ol A
Foltistn Q2
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FEAGolA dLUgE EAAHYH R Fat BHA F syt =
AAEY G 270 doiuvts B FETel Y AuAde o 20009d A
Priestlye] &3l 2nH F, w& JA17} o]Fo]a AT} 1930W = van Niel 2
SAAFH A5 A A BYHAA sfely FAM L AHHM HEo] o3
YEHET AdaE CO2oA7E otz B2 T8 He¥ ziole} slgon, odglze
FEA ot LA YSAHE o/ 23 Hill oz a dgHog wslH).

AT UAFE AN BADLL S4HOE olojd Sr9 3

I

4
%
rift
hnl
O
o
(L
[0

£ 2 NADP*Z NADPHE A |A|7)=d "Wos H¢zg

S

=
Brgste Zola, thE e B AFEle daExE g4l ded 4

r

YL AdIe Aolth. A E 4 wAl 7] T (photosynthetic oxygen
" evolving complex or photosynthetic water oxidase complex)= 2 &P & A
I1(photosynthetic reaction center 11 complex)E F5 Zel#® thuad 23ad
Zom oA ot Zeu HIT AHSH Jdre Az dadde Fsiapurg
I A3 A AR oA glFe] HMAHTHMivao and Murata, 1985).

FA 11 BEHAs B3 ey d e dox 200708 whia, gEa
pheophytin(Pheo), FIEH Rol=, 2J4, quinone W FJ|e|LERZ FHxg o,
depiol = we] AR elel 1A WTh(Arntzen, 1978). ol HTANA F+H o
Zao g3 LAWAE Fodtd, F+H WoluAs FHerg S 4 (Pesozt

Pheo)ol A & B ZHsE Feldted AEHch A FEANE PH

-

plastoquinone2 & Y=z, ¥ Mol EEAL] Bt daf, abart wEst
A"t (Murata and Mivao, 1989).
oA 7ol Mz Hrtale] FA 11 S owd 2459 &4 4 752 of

28 AdawEo] WeHA Frjoj2Fel chalM AH R D= Tt
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X =
.

| -

1. Photosystem Il complex
#HZ AHAE & AETGHA &Y LR dHIolE Yo T FE
g2 F 5 PS II B5A 4 sub-complexesS 2 &7l 7lEstod At AAMET
"etdol= uto] Triton X-100-F A2 ¥, A& E §3to o}l 2 2 <
w2l E.&H (photosystem I, cytochrome be/f T CF1/CFo B33 2t Ao Ee#
Ps 11 EUAE ZHste = €& 5 vtk o2& PS 11 sembrane (E& PS
11 particle)ol&l Hslof, oje AbAw&E A E 300~600 pmol 02 mg-! Chi-?
h"l F=Ze]lil, intact thylakoid®] #gz AL FAsAL 43} EZrh(Berthold
et al., 1981). E¥ 0°ColM AdF UL BAFIE A2 7058 BES FA Tl
PS 11 membraneo]l octylglucosided Az T o2 A PS 1l S =5
sub-complexE |3l 5 ol ©l, ol 47 kD, 43kD, 34kD, 32kD Ty
cytochrome b-559%} 33 kDRl &l=jA} W AZ JZ3tE A4S JFe] o PS
I1 core g4 olt}(lkeuchi et al., 1985). FA}%t Hele] BUA S geldol =
who] digitoning A 2|8t 3, cation-exchange column chromatographyE S 5| 4]
= ¥& 4 8vi(Tang and Satoh, 1985). ©]&] AbA4wtE HAH L FET Ca2t Y
Cl= iondt <A FHd AxeEAE FIFE ZF. 1,200~1,500 gmol 02
mg~1Chl-1h-12] &2 FAE Roll}, ¥ pHE Hz)3lo] 33kDe] ojala whwizg
S AAY B¥ O o4y HawES A gsrr. a2V FHsty Hsiie
71%E& 32 #FA T (Tang and Satoh, 1985). ©] AL PS 11 core complex e}
gt
Triton X-100& PS II utel He|¥t F  cation-exchange column
chromatography & ©]&3ted Bt} I sub-complexd MFZ4 EHxI 2y
+ Sl=d, o7lele 34 kD W 32 kD A} cytochrome b-559F LU]E gt}

(Nanba and Satoh, 1987). o] E¥ A= HWAS P680LE #E Pheo aE A=
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7tA ™, reaction center II A2 Ealch PS I1 Egule] sl

o
=
Zgefol M, A&, quinone I} FIlol F WL HEAF 24 S| Zx

Al AN ala'alalatVatalalalalalaVaVaVa Vel

Fig. 1. A nodel for PSII complex of spinach. P680 and pheophytin (pheo) are the electron
donor and acceptor, respectively, of the photochemical reaction center. Qa and Qs are the
primary and secondary quinome acceptor, respectively. Z and D are tyrosine residues of the
32-kDa and 34-kDa proteints, respectively, and Z acts as the electron donor to P68Q,

(From Murata and Miyao, 1989)

2. @ =49 7w
(1) Wajd whgd
SDS-PAGEe] &] 3t AtAwb& P ([ E32)2] polypeptide 24L& Holx 157)
ol o] whalFol &3l Ao T gHAZ Yl PS Il core complex?] whual
2 47 kD, 43 kD, 34 kD, 32 kD, 9 kD W 4 kDz} 25-28 kD& H<=whwiz 33
kD, 23 kD, 18 kD] ]=j+d w8 o 24 kD, 22 kD, 10 kD(1), 10 kD(I1), 5

kD Fo] gler, & A& 7 kD, 6.5 kD, 5.5 kD &% 225 o}
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PS 11 core complex®] 473 43 kD2 Q=4 a2l A3l vz 2 A,
antenna Al42] g elolr). E¥ o5 HAHI PS 112] AlhUWEA o] Fa3l

T3 Qo] m, 43 kD2 47 kDRU} =23tA wELZ Al

iy,
%
i
L.

o,
o

(Ghanotakis et al., 1989). 32 kD2} 34 kD2 €&

D £2% E3l) P80, Pheo a &} 0a F 082 ZEF-¢lojtt. o) 52 ulg 2ot
HEE e L3} M subunite} olujic it o gl 05 fAzt] A9 FA
& 7FA v, EF 32 kDI L subunit= herbicide AYFHZA EAL zZte=tl
(Allen et al., 1988). Cytochrome b-559%= 9 kDZ} 4 kD& E7)2] apoprotein =
Zt20}, PS 11o] eleo] A2 ot & ®3dlci(Ghanotakis and Yocum, 1990). ©

2jef 24 kDL TS HE2X AR wwAd=E odgix)z gdeoo, 22 kDI 10 kD(I)

—

2 A Tl 23 kDo AT YR B girt. Egh 10 kDI 2 5 kD
5 Baj= goor} ofa I suLe waAlx ¢ Alefolt}(Miyao and Murata,
1987).

(2) 2z whd

FEgol 23 atadgol oyt AxeA A= 33 kD, 23 kD B 18 kD2
&lzfd whaldo] AtAgAAr e Ha4Hd 245 s Zch(Kuwabara and
Murata, 1982). Al7Re] JxjAd wrwzlZ 33 kDo) Ao WA Ra|xle] Exo] o
T5 ¢l © o (Kuwabara and Murata, 1982), %/olof 23 kD 18 kD oA EeajEolct
(Jansson, 1984), °o|&2 ZF #ideln, pPs 11 BAN© Zzh o Fxp3 Zy
Eeol glth

33 kD ¥t 1.0 M CaClz(0Ono and Inoue, 1983)¢]Lt 2.6 M urea(Miyao
and Murata, 1984) X eleo] 23] FA 11 B2 Fe U$Eo], 18 kDY 23 kD
T2 1.0 M NaClZ A wWEAlF < vl EZ Trist} Alkaline 3 2]o] 2]3)
Asle] olxfd g S BRE wstegzRe Ry £
W Cl-s=stel A 33kD & AAY ¥, MA&UE BYE st FA 11 ®
AZFE 4712 MndAbE 2757F BojA WJtARECTH olobgE AldE 33 kD
HRo] AdaUEHS Mn Y FFAUS A

7t glth. 100 oM o] dte]
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Cl-sEs APAYEN Mn B¥o] FEHolttat 33 kD& thd® <+ rkMiyao
and Murata, 1984). oJ7]ollA 33 kD whld e 7% He)E Foixlg Qs &2
T olrt. stubs 33 kbol A Mnd} AYPste Zeola, ohE shubs WiAd e
WA stutell Mol A st 33 kDol U Hof J Y Zolzls Folrh o]
oz dratgtdel o] ddemn, oo o} & FAolct.

23 kD kel 752 23 kD 18 kho] AWH AW E EZ¢AoM AF
Hold + gled, wig W2 daWE 45 HEAY 5+ 2len, 5 oM Ca2tof
o5 X" 4 9lth(Ghanotakis et al., 1984). 23 kD mix|ufo] Ca?* FE7}
¢ w2 woE AdxuE Sy cCatrE JFEsts HAoeE Hel,
Ca2*-concentratorE2# HE&FH S & 4 Urh(Boussac et al., 1985). o|&el=
23 kD& atAutEe] QI cl-o 32 ZAAZIch(Miyao and Murata, 1985).
Sk cl-ofl of ¥ 8= 18 kD T L] JgolAd Bt FHdstch 3 oMol

g el EAA Atz HoWEe w7 M E 18 kol Yol RaH

l

W} ¢ltT}(Akabori et al., 1984).
W, olE 2 WA EL olE] UM a2y E Z¥UAA AZYH
4 glony, ofof utel AtauE Fge HEo] dold 4 olrh 33 kD 23 kD
vl e S¥A o Y APste A Zeo, 33 kD AL 23 kD T A
AYL ZFAAAESHAnderson et al., 1984). o]S w2 Egtalel ujrjAd
chl o gk -k Al Aol o3 FYHT AeF AR ofF FAAE
kD &AL Vs ge® 23 kD ¥IAL UERste daWE B
Aot AAFstE AeE Bol, o Wizl AYL ez 23 kb v Ao ¢ ste
71 Ztl(Miyao and Murata, 1983).
71e) eald A v)EsE gofstd g ZAoh
33 kD T3 : 1) Mn cluster®] <F3& 3
2) SzollAl SoE SAJEfA ol h&H
3) gl 2o
4) 23 kD Tel FAgyse AF
i 1) Ca?r pxol &3

*
1=
it

23 kD &t
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2) 44 fF#e A
3) 18 kD xtwizle] AjR AF

18 kD %Rzl @ xbawbE Hadol 10 oM o] sle] Ay e di4olld oF

Table 1. Proposed functions of the the proteins

Protein Function

PSII core complex

47 kDa, 43 kDa Chlorophyll-binding

34 kDa, 32 kDa Photochemical reaction center
9 kDa, 4 kDa Cyt bysa

Extrinsic proteing
33 kDa Mn stabilizer

Decrease in Cl™ requirement
Acceleration of 55 — 8,

23 kDa Ca2* trap

Decrease in G~ requirement

18 kDa Decrease in Cl™ requirement

Hydrophobic proteins
24 kDa Minor Chl-binding protein

(From Mivao and Murata, 1987)

2
b
ok
it
da
A

SEIEY
BEYE FA I HYA Q& wAYE FAL o}d BAAE ool

47 kD3} 43 kD] antenna WATHNAQ o5 EF oJUAE LHCPEZRE ule

HeZ Adutsfopstz|nfFEeol 34 kDI 32 kD2 E F

ok

HOUEEA dgstA 93
3 A& RAe® ogAAC}, abiurEre JpA W4Ael REol My clusterd)

T

AFFAE A A 24 gou, FHUNS Sl whe szl e A

Aok, A
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oft.

33 kD WAL un AdEiel vi¢ BE VL wHE Rew Bol Ma

clusterof @atEe] 9l& Aoz ¢z grvt. a4 wdael 23 kD 33 kD 2

2= el 9lem, Mn clustero] &A] 7lzto]l $12% 2L F o AR c}(Ghanotakis

et

P

of
_0_1
10

al., 1984). =& oz Al 18 kDS 23 kDojl 9/X|s] 2t I mrh
g AR FE s 5 kD wAe] BEEgoer}), ol ol =4

s = A el 92l ota glvh(Ljungberg et al., 1986). ca2*$} cl-

A 2
A28 ]l

A= obF oA 9lA kAW, Ca2vo] oW oxjA ghwiAo|L},

kD 2 22 kD @A A e V5o q AHPHAX L& HAY A zrh 9

UtE atacdE FUAIL olE wulAo] AWH 92 wol= Cazre] Ay}

Leli}r] miEo|t}, olulx Ca2*& PS II core complex?] ujxjAl chal 21 & 31}

o

A3=Ele] 9le A Zrl(Miyao and Murata, 1987).

Table 2. Essential components on the oxygen-evolving complex and PSII

Polypeptide(s) involved

Cofactor Stoichiometry ~ Function in cofactor ligation®
Mn 4 H,0 oxidation 7 (47, 43, 33, DI, D2)
Ca?t 2-3 regulation of Mn ?(47, 43, 33, DI, D2, 23
function in H,0
CcI= 4-5(7) oxidation
PQ 2 electron acceptors (Qa and Qg)  34(D2), 32(D1)
Chl a 50 photochemistry/antenna 47, 43, DI, D2
Pheophytina 2 charge separation 34(D2), 32(D1)
D-* 1 oxidation of S, to 5, 34(D2)
A 1 oxidation of Mr/reduction of 32D
P680*
Non-heme Fe 1 regulation of Q./Qp electron Dl1, D2
transfer
Heme Fe 2{b559) ? 9, 4.5 kDa

*The numbers given are the estimated molecular masses in kDa

(From Ghanotakis and Yocum, 1990}
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A 112) AtAubE WELo] inorganic cofactor®E ] W7t d4 Tl #ZFo]
o] @FHrts AAE W2 Baof o] dAUct. AlawE EUAA
Hel ole 4718 Mn YALE cluster FERE o] T, F9 itso g Fujo
24 zZR’TTh Mn clusters] SAE EPR, NMR, EXAFX @ optical && %
T2 o 7leg o83 d7HARALU, AYFHT LHHA 544

el M= of3] A7t 2 o] Fojx 9lA] ¢fvi. NMR €3 (Srinivasan and Sharp,

it
jo

l

1986) Lt Mn fixte] Atspgedo] whE WV FHE WEZ 4 (Disnukes, 1986) Soofl A
S328 Aols MnlIID)olA Mn(IV)2E) +tEle} R 3E W, Ssofla Sp2e Aol:
Mn(IV) off M Mn(II1) &) |zt = 3ol A= gt

i 53] YAy @Ay AEZ@AA Bol dREHAH=d, 200 aM
BEe) B @202 FEE 33 kD VWAL A2 gAY £ e, 33 kb
ctaldl 2 daol 22 HA QT8 30 oM, 23 kD wHY AL 10 oME $E A FhL,
18 kD U] ZF FHP e Wiels JAF ek 2L} o] P
3 oM ol3te] W Aol FEAMNE AW BAHE {AAZTh olappE
BohE 24 kD vl Aol EafstofM gl o] RojA R o] gt AMH-Z 18 kDY S0
¥ AF-9 7t 24 kDo E2FIchE Aol JbFsith(Akabori et al., 1984). 2
B gEH e g0l ¥$EE ulFolRol(Demnig and Gimmler, 1983) 18
kD ¥ o] atgo] £WAT ZAoZ AERED, J8E®R o whadel Ag
A 7)ol il otd EEEEA detalnh, g da AW o) F
Ttoll olgt gl FHEo] o|FojAEd EEH == Cl->Br->I->N0s-o)t}.
F-2} 0H- &= 238]8 A4S Rdch(Kelley and Tzawa, 1978).

Aol o] ata&ol a3 ®ehs AME 23 kD3t 18 kD o] AgH
daWE SEA ] o o]EEL E4ol o3 FIFHgCH olE wwido] A
H A des Aelhd ALY do 5= ¥ HEL VAL 5 e
o, ol 23 kD W] Aol g Ptz FAbstoh e uh Mg2t, Nav,
A BAE HEAIA Rk ol Atdel

Fol AaUEAelA 23 kD wWAL A 7 QS Adezw AzE T 9t}

-

=
:j+
o
7
rla
0%
L,
rfo
rle

+Y
,
b
e,
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(1) {8)
lel=1al =1nl
<P @ &
T30mM

LM 30 mM
NaCt Hadl 15 M 30 mM
(2) (3) Ca (4

o= |pl—=— 1Nl
€D ) GO

Fig. 2. A scheme proposed for mechanism of effect of NaCl and light on the dissociation
and reassociation of Ca2* and the 23-kDa protein. This scheme does not include the 18-kDa
and 33-kDa proteins and the intrinsic proteins other than the supposed Ca2*-binding
protein. The white arrows represent the light-dependent process. The bold black arrows
represent fast processes which are completed within minutes in darkness, The broken arrow
represents a process which requires a period of hours., This scheme is a modification of
the model proposed previously(Miyao and Murata, 1986).

P680O

Fig. 3, Electron transport between the electron carriers and the S-state transitions in
the oxygen-evolving PSII complex and the site of inhibition by elimination of ions and
33-kDa protein,
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(Miyao and Murata, 1984), ZrFoj&9] AtAiutsE

Ja

ALl 7ieAHI P4
A% 23 kb wAa Fol oz durg Yt FE uF7] dele 23 kb
Tl Zg2 etstA Jie Rl ARl olovt, #H2 e APFS
o W 2 HHYSE YA FFALoEHN ZEe UES orAL)
(Ghanotakis et al., 1984). I3} 23 kD Th2 2 ol 2] 75292 FB o
wEREwoll el JlEF ez AAY JA WAEs dez oA gl
(Miyao and Murata, 1987).

E 23 dholee s

Ll —_ =]

2

| B¢ AARER BAE GaolL

L

AL SpollA Sz2el AP RFEHY, LAFo]LE 5 Aefoli zv2] Tio] 2+
He Ao oA, Boussacs (1985)2 gy o2l Afo] S3EHE §o =

o] Mol F szof 2% 7-3ele] JABE Hastalrh
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A EYABAM FA 11 FHAESY 542 o
Aot B

Abaubdsl T E Ee BA 1 @A HoxE 20997128 polypeptided
st M, XF @ oy RICILEEHA FAFH dew, 258 FIE3
=2 ¥ WS 23w s o]FolAn Qo oF 2ES & o] o
WA ol Folx =7} AR Th CofactorE e AYF T wHAHok & Zio
m, polypeptideE7te] HERAE Rrl B o] sueterd Zlojth F3

A EA e gl abawbdel iy slFel FI LA oA U den,

3, o2} ol
A & dE Y

t
Ug s Fastvh. ubebs abaad@dgl ot A 11 TRl FA
oA ®Th __".—';%HZ:]O-]_TI_ nonspecific¥t Rd& A7t &
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