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Antioxidative Property Remains in Cu(I)-MT and Cytosol Fraction
from LEC Rat Liver just before Hepatitis.
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Titration of cytosol fraction and Cu(I)s-MT from Long-Evans Cinnamon (LEC) rat liver
13 weeks after birth with CuCl, was observed by ESR spectroscopy. The result
indicates that Cu(l);-MT were able to reduce further 2 gram atoms of cupric ions per
mole MT as bound form. Hg*-induced hydroxyl radical generation from Cu-loaded MT
was demonstrated by ESR using the spin trap, 5,5-dimethyl-1-pyrroline N-oxide
(DMPO). The intensity of DMPO-OH signal from Cu-loaded MT was increased with
the increase of bound copper. Hydroxyl radical generation through the reaction of
Cu(l)s-MT with H,0, was inhibited in the presence of GSH. Cytosol fraction shows no
ESR signal due to cupric ions and has an ability to reduce further 2 mM cupric ions.
Cu?*-catalyzed oxidation of DNA was strongly inhibited in the presence of Cd,Zn-MT or
GSH. From these results, we can conclude that Cu(I)-MT and cytosol fraction from
LEC rat liver just before hepatitis still act as antioxidants and the combined preéence
of both MT and GSH can afford full protection from Cu?**-dependent oxidative damage
to biomolecules in LEC rat liver.
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Long Evans Cinnamon (LEC) rat i%, & h
Wilson #% & Fl#%iZ88 ATPase7B DR Z#-(1)
=, FhloME Mz REER T ILINT
W5, ZoLE, FRBEORIZICEADLLT, #
DFEEH metallothionein MTs)IZFEES LTV D
@).

MTs 3% D -HELB > EELL, /&
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$diX Fenton FUGZ T 525, ZTOBLETRK
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Fenton RIGDEEE(4), Oikawa HIIFHEZRES
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Fig. 1 ESR spectra of LEC rat liver cytosol in
the absence (a) or presence (b, c) of CuCl,.
The concentrations of Cu(I)-MTs in the ESR flat
cell were estimated to be ca. 150 pM. Reactions
were carried out in 0.1 M Tris-HCI (pH 8.1). The
concentrations of CuCl, added were a) 0-1 mM,
b) 2 mM and ¢) 3 mM. The conditions of
measurement: modulation amplitude, 0.5 mT;
microwave frequency, 9.42 GHz, microwave
power, 10 mW; time constant, 3 sec.
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1. cytosol

£, cytosol ¥ Cu, MTs, GSH ¥ #hEh
EHE - TR L7-(Scheme 1).
#HAD-Tris OFFEAY7: ESR signal i &he
Mholz. IHIZHFERKRERMLTS, T Fh
2mM %@ x % ¥ CHADD ESR signal iIBh 7
Mo 7=(Fig.1). DE Y, cytosol TDIIFEL 4
T 1 iDRET, £/-K¥iX SH XA LTHE
f£9%. FPLC OBEMARZ—rhb, HOFEE
MTs IZFEALTWA@QLTFRIEShTWS. HE
L 7= cytosol FOFMEIL 1.3mM, GSH &idH
2mM, MTs &i3# 0.15mM ¢ BE S hi.
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Scheme 1. Determination of the concentrations
of Cu and SH in liver of LEC rat 13 weeks after
birth.
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Fig. 2 Titrations of MTs and BSA with CuCl,.
Reactions were carried out in 0.1 M Tris-HCl
(pH 8.1). The conditions of measurement were
the same as Fig. 1.

2. Cu(),-MTs

E&E cytosol 2> 5% 7= Cu(),-MTs i, 2 D
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7=(Fig.2).
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Fig. 3 Hg-induced Fenton-reaction.

The concentrations in the ESR flat cell were
ca.0.4 mg/ml proteins, 60 mM DMPO, 0.1 M
Tris-HCl (pH 8.1), CuCl, and 0.5 mM DTPA. The
spectra were recorded before and 3 min after the
addition of 1.6mM HgCl,. The conditions of
measurement: modulation amplitude, 0.1 mT,
time constant, 0.3 sec.
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Fig. 4 Copper-induced DNA oxidation.

Relative intensity of fluorescence emitted from
ethidium-DNA complex was shown. Oxidations
of DNA were performed in 0.1 MPBS (pH 7.4)
contained 50 uM DNA for 30 min at room
temperature. Ten mM EDTA and 50 pM
ethidium bromide were then added and
mixtures were immidiately subjected to
measurement (Ex. 510 nm, Em. 590 nm).
DHLA: dehydrolipoic acid; ALA: 5-amino-
levulinic acid; AsA: ascorbic acid.



134 BWRILBEEZE Volll, 2000

4. ARG FIZ L DIENEREOEAL L HE

Cu'i 3B S ICBRLKIGEL, 0,07, HO- # 4K
35, ZORIGE, CuCLIZT Rar iy
OFBFLAEZHFEMLTHEEINDS. LirL, EFx
#l& LT MTs, GSH, dehydrolipoic acid 72 & SH
ExbonotxERAT 3L, MTs > GSH >
dehydrolipoic acid TIEMHBEREOEANIZ 5
hiz(data not shown). “hbHix, HLEBHDOY
-2 SH #® Cu #5471, thiyl radical O SHEC
LVHAINS.

—%, BHEREOHERLVIBEANLEX
2k, BEPECIVREELE 2 REGEE EEH»
5, LEC 7 v MF# 587 Cu@yMTs iE, O,
LKBES O HANDRE %, FBIZIHEETHE
V2 5 (Table 1). cytosol iZBWTIXEBED GSH
CEFELTEY, MTs @ SH AN X 9 EL
ENTHGESHIZL VB EhD LHfEESHhS.

Table 1. Second-order rate constants for the
reactions of the reactants with ROS.

Reactants Su(x;:z?:;de Hydr(;);dy'll:gdlca]s
Cu 106- 107 -
MTs
Cd,Zn- 10° - 1012
Cu()- 10° - 1012
Thiols
GSH 10° 10
BSA 10%- 10* 101°
Others
Ascorbate 10° 10
GSSG <10° -

Superoxide was generated in the reaction of
xanthine oxidase system, and detected using
cytochrome ¢ or DMPO. Hydroxyl radicals were
generated in the reaction of FeCl, with H,0,,
and detected using DMPO.
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LEC rat cytosol, #XUZFhh HE7~ Cu-MTs
hizix, ESR BRHFTRERHFAADIIZ D bz h o
7=, ZhiX 10, 13, 16, 30 @ HE-KLRE
THRER LTV 5 (data not shown). 7=, \§°
NORABHZ YL GSH MHEIZx U CEERERE
T5.

Cu(@)-MTs iZ & % Fenton reaction it H,0, &
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GSH #Mmic L vl &hiz. Cu-MTs Z2EH
{R7F9 % & autooxidation iZ L ¥ Cu?Hi#k 4« IZH#]

bhd KRB, BEIDRKE— F#MAETIX
Cu*DAERITEZ blahoTz.

PLENL, FFRIEIEBERID LEC v NIFTH
MTs 3B {ba @ %, £/-3#&F35 GSH &)
b O TR 2 ROSIIFEE LER Y,
@Cu(@)y-MTs iZ £ 5 Fenton Kt b Y 23721,
tEZBNB.

FDFEETT MTs IZFEELTEY(Q), free D,
HBVITES FRE S TOFMDEER RV EE X
bhTW=., LA L Koizumi & ixfFRBERT%
DBEETH & 5000 LLTOBES ST HRE
DFEERBMEHE L TWVWAQ). ELE#ETH
N3 L RBVHEERAICED CuQBESFIC
BELTWVWAY, ESFEESE LTHAEL
7eBEE GSH RELHEE L=REBIIRD LEX
bha. EEE, 1088 Tk Cu@& LT SH iz
A L-RETEIREN-. LAl 13, 30 BT
X Cu(@D & LTEUR &, GSH LIS DE iR
FOBEBIZEIIETHEZIONS.

#&R, LEC rat 2B\ 5RELXET 5 ERIT
MTHDH, BREELEHKRIBOATHRY. B
FELEMTOMRE IZER T8, Br7a Y
VREBRENEZONS. ¥, Cu(y-MTsizk
% ferricyanide DEBIAISIIHEIRD MTs 12~
T TELKRTTS. Zn-MTs OBLRTENR
1I<—360mV & #EINTHEYQ), Cu(),-MTs
DEMITEIZBENEFRINE. 22T Cu@,-
MTs iZ L5 RELBIEBIRIGLEX HbND M,
WSS BOBRFPLETHS.
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