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Apoptosis Induction by Complex Formation with Intracellular Metal in Liver

Riichi TAwA, Masanori YONEDA, Jun FuGoNo and Hiromu SAKURAI

Department of Analytical and Bioinorganic Chemistry, Kyoto Pharmaceutical University

Apoptosis induction in mouse liver nuclei by treatments of 1,10-phenanthroline (PHEN) and its
derivatives was examined. The rate constants for +OH generation from the reactions of Cu(II)-PHEN
and its derivatives with hydrogen peroxide (H20z) or ascorbate (ASC) were determined by using
N,N-dimethyl-p-nitrosoaniline (p-NDA) bleaching reaction, which were the order as followed : BATC
( 29-dimethyl-4,7-diphenylphenanthroline) > NEC ( 29-dimethylphenanthroline) > BATP (4,7-
diphenylphenanthroline) >> PHEN. On the other hand, Cu(II)-PHEN-H20, was the most effective for
DNA cleaving activity among the Cu(Il)complexes. The CD spectra showed that DNA structure
changes from B- to C-form and then C- to A-form by association with the Cu(II)-PHEN complex. The
ESR spectra also‘suggested that the Cu(II)-PHEN complex is CuNy type with the distorted tetrahedral

structure.
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TRV AOFERIIGIE, KISEER (0.3M sucrose, 25mM KCl, 25mM HEPES, 4mM MgCls,
2mM KHPOs, 5mM EGTA, pH 7.0) #1°C, C57BL/6N< X (19-23:8#, M) OS5 x 10%12%)
L T, PHEN, 29-dimethylphenanthroline (NEC), 4,7-diphenylphenanthroline (BATP) ¥ X Uf29-
dimethyl-4,7-diphenylphenanthroline (BATC) #MMZ TG (36C, 1HEfE) L7z, DNA%2 7 =/ —
MBS E D SR L 720 00—EE (10ug) % 15%7 70— X7 VEKKBEC X )@ LEY. 7
=V FUBRIBIZ LS -OH OERHE R, 100uMIE(LE —H% &t 5mM ) Y BRRE W (pH74), 500uM
HoO2dh B W id7 ATV E VB (ASC) BLUFL— M2 ELAREZRBAL, KT 5 -OHEN, N-
dimethyl-p-nitrosoaniline (p-NDA) & DOFE% A by 7 b - 72— (RA-401, Otsuka Electronics) iZ
LY#lE (445nm) L7:%, Cu(lD4 # > & PHEN $ & O'2 O#FHMA & OFEORINA <Y P, 5%
SeEEEE  (MultiSpec-1500, Shimadzu) 2 X W lE L7z M (CD) A~ MVIZ]-720WI (JASCO)
WX DHEEL, ESRARZ PVIFJESREIX (JEOL) % FVTHEHT L1720

B R & 2 B
BMICPHENB L U2 0 F 84k % KIS &85 &, PHENIIH L TOADNADK LR L, #iZ,
BATCIZ38WTid DNA LIl o ¥l 234 U7z (Fig. 1o
RN 7 Ho02H 5 WIZ ASCORET TO -OHDAEBEE L, SEFEBEICHBILTRELRD,

PHEN NEC BATC BATP

Fig.1 Analysis by 1.5% agarose gel electrophoresis for presence of DNA laddering. The mouse liver
nuclei (5% 10°) were incubated with PHEN, NEC, BATC and BATC in the medium (0.3M sucrose,
25mM KCL, 25mM HEPES, 4mM MgClz, 2mM K3HPO4 and 5mM EGTA, pH 7.0) at 36 C for 1h. 1: No
treatment; 2: Ethanol 4.5%; 3: PHEN 0.5mM; 4: PHEN 1.0mM; 5: PHEN 1.5mM; 6: NEC 0.5mM; 7: NEC
10mM; 8: NEC 15mM; 9: BATC 05mM; 10: BATC 1.0mM; 11: BATC 15mM; 12: BATP 05mM; 13:
BATP 1.0mM; 14: BATP 1.5mM.
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Cu(ll)/Ligand = 1720 & &K & % 572 (Fig. 2)o Cu(l)-PHEN $548-H202% Tld -OHDAEFANT & A
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Fig.2 Compositions of the Cu(Il)-complexes with PHEN and its derivatives, and the changes of the
pseudo first-order rate constants (k1) for *OH generation with increasing of the concentrations of
the ligands at pH 7.4. The rate constants, k), were determined by monitoring at 445nm after mixing
the solution A containing 10mM phosphate buffer (pH 7.4), 80uM p-NDA and 1mM Hz0z/ascorbate
with the solution B containing 200uM CuClz, 0-600uM ligands at 37°C. The compositions of the Cu-
complexes with the ligands were measured in 5mM phosphate buffer (pH 7.4) at 37T as (a) Cu-
PHEN-ascorbate : 250uM CuClz, 25mM ascorbate and 0-875uM PHEN, 435nm ; (b) Cu-NEC-H202:
100uM CuCly, 500u4M H30z and 0-4004M NEC, 455nm ; (¢) Cu-BATC-H202 10u4M CuClz, 504M H202
and 0-40uM BATC, 485nm ; (d) Cu-BATP-ascorbate: 250uM CuCly, 25mM ascorbate and 0 - 875uM

BATP, 457nm.
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BILHOHEE T TOCUID - $E4KIZE 275 A 3 FDNADYBIEMRIZOWTRF L. ZOBE,
Cu(ID-PHEN B & U'BATP$ERIC BV COAFEENR SN, DNA L OMEERICBWT, otk o
EOWAURE &7z (Table 1),

CulD - B LU Cu) - sk & DAHEMMIC L 2 DNAKESE (S #ARE) OE{LIZDOWTCD ARY
VA BN L 72o Cu(ID-PHEN S54RI L T, BUTHOFEICHEBRE S, WERME & b ICHMF
(6 mdeg) PEM—BWI~D2MMEER L7, WMOEFKTIE, BRIFANOBLPRE hdh o7

(Fig. 3)o

Table 1. Estimation of the cleavages of ColE1 DNA by PHEN, NEC, BATC and BATP in the presence of Cu
(I) ion and H202/Ascorbate

Cleaving Activities (%)

Single-strand breaks Double-strand breaks Total
5 mM PHEN-Cu (II)-Ascorbate 0454 + 0.080 0.269 = 0.080 0723 £ 0
5 mM NEC-Cu (II) -H20: 0 0 0
5 mM BATC-Cu(II)-Hz0: 0 0 0
5 mM BATP-Cu (II)-H202 0.036 + 0.016 0071 = 0013 0.1.7 + 0.029

ColE1 DNA (054 ug) was treated with 250 4 M CuSOs and 500 M Hz02/Ascorbate in 10mM phosphate
buffer (pH7.4) at 20C for 10 min. Each value is the mean * S.D. for three independent experiments.
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Fig.3 The changes of circular dichroism spectra of the calf thymus DNA by addition of Cu(Il)-com-
plexes. The spectra measurements were carried out at 37 C by titrations of the Cu(II)-complex solu-
tions consisting of CuClz (ImM) and the ligands (3mM) in 20mM phosphate buffer (pH 7.4) plus
10mM NaCl to 0.2mM calf thymus DNA with (A) and without 0.5mM Hz02 (B) in 20mM phosphate

buffer (pH 74) plus 10mM NaCl.
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Cu(I)-PHEN & & ' BATPE#KRIC DWW, B4 OBITHOLFET TOESRAXRY PVERIEL, gfE
BIOAEERD: (Table 2),

Table 2. ESR parameters for Cu(II)-PHEN or BATP complexes with and without reductants

g-value A-value (10'cm ™)
1

Complex Reductants P 2 e A
Cu(Il)-PHEN 2.150 2272 885 154.2
Asc (0.1 mM) 2.143 2262 128.2 156.4
Asc (05 mM) 2.142 2.265 1327 1555

Asc (20 mM) a 2.261 a a
Cys (0.1 mM) 2.147 2.265 135.5 151.7
Cys (0.5 mM) 2.146 2.265 133.3 151.0

Cys (20 mM) a 2.268 a a
GSH (0.1 mM) 2.147 2271 1314 155.6

GSH (05 mM) a 2.267 a a

GSH (20 mM) a 2.267 a a
NAC (0.1 mM) 2.146 2.266 ' 1329 149.5
NAC (05 mM) 2.145 2264 1334 154.1
NAC (20 mM) 2.145 2.263 1335 152.7
H:0: (0.1 mM) 2.150 2.265 1415 1504
H20: (0.5 mM) 2.150 2.265 1347 153.0
H20: (20 mM) 2.146 2.265 1317 153.6
Cu(Il)- BATP 2.168 2273 1985 1572

The solutions were consisted of 0.5 mM CuClz and 1.0 mM ligand with and without the reductants in 25
mM phosphate buffer (pH 7.4) containing 50% ethanol. The ESR spectra were measured at room
temperature (22°C) and in liquid nitrogen (77K) . @ : not determined.

VEDZ END, ROXH)ITHHLZ. (1) CuD)-PHEN B & '-BATP#E{KiZ, Cu(I)-NEC, -BATC
gL LTS iz o (2) CullD)-PHENEADHE AL 2 DNAD I £ VBAEOE{LIZ, ok
HOBEE RS, (3) CullD-PHENSMER, OFARENEHREEEY - LidioT, FAMIC
BT 58-PHENSERIC L 2 DNARKTA{EIE, -OHARK LI ) b DNA L8k L O AW HEERIZL D HE
SHBEZIIRTWEHETE S,
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