
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5. UkERoT, ZIVAVEEETOBEERNAEROWMAD S, FURRITER LT
WB0hd LRy, —7F, BEEETORDIE, B SNz hydroquinone-2-thiol
OBLETEMDOE P SHHASINZ S ICEZ 5. IEIREED hydroquinone-2-thiol M
MR LR T AL, pH O{ET & Hi2-59 mV/pH O = TEMKAICHEM L = (BEM2T
—ZFZ IR L TWRWN).EERIE, pH I HEERICEN+300 mV TRIE L =D T,

DEEAL T I& quinonethiol I pH 5 A F TiE & A ESERITIEITTI N TV T, ubiquinone A

(721, b LEET D725 ubiquinone B) 75 BHADEBEFBE (kap 7= 1 kee)
FIFEENDESS. (Fig 2-6(b) D, BIEKHERDK pH 5 LT THRE L
SIEEHEEZLND.

AT, MBEL Q-depleted RC IZ L B @ERPDLERE L DR OMRET Lz, JHER
flild, BEZK 6,000 Ix FTHME VD> THEML, H2—EEICELE. —
77, native RC IZ X 2 Y6ERIEIE TV EHRERIETOAEI L, 10,000 Ix X TIEIE—E
RN, (Fig 2-7(b)) 7=, Fig. 2-7(@IXRT L5, &£b5DRIGHLERHA L
THELKEIIBEN6,000I1x FTHEALE. Tabb. BEbahZRISFLDER,
EBLICHLTHIFEALHEUTHBLDICAZ S, METHIE, native RCIC X 518
ERERMEE, ENETREZAGRIC T2 LD CEEhE Nz Kis HutokF 23D iz
WD, TCHEEM LY, BETTE—EICR>EEEFEZILNDS. —T7,
Q-depleted RC EE(LEBHETIE, MWREBRBICET 2 ETHENDPRONRD 5.
COFERIE, BOETBEHZAREICT 5 L5 ICEESNZK FOED native RC (2L
NTEMLUTNWAEZLERLTWS., T74bb, INHDRRES F/z, Q-depleted RC
W FORAEIE L TNDEEERELTNS.

& 512, Q-depleted RC IZ K MBI AT 5 EREIL, Table2-1 IR LD, &
it AR % [E B4 § % Bl hydroquinone-2-thiol {E&T &M% +400 mV CF R EM T 5
E50, RILEDBEL VKIS0 B KRE LIzl #IZ, +50mV THHEEBEMET S &,
BRI 45 %@ Lz, 2Nd Table 2-1 ICBWTRT LI, native RC Z ]
LEBEZDO LS RERER S Nigh o7z, BLE D ubiquinone B i, St H LR+
D Qe-ihI L KB|MEEEETAZLICLD, BrMEDd LDBECHEGT I L
BEINTNWD., P INSDRERIE, £z, 220 Qe-fiuds, JERZEIRT 5D
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S DPOBREZRELTNWAIEEZRLTWS. Thbb, KISHFILNEFD Qp-iff
fif & S EMICIEAI S 7= p-benzoquinonethiol 43F D D #E AL 155 F i BTG I
K DIETZ LT, Qdepleted RCHFDOERMAENFER>TNBLEZLND. HLF
5725, Qp-Hfirid, Fig. 2-10)HERNICRUE LI, RISHIOK FOREICHEE
N=REETHEET 2728, HERIEW mercaptoalkyl $5% D quinonyl {b&¥ % i H 3
52X o TR FB L D@EICEE LI NE 255 L FRTE 5. 003X,
GBI 2-(2-mercaptoethylamino)-p-benzoquinone Z{ERT L, FDEX 522D EMA
Q-depleted RC K FZEEIT B L2 A, LHL, TOEMTIE Q-depleted RC
LB HEBRIIFEALERIN P o=, COBBIZREATIEES TR,
native RC NDARKDETFHEGRDETED cytochrome e, THDH I &, F LT, Kl
{EZ #7= bacteriochlorophyll DS 7t cytochrome ¢, IZ X > THETINBZHIZ LD
native RC ICBIT 2 AMBEETBHREPMET L2 BLLASATNE., 2 X5
(2, cytochrome ¢ i, BEOEEER L TIIHENETBHZITO N TERDP -2
CEETTIEHEYL TS, INSDEZEIE LT, KEE DETE cytochrome ¢,
(200 uM)Z BRI U =, Z DK, #kHer% 7 ) — RAEERD, Fig. 2-2 DilifF e
CRT R, BERNNERSFIIFR U REX TS KHECH> THESNE., 7 —
RAEFRME, BLY, ZOEZRES Table 22 ICF & D=, TS5 DOHFRIE, BEEX
N2 ISHILDHE DR L 2,500 B LBE-FREZITI LB TEBLILERLTNS.
fhame LT, BEMMINEZREFRLICL2BIRERT ) — REBRED
Q-depleted RC DA & & FBMIZNLZE L 7= hydroquinone-2-thiol Z PRt T2 = & ic &
STHRLNE. ORI, RISHLRFOERBE PR FDZED QeI & &EMmE
[ IZ{E8H < #L7z p-benzoquinonethiol DFEGHFINIZ L > THAL TVWBE I L ERLT
Wd. ZO7/— RNINERE, BRI cytochrome ¢, ZRINT 5 22X >T, SH

MILLE (& —> 3 —/8—$2,500) IC#> CEMIX .
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Table 2-1  Estimation of transient anodic photocurrent and quantity of electricity by reaction

center complexes immobilized on hydroquinonethiol-modified gold electrode.

transient anodic quantity of

RC photocurrent electricity

(nA/cm?) (uC/cm?)
native 18 0.193
native*' . 19 0.192
native . ~*? 16 0.199
Q-depleted 39 0.233
Q-depleted . " *! 54 0.343
Q-depleted . “*2 15 0.104

A hydroquinonethiol-modified electrode was pre-electrolyzed in a Tris buffer
(pH 7.5) at either +400 . "*' or +50*>. * mV before immobilizing RC .s in order

to oxidize or reduce compietely the modified quinonethiol.

Table 2-2  Estimation of transient anodic photocurrent and quantity of electricity by

Q-depleted RC.s in the absence or presence of an electron donor.

transient anodic quantity of
electron donor photocurrent electricity
(nA/cm?) (uC/cm?®)
none 36 0.235
cytochrome c;
(200 uM) 35 598.2
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Fig. 2-1

Schematic representation for immobilization of native (a) or Q-depleted (b) RC
onto a hydroquinonethiol-modified gold electrode.

A reaction center particle consists of three subunits, labeled as L, M, and H. An
electron is ejected, in response to illumination, from a reaction -center
bacteriogklqrophyll dimer (so-called P870, which is shown as the small open
ellipse, , in the figure) to the terminal electron acceptor, ubiquinone B (also
shown as the shadowed circle, @, in the figure). Although the electron must be
transferred from the reduced ubiquinone B to an electrode in order to generate the
anodic photocurrent, its efficiency is very low due to such a structural anisotropy (a).
So, the reaction center particles should be oriented at a particle level on the electrode
surface as shown in Fig. (b). Ubiquinone B can be easily extracted from the particles
(the resulting vacant site is named as the vacant Qg-site, shown as the open circle,
O, in the figure), and some artificial quinones can be reconstituted to the vacant
Qg-site. We will examine the oriented immobilization of the reaction center particles
onto a hydroquinonethiol-modified gold electrode through a binding affinity, as

shown in Fig. (b).
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Fig. 2-2  Typical current-time profiles for the photocurrent generation by reaction centers.
The photocurrent was measured at +300 mV of applied potential, 6,000 1x of
illuminance, and 7.5 of the solution pH; (a) at the naked gold electrode in the native
RC suspension (Age, = 1), (b) at the hydroquinonethiol-modified gold electrode in
the native RC suspension (Aspz = 1), (c) at the native RC-immobilized gold
electrode (60 min. of dipping time), (d) at the Q-depleted RC-immobilized gold
electrode (60 rﬁin. of dipping time), and (¢) at the Q-depleted RC-immobilized gold

electrode in the presence of 200 uM of the reduced form of cytochrome c,.
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Fig. 2-3  Dependence of quantity of electricity for the anodic photoresponse (a) and transient
photocurrent (b) on dipping time into reaction center suspension.

A hydroquinonethiol-modified gold electrode was dipped into native (@) or

Q-depleted (O) RC suspension (Agoz = 1). The other experimental conditions were

the same as those in Fig. 2.

24




I
i
24h

I
& {
12h

)]
(

60

40
dipping time/min

L, —_—
«© HOH

|

|

N <~
o o

LWI/0m 1 Aj1oujosie Jo Ajuenb

)
o

1
24h

(]
1
12h

dipping time /min

D]
(€

40 60

&
|
20

[

]
-
o
o o

] i
™ NN
S O
o

0.05

w1
Juall 3020:@ Jlpoue juaisuel}

25




Fig. 2-4  Transient anodic photocurrent action spectrum by the Q-depleted RC immobilized
on the hydroquinonethiol-modified gold electrode.
The dotted line shows the absorption spectrum of the Q-depleted RC suspension.
The experimental conditions were the same as those in Fig. 2, except that the
monochromatic light was illuminated at a low light intensity. The similar action
spectrum was obtained using a native RC, although the values of photocurrent were

somewhat smaller.
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Fig. 2-5

Dependence of transient photocurrent on applied potential (a), and schematic
representation for relationship of the redox potentials of electron transfer
components in the reaction centers to the applied potential (b).

Symbols, @ and O, represent the values of photocurrent by native and
Q-depleted RC’s, respectively. The experimental conditions were the same as those
in Fig. 2, except that the applied potential was varied. Abbreviations in the Fig. (b)
are as follows: (BChl),, reaction center bacteriochlorophyll dimer (P870); BChl,
bacteriochlorophyll monomer; Bphe, bacteriopheophytin; UQ,, ubiquinone A; UQg,

ubiquinone B if present; S-Q, hydroquinone-2-thiol.
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Fig. 2-6

Dependence of transient photocurrent on solution pH (a), and schematic
representation for relationship of the redox potentials of electron transfer
components in the reaction centers to that of hydroqiunone-2-thiol under the various
pH (b).

Symbols, @ and O, abbreviations, and the experimental conditions were the
same as those in Fig. 5, except that the solution pH was varied and the applied

potential was adjusted to +300 mV.
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Fig. 2-7 Dependence of quantity of electricity for the anodicvphotoresponse (a) and transient

photocurrent (b) on illuminance.
Symbols, @ and O, represent the values of photoresponse by native and
Q-depleted RC .s, respectively. The experimental conditions were the same as those

in Fig. 2, except that the illuminance was varied.
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B3E FhMIOLcccDITOEBMEIZHBITS
BV E A RN —

3.1 #5
FHRANETGEREZMRTHEBERENO—DE LT, BFEEIICEE > UK
N2 EENREFLEEHEEGERD TEO, WhRDHEEHIC, Wk 2HEEEMD
FHEL, MBRETEEDfTONEZDD, LW EMZHLPIZTEEDDNL DOH
OHRFZHFET D EDBETONE. Y ZDL D RIFER, D EEEPHLICER
SN EEEEA L CEBRLERITONTEZ. B, F M OA (o) o,
ferredoxin, myoglobin DR N DD DERBEEHED, BLA > YU 4 (ITO) EHE L
T, BWEENBRLYERE2 T2EPREINE. ? ZOPT, BEHEOBERLE
KBWTEZRIZRS DD LNRWEBORMEEREE CBKM & & ORARHE D ZER
Ihie. R, AHIE Rhodospirillum rubrum @ cyts. ¢, B LT D, BEIBATX
NiEEBBEICBITZRNI AN —DOE, BILETTEEZRT I EZRELE.
UL, BEAELRAEEHH E OROMEERICN T 250, BHER ETO
BWEFRHEEORICKEROLZETH oz . EHE L EMERHOBDOHEAERM D,
B EEmE ITOBMICBNWTINSDEREIIH LTH/ELNERIVE VA M) —D
EROEMSREHERZLERTZ22ET, HSPICHES 2LEZ, WDODDPORHE
TEMEROMEER TRIALEE U 72 ITO MR ETH SNz cyts. ¢ & D FHBIRBIVEY > A |
) —ZEEITDONT, AMETITIBRARD. T5IZ, Rs. rubrum D cyt. i3, cyt. ¢, LEHE
RPNLDEERATIIEMUL TR ITIhED, ~NLAHOEMEXPCZE RE, B
L7 I VBEIMNOEENIRAF—IVT 4 VTR ELR>TWS. 29 -7, BIb&ET
EHEBCE AHERERD NSO REHERZE L THLPIZLESL DD LA

il

AJ AN
3.2 EBRA®E
cyts. ¢, & i, BEHR DI K b YIRS N CHEE U= Rs. rubrum O S FHELL 7=,

cyts. ¢, & i, 0.1 M (M=mol/dm®) Tris-HCl 42 (pH 8.0) IZAMEL, Z0DEE
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(& 415 BLU 390nm ICBF 2 ZNZNDPEHELPLFIELE. cyts. ¢ & CDEEIZ
WH 200 pM ST LA, BRI 7ZIVIVICE > THBBE L 2. 10 Q/em® DEIEH
EROELHED ITORKE SX5 mm*iZhy L, BfEE Lz, ZOEMIZ
AT L BER,IMHNO; ADRE, H D WNWIEZAF+ v b 20-X™, MU b X-100™,
FE RTIOVERERF b U D LD 5 %KEHHP BT 5 10 M E AR, FL R
BIBEZITW, BI&REE, KHTOBEREWE 5 2/% 10 BTV, REZEHFICL
ATV IFRIE AN —%, TOFME L =EMZF->T,25°CTiro 7=,
BNwS I HEITER SmV/is & Uk,

3.3 MRLEE

Fig. 3-112id, RF v v b 20-X™ O 5% 0 CREE LI & > THMLE L /= ITO
BMITD cyts. ¢ & COMA YA V) w I RNV VTS LEBRT. 7RI TED
BRI THIE L= ITO 2RV TETOEBET, cyt. ¢ X L TiE+310 mV
2, eyt AL TIE-15 mV ICER IR TEN %2 & DIAMERIEIED RNV S 75 A B
Bohlk., IheDBLETEMEITRT VA A M=k THEkIESINEEE
KL =Bk, e FECLoCRMLE L -BBTHEONE, 7/ —FEhAY—
RZDODE—7REAZE, ABp (cyt. 2 iZX LT 67-75mV, cyt.c’iZX LT 120-170
mV) & E—2EFH (cyt. I LT 09-1.9, cyt. X LT 0.7-0.9) DEDS
INSDOEMETF Mo AFERHIC 1 EFRILETCTHAIOLHMLE.F /=,
TS OME, RICHRE U AE P OR TREBTH o= 512, TS OFEIK
Taniguchi”iZ & o TIEME N L5 I0, EMREOBKEOBRICBRICEEI L=
Thed, FIEEDAHEICLZBVWICIEEAERN e > EllRT—F IR L
TWew). REOBKEPBAETKIMIEETH > =050, EMBEOF KL
cyts. & BRY cOBBRIGO A HMEDRERZ, FMICHE~EZ. L2 LAad5, RE
BRIID—RPET B LIFLDENTEH DT, EMEIRA RITIEIC X o TR
T2 L SFERFICHMLIE L E 20X20 mm?® D ITO RZ %KL, FDEH 2 5 mm? (= ul)
DKEFET L, ZDIEF O EEEZFEE L, BUKEOEEREE UTHERLE. KZ2#T L,
D o HEDRZEI, 10 L FTH -7z, FAKEOREREZ, BillHEO =R
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EMAIDR Y EZ 5 L ic k> THEDD, £/, 1MHNO; FADEEIME (cyt
DEE1F I Sh,eyt. COBE 0D S 10h)IZE>THZEM L. ITO D 1 MHNO;
~DEMRIL, RAERZAET S22 LICE>TFzv I L, ZOEPUIF 40 h LA
TRIZEACE U Dok (F—FERLTORN). F 70 AOBLETRIG
DMt & EBREE O KD DR % Fig. 3-2 IR L7z, cyt. ¢ DERLETTRIGD
AL & BEER S 2 ABp OBUEIL, TADS D HEDH 15 mm(Sul)FE T, BkMEDOEK S
HizEinL, ghbdrd, —&iCko/z (65-75mV). UL, E—7EHLIXIEE
09 -10DWYT—EFDFETHo=. —7hH, cyt. I T 2 E—7 EFRLITE K
BRI AREE L 7= (120 -170 mV DAEp BL U 0.7-09 D —r&EFHIL). Thkbb,
ZFNS DMEIZ cyt. ¢ DAEp, E— VBRI D RELFERPoEZTNE S, XhEN
BUKMERBICRAICHEN, KDEWAHEEIEL N, ERERBUKEOBHmER L
WCATHRICR SRS L, BERIGETET S, E—7ERILOBAL EE—IM
BUEZOBMZSISEITIENELRDLNTNS. ) ITO EMEEZHINUET S
Bzl vBoNEFKEORAEE, F M7 O0LDBLETKISOERICHEHYTH o=
VW2, EHIT, oyt XS FEMN 12,800 DN RBBERANLEAETHS. O i
>T, ITO BMMERD 5 0P RBKETS, ERIND LI, cyt. o, DEEILIET
RISHEREHE LD Lan. —7, cyt.c’id, 2FEK 28,800 D _EENLEH
BTdHbY, Y 5T, myoglobin DELB TG THETEhZLSIZ, Yoyt e LK
EVWSTFEDREOENEKMERED, A RBRETREZEETH-OICLETH
D6 L. BEE, cyt. cOBMSIGZE X D EBRNICERT 52012, LhEN
BKMERZB LW DPORAAZMETTH 5.

2% 3k
1) M. A. Cusanovich, Photochem. Photobiol., 53, 845 (1991).
2) F. M. Hawkridge and 1. Taniguchi, Comments on Inorg. Chem., 17, 163 (1995).
3) T.Erabi, H. Yuasa, K. Hirata, and M. Wada, Chem. Express, 4, 809 (1989).
4) T. Erabi, S. Ozawa, S. Hayase, and M. Wada, Chem. Lett., 1992, 2115.

5) R. G. Bartsch, The Photosynthetic Bacteria, (Eds. R. K. Clayton and W. R. Sistrom),
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Fig. 3-1  Typical cyclic voltammograms of cyts. ¢, and ¢’ from Rs. rubrum at an ITO
electrode pretreated in 5% Scat 20-X™.

Concentration of cyts. ¢, and ¢’ was 200 uM in 0.1 M Tris-HCI buffer (pH 8.0).

The potential was initially swept to a positive direction for cyt. ¢; and to a negative

for cyt. ¢’, and then reversed. Potential sweep rate was 5 mV s

2 WA/cm 2
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f
| | | | l |
-200 0 200 400 600
E/ mV vs. NHE



Fig. 3-2 Dependence of peak separation (AEp, upper) and peak currents ratio (lower) for
cyts. redox reaction on hydrophilicity of ITO surface.
The value of spreading area (mm?) of 5 ul of water drop on the dried electrode
surface was used as an indication of the hydrophilicity. The experimental conditions
were the same as those in Fig. 1, except that the several pretreated ITO electrodes

were used as the working electrode. Symbols, B and [, and @ and O
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represent the values of AEp and peak currents ratio for cyt. ¢, redox reaction, and

those for cyt. ¢’, respectively.
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4% HARKGHLET PIDA %
A L 7= et DRAME

4.1
"M bRBEDORERHIC K > THERIRTOIEOEFHBEHES NS L 5i2Rb,

T

HARREZWEL2VWAB ANV F—OMADPHFINE LD IZR>TALWL., L
Lahs s, HFERTRIIVF—EBEDSUMICEFERICF AR RV F—EREICE
BT 2 DN T ORMBIRMKRA L U TR L TWigw. YOS OWIEERE DR
DEREREEEYMAEZF AL CABZHEEL LS, LI b < Seibert
HIC K BEBRRIMED 25, Mivake 52 & 51\, Carpentier ) 2 & % Rl 7z
s, 2 LRI T Yagishita 512X 27 /30 57 ) 7OMKEZEFH T2 XERIC
BT 2MEY FTHEZLITbTER. EELS O TEABMED 7 o~ 7 %
7 EHE U ENLEMICOWTIRE UEb, Mivake 5 DIRED 2 E, % JIEEH
W2 BBERED L2NVEZNCETE2ES TN v RICEBB URETCHEA L
O, MAECHEDIH o= b, A (Exil) ommzLEELED L.

o O I B, YRR Rhodospirillum rubrum OYe&RRISHILZ L RO X )
Y A(BHBEWE pRUVF V) FAIVERIEEM FIZZORFEH 2 HIE L DD
T HZ BN UE. ZORSHOE & ERIEEBALE YIRS U
T7 /) —RHBRERELE. 2, BEPTRIGHONDERDEFHR-EAERTH S
BT MO L ok ERRICHEZRS LT, 7/ — FERE 5 REL LI
BoTBNTAE2ZI LTS, FWRILIZ, FIM7D0AQIEZOEEM ETIXER
RIEZTAT, LEN>T, BFEFICF MO L 23N THBERDEIMR L
DOEEZE F o0, MZAT, BEBLEZR LD REOFAMZ S EH indium
tin oxide (ITO)EM L TF M/ O A o, DAHHRILBETRIGEZEHETE 52 H K
EEML PR, D LEDoT, BREFIEF M OL iy, RIGH
DEELEEM L B U3 ITO Bz Avwhi, B EL2LEL T,
FRREICEEDBEVWH NN B E E RN EFBBIEELZE L CBRTELEA5
N5, KBTEI S UTHER LTIV EROEFIZDONWTIHANS.

39



4.2 KRG

RS, 3 HREYEIRET U2 U 7= 8 Rhodospirillum rubrum G-9 1> & EHEIC L D8
B, BOSELT/OY M7 7 ERARMLE. P fohErox b7
dodecyldimethylamine oxide THVE(L L /=&, B8, 1 Ao n~v b r> 7 4
—ZBYELUTCRISHOESEKZHALLE. O RISHOESERPICELET S
ubiquinone B DFRZEIL Gimenez-Gallego & D5 W 2> 7. 25 LTHELNEE
HulvZ LI Q-depleted RC & R3S,

SHREM(1X3 cm?)Z T A Y R—)S—, 7V I FCREME LR, KBRS Io/en,
B RD¥) U FA—VEMEBEEER L. LU, BfidhEL ROF) o Fg—
WOBACIREDZE T 270D, COBMEMOBFIREICHEH»HD ¥ -7,
2T, B RAF) VFF =BT RTEERIZ LT Q-depleted RC % FEE(L LA D
RIGHLDOEENE, EREL A LETEIEPELPTH -2 2D, ZOBME
% % 0.1 M (M = mol/dm) Tris-HCI $E&7#i(pH 7.5)F T+400 mV vs. NHE IZ 7 . — R
SR BMiINzt FOF ) U FA—VEETEHE L, RISFLOEEMICH L.
Q-depleted RC DB EALIE IR IZHEVY, 802 nm IZBIT BB (As) P 112722 LS
WZERAEE U 7= BOGH OVRIEIR I 1 R p-R VX ) U F A IVERI S Em R RET A5
WL DiTolz. COBEMZLUE, RISHOLOEELEEBEEMNS. 25 LTELNER
JEHLE LS EBMORME O 2 S E DDLU TFIZRYT . &EMOD roughness factor, 1.5,
p-RUNVX ) UFF—)IVDRER, 52%X10"° mol/em® B B W iF 3.1 X 10" molecules/cm?,
& Uiz p- RV F ) U F 4 — )V DEEALEITENL, +220 mV vs. NHE, St H0D FEE
b, 2.1 X 10" particles/em®. ITO %Ml (HNERMER 1X3 cm®) DOFREUIIL 1 M 55
IZSIEFMBETAEY ICL 7o, F MU0 A ¢iF ITO B _ET+310 mV vs. NHE
DB ETLEMNERLE. 7

B A E BAL B R D SERRET I £ S BRI DOBEIE, LEoEEmP 8 - 1t
BREMICH L TITo/. 2B, HBHIXO0OW ¥ UV RF VERENREL L, Y-46 &
HORAT74NWE —ZBEIETHIOT2=. F 704 o RIMDEMEILADEE
WEte s L &, BERFICI0uM HE2NE 1 uM IZ22 LS5 ITETMF M7 0 b o
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ZINZ e RISHLOE & EM & ITO B2 EREERICEAT 5 2 L2 L D B
R L, JEREICHES BESHOEL%E ITO BMEICH U Tadgk Uiz, £/, ELE
W, EROENZ R ICHARAARE L EDNERE NEBEDOBERBHEL .

4.3 KBRERCEE

BOGHULEEL B Z 0.1 M Tris-HCL A&k (pH 7.5)IC A U, Jeias 247 - =K,
o= EA. KR Z  Fig. 4-1()ICR 7. EMEBAIZCHEEHIEWIIORIZS 7
N 25, PRTKELTY>LDEEIZY 7 MLUE. TOE~NDEAY T M p-
VX UFA-VEMEBEMTHERI N, £, pRUYVF ) VBMISEM
EEBMICAHBUERNZITS L, ZOEBNIVWRDEL S, 7/ — FAERIEM
ENEEY By, pRUVF ) UFFIVISRERT B 5 PONBILRIEHREZ S
N5, BREZRICBEHINS BAOEBMY 7 MIBIOBE TKEL, BEDOHEM
CHIZKEL o, (Fig 4-2(2)) JEBHEIZHEW, RIbHL X DB =zEFHE
BICIRE Lz p-RV X)) UFF—I)vZEIEITL, E RRF ) UFA—IVDBERLESD
LickzeEZOENS. Y BERED p-R_UV X UFF—IIZR IV R M DSE
Ac&E3efiEl, RnHLEELESERIIN L TEL SN E L ESEAFTTO
EBAEN(+215.8 mV vs. NHE)ZFH L T, 6,000 Ix DHBAICHESEAIL 7 POREX
BEIET DL, EREON3SHBERo/. ik Uk p-XUV X U F A —IV DN
ABRJE Z D & S 7238/ NHIlCBIHR L T B D0 d L.

WIS, IR EELEEEZ 10 M F b7 10 L o, 22T 0.1 M Tris-HCl #E &1 (pH
TSWZHEA L, ARRICHEH 2175 &, Fig 4-10)CmRT &5 REI# D 5 /=, Fig.
4-1@) & Bz, BAIERNEZ D> S KREBICT T ML, REORE & HITEI
NE Lo nEd, EFEREBICEELURP . ZOIRRICHHICR Uik
MEB|E, ZORME TOMME LRI LES B> 7 bOYIEMEL T 5 &, 4IHAE,
5 ABOMEHLICHBEICKE L. (Fig 4-2(b) NEHEEZICEBMELIELNDIE,
RIGHLE D E N2 ETHEBICFREL TNE p-RUVF ) v FA—IVEETLT
BLRAKIC, WIRFOF N7 0L b5 RIGHTILADEFHEHE L, BURISHL
PYEMEL XN, SBBEICPE S BFREDAEEIC RO EEIND. 2O LTRIR
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LpAUVF ) U FA—VBBRENT, KEREMY 7 M 2EDGDOD, BREOK
WEHIZF PO L KD DEFREDPILBOLE L ZIT 2R 5120, EMEl
DIRBIEOPIC o EZONS. EFERFIZF MO L o PFEELRWESL
BERICLT, pRUVF ) U FF—NVDBRITEZFMT 5 &, 6,000 Ix DIEEEHIES
RISHIGD T — > F—NN—FIEIRANER TN 6.7,5 2B TR 212 L RED 2 Z L D H
k.

SE L NBHOEKABRITREAT 400A, EBREEDE (HKEE) X 5mV &
rolz. iz, COBMOEIEMRIE Fig. 43 AT LDk, BOENENER
BRI, |EREBRICHEVWEERTIELW DS, ZOEMDOHNTIKTIL
REWZEDBFREING. FICCOBMOEEHBROBEICEL, BERDLZHEICD
FAZEOF NI OLDEEZ1IuMICIZZZdH D, F 705 o DILHK
HEMELZD, BHOAFENZARE LELDEZIOLNDS. gD LS, KIEG
HFOh S BEERICBMINE p-RUY X U FF—IV~DNEFEHIEH D B
TH2D5, FrIDOLDEEZREL TS, BREZERTZ, HOIWIEREDE
XEES LUTEMBERZEDT 2RV TERMEERERREZ LIF 5 2 L BHENE,
CONBHMOMUEEZ > LM LETEZHDEEZILNS.

4.4 % W
HEBRRISHOEAERZEEL LU pU VX VU F 4 —)VEMEEM & Bk
HULITOBWMZT PO A ERICIHEAT I IR D, BHEEEAWRWES
W= B E FANEFREEEEZE L TERT 3 2 2k, RISHLEELS
BRI LRI IO U TCEFDEMZRICT 7 ML, ZOEITBE AEITKELE. F /-,
HEMDEKNEERIZ 40 nA, BBSEEREIEZ SmV iz Tz,

SE Xk
1) M. Seibert, A. F. Janzen, and M. Kendall-Tobias, Photochem. Photobiol., 35, 193 (1982).

2) For example, Y. Yasuda, H. Sugino, H. Toyotama, Y. Hirata, M. Hara, and J. Miyake,

Bioelectrochem. Bioenerg., 34, 135 (1994).
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Fig. 4-1 Typical potential-time curves measured at a reaction center-immobilized Au
electrode in the absence (a) and presence (b) of 10 uM cytochrome c,.

Ilumination was carried out at 6,000 Ix of illuminance.

light T

potential / mY vs. Ag/aglC]

time / min.
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Fig. 4-2 Dependence of photopotential on illuminance.
Symbols, [] and O, in this figure represent the values obtained immediately after
illumination in the absence and presence of 10 uM cytochrome ¢,, and @ being that

obtained 5minutes after illumination.
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Fig. 4-3 Relationship of photocurrent to photovoltage.
This working curve was obtained in the presence of 1 uM cytochrome c; by

measuring the photocurrent and photovoltage across a series of successively larger

load resistances.
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AR, EEDPBRARFZLAHE LRIREMAS AT - AERET T > 2D T
HH., ZOBMEHICDE D BEERKRFTERYE TERMHERERR I CHEEE->T
WhHELK, CCKEMEREZTLOHICHY), BCBREBELEHOELRLTE
7.

o, KX EELODIIHE>THUBRIWELZHFZH D £ L BERFE
ERMERICEIEFH A LET. SLUEEAMEEZEDLIIHD .. Ak 5.
TEREBRD F L BRARFELEREEE—BF. BERRREREELICRI
LY.

AMEDZITICH =D RBRICZ KA THIZ2TEN = BEUKZFE LTEH K FERED &
MHMEREZIZICO LT HIMBEMEZEDFEFRICECRH LIS,

T LT, RIEOETICH 72 ) TR & THN 2 TRV EF LEREFERMHAME
REZILOETHERETICBILZHLETEY. BERILOXR EZo TN
KIRIZ L OEH L EY.
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“Immobilization  of  Photosynthetic ~ Reaction Center Complexes onto a
Hydroquinonethiol-Modified Gold Electrode” Kiyoharu MATSUMOTO, Kazuhiro
NOMURA, Yasunari TOHNAI Shuji FUJIOKA, Masanori WADA, and Tatsuo ERABI,
Bull. Chem. Soc. Jpn., 72, 2169-2175 (1999).
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by Rhodospirillum rubrum Chromatophores” Tatsuo ERABI, Kiyoharu MATSUMOTO,
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