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SHeRiRiReE S%AR MT IREN HBAEY; MT {55 DNA i1, mf OH g5
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FEHRPENAEE. AT/EELX MT-1 BKER v B o, N MT-1ERE BE80
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HFF MT-1 A2 T g CACL, FE RN R AR S B4 LEE™, Brigr= & HPLC 4,
EEEENERPBELSTFERFESACA LT 24 Zn 7, EHIKERN A= REEK,
BE_HME=ZFEBR SBMABESEREN RIEEERET, AT 75, KHPO,,
KH,PO,, 5,5 -"HM-2-W5&L F B 5,5 -dithiobis(2-nitrobenzonic acid) (DTNB), Z, —fzpg Z,
% ethylene diamine tetraacetic acid(EDTA), HK Guanidine, CdCl,, H,0,, 433 —HEBZ4H.
BB KI E¥0 AR . BT N,ON, o 4=k, O, nEBASHK.

1.2 EREHN

AR RAERRBIBESN,0, N, % 0,) 30min F#HE., BRELEREZRYER /NG
WEER, BMURR FeSO, FIRTHRE, Gz )o, BMIE 18.5, BER5ErEEHRS A Ellman
B3 CCE 4R 5% 10 °mol-dm~* DTNB-1 x 10 *mol.dm™*'EDTA-6 mol.dm™® Guanidine-(,1
mol - dm ™ B 15 4% # R (pHT7 . 3) 1 E 1 SR B 0. 4—1. 0 mMF WA (Fi 2 H B A& 10 . 5pmol),
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fm2o0pl 0,1 mol-dm™*HC1, 200 ul 0.1 mol.-dm *EDTA K4 EBEF, H A 5ml 0.1 mol.
dm ™5 Bk £k 22 # % (PBS) (PH 7.3) f1 0.2 ml Ellman 3R 51, 3/ 0.1 mol-dm~*PBS & = 10.0mi,
F 412 nm KW E TR B IR IREIRIE 1, €412.m X 13 600 mol ~'.dm®.cm™, H,O, Ml & kb &
BUOL 11— 2 ml BRI, N 1.0ml B (2 g SPE_HREMET 100 ml =7 /KHEIE), 1.0ml
AW (4100ml g 78 KI, 0.2g NaOH 71 0.2 g BE4ABR4E) , /KRB E 5.0 ml, JZ Assoun,
€350 = 2.3 x 10*mol™'.dm®.cm™!, Cd 5 Zn I FWRM 4 JCEY: (AAS) U, {Y2%3% Hitachi-
180-80 MT-I/KiFik RS # T R RS R Z R EH =4 HHPLC 31 % , {25 Hitachi-Mercle
HPLC, 4y 47 £ % Ultropac-TSK G 2000 SW (7.5 mm ID x 30,0 cm L), 447 A B n A2 47 & Ultropac-
TSK Precolumn SW (7.5mm IDx7.5cm L), FEE4&HE 20ul, EEHES 0.05 mol.dm~*PBS
(PH7.0), ¥ 1.0ml/mim, 220 nm £,

2 G R 5

21 MT-1 5 H,0, WE
ERIEAET, HO0, 5ERER (Hink CySH AT R,

) 2CySH + Hzozlf_',CySSCy +2H,0 n

RE () BHHESRY,
Cys~ + H,0,—»CySOH + OH" (1a)
CySOH + CyS-->CySSCy + OH- (1b)

BB (1b)RE, KR (1) RIS, K, =12.4 mol ! dm®.57' 45 F MTHhHF 204 L FKBRE,
ME4£HERTL, R EMTRKERNREH LZHhXUR N TTEAELE, TETGEBEHERER,
RS™ + H,0,-»RSOH + OH" (2 a)
{ RSOH + RS"—>RSSR + OH~ . (2b)

Reh RS™ Fom MT, EEHBENE k.

F1 0.05 mol-dm=* PBS (pH 8.0){E¥&%, FF—EEK MT-1, fi Elman & 50 & 3 R ik B
FERPBS BREEFE IKEH 1.0x10  mol- dm™*(A #), X 0.3 ml30%H,0, FI=H%E /K &
B2 100 ml, ] Na,S,0, FREm N HIREREHEZE 1.0x 10 mol-dm™*(B ), EX10.0ml A
W, 5.0mlB ¥, N 25 ml ZEHth, FPBS

ERE 2B oIZEL, ZRQIC)TRE, &
iz F— BB 1.00 ml % B %% i Ellman i
AW E SH IR ERENHKNZEL, SEE 1,
oy ME 1R LB BB B R RN (8 T B,
= L LB E&HT MT-1 5 H0, RF, BER
T 7 mUER CYSH 5 HO, Ry —#, HZK
0 AT w o she 0w (2 a)f(2b) 47, H(2a)Jygemize, WH
Fig. 1 Kinetic plots of MT-I—H,0, reaction d[RS™]/dt =k, [RS"L[H,0,. (D)
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[RS"]1=4,0x107¢ mol.dm™?), HFREECaMCb)#IT, E4TFHOK
[H,0;1,=2.0%x10"*mol.dm"3, N -
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d[RS™]/dt = ékz.[Rs-]ﬁ, M 0>t FEREFL 4048 1/[RS™ T, =1/[RS™], + ; Kyateeee (1), EP

/RS —t ELXR, XEZBRERER (B MT-1 1 20 MRELBERFL, FUUEH
[SHIED 5 IRS™D), 383 LHMRE R A EN HE 1 f B L&A W RE ko = 10mol ™ .dm™2.s7!, 5%
5 k. HRERE, 3—F 30 HO0, 5 MT-1 K FEHLE #l g1 H,0, &5 CySH X i i 52 &8,

BRER MT-1 H/KER AR MR R ER MT-1 5HEE K0, 58, DIEBRREXN
ERRMH: O £ Sephadex G-25 BizhHEREZEHAS; @ MA 5 BFHERWLKIEBEEEHRS
THIEFRZ2BEBLRE. TREREH, LibE NO WME LR O, 1, EMRES FRFR
ERHEBRREZWERUAE H,0,, ToLIdRE B0, KEK /R G R AR I3 (b k)
WERLEREZY, FMAREEE HO, ElREE 95% LI E, HEFEMLE RS 8HO0,
BB BHR. FIEW AN MT-1 BKiEm v BRERESHHEE H0,,

MT-1 F/KE s [RS™T, #1107 mol-dm™%, fTF H,0, ZEX &/ (#i#0 D =100 Gy,
# G(n,0,) <10, MI[H,0,], <107*mol-dm™®), TisKILW/ IS 10% LR, HLKK (2a) 7
VIB R — SRR, X H,0, BEFEH tyy, =1n 2/ ([RS 1,-k,,) = 0.69/(1.0x 107%-10) =69(s),
XRPEMRLR P AR L0, EREEWA N ZHESLRE MT-IRRRT, FRE BE~Y
SrTER A H H0, B & ER,
22y ERNRERDE_REER

MT-1 #%F 0.05 mol-dm™°PBS (pH 8.0)r1, Ellman AF] M2 2k EH 1.21 X 10" °mol.
dm™®, B MT-I1}REDy 6.06% 10 °mol-dm~*, SriT45R%E WESHBALE RHALRY, B&
BRERR, MEAENSSEBRRENBRIOM_BEROER. &H&HET MT-1 % PBSEME =
WMAWERITHR L. R Coen M Glur-), FHRTAEROA_RELERNGHE. FHER
VB TR B, 0 Goen th Glur-1), KBL, HBEZHRENHBRIEREESTFHE, TR
PR ZHRESAEZRERNSGHBRD. XFWEEREHT MT-I1 5 FREE 20 M5, HENHEES
BRI, N _RERERZER—F TRERK.

Tab 1. G Values of radiolytic products after y-radiolysis of MT-I in phosphate
buffer solution pH 8.0, [MT-I],=6.06 x10~5 moledm-3

Dose rate/Gy.s-1

0,103 0.174 0.292 0.805

30.9Gy 61.8 Gy 92.7 Gy 52.2Gy 104 Gy 157 Gy 87+6 Gy 175Gy 263 Gy 242 Gy

Bubbled G_gy 4.3 4.0 4.1 4.2 4.2 44 4,6 4.4 3.9 —
with N,  Gr_ps  0.33 0.31 0.31 0,34 0.31 0.34 0.35 0.31 0.29 —

Bubbled G_gy 7.2 6.9 6.8 7.1 6.5 7.0 7.3 7.0 7.4 —
with N,O0 Gyr.1)3; 0.75 0.61 0.69 0.67 0.67 0.60 0,70 0,63 0.69 —

Bubbled G_gg 16.7 15.5 15.9 14,5 13,8 14,0 12.8 13.3 12.9 11.9
with O;  Gyr-n: 0.55 0.60 0.53 0.50 0.57 0.61 0,62 0.55 0.56 —

ME T IFEHTIERE Ny, NOER 0,y Glur_n), EHRERERWE LTSN, A%
ERAN, 758 N, 2 N,O 53R, Gosn EEFE REMALX, Tl O, /5EME, G-SH {4k
FEREIE KRB {E Gsu-[Dose Rate]™/* &, H{EE 2, MNE2TUEH, O, HRKIE
f# MT-1 B/KIEW, G.su 5[Dose Rate] '’ BGHXR, HHARERIPE—8IE, HEHS
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FRBAN, HARMERE. HERIMEEFH]

BELHF KRN, H Gsu=9.7,

23y ERMEMT-IFESSRETHOME
ERE RS2 Sephacry! S-100 HR

FREERBREEELSE, SIBE"M_RE

(“Bfk” GERZBE RGBS T MT-1 L

RBGRLEES TFHB. BRLSTFRFER

14.0%

©12.0

10.0

’ (D:;Z rate)zll/%/(cy_:-ﬁﬂlz 0 Em%-éj\‘?‘, @Efl‘]ﬁ‘?ré?ﬁﬁi&, %}‘%Eﬂﬂsﬁ_
B EST). B AASENIEETSBEFS
G.gn in Opsaturated MTI phosphate RN, RIEMEBHM 0™ WMEE, —X
buffer solution [MT-I]1=6,06x10"" B LT A Znt, 4B B s Znt

Fig,2 The relationship between dose rate and

mol.dm-?, pH=8.0, T=293K .
EBIFRKBY, i Cé* WMEMRD, HHE

Fii8 shig R ge i W B] Zn®*, 30, 6.06x10°° mol.dm™* MT-I O, {#1 104 Gy %8 I #f &
ERBETAMBEROE 2 Frr.

Tab 2, Effect of irradiation on metal ion content (mol/mol protein)in O,-saturated MT-I
[MT-I1,=6.06 x 10~ 5mol.dm-3, dose=104 Gy (dose rate=0,17 Gy/s)

In monomers In dimers
Zn Cd Zn Cd
Before irradiation 1.9 5.0 -— -
After irradiation 0.9 4.3 0.05 12.5

MT-1 % Ca** g% & GB7H Zn®* ok 10000 {50,  Hik MT- 5B & 2EME B 4
() Zn* (MT-I /2 A Zn* 478 B 5 tY), XiT MT-1 & 2 %4 £BEFHAD
RISREU, BB &HH P RRENRG S IR SENRPEETN 3 SBRET (24207
14 Cd™) & ¥ fies, BB MR 58 hJLPAE 2o, BiHK CE* W LS K 2H G
B B GEMIB Y Zn®* B i, XTI AR R 2h i R AR MR E] Cd i R A,
2.4 “HEBER

MT-1 /K #i¥% ¥ $8MRS £ Sephacryl S-100 HR HEFEAES B, e MT 3.4 Fi LUS B4
F Ellman 350 RS £ g s e, ISR BH RS MT JEEmws, Hit MT-I
VEBRBGEERESTRES FRRBNERNSBET R, X5XRHEERERFT,

FiEFF 1.0ml MT-T @RI 0.3 mg R EEI 4 78k (GSH), 2 h J§ i HPLC 4347,
R IBEIY B 0 Z B i 52 A TR LR 2 4 o K JEUS B9 MT-T £ Sephadex G-25 fi#hH b3 GSH &
GSSG f5 il Ellman XMz s & &, 4REVIFE BRI R T 5 £ B3 A FARE, AR
BRI MT-148 45F 14 20 AN FE, AR 51 MT-1 F:13 8 CdCL-EDTA & ZnCL-EDTA &tﬁf’?
(pH7.0, 30°C, 4h)FEME Cd g Zn &, ERENES T EIEE TR MT-1 {5885 7 HCE,
R 2o Ly, XPr—E R0 MT-TEMRE L EEZRER RAT L, TAEMMI-18D,
Fstiy.

3 MT-I B/KIFR v BEVE R
PR ok 8 R B SBMRERIE S T MT-T SBMRH 55 LRSI M—H, % RSSR 4FNT R
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MR SERY, 2.1 h4ERRE MT-1 | HO0, K Rz 545 5 5E AR BOE, Eit
B9 MT-T rh e SRR B BB AR BUR L. 2 R Lh AR WIS, 3 i MT-1 4 &2
BEABWMT: )

H,0~nn>OH, H, ¢iq, H0,, - (3)
ARSI A E S TE R F P8 9: Goun=2.80, Guiy” =2.75, Gmyo,=0.73

MT=RS" + Cd**/Zn?* (4)

RS™ + OH-»RS-OH" (5)

RS. + RS"=RSS"R (6)

RS. + RS- —»RSSR ‘ (N

RS + H,0,~»RSOH + OH" (2 a)

RSOH + RS~ -—+>RSSR + OH" (2b)

N, B, RSSR KM (6) T2, B M G_su=GCou+2GCn0,=2.80+2%0.73=4.26,

5358 4.2 ¥, N,O Hgfipt N,O0+e,;,—~OH+ N, + OH" (8)

T RSSR 53% RN ()W IR, EItHE G.su=Con+Goiqg” +2GCGn30,=2.80+2.75+2X
0.73=7.01, S5EWE 7.0 HHE. O, R

RS. + 0,—~RS0,- (9)
RSO, + H* + RS“—+RSOOH + RS. (10)
RSOOH + H* + RS™>RSSR + H,0, (11)

RIEZ(HFQOWBERRE, #Gon B, BTRMEO6), (NDERM(DFTSH, B H ERAD,
HRENERE, SHERESAN, BT RS BKERKL, RS BiFREEER (BSFRE
20~ RS7), HMIERS-FTHHR(6), (NAD=ZHKERPR(9) KMHBBRAD, 7 AZR %

KR, XK BEFRSSRZETF R & ik RSSR+0,+RSSR+0," (12)
Eiking ' €;q+ 0,0, : 13)
20, +2H*->H,0,+0, (14)

HitENOH 2 N FHE, 1 e WE—IFHE, 8 HO0, HEFANHE, Bt Goen=
2Gon +Gouq- +2H,0,=2x2.80+2.75+2%0.73=10.08, XELWKMH 9.7 HAHERF, BN, =X
N,O i, B RZ(6)4:m i RSS™R K B (6) M i R, HIt —RBRHBERRRTRREM
ML), KR (7P SFA RS b FF—4 MT 4 Frs b BE 4 T Bigt, RE LB RS- 4
TARMT Fhp A BR s FRZHRE, RAN~&EMT R E, BT—AMT o FHF 20
N, STHERE REERS, ARRS-5F—4FHK RS-KEMN PSELE, M5H
fosr FroE RS- R SR, LR (7)) EBA RS T W5 FF, XN (2 b) i RSOH
EHRTSERES FHAORMRS BERMTAER 4 F N Z i #. FTEE N, % N,OK,
G(ur-1), HRAD, HO, NBRENM (DRI, KOG ADHWERTBR_GE. SRE
(DFEL)—F, BT MThHRPRERERS, RGO FEERRS THAZRE. B
e, O, WRIRS, Glur.1), AR/, XEXRLERRME—HK,

O, M BT RMEO) M) KWRERN, G su BMFAERN KD, HERN&ZERN
RSOOH @ R (1N AR . BEMT 5 FRFAZDBRERL, READ EBERLS TR
“mE, SoRENERERBAN. BTKNERE, BBK MAERK RSOOH R 4 FH &
B _RAONSEY, HESEREOFEESN Glorn), JLPFREEW, XERZIRPNRE
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BITRR, B Gur o), 3 AR B 2 |
4 /N &

B MT i B3, BRIERSWHIERTTHE, NETIEERSYNGH, 8
BT &AM TREN ST, SREREN, BAN ZRENEREEREES THESE,
TRIKGHEMR/AN; O, AN R, B—RENERNFTE, ¥ Gsu BRAERMMTGRA D, EZ
BHRGHEAEFERNE, BT MT-1 % Zn** (B SO H C&** KWEERIBEESL, BEHR
TR R IE MR T (OH 5 H,0,) B 1k Zn-S AL e, #&m& Zn®* KEE, MT-1 E@E s E
BB HFIREE, REUS 0 MT-1 5o @@ MT-1 A ERKNES $RE TR, H—PIEXT
Thornalley #pJSLH 455, F —kMET MT-1 5 H,0, RZKHEEHEL, pHE.0, 20CH
k,, =10 mol-dm=°.s™' (MT-I Jk EF Fi-SH IREHKR),o
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60Co y-RADIOLYSIS OF DILUTED MT-1
AQUEOUS SOLUTION

Fang Xingwang Wei Genshuan Wu Jilan
(Department of Technical Physics, Peking University, Beijing 100871)

ABSTRACT Effects of O, and dose rate on the radiolysis of rabbit hepatic metal-
lothionein-I(MT-1) in phosphate buffer solution at pH 8.0 have been studied. Active
species (OH and H,0,) formed under irradiation principally attack the Zn~-S bonds
in the B-domain of MT-I and as a result, give birth to disulfide bonds, and the
formation of disulfide bonds mainly occurs intramolecularly. The radiolysis of N,- or
N,O-saturated MT-I solutions resulted in sulfhydryl-group-decrease with G_gy_=4.2
and 7.2 respectively, whereas G values of dimer (Gyr.1);) were only 0.32 and
0.67.A short chain-reaction exists in the decrease of sulfhydryl groups when O,-
saturated MT-I was irradiated, but it contributed little to Gr_1y,. However, the
damaged MT-I can be repaired completely by reduced glutathione. The reaction
between H,0, and MT-I also was investigated, and k,, =10 mol.dm"%.s! for RS-
(MT-I)+H,0,—~RSOH+OH~ was abtained. Furthermore, the radiolysis mechanism
of MT-1 was disscussed on the basis of above mentioned results and good material
balances were achieved.

KEYWORDS Metallothionein, Radiolysis, Disulfide bond, Radiation effects
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