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(reactive oxygen species; ROS) 72 & OHIlIKIZ L Nrf2 1% Keapl 7> 5 gt L NI ITT 5,
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Aoy i

2. MBAbA N LRI X DR EIC T2 7 RENLT 4> (Apo) OLREEH

b A b L A K Db = o L CIRETE- 2 AT 2180 b e a R L, Fx
I, K TAR—F 0V UIRIRIRIEE LT SN TWD RS UZFRT T =2 Fd Apo IZ
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SR BAR IS T 20F%0) ZIEE L, ZORBEOMEIICED A TS, KR T T A
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H %7 L=kt Knoevenagel MEASISIZE Y a, B —FREFIANRF VK EEAT S
route2 X1, p— a7 = /=& HIEEEE L TAL MLE 7 L =Lk Mizoroki-Heck ¢
JRIZ &Y «, BRI NVARF N AEANT D routed A EHEIL7Z. #ERE LT, routel
T L OERD PR INEHOIEIZL %L TFTHY, £/, route2 TIEE/ L=
JAL LT3 HOIIE D72 > 722038, route3 TidA L F V7 L= AkICkEh LT L
TEUC ZRINES 3% THEZ. 615, KEWRBEEZFMAL TS Y 7L I 7 22
ELEZ3SHEEOTATEY v CTFr Y (K1) &0 1iah - AL,
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TX-1959 (n = 1) TX-2149 (n = 1) &

TX2012 (n = 2) TX-2223 (n = 2) TX2013 (M=2,n=1)

TX-2101 (n=3) TX-2227 (n = 3) TX-2007 (m=2,n=2)

TX-2145 (n = 4) TX-2263 (n = 4) TX-2136 (m=3,n=1)

H
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HO HO HO
OCH,3 OCHj;

TX-2139 (n = 1) TX-2142 (n = 1) TX-2248 (n = 1)

TX-2138 (n=2) TX-2147 (n=2) TX-2249 (n = 2)

TX-2135 (n = 3) TX-2146 (n = 3) TX-2250 (n = 3)
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TX-2063 (Ry= R, = 3,3-dimethylallyl) | TX-1960 (R = CHy) TX-2143 (R = H)
TX-2224 (Ry= OH, R, = H) TX-2064 (R = C4Hg) TX-2144 (R = CHy)
TX-2225 (R4= OCHj, R, = 3,3-dimethylallyl) TX-2067 (R = geranyl)

TX-2226 (Ry= CHs, R, = 3,3-dimethylallyl)

K1. 7ATEV L CTHu 7ol #EE (2 9FEE)

FREOSFEE - AR LT AT EY v CT T r Z ORBRLIEEIC ST, DPPH T 7
NAKEONABTS 7 U AR, T MK h=2v KU 7 (RLM) (25 5 s E B R
FIEME, b b LDL BUERbiEME Gy = A pkBRF A LU TBARS 1£) (2 &0 Al L 7-.
ZOFER, TATEY L CIIBFBIIREELH S L TN T r T a—L L TR 1/3 &K
W DPPH 7 U VEISHEZ R 07, K2 fEmndkry = U AERLEREE 2R Le, 7T
EY L CEREAFILT AT AT S L P AR ETR IR T L (TX-1960), 7L =/b
FEOMEITHEOLEFMIZL T Lz (TX-2013, 2007, 2136). ZH 6 0OFEHRIE, T v MFE
F= o R 7O E BB EEEOMER LA R L., £/ L= p—r =D
BT I 7 (TX-1959, 2012, 2101, 2145) [T Cis (7 7 bR I VEE) %, XHET DA B R
TL=p—7~ U UERT T u s (TX-2149, 2223, 2227,2263) TIE#HE Cp 2 THMR &35 K
BRI D LDL Hig LIEMEZ R L7z, TATEY Y CO1ODOT L= ika A M VHRICE
WalL7-7 V=7V T8T a7 (TX-2142,2147,2146) Ti, #HE Cyp (FZ7=1%) »
FEFITEmN IR D CAEREEEAZ R L, TOEAWVIEXL— MERZ b O T = —k L
RIRRECTHoTmN T L=V 7 2 VIBRT Fa 712idx L— MERBEIZR b enoT-. 77,
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TWT a7 L0 bEmniE Y CAERREEE S R L. 7 TV A S0 TX-2143 13,
TATEV L CT a7 oRThi bV LDL HilgbiEttz R L=, LEORE LY, RLM
FEENE mmiﬁﬁ&LDL#&m%@&@% (Z IR 22 A BEBEIAR I 22 <, RLM MREAR B e
(P ETENE & BOKPEICIZED R OB, F7=, LDL HFUEALIEME & BRI IE %k OFERS
M V) B TR %@ﬁﬂijdeﬁf@6,#&b%,ﬁ%cmeﬁzw%)%%0%¥
Db IR 72 LDL HiEg A CTh 5 Z &R S i,
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FaZxza—VEIIEH I VEBOMEEMS THY, AEEIREICK 257 bl {bis
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& B (TX-2247) DIERIRT 4 F LS /) — &5 Fi%at Lz, BERICBE L C, ®Hihd 5 A
FEWRT = 7 — Va2 MR E LT ¢ Tk, BRICE D X AZERL, RV TE
JSLLTCHMTH D 7 4 FLF ) — V%G (AF—L02).
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NaH
phytyl bromide &
B,
R2 OH toluene R2 OH

Ry Ry

Ry =R;=R3=CHs; Ry=R;=R3=CH; 63%

Ry =R3=CHg Ry =H Ri=R3=CHs Ry=H 65%

Ry=R,=CHy Ry=H Ry=R,=CHs Rz=H 62%

R;=CHj3, R;=R3=H Ry =CHj3, Ry,=R3=H 54%

Rs H H Rs H H
Fremy's salt N Z : NaBH,4 He Z

- .

SPB:acetone = 2:3 R; (o} Et,0, MeOH R; OH

(SPB: 0.2 M, pH 7.03) R, R,
TX2229R;=R,=R3=CH;  65% TX-2254 Ry =R,=R;=CH;  88%
TX-2232R;=R3=CH3, Ry =H 51% TX-2247 Ry =R3=CH3, R, =H quant.
TX-2233 Ry =R, =CHs3,R3=H 75% TX-2242R;=R;=CH3,R3=H 86%
TX-2230 Ry =CH3, Ry = R;=H 54% TX-2231 Ry =CH3, R, =R;=H 95%
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TL7. LDL #il biEPEIcBL T, T R_RTCO 74 F k¥ /) —MiZ DL—a— ha 7z —
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KT LHEERTBE IR o7, U EORERLY, 74 F k¥ /) —Ab hadzn—
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Z ZTARMIIETIE, FH—IC, IRERBOZERME Th 2T T o IEE A BERE R
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10 ~EEH L7, = 7 OH 6 OBn

D o-F ) UME 10 & ont OBn

9 LIFAKRIZ A BROKEEIED 7% Ns Prif L7z (—)-epigallocatechin (11) Z UGS H/2 & T A,
TRALKUS & BUREE R R TRV Y b a R VBB SN 12 25272, 12 12OV T Ns M
ZWiRFET D Z L T theaflavin Q) ~ELFHFETHTETH D,

oH

OH
OH OH
Pb(OAc);
HO ONgS NsCl, HyBO/NaOH NsO o . NsO O
_— CH4CN
\@j"’OH toluene-H,0, rt \@(J"'OH \@j“(OH
(pH 9.0) 9

OH

OH

2 1) CHsCNICH,Cl, NsO O oH
2) H,0 “OH
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PHIER 72 Ekk 2 ABEREZ A 5 Z L HE SN TE D | T LR 72 & D AEE
EHROY A7 IR TFIREZRET 2 Z MG ESNTWD, BT X U HOABEREX, %
(ZIEFITHR OB LTEE R H > TV D LB 2 6N TV D25, TERAMAFICEE L Cix o 7efigi]
VARV I QAVAS AN

VTR, B 2 W= FEBRRICB W T67kDa 7 2 =0 LB H =R A U F U EDE
HEIZ EGCg MR L., T OMREEZ ST 2 2 & TH Mg o BmElIc @ < = & s
Nz, ZNHORE, ERNICB T2 T30 7 EBEAE” OFEERELTE
0. BTXEEOB UWEBMERRBETY & L COEAE L OMAEERHOEEMENEH S
Tre ZIBEOHRYEXEEZRTH, STAT-L, v MU w7 R RAZuransr7—¥, Fas7r
— A, Bva vy VEAERE, HILWVENS FOFERRE S22, I T7F U EOH
TOAEBEN & OBEEN RIS TWD, — T, MRNICHFET2EAEE VT F U H
& DOFEG HEBINR LTeHEFNIT D7 <. 7 I X 5 & A EEE-C M I aE o i 4
BAEOBRIZIZIE > TR, ZOXIRERE LT, AT F VPG L TV DOIENER
B BED D VIR L, BEAOSEREICHRINT 2 FERINE TR EASHBEI LT
ol ERETFT NS,

Fexld, BT UHEEAE L OMABERORITTEE LT,

(1) HEERE 23T NBT iE Ui DOfE A U 5 0B bE 2R H U= BE/ER ok

(2 FUEMEAE E— XL A AE/EREAEORERIE

) HENT MW h 7 X UG E R E O HHIER X OGN Otk
ENEIEEL, invitro ICBWTH T I VN Z T EHRDOT AT A VFRIRITIAREE
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Fig. 1. Proposed mechanism for the H,O,-induced structural changes in Cu,Zn-SOD.

The H,O, treatment yields a Cu(l11)=0 species (reaction I). Next successive protonation steps (reaction
I) yeilds a strong oxidants, Cu(I)OH/Cu(lll), which can oxidize either adjacent histidine residues
(reaction I11) or external substrates, such as bicarbonate (reaction 1V). The reaction 111 may result in the
formation of the oxidized histidine (2-oxo-histidine), leading to the release of copper ion. The carbon,
oxygen, nitrogen, and hydrogen atoms of protein are shown in yellow, red, blue, and white, respectively.
The coordinate bonds are shown as black lines. The hydrogens except for His61 are omitted for clarity.
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