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Signal Tranduction by Copper Ion for Metallothionein Gene Expression
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Transcription of mammalian metallothionein (MT) genes is activated by a various metals including Zn, Cd, Cu, Hg,
Ag and so on. The control sequences located in the 5’-flanking region of MT genes revealed that the short DNA ele-
ments, which are called metal responsive elements (MRESs) and contain less conserved GC-rich region, mediate metal
responsiveness. MREs were initially shown to mediate transcriptional response of MT gene to Zn and Cd, and more
recently to oxidative stress. However, the other metals have not shown to be essential for metal-induced transcrip-
tional regulation of MT. In this study, the effect of Cu®* ion to binding of MREs sequences to the nuclear protein
from HeLa cells stimulated with TPA (12-O-tetradecanoyl phorbol-13-acetate) was investigated by the gel shift assay,
using the plasmid pKB8 which was constructed the human metallothionein (MT)-ITA promoter gene in pUC19.
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v FMT-IIA 70 E— % —#&{EF (840 bp) i¥7F A I FpJB8 (8.14 kbp) (b 2 —< v 4 A = v ZIREHHH 54t 5)
% pUC19 (NEB#L) ® Hind II-BamH I+ 4 MI#EAL, pKB3& L7z (3495 bp)o HEL 7T A 3 N2 KIBHE DHS
e (4rerayz i) IZ8A L, pKB8#% GenElute™ Plasmid Maxprep Kit (¥ 77V 1) v F « T v804) %
FAVWCHEERRL 2,

HeLa#l§a % TPA (12-O-tetradecanoyl phorbol-13-acetate) 50 ng/mL & &k Hrp 205/, 37CTRHRELLZDIOND
i Lf:ﬂ‘i/?ﬁ’ %2 % (20 mM Hepes pH 7.9, 100 mM KCl, 1 mM MgCla, 20%glycerol, 0.5 mM PMSF, 05 mM
DTTIZHiB, 39 ug/ul, Active Motif#8) % H\:72, %72, B HeLa#Mifd% TNF (Tumor Necrosis Factor) - a
20 ng/mL % &L HTI05M, WCTHEELLZDODHKS V8 B % Lysis#& i # (20 mM Hepes pH7.5, 350
mM NaCl, 10% Glycerol, 1%Igepal- CA630, 1 mM MgCl;, 05 mM EDTA, 01 mM EGTA, 5 mM DTT, 05
mM PMSF) 2B L 0% HW: (25 ug/uLl) (Active Motifft)o ¥ % Y737 BiZWihd T v F 74— FiKIZ
IhERL.

pKB8 % & [RE: % BstX 12 X o THIWF L CESHK E L7z b D%, MicroEZ Enzyme Remover (7 3 2 ¥ #t) &
Microcon Concentration TM-100 (7 3 I »#t) 12 & ) R&H - Bidk - B#E L, & 518, pKB8H O MRERHIZFE#T
A b EEOHIREEE BssH II, Eco52 I, Nar 13 X USac 11 12X ) DNAWTR AL L7z DNAKIH 05 ug2 s ¥ 737 &
SRIEWE (¥ v X7 E5ug) £0, 500, 10008 5\ id 2000 uM D CuCLBERDIFIET, EENISH (6 mM Tris-HCI pH
74, 10%glycerol, 1 mM DTT, 005 mg/mL BSA, 2 mM MgCly) iz CT&a&20uL & L, 37C, 2050MBIE L7,
iy 87 B DNA & OBAHERIE, 08% 7 R —ALX VERKBIZ L B2H Ly FORBU L Y #EEL, =F
Uy AT F(05ug/mL) &) RmEkRE L.
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CNFCTOHEL LT, MRE.~MRE,#& 6k NMT-TIA7 0 E—% —BIET % pUCIOITHELLTFAIF
pKB8Icx LT, fx D&/ A 4+ v (Cd®, Zn¥, Cr¥, Ag' %502 Cu®) OFE T TMRERS A I B#T A 2 #F
SEIREEE (BssH II, Sac II, Eco52 I, EcoR I, Nar 1B X USma D) 12k A LERERALE A, FIZ30 mM
C 4 F V2BV TR AELRD bR, Cu? 4 F ¥ OMRERFINOHEB L UHKAICLHDNAT L ORlIdH 5
WIREXR L EOREELOBEIRE S h-Y, 72, DKB8® MRE LG MM 4 b (G/CGCGC) & #
> BssH ITIC & W {H{L L7-DNAR R % FvC, Cu®* 4+ ¥ (5003 & UF1000 uM) OFFET TOMT % 535 % HeLaflll
R LOMY VNS EEOREERE SV YT I T v 4L VRELAE TS, CuP A VIBEORME &b IR
BROERATD SN, MRESH LB Y ¥R 7 L OBEITBIT 50 1 4 ¥ ORBEATR S hiz%

KBTI, b FMT-IABET72E— 2 —OMRERY L% Y ¥ /57 B L OBAHRERICBIT S Cu® 4 4 ¥ Db
B COWT L) FEMICIRE Lze T4bb, MT-HABGEFORBEMOFEI MBI TR IR Y TUE—S
— L LTOTPAHHLWIEHA P AL v O—DTH5BTNF-qllk YL 72 HeLaMifa D% 5 > 737 B & OB ESWER
T BCUE A F VOB RICOVTEE L MTRES V4 V2= =R H V7R E—F — I T HEE
REREWT 72— LTHE, $72, TALICE AR b LAICKT 58A 2 BILIWECH 5% B, TPAK
L=y ARMIE BT MTEETFAREEMNT 2 2 LS ME SR TWEY, F72, ¥4 M AL Y THEA v F -1
% (IL)-6% TNF - a 25 APPs (AN Y ¥ 37 B) BEFORRAEZA L MTREROMINIEET L) b
W5z s 75,

pKBS D HIBREEFZ /L DNA 05 ugli§ 5 TPAIZ X Y JLEE L7z HeLafifah 6 D85 ¥ 87 H5 ngDFEA IOV,
100~2000 u M Cu®" 4 * Y AT I BV THE L7 2A5Fig. 1Th 5o TPA 50 ng/mL T2 LI L Mg 5 0
By vy B OBEICBWTDNARE & OBEHRERE R/ FARBICEDSh, —F, TNF-a@HE L7
MRS DM Y V82 B OB ITEEAREREZRTNY FARBENL2S, TOBREED Lo/, ZOMHER,
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Fig. 1 Effect of Cu?" ion on binding of Hela cells nuclear protein to the DNA fragments produced from
pKB8 by the restriction enzymes.
The linearized pKB8 with BstX I was digested with a: BssH II, b: Eco52 I, c: Nar I, d: Sac II. The
binding reaction of the HeLa cell nuclear protein (5 4 g) to the linearized pKB8 DNA (0.5 u g) digested
with the restriction enzymes in the presence of Cu®" ion was carried out in the solution containing of
6 mM phosphate buffer (pH 7.4), 10% glycerol, 1 mM DTT, 0.05 mg/mL BSA and 2 mM MgCl; at
37 Cfor 2 min. 1: the linearized pKB8 (DNA), 2: the protein and Cu® 2000 uM, 3: DNA and the pro-
tein 4: DNA, the protein and Cu?* 100 uM, 5: DNA, the protein and Cu?* 500 uM, 6: DNA, the protein
and Cu®" 1000 M, 7: DNA, the protein and Cu®" 2000 xM. The dots are the new bands indicating
the complex formation between DNA fragment and the nuclear proteins.
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