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Abstract The generation of +OH from Cu,Zn-containing superoxide dismutase (Cu/Zn-SOD)
reacting with H,0, was studied by using deoxyribose degradation method in which
deoxyribose reacts with +OH to release TBA-reactive compounds. Cu,Zn-SOD could be
inactivated by H,0,, during which +OH was produced. Formate and benzoate,
scavengers of «OH, could partially protect Cu,Zn-SOD against inactivation by H,0,, and
could inhibit the generation of «OH from Cu, Zn-SOD reacting with H,0,. Heat
inactivated Cu,Zn-SOD could also react with H,0, to generate +<OH, and it was more
effective in generating -OH than the active Cu,Zn-SOD. Apoprotein of Cu,Zn-SOD did
not catalyze +OH generation from H,0,. Zn>* could hardly react with H,0, to
form <OH, whereas Cu?* was highly effective in generating +«OH through Fenton
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#i5 Abbreviations: Cu,Zn-SOD: f#$F @A YWi{LM Copperzinc superoxide dismutase; + OH: ¥ H 1 # Hydroxyl
radical; D-OR: B4 £ Deoxyribose; PBS: BiMZE ik Phosphate buffer solution; TBA: B4t B Ik 2
Thiobarbituric acid; CAT: 3#{L S K Catalase; NBT: & #EPUM: Nitroblue tetrazolium.
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reaction. These observations suggest that the generation of « OH from Cu,Zn-SOD reacting

with H,0, is due to the Fenton reaction between H,0, and Cu’* in the active center of

Cu,Zn-SOD.

Key words Copperzinc superoxide dismutase; Hydrogen peroxide; Hydroxyl radical;
Copper ion; Deoxyribose degradation method

FEAEYRR, B A HE( - OH) XE R B3 Haber-Weiss [ S1f Fenton R =41, X H
AREYH, SBETFHERTLEE. SYKNNERBETASUASEXEETHRS. M+
MBEZEARHSESBET, TUEEARENMEAN—THEENEFE, BAHETERE
B7EAE Y kR & 4 Fenton R ZA T AR B ATE MAMRE 35 X M. 1984 4F Sadrzadeh?
HhAERAMMAELTUEHMSE « OH KW R. Puppo F 1988 FEMY H RIME M LT
% = A PR H,0, B Rif=4 » OH,

W R E W B ALRE (Cu,Zn-SOD) RAEY RN HEEN —FE&BED, HEENREMHEL
O, B bR LR H0, M O,, EREHEHBHATHREEMNH. Cu,ZnSOD IR KN
Z—f H,0,, Xf##% Cu,Zn-SOD FEM H,0, EBFHARFHEHMAY, Hik Cu,ZnSOD 5
H,0, % 4 Fenton K T f=4 » OH M fEHER K. AXHTFXMEE, HARASHE
(D-OR) B3t Cu,ZnSOD £ 5 « OH WIF=4E#1T THFR.
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## 24 Cu,ZnSOD. TBA, NBT, CAT #y3k B T 3E Sigma A F, D-OR X HHE
H Serva A7, BPHEAR. ZEEXRATLEEARNT, EAKNE A E S AR
YRR XA K AL :

SOD EMME  HBEZEM NBT BJFEN. FERRBEFMA 30 Uml' CAT BUHER R
L5 b = Y H,0,. |

-OHME HKEEZENRESEREERY, MU Ay HRNFER - OH K7=H.

Cu,Zn-SOD i Cu**, Zn** fIEB  FIZBPHEUGHE Fee T,

2 KRER

2.1 H;0, + Cu,Zn-SOD RE R L - OH 4%

HUAY H,O, 8% Cu,Zn-SOD Jif5| & D-OR BMERBRERK, Ag /LFHZQE—#, TR
A H,0, 5 Cu,ZnSOD A& %4 « OH. ¥ H,0, A Cu,Zn-SOD A H,0, » Cu,Zn-SOD
RERZLE, W D-ORBEEEMA, AgnBEEAGED, X#H Cu,ZnSOD fE5 H0,
RRfE4E « OH, H - OH M7=#ibi Cu,Zn-SOD ¥ K& H,0, W E L FHiim.

H,0, %t Cu,ZnSOD W EH A W E MM H /A, 5 mmol/L # HO, fFA 1 h W {
Cu,Zn-SOD KGR A FRM 7.1% (B 1). #HAWE, HO, 2 MEHEH. BB/
&, wHLERINN HO, RE# Cu,Zn-SOD MEBER T, RRMMEFKRHAE - OH
BB H, & HO,  Cu,ZnSOD A& P MA PR MERR, ©NHERREEMRP
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Cu,Zn-SOD KTt ( B 1). FEENE 100 mmol/L YR BEfH SOD WEHARSE 53.1%, KF M
BIBGIR I E I H R B AN S — 2k, YREF N 100 mmol/L R AEM SOD FEHEARFFAE 30% £ A,

%1 H,0, - Cu,ZnSOD #4idh - OH {97

Table 1~ «OH formation from H,0, - Cu,ZnSOD system
H,0, (mmol/L) SOD (U ml™) Ay H,0, (mmol/L) SOD (U mi") Asy
5 0 0.070+ 0.001 0 500 0.060 % 0.001
5 10 0.101+ 0.001 0.01 500 0.066 = 0.001
S5 50 0.113+ 0.001 0.1 500 0.074% 0.001
5 100 0.123+ 0.002 0.5 500 0.082% 0.001
5 250 0.137+ 0.001 1.0 500 0.103+ 0.003
5 500 0.156+ 0.002 2.5 500 0.131% 0.002
5 750 0.173+ 0.003 5.0 500 0.160% 0.002

% (D-O-R+PBS) M Agy; 4: 0.060 £ 0.001

Ay of blank (D-O-R+PBS): 0.060+ 0.001

FRAMERRHAMAR HO, - Cu,ZnSOD REZ LK P, BENHNEAREE BN
MR R M E R T
H,0,+ Cu,ZnSOD R R 4T « OH, H+ HE#HI%t Cu,ZnSOD 5 H,0, RRij= 4K - OH

# H,0, » Cu,ZnSOD KX 2 & & xt D-OR IR M{E M (A 2),
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Fig. 1 Protective effects of -«

OH scavengers on

the activity of Cu,Zn-SOD

YW & 25 mmol/L PBS.

5 mmol/L H,0,.

500 U ml' SOD X4 (A) . K FHRHM(B)
The solution containing 25 mmol/L PBS,
5 mmol/L. H,0, and 500U ml’ SOD in the
presence of formate (A) and benzoate (B)
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Fig. 2 Effects of +«OH scavengers on the +OH formation

(D-OR +PBS) : 0.070

from H,0, + Cu,Zn-SOD system
Y& 25 mmol/L PBS.

5 mmol/L H,0, 500 U ml’
SOD EH MM (A). XFERMMA(B), AnZAaf

The solution containing 25 mmol/L PBS, 5 mmol/L
H,0, and 500 U ml’ SOD in the presence of formate
(A) and benzoate (B). Asy;, of blank (D-O-R+PBS):0.070

2.2 Cu,Zn-SOD 5 H,0, R4 + OH fJ#1I8

%% SOD 5 H,0, iR &

Cu,Zn-SOD £ ¥ K # 15 min JE AR TER RN SOD. %

%% SOD M H,0, | LA =4 - OH(E3), L#&, 0.9. 225, 4.5. 6.75pmol/L WK
SOD 5 100, 250. 500, 750 U ml"' B SOD i EH%, KM Cu,ZnSOD 5 H,0, K
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P4 - OH MBRR THRWRE NS Cu,ZnSOD (B3 5% 1). T, 25 - OH MIEM At
ARG Cu,Zn-SOD FilEl & WAHE, MASWREEENTSS - OH ML RIE R L5,

BHE Cu,ZnSOD 5 H,0, IR~ FEAH#% Cu,Zn-SOD 4 Cu?* fl Zn2* B3, {f
ZHARTERETHENSOD BER., W E4FTUFE, BHELYSOD 5 H0, RRNALE
M D-O-RIFEM, EEBMENSODBEARARLS HO, =4 - OH WAL, 7 B3,
Cu,ZnSOD WZERMHE - OH WE BB AV BN EELE,

0.25
0.20
0.20
o o 0.15
< 0.15 <
0.10
0.10 oo o0— - ©
0.05 0.05
09 235 4.50 6.75 09 225 4.50 6.75
%1% SOD, Inactivated SOD (pmol/L) Bi%iA SOD, apo-SOD (2mol/L)
B 3 H,0, 5% Cu,Zn-SOD [ fist B4 - OH Myt K 4 H,0, 5% Cu,Zn-SOD X fiid # - OH fyjoak:

Fig. 3+ OH formation from H,0, reacting with inactivated Fig. 4 +OH formation from H,0, plus apo-Cu,ZnSOD
Cu,ZnSOD system :
H:0,: 5 mmol/L; A, %5 F4f (D-OR +PBS) : 0.065,
Ag;,; of blank (D-O-R+PBS): 0.065

H,0,: 5 mmol/L; Asy, % {4 (D-O-R +PBS) : 0.070,
Asy of blank (D-OR +PBS): 0.070

Cu?*
Cu**., Zn™* SHO,MREE 4BETM Zg
H,0, HE& W B=4: « OH 484X fi— Fenton
RR. CuZnSOD &% Cu® M Zo™ WfE  *
F. BER Cu,ZnSOD ME(MA 5 - OH WM = 04
BHHEEXR, BAXWHEFTAEMCu,ZnSOD 03
Z5 -OHWMERAFHEMEXE., ESHET 0.2 Zn2*
Cu®* 1 Zn** 7£ Fenton K Ri =4 « OH M 3K o1
#; WA, Cu’ fE Fenton [ ki fEAR 4 4 33 90 135 180 225
5% H,0, 74 « OH, 1 Zn** 7E Fenton f 3 & Cu* or Zn®* (umol/L)
AL - OH M RBIE, -+ OH M= JLF % Bl 5 Fenton & Rith - OH fyj=
. Fig. 5 +OH formation from Fenton reaction by
Cu®** or zn?*
3 ﬂklﬁ H,0;: 5 mol/L, Cu’* or Zn®**: 1.8—22.5 umol/L,

Asyy 2 A1 (D-OR +PBS) : 0.083

AR AL BEAEN - OH MW F Asz of blank (D-O-R +PBS): 0.083
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B, HEEAT Cu,Zn-SOD # H,0, FHE FW S5 « OH /=4, HHFT Cu,ZnSOD £5 - OH
YL,

1990 4E Yim!"! f§ ESR K K BTE Cu,Zn-SOD # H,0, kG 3B » OH EE K™
. IAHRAEY Cu,Zn-SOD A /44 H,0, 74 « OH, 25 - OH B~ 4E i SOD i
FEZ—; AR Cu,ZnSOD RA LAY E Y. HERERNGLRIEHARKER Cu,Zn-SOD
WA H,0, R B2 « OH, X5 - OH ML RIEARLIE Y SOD A M4k, - OH i
FEESOD RELATHEHERSXERZFAK. SODBRELBEEEABRAERN LS E - OH M
B B R Cu,ZnSOD WE A4 5 H,0, R4 - OH MW MR/, Cu,ZnSOD &
5« OH =AM X N FrIfER SOD fidME&RET.

Cu,Zn-SOD i & B &R E T 4%, Zn’* 7 Fenton R H 5 H0, =4 » OH MM RM
&, WTRLAR Zn** 3 F Cu,ZnSOD £ 5 - OH PAMERAREEN. B—1¢BHHE
Cu’* 5 H,0, &4 Fenton R Rij=4: + OH MR, FiHMLREREER Cu,ZnSOD %
H,0, 725 - OH MIEBRE H1F Cu,Zn-SOD §FH:H 08 Cu®t 5 H,0, & 4: Fenton JZ RifY 45
R, HREFE/REKEMN Cu,ZnSOD 574 « OH WBRKETEEREENC(BS 5
#1), XWHEEENSOD EHSLK Cu? 5 HO, 4 « OH X4 SOD A &4 4
T, T OH &1 o a4 FH 2 2 #R1R /N, 7€ SOD 4R A 414 F D-OR #i#E3IH - OH
R,

AR H,0, 5 SOD MR B IT : H,0, Bty 8/ H 3% SOD Mg O, eI
Hir 5 Cu®* K4 Fenton R Bif=4 - OH; =48 - OH X SOD, 3 SOD W45 & 44
b, $RNEE SOD B FHIEZM, ER&H Cu WHHLIEY SOD 1y Cu®* EMRERSREET
SMEABEEH, Fenton KR HBA S #47, WM - OH FHHE & —k,

—BAEHERXAT, QA H0, WEEA% 0.1 mmol L min ™™, 24 Mk 4b T 9638 & 4
T, HO, M= AERMEEF L&, SOD LA BALR B &M s H0, i £ Ek %, SOD A&
B HO, WEEEHTFAMF L EIHA. W SOD FAEM H0, R R B s K, 0
Cu,ZnSOD § H,0, R R =4 - OH WA REHAR K. IE4ER, #—e2pH020 &g m ki
SOD W g & WA M VAM G E/ER, X5 Cu,ZnSOD £5 « OH M=t %,
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