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Theoretical Investigations of Interrelationship between
Four Electron Water Oxidation to Molecular Oxygen in
Photosystem II and Four Electron Reduction of Molecular
Oxygen to Water Molecule in Cytochrome ¢ Oxidase

Kizashi YAMAGUCHI*" *>** Koichi MIYAGAWA™, Mitsuo SHOJT**,
Hiroshi ISOBE*®, Takashi KAWAKAMI* and Satoru YAMADA™®

Recent time-resolvled (TR) SFX XFEL experiments, EPR, and Magnetic Circular Dicromisum
(MCD) experiments have elucidated the mechanism of the four electron reduction reaction of molecular
oxygen to water molecule in Cytochrome ¢ Oxidase (CcO), indicating the important role of tyrosine-
radical (Tyr244-O¢) for the O-O bond dissociation step. On the other hand, recent TR SFX-XFEL and
TR-FTIR experiments have provided snapshots for the time-dependent variations of the biosystems
structures in the S; — [S,] S, transition in the Kok cycle of the oxygen-evolving complex (OEC) of
photosystem II (PSII), elucidating the multi-step reactions involving proton and electron transfers, and
the O-O bond formation. These experiments have provided indispensable information to elucidate the
electronic mechanims of the O-O bond dissociation in CcO and O-O bond formation in OEC of PSII.
However, EPR and MCD experimental results have not been reported for the final transition state “S,”
of the Kok cycle for water oxidation. On the other hand, theoretical and computational investigations
have elucidated that timing of the one electron transfer (OET) from the CaMn,O¢ core to Tyr161-Oe
radical in the transition is a key factor for understanding and explanation of the possible mechanims for
the water oxidation in OEC of PSIL. Interplay between theory and experiments have elucidated the back
and force interrelationship between four electron reduction of molecular oxygen in CcO and four
electron oxidation of water molecule in PSII, indicating common electronic states, namely three
electrons in metal sites and one electron on Tyrosine radical at the key step of these reactions. Multi-
copper oxide (MCO) is briefly discussed for comparions with CcO.
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Lerease Pathway (PRP)** PrLcitgEshTwac
(PRP1), O, (PRPID, Y, (PRPI)#%#%xCcOTH T T
b UL LTIREINTWAD, K HO3ED

B Mn(IV)Mn(iil),Mn(ll

Mn(IV)Mn(ill);

Opened Serr =112 Opened
EegeE312 R —_—rs
H,0 Mn(IV),Mn(Ill),
Closed _ Opened
o2 e Rl T e
lhv
Closed
Ones 1y ) stttz

Setr =112
Mn(IV);Mn(ill)

4

H,O0  Opened

Closed

6 (A) PSILIZ31F % Proton Release Pathway I (PRP I)*** 12 313 % Glu65-Glu312 pair, (B) PSIIZH
VF % K5 Kok 3 4 2 L 0 £ BEBSIZ 51F % Glu65-Glu312 pair D BIEIRI ™ & 71 & > Hirih o BEws 1.
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Channell” ™ L #HE L T2 X ) 2B bh s, PSITIE
& 6 12753 & 9 12 TR XFEL-SFX % Bk 37 12 30 &
Cl, channell iIZ /7 7E 3 % G65-G312 pair 2 PRP ® 7 —
A E L TIREEIN TS, CCOTHIEIN-H D
Wit B CHEREICEIE L C, WAETIRHRBREKICX S
H OB BE % BT 27 — MEEZ™", W
1 ® CcOH 4712 12 D-pathway > "W 2842 £ S T 7,
H-, D-BEECTHROKEZ T LEHHH 2 DIEE 612
RL7ZZPSHIDZNE ORI THEIRE . ki, ThHD
ks % W1 9 5 720012 TR XFEL-SEX %8 > ' 7 541 b
NTwa., —7%, 77— MgomHmE """ 12i3E s
RL7ZQMETVTIEIATHTH Y IEQMET VT
DFEHEPLETH ) 5 HOPETH L. S 51T, PSIT
D IRIF AR, BERBHBREICH IS T 5 CcOTOMH
AR, ABUEICHIET 28157 b Tw
5. PLE® X 5 I2PSI & CcO DA H B4R O 1% B & Ak
IANF—RFOPICEELTH 5.

42. SHEDEBE

R —=ZXTHRALTEZL DI, B4 D3k
BP0 5o KM I Bt i O RESE, KEIGI RO
LEMHEFHOREICLY, BMEIARZOMBIG L E 2
LNTE-EBREGRBEEROME - BTIRE - JUSHE
W DA EHRITHEA TWD, AFiTH TR XFEL-SXF
FEB VI X ) KB R L2 Kok W A4 2 vk
B U7z BSOS HBARICEY 3 2 5 & 1D IC/R L7z M
ARt R AR AIICHN T2 &, B4R LR
B A S IR R AR Y 2515 S 7. 2008 4E O T
WO H E LTI, 2N Tidd 2 09%
ADVEONIZ 8RB, 5%, AV —ATHE L
FIRBCERRDOMABII AN TGRSR OMR L e S
%2 &2 X Y, Earth abundant % 3d &# 48~ FI)H L 72
BrHEER O AR RFNIF S T AR H 5. £
D72OIEEIDIIRT X )12, FTFIMEETE 58
BEBREEROTFT— & N—AOH%EYL, DFTHE""Y
RHZHEREES L 2 RO ER L LS
THY, SBREFIALE 2n T4 v 7 s
AoTEZEVZ L.

E -

FHo—N (L) PERBHZIHV TV B RPIZCO
3E ) I TPSTOMZICB VT RE BRI 5
TENE=HEOFMICHELELZOT, ZhET
DTIEDOH A & BV Z LIEHOXFFE = 2O THHT
L RFET. F, AR#HEE FHNEIRITIZCO
DIHRER I T SEIRIOES LT E Y. AR
BLEFZei o5k~ & — I3 B O FH R o il
HAFF2THELLDEHB L ETFES. 518, AT
51 M L 72 TR SFX-XFEL, EPR, MCD#: 12 X % PSII %

CcO 2B % FEBRAE R 2 Wl S M 724 B OWF7E |2 &
HLbITw, ARONEICHL TETORMEIIES
() K 2HZWELTBE 2w,
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