FSERMZE 21 (1) 2011

Fe ISR T EIOC BT 5 70 b Vs

1.IZCDIC

WYy 7/ 87 5 TICRES N D BHEFERNE
GHRAEDIE, 2L X—2HO TRy T2BT 2
CEICKDEFEZIOHT, ZoRRE LT, KIF
2. BESFETO L VIIOREND, I DKDIERK
I E LA RIS V8 7 B AR FICHEET 2 K37
FTHb 21D, KROBROTEEFLIE, 4002V
HUAFVENTDDANS ILIA T Yol bV N
VI IR —TH N, ZDEMT-RET I/ BH
RGBS T2 EEZoNTw 5, KROMBKIGIE5D
DHRAE (So-S4) DSIREY A 71 (K1) 12k
HEITL, 20T DKB4DD 70 b v E 1D TDOBEIC
FREIND, BESTIE, ARERTRERETH 58,
REEL SoREDITIEI N Z EBHsNTWV
LD L Lass, 7u b iHEE OS5
DEZOTVZR,

KA RIGD 70 + vk EREo e T
. pHIEEREEL A 7 AElmz AvT, &SIREER

X1 SRESA 70

S WIRHAN AR ERY v RY Y A £AY —HZHHK
: HFESE  E-mail: ookinasora@hotmail.com

SRR BRETR
A P

KBTS 70 b VB Y — DS S T E 7269,
Foa4 FE2HENM O T,
So—=>S1—>8:—>S3>SoBBICE T 5 71 b Uy —
VIF1:0:12TH B EME SN, TD8Y — v BREIK
FFOTa b VICHET B EEZ SN, Lol
BO5, ZOBROMAICE VT, 7 b ViR s —
VIFpHP BRI L. BB Z & 2 L)
FERAG RS I N2 X 50, EEEYIHSR
DHAbERNa 7EAKR TR, 7V k) VIEFETRT
Ll ey Ry —vasEIns'o®, Zok)
2, WEARSFICHET B 7 b oty =i
DL TDRMINZFERIFF SN TR o7,

AfETlE, 7 — ) TLHFRIHFTIR) /G2 FIH L
TRl 7a b v RHEOT L. 2h E oS
ARG IRIIED 70 b v EHGETRDWFFE221Z D\ TR
T B,

2. FTIRIEIC X 2 Hl it 7 a b v Btk o
%

FTIREZ W Fi#lz 7 b vk, b
ERIDREERE % 2 % SR EOEEIR 2 T 5,
oz Eickh, ERur st sa v
FREEAICTRTr Ty TaNns, i, EEAEE
ELT72Yy 7 UibA Y ARG, BETRAERC
k370 F O IAHRDELGZRNT 5,

7| b ik, BEFO 7 e b ALRIE R R
FTIREAXRY PVIETHET 22 Lick Dl
3, LLAEDS, FTIREARY MLVEETIE, FEfE
Ko7 a b v AbD > 7 F L DI HICEEF A RHIZH
KT rEAEL DT 7 FLbBng, 22T, FHiL
7 L SN EERE O CTERERRD Y 7 v
ZMYBRE, BEADOARDFTIRY VL2185,

20


mailto:ookinasora@hotmail.com
mailto:ookinasora@hotmail.com

X2 JEALFARIY V3 2 HOPDEERFTIRZAR Y FL,
KUMesar D70 kAW 7a b U ALEARS PV

(a)~(1) : His-Mes () B X UD;3-Mes (FRHR) #EMERH
DI~129HDFEARY FL, (m) : Hi3-Mes (i) X
Di>-Mes (FRfR) 7ol 7m b LA <R27 b,

DREMHRIDO S 7 F NV Eix, EAE» RS N7
obrEE-HTE, LdoT, HBERDS 7
DPPCHERER A D & S SIRBER O 70 b VI
NRY—VZRABL B ENTES, £, HIXRNE

B 7 7 79 —ORIGOHEP KN EIZ, #SIRE
EBDOFTIRZEARY bV 6 iHET 5,

3. BALERIS 87 BB OPIEERFTIR
FEARY PV

S 7 /87 7Y P Thermosynechococcus
elongatus HZRDIGALAER T 2 7k 2 RiEH Mes
(Hi3-Mes) MO HEKFEM Mes (Di3-Mes) DEEEE
FEMER (pH 6.0) ICHRHE L. % odlkhiz 120 PG
FEHL 72, PDEHERFTIRZARY FLid, PR
FHGDAR7 P L EZPPERINED AR PV DER
AT 2 2 LIk DR SNz, Hix-MesE X 'Di3-Mes
TR IS B 1 2 AR v 7 H O KPR
FTIRZ A7 PL % K2Da-IZR" T, 1700-1600 cm™' D
B TIX, ¥ U7 EEKD C OMiEIRE) (73 F
D) . 1600-1450 cm’ DR TIZ, & v 87 HEHKD
CN+NH{RE) (7 I FII) & ALK ¥ o LI FRff
MEIREIDS, ¥ 72, 1450-1350 cm! DFEETIE. AR

AT 21 (1) 2011

K3 (A) LRSS V82 HDOPRDEHRFTIRAE AR 2 b
LB LY B) MesT 7O 70 b AWBE7a b U fLEARY b
JLDHis-Mes /D13-Mes ~Hi7E A7 k)L

X OVES R EIREI BN 22, oDy 7L
&, YAV FAY —FIOELEBER, vV
V7 ALY —DERMFEEDZENZRL TV 2,

1700-1350 cm DOFEIE T, HEEID 27 R LD
TAARIZEERWIZHE L TH -7, —J7. 1300-1050 cm’!
DFEIETIZ, WARID 27 PV DOIBIRIZE IR
D, PIEBICHE>TZDARY ML OBREEDSH AL
7o BEBEDOHRD L 7PV RIFET 2702, HpH
B L 7= Mes/KIA DFTIR AR 7 kL & {KpHIZFH
B 7z Mes/KIE DFTIR AR 7 b L& HIE L7z, Mes
KB % EpHIC TS 5 2 £ T, 1ZIFTRTDMesT
T 7a s oAbl £, EpHICHH T2 2 &
T, BFIEITXRTDOMesTFB7m b vbT5%, L7
WoT, ZNOEDART FILVDEARY PLIE, 7'
Pt L ZcMes EBL7 B b AL L ZeMesD > 7 LEE
b8l %, ZDHpi-Mes U, Di-Mes7T 7D 71 b
sAui7a b ALDEART A EK2mIZRT, 2
o DWIRIE, POEERFTIRZ A2 bL (K2a-1)
IKEBWTREMERT 53 P EEERIC—EL 72,
IDZEDNS, TNHDNY R, FEEHITH % Mes
TICHRT B EHFEZLN S,

4. 70 b VIR Y = DD D

21



FSERMZE 21 (1) 2011

MesD/N Y FIEEZ IEMEIC BEED 272912, His-
MesHEfRP D A7 bV 5 Di3-MesFEMHEHR T o 2
AR PVDZHEEARY MIVEEE L7, &Pk
B2 HEARY PLEKBAILRT, TNHDANR
7 PViE, Di-Mes® 71 b AU/ 7 1+ LD
R7 PIVEH-MesDEARY PV EDHAEARY
FL (K3B) ERLC—HLTWE, 2D LI, Mes
BEAN 7o b2ty 7LT03HERLTY
%, ¥, IS DOWEEE., PRI > T
RLTED., 70 b raflg R0 6 350 7 i i
M, 20 %2MesTFBEF 7y 7L T03B T EER
LTw3,

7 a ty'EiEMesir ¥ O 7a kAR E L
Tw3, 22C, H7e rvE% BAED 272040
HCB T B Mes > VT FNLDIER, EHEZ R b )L
(12PD “HE#EARZ bL) T74 v T4 7L
72o REED & A PDGEEEMes > 7 VIEE (71
b U E) oDk fEE T (K4 L 3.
7. NPPEHICRAMEZ, 1. 5. OPDEH ITR/IMEZ
FTAPDERAUHREI 2B S e, 20 X9 7 FIRE)
. BRFRESGICHENE D THE I ED S, K
SREZ, S I N 70 by BsTICRTE N
ZEHERLTW S,

7a b VRS =V RZKokRTA—F DI AT 7
75— KB BO 7R b VB OBGRAE Ty

Tal—vavEfTfot, YIal—vavickhE

X4 7'v b VBB OB
ARAUFFEERME, FRKMNEY S 2 v —va v lizRT, 7
v b O, 1PPEH 72 D DO PFEfE TR L 7o,

stz 7my b (K4FHEHM) (. EWEZ R <
B, SRA7 779 —131243%., %BBETHREIN
378 b B, So—=Si. S1—>S2. S2—>S;3. S3—>SeiE
BT, ZNLFR. 0.9420.20, 0.28+0.11, 1.20+0.15,
1.5720.16 L REb o, 2o 7'a b VR g —
ViE, 1:0:1:20 8% —VIZIERISEW EE 5N B,

5.7a b VIS —

Scholdder & Witt (X, pH 6.0 (281} 3 6{L¥Rna
7B (T elongatus) 70 b VIRHAAY =2 %755
AEMTHIE L, 1.0:02:1.0:1.8% 29 8% —> % FLfE
o719, TORY =3, KEROFH 7 v + Uik
BTNy —v L IBIF KL TS, £,
B DY —DpH  6-TDOHIPAT, F7 24 P4
PHALERIBES D, 7Y & ) VT OXALY SR
Na 7B THEHIN TS, ZN6DT
Er o, BEHEKSTFHEKRD 70 b VT,
So—=>S1—=S2—>S3—=>SoBEICE VW T1:0:1:20D/89 —» T
MHEEND I EBRBREING, ik, BEYGED
S1—=>S,BE T pHICIKFEL T, Z DD BR TIZK
pHEITIER N T 2 L W I FERTDE KL T3,
S3—=Solc BB 7 a b ik
i, BEEL D bThICANTY S, ZORERD O
&DIZYp /Yp. Fe2/Fel+DIAVETLKIGD 7'a b v
- Bi7a b AR 2D03% 2 5N 53, KSIREEER
DFTIRZEARYZ FILIZINS DY 7 FADEH S
BRI Do, INLDHFLERIFEALERVEERD
ns,

AHRFERELTEZEND DI, KABREDOT
JWIgED 71 koA - 7 e b ARG E ST H
%, ZORIGIE, BSRED~YH I A5 —DIE
WRoBEMBEEICHIGELTHERINE EELRTL
%919, ZTN6D7 I BEH OB E LTAsp.
Glu, His. Cys. Arg, Lys, Tyr %5412, Aif
ZOFTIRMNTTIE, SIREBERICfE>T, 7u b v
e li7m koAb T 2 AR FOLHEITIZE A SR
INehrol, ZHUTMAT, THE TOFTIRMZE
IZEBWVT, SiI—=>SERICEM I NHIsD A 25—
F D CNMFEIREY S v Bk, BKEEIC X > TEH
EZTHROIEPREINTVLE, F, S3—>SeiE
B AT FIVITIZHIsD CNAFFEIRE) S > 2381 X
Nigpo7®, 2o OFFRIE, Hisfll#idSIREER
ot 7 b oAbl e b bR ZRn D

T. elongatusDS1—Sa.

22



ZRLTWS, 512, CysDSHED S 7 F L3Sk
HEEBOFTIRZ AR FLIZENZWI 5, Cys
SN TED, LidoT, S1=S: BB Cli7a b+
LLSs—SoEB T kb LT 2 7 3/ BRI S
13, Arg. Lys, TyrThH b LEIONS,

CokHi, 7a kv EHEDOMIGDFTIR
fENTD> 5. S1—=>Sa. S3—=SoEMICEK T 71 b VK
BOEHME» S DTUE, MnZ 7AY —UD 7 m
FoALTIRE A 7 2 2 BEMIBHIC ok § 5 2 & AviR K R
Ik, TDZEIFE, MnZ 7 AY —iHDOIEROE
PR ZE(230:1:0:-129TH % LW ) FER E—F LT
%,

6.8bYHIC
FTIRZEZFMAL 2HH 70 b vk 2 w2 2
ETHE 7R Yy OB TR, 2ol TS
ZEAES T I MBSO OGBS AR & 2o
Too SBIE, BB pHOE ) SREHIH LT Z 0
T2 @ LA 70 b ViR o @2 Hi5 L
TV TFETH S,

e

Az, WHOVES (BlERY) B X OEHEN
ez (BERY) & oRFAHKO—HTH 2,
ICHEE L BT 5,

- >
- -

Received March 15, 2011, Accepted March 27, 2011,
Published April 30, 2011

2% 3k

1. Debus, R.J. (1992) The manganese and calcium ions of
photosynthetic oxygen evolution, Biochim. Biophys.
Acta. 1102, 269-352.

2. Renger, G. (2007) Oxidative photosynthetic water
splitting:  energetics, kinetics and mechanism,
Photosynth. Res. 92, 407-425.

3. PFerreira, K. N., Iverson, T. M., Maghlaoui, K., Barber,
J., Iwata, S. (2004) Architecture of the
Photosynthetic Oxygen-Evolving Center. Science 19,
1831-1838.

4. Loll, B., Kern, J., Saenger, W., Zouni, A., and
Biesiadka, J. (2005) Towards complete cofactor
arrangement in the 3.0 A resolution structure of
photosystem II, Nature 438, 1040-1044.

5. Yano, J., Kern, J., Sauer, K., Latimer, M. J., Pushkar,

and

10.

11.

12.

13.

14.

15.

16.

17.

18.

AT 21 (1) 2011

Y., Biesiadka, J., Loll, B., Saenger, W., Messinger, J.,
Zouni, A., and Yachandra, V. K. (2006) Where water is
oxidized to dioxygen: structure of the photosynthetic
MnyCa cluster. Science 314, 821-825.

Lavergne, J., and Junge, W. (1993) Proton release
during the redox cycle of the water oxidase,
Photosynth. Res. 38, 279-296.

Haumann, M., and Junge, W. (1996) Protons and
charge indicators in oxygen evolution, in Oxygenic
Photosynthesis: The Light Reactions (Ort, D. R., and
Yocum, C. F., Eds) pp 165-192, Kluwer, Dordrecht,
The Netherlands.

Junge, W., Haumann, M., Ahlbrink, R., Mulkidjanian,
A., and Clausen, J. (2002) Electrostatics and proton
transfer in photosynthetic water oxidation, Philos.
Trans. R. Soc. London, Ser. B. 357, 1407-1417.
Rappaport, F., and Lavergne, J. (2001) Coupling of
electron and proton transfer in the photosynthetic water
oxidase, Biochim. Biophys. Acta 1503,246-259.

C. F.  (1977) Proton
photosystem II. Stoichiometry and mechanistic
considerations, Biochim. Biophys. Acta 462, 414-421
Saphon, S., and Crofts, A. R. (1977) Protolytic
reactions in photosystem II: a new model for the release

Fowler, evolution from

of protons accompanying the photooxidation of water,
Z. Naturforsch. 32C, 617-626.

Forster, V., and Junge, W. (1985) Stoichiometry and
kinetics of proton release upon photosynthetic water
oxidation, Photochem. Photobiol. 41, 183-190.
Rappaport, F., and Lavergne, (1991) Proton release
during successive oxidation steps of the photosynthetic
water oxidation process: stoichiometries and pH
dependence, Biochemistry 30, 10004-10012.

Jahns, P., Lavergne, J., Rappaport, F., and Junge, W.
(1991) Stoichiometry
photosynthetic water oxidation: a reinterpretation of the

of proton release during
responses of Neutral red leads to a non-integer pattern
Biochim. Biophys. Acta 1057,313-319.

Jahns, P., and Junge, W. (1992) Proton release during
the four steps of photosynthetic water oxidation:
induction of 1:1:1:1 pattern due to lack of chlorophyll
a/b binding proteins, Biochemistry 31,7398-7403.
Liibbers, K., Haumann, M., and Junge, W. (1993)

Photosynthetic water oxidation under flashing light.

Oxygen release, proton release and absorption
transients in the near ultraviolet — A comparison
between thylakoids and a reaction-centre core

preparation, Biochim. Biophys. Acta 1183,210-214.
Haumann, M., and Junge, W. (1994) Extent and rate of
proton release by photosynthetic water oxidation in
thylakoids: electrostatic relaxation versus chemical
production, Biochemistry 33, 864-872.

Haumann, M., Hundelt, M., Jahns, P., Chroni, S.,
Bgershausen, O., Ghanotakis, D., and Junge, W. (1997)
Proton release from water oxidation by photosystem II:
similar stoichiometries are stabilized in thylakoids and
PSII core particles by glycerol, FEBS Lett. 410,

23



SR

19.

20.

21.

22.

23

24.

21 (1) 2011
243-248.
Schlodder, E., and Witt, H. T. (1999) Stoichiometry of
proton release from the catalytic center in

photosynthetic water oxidation. Reexamination by a
glass electrode study at ph 5.5-7.2. J. Biol. Chem. 274,
30387-30392.

G. (1987) of
photosynthetic water cleavage, Photosynthetica 21,
203-224.

Berthomieu, C., and Hienerwadel, R. (2001) Iron
coordination in photosystem II: interaction between
bicarbonate and the QB pocket studied by Fourier
transform
4044-4052.
Hienerwadel, R., Gourion-Arsiquaud, S., Ballottari, M.,
Bassi, R., Diner, B. A., and Berthomieu, C. (2005)
Formate binding near the redox-active tyrosineD in

Renger, Mechanistic ~ aspects

infrared spectroscopy. Biochemistry 40,

photosystem II: consequences on the properties of tyrD.
Photosynth. Res. 84, 139-144.

. Noguchi, T., and Sugiura, M. (2003) Analysis of flash-

induced FTIR difference spectra of the S-state cycle in
the photosynthetic water-oxidizing complex by uniform
N and 13C
6035-6042.

Noguchi, T., Inoue, Y., and Tang, X.-S. (1999) Structure
of a histidine ligand in the photosynthetic oxygen-

isotope labeling. Biochemistry 42,

evolving complex as studied by light-induced fourier

25.

26.

27.

28.

29.

transform infrared difference
Biochemistry 38,10187-10195.

Kimura, Y., Mizusawa, N., Ishii, A., and Ono, T. (2005)
FTIR detection of structural changes in a histidine

spectroscopy.

ligand during S-state cycling of photosynthetic oxygen-
evolving complex. Biochemistry, 44, 16072-16078.
Saygin, O., and Witt, H. T. (1984) On the change of the
charges in the four photo-induced oxidation steps of the
water-splitting ~ enzyme Optical
characterization at Os-evolving complexes isolated
from Synechococcus FEBS Lett. 176, 83-87.

Berndt, G., Morvaridi, F., Feyziyev, Y., and Styring, S.
(2002) pH dependence of the four individual transitions
in the catalytic S-cycle during photosynthetic oxygen
evolution. Biochemistry 41,5830— 5843.

Suzuki, H., Sugiura, M., and Noguchi, T. (2005) pH
dependence of the flash-induced S-state transitions in

system  S:

the oxygen-evolving center of photosystem II from
Thermosynechoccocus elongatus as revealed by Fourier
transform infrared spectroscopy. Biochemistry 44,
1708- 1718.

Suzuki, H., Sugiura, M., and Noguchi, T. (2009)
Monitoring Proton Release during Photosynthetic
Water Oxidation in Photosystem II by Means of
Isotope-Edited Infrared Spectroscopy J. Am. Chem.
Soc. 131,7849-7857.

FTIR Study on the Proton Release Pattern during Photosynthethic Water Oxidation

Hiroyuki Suzuki®
Department of Biology, Faculty of Science, Tokyo University of Science

24





