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Transcriptional activation of metallothionein (MT) genes by heavy metals is a valuable system for understanding
the functions of MT as well as the cellular response against heavy metals. Although it is now known that heavy metal sig-
nals culminating in MT induction converge upon a transcription factor MTF-1, the mechanism underlying the MTF-1
response to heavy metals has not been elucidated. To address this issue, we investigated various aspects of the in vivo
response of MTF-1 against heavy metals. Chromatin immunoprecipitation assay showed that heavy metal-dependent
DNA binding of MTF-1 is the critical step in vivo. MTF-1 is primarily localized in the nucleus so that heavy metal-depend-
ent nuclear translocation demonstrated by other groups does not seem to be universal and hence may not be critical for
activation of MTF-1. In the six Zn finger motifs, the hallmark of MTF-1, the third and the fourth fingers are essential for
the nuclear localization of MTF-1. Furthermore, all fingers except the last are important for transcriptional activation
function of MTF-1, suggesting their key role for MTF-1 function. Also, a cysteine cluster structure located in the C-ter-
minal region of MTF-1 is critical for transactivating function of MTF-1. These results suggest a central role of the Zn-
finger domain and intramolecular cooperation through a structural change of MTF-1 for its response to heavy metal

challenge.
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AT, ARFEERE 126 ERT 2RI L S40 T
RELEZHOEHFLIGER LZHDTH 5.

MT EBEICXK > THIINICHEESIND F >\
BThHdHEWHIZIEHBMTOEERMEELTE
<HAILNTHD, HE<MhoEFZHINTE R HeE
EH N7 EOMHAAERIARIER RNZ S DINE
SEENTHBY, ELBEOEYFNREEDCHEE
SBFLRIVTHRIT DI RERBEEERSD. 2D
M, MT OESEFES A7 L3k L BRESERE
ERRMICGEHR T 2O SN TSN, Z0E
R CTHEREINT 2R 2RSS S X T L% 5
FLNITHATEZLBDBENWERD1DTHS. £
7z, MT OFEL X T AN T LRIV TR TEN
X, MT ORRECAMFNBERE L0 E< HRT
5ZENTELD.

BE, MT BEFOHEERBKFEWNREREIEEIC
BT, ESBIKGEEOEERT MTF-1 (Fig. 1)
MHNETHBDIENGMND TS 4O Lo T
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Fig. 1. Schematic Representation of the Protein Structure of MTF-1
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m: mouse, h: human, f: fish. The characteristic structure of MTF-1 is six tamdem repeats of the C,H, type zinc finger motif, and the transcription activation
domain lies adjacent to the zinc finger domain. Functions of the both terminus regions has not been clarified. Such a protein structure of MTF-1 is well conserved
from insects to humans. In hMTF-1, two types of cDNA has been reported, h(MTF-1a and b, which differ one nucleotide in the second finger motif, so that amino

acid-185 is different from each other as indicated in the figure.

MTF-1 Z /19 % H& @ Ih AP OB, e
WCRBITIZERBES VT FINVDIBEI AT LAEZHRT S
TODEERTY T O—F ERBB13TThHD. AKRF
Tl¥, 2@ MTF-1 OEGEGEHEMEICET 5H A
IZDOWT, bDNONDT IV —TNE TN S FER 2 I
FATHERL 20,

2. MT ELRFOESERE2#HS>EKERF
MTF-1

MT 77 IU—IZ@I 5% N7 EIX, 7 /N
DTFUT7 MO BRBEICELSETILSHFEL TN,
FRICEEEYMICHB TS MT IZIZI—IV £T4
DOV T 77 IU=DHLNTHD, & NTIEH
16 FYefalk, <7 A TI3HE 8 BREAK LT TR
Y=L THEETS. MTH T 77 I —0H
T, BEEFEM AR T O AR MT-T & -11
Tho, EEFRRINZ MT-II & -1V 3K E
SIEABEMNE RS T, D DI RO RN
BOEND. 7Y BEEBICK D MT OFEIIELT
DEGIEEL DB THEENTHD, BLETD
5- RURGIEEEIC IS E R EIRE T T IRELRTIC
153 BHELESTH S MRE (metal responsive
element) (Fig 2) WEBEEEL TWDS. Y BHfFEE
TIZMRE IZHEBT2Y NIRRT ELT, HERE
ﬁﬁ?’?ﬂ@d@ébibi#ﬁﬁﬁﬂg CHEE T AR TSRS
INTVDBIN, ZOHTMT EnTOEREKE
PR B R T & U TRk RIS R S 72> T b O
IE MTF-1'9 0ATH 5. birbiude ~ O
5 MTF-1 & X< PI7=HE Z2FFD ZRF (zinc regula-

Cd Cu Hgetc.

'
Zn
Nuclear ‘2 Phosphorylation?

Translocation? y

N -

Fig. 2. Predicted Mechanism for Transcriptional Activation
of MT-I and -II Genes Mediated by MTF-1

Heavy metal signals culminating MT-induction converge on MTF-1 to
give rise to its binding to MREs existing in the upstream region of MT-I1/11
genes. On the other hand, since MTF-1 in itself can respond only to Zn in
vitro, it is believed that MTF-1 is a Zn sensor and the heavy metal signal is
thought to be converted into the Zn signal, such as the increase in free-Zn
concentrations. MTF-1 has been reported to be phosphorylated and to trans-
locate from cytoplasm to the nucleus under the serum free condition, but
their meaning in MTF-1 activation is obscure.

tory factor) L1z HWWH U 7273, MTF-1 & ZRF |3
MRE & & O E I EE AT BT 2 4 G FF Bk I 2
MHHEORBAHBRATFTHAHIEDTEEINZ £
D#%, ZRF QFFWD - sy 00— W ERT,

ZRF /S hMTE-1 ONU 7 > N ThH 5 T EDHEND
N57=. T/bb, hMTF-1 & ZRF 3% ® cDNA
LTI1HEEOHEND D7D 1EOY I BNE
720, ZRF |3 hMTF-1 O TFEED 1 D ThH A
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5 &#& A ThMTF-1b & 41372 (Fig. 1). Ly
L, t5ic& 22580 b > 7L O IR T
TlX hMTF-1b ¥ f 7 OEFI L N8O 5N THE S
9,19 —JRIZIE MTF-1b ¥ 1 7 OESIN X2 H D
ThdEEDNS.

MTF-1 ®% 2 )N 7 HEEIHELIE (b K, 1410 <
Z) mHfE (7)), HEWIEREHR (L av
PaugNIY) TELZETCILRKEINTNS
(Fig. 1). £D% > N\IHEEIZB W TR D REIR
SUTHAI R CH, ¥4 7D Zn 7 4 > H—FF —

Hig L T6MAETHIETHD. £z, Zn 7
12— CRMANIZREIEY I / BREE, “OU
Uy FEEE TR s AL AU FHESR
D3 “D@EF}?E'I‘MLC RAALNHD, THITNEK
i & C R 1213 E N2 N BEA B O fE 38 23 77 /F
L, iz X“%ﬁ@ﬁéi%%@ Lo THKE
STW5b., ZOXD7 MTF-1 ORG-S
13, ZOEBREINEMEZE Sy 2 EHETERN,
ZHNIBER O T+ 21 D BEFORGHRFTH S
ACEl 73, Z® N R30I MT & > N7 E &
KB ATA 2 TR —%FF> TS0
DIEGERMLTH D Z ENLBMERITHNDD L1
KRR TH 5. 2020

MTF-1 D& & L T, BEL TITHRITH N>
TnwsZ &iﬁﬂ”$mm ?mb% 1) in vitro

Tl Zn K FIC MRE I2# A3 %71, Cd % Cu,
Hg 73 Eflid> MT & %%ET@NRE«@% 7
ETERWN, 11229 ULzl —4, MTF-1 /w7 7w
M TR SEEESBEICLS MT FENED 5N
IBNZE2NS, 2) in vivo lZBWT, MTF-11Z
Zn AN DO BFEELFEICE D MT FEICE > THib
HAOHRFTHHIENGM> TS, £, 3)
MTF-1 / v 7 7~ Z1352kE% 14 H BIZHTFiR
DREZEITZOICETNTI RN, 2 —7,
MT /o 77T NI TZANERICEEND ZL0%
%iét MTF-1 |3 MT &A{E T L D FE A o1k

WWHELRBERTHZHEL TW 2 ZENTHEIN
%, ZHUCEHE L T MTF-1 231§ % FifiEE T
DR HITHNTHBD, ANLVAREZICEEGT S
a-fetoprotein, C/EBPa J Tf tear lipocalin,?? y-
glutamyl cysteinyl synthetase (y-GCS), 25 Zn OHifid
APEH IR % ZnT1,® [KEEELETHEIND
Placenta growth factor?® 72 & DEIE T DS S

TWDD, EITHEOMEDENVIZE > THRER
MERD, H—BRMRIIEE > TV, WTh
IZLTH DK D IRE R TH O TR E D E S
BEDOEMFNEFREEZD LTHEETH S,

3. MTF-1 20§ 2E£BICEHBEORG
FTNTIEMIF-112EDED B TERDES
JBHEICINE L TMT B2 T0REE Lz Sk
ZTDTHAIM? ZOBEZIMHINTHE ST,
RADIREBIZEE>TNDEENDONEIRTH S
(Fig. 2). £9, HHLZMTF-1)a>EF >
~ MTEF-113 in vitro C Zn {&K7F19IZ MRE 12458
%%, MTE-1 IZMIlENICBNTSH Zn &ﬁﬁé*ﬁ
HAEA L TMT BT D 5~ Lyl HERICS
MRE Z#5& L, MT Efﬁ?@iﬁ%’u/ﬁli!b’&é’l%i
ZgEFEZALND., FLTESLL, FEIN/Z MT
YNV BEREOFERRNER>EEEENT Y
TLUTZOMBENEEZBEDPIESLZEITXD,
MT B TOEHGEEZKEI®EL2 DO EEbDNS. &
ZTCHE—OREIZ, MTF-1 O in vitro T® MRE #
BT Zn OAITIKEL TWDH DI, HlAN TIZE
BB RS bTMTLh?®E5E@@m
THZETHD. ZOFEEITKHL TH2RD LIFTH
5, SRTOELBEDLZ7FIIZZn D7 F)L
WCEHEIND EVWDIEZHND D, 0 Bt SR
INBRHERODTVWS, ZOHE, CAREDE
BRI D >N EEREITHE<HEEGL TnD
Zn CEWL, TOMEWEMU ZiERE Zn BE %
MTF-1 NEHd 2 EEZ 5. Lnl, MT #ERT
DEREIEMAL 25 & 29 Cd A 10 uM FEE T
HBDITH LT, Zn Tid 100 um LA L DHERE 2045
LT 50, B bEERNZEATIEHHATE
BNWZEHBFERETH S, RICIBEHPNZDOHEHIC
PEZNE, MTF-1 1 3MIEN Zn & >0 — & U THRE
LTWbEWNWD Z EITRD, EEEERT MTF-1 %
HHIETMREZRHDOL R—% =7 vtA1 2175
L, WSONOELBHEOF TIE Zn I LMREL
72N Z ORI E R, WHLEMEANTIEZS &
FEZONTWDIERE Zn JEE LR, HMITHEA
OREESY >IN EEREICBIT2ESBERICK S
THELBHDTIIRL, HOIRFERNBZANZ A LNE
ETHZEERBLTNDS,

WTHICEX, PLEDX S “Zn > 7 F )V
IZ& > T MTF-1 OIS SREFET 2 Z
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EINTEDN, SIHICHEMEEIKEATSZ L
HFEINTVWS, 201 DELTMIF-1 DY >
BAbMEMEINTND, 2 HIED LA, MTE-1
DV LN ZED DNA NOEGHEEELATDHOD
TIRAEVWIEFZ—BLTWEHDOD, E7=5M@HHN
U CEBALBROEEAZHWTITONTHD, HEE
JEALEEIZ K% MTF-1 0 > BILOEFNZEL TH
H—mEAMmIEsh THan, 4%, MTF-10
FEEBRALIC BT 2 VBRI DOZAE) R R8> 7
IRERREE & OBEDEE S U, EREZEZZD
ZRETIR A R AT & D MT FEO EZMIFITHED
DL HHEEMNITIH B EEBbNn 5.

MTF-1 iIZBT 565 1 DOMRIE, Zn KEFER
B Th s, ZHICEL T, bbbk
REZZTHRBT DM, ZOHHKE MTF-1-/- O
MEF #iifli (mouse embryonic fibroblasts) 7% % Iff &
TEELEELZLZEDLSNZHDOTHD, FEOE
MESRM T CTHMIEMEIC L > TRERNELD Z &N
WEINTWD, R®IETIE MTF-1 OBfFR1Z
N=HITHBELIBL TNE@RLDDH DN, KEE
FUECHEEICLHEDEY, TOERBREKEN
B EIEHLIC BT 5 BRIIVWELHSNTAR ST
[2YA4 2%

4. Invivo [C& (T3 MTF-1 DESLBIKGEH K
DNA #4&

In vitro TH 515 MTF-1 ® Zn {& 72 MRE
NOKEED, invivo THRILUEDITEID, Fh
M E G EAKTF 72 MT 85T O GG (kI E
BATY T THH2ONEIMIELT, bhbiud
7O F > HBEkiE (ChIP % : Chromatin Im-
munoprecipitaion) ZHWTHMND TWS, T74b
5, HepG2 fifil = &% EH &8 TUME, DNA -
MTF-1 &5/ Z RV AT I TFE RTrZORY >0
95, JOXRFUEBERICE > TEYRESIZY)
WrL7z05, HlMTF-1 HifRIC XK > TH BT
Wi 5 kEELL 72 DNA 12815 % MTII, #1570
5. bl aEE (—79~—277) &%, PCRIC
Lo THIELZ (Fig. 3). E&EARUHE OO K
O—)Lb &L T, ELEAMEL =M T
MTE-1 ® DNA G &8N, TOREIZES
JBOBAICL > THEELE>TNS (Fig. 3). i,
KA E S BRI O MTII, mRNA &% RT-PCR
THIELZEZA, Cd, Zn H DWW Ag ITHERT

Cd Zn Cu Ag
M C 10 50 100 200 20020 (4 M) 60min-treatment

MT-1 5
Promoter Region

Fig. 3. Chromatin Immunoprecipitation Analysis

HepG2 cells were treated with various heavy metals as indicated in the
figure. After formaldehyde fixation, chromatin was mechanically sheared by
sonication and MTF-1/DNA complexes were immunoprecipitated with o-
hMTF-1. The precipitates were heated to reverse fixation to liberate DNA.
The DNA was purified and amounts of the promoter region of the MT-IIA
gene was estimated by PCR and subsequent agarose gel electrophoresis. ““C*’
indicates a control without addition of heavy metals, and ‘“M’’ indicates a
DNA ladder marker.

Cu® Hg IZX5FEIIMEL X)L TH D, ChIPIEIC
X2 DNA G EDOEPRLIS —HL T (K
B, RELT—F). LizN>T, MTF-1 ® DNA
NDOREEGIIELBIKFN R MT #1510 78 & i
HIT2EERZAT Yy T THDEZEZALNS.

5. MTF-1EEB1TT2H07?

MTF-1 ® DNA #5 & 2V E# MT & n T D5 g
MRz DN 5ET 5L, RICHEELRSDIT,
MTF-1 78 DNA S ICED AN AL TH D, ¥
FMTF-1 Z W=7 IV 7 87 w1 ORI,
MTEF-1 7% Zn 12 & > TEHEEM(L T T MRE 124
BITBHIEERBTH3I90 HIENTHRERUETH
L EWIRERIE IR, 2, EHEE R OME
51572 g O MTF-1 23855 7 & MRE #5415
HERTEENDH D ZENG, NF-«B OifHE{L &
U<, MTF-1 I3RMICIEHEIITH D, AN
TIEMORF EEEERERKR T2 LITL>TZED
EEPHIHI SN THEOTIR WA EVNDEZSD
H%.30 %2 T, MTE-1 DHIANS Rz <D 7=
»IZ, HeLa #ifiZ S HETEERTH 5 NP-40 2 Z 1
VIR TR S 2 A B U Okl i & 2 A
L, MESHO MTF-1 OFERZ Y T A > 70
v MEZFWTHET Uz (Fig. 4(A)). Cd RULH
M, 508> IV TIE, MTF-113EE L THllfi
BIZHEEL, Cd ORI > THIIRE A+ o
MTF-1 &334 L, &AL TRl H R
DEIFZHEMT S, ZOEROMNEL T, MTF-1
N CAIKEFRICHIEN SBABITTSEEAS T
EMTEDN, T O TIEREKBRRIZ K > THIRE
2 e U T i 2175 &, B AR LR
TH MTF-1 H2£ D DNA # & 1E M3 R I 7
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Fig. 4. Intracellular Localization of hMTF-1 in HeLa Cells

A: Quantification of hMTF-1 amounts in cytosol and nuclear extracts.
HeLa cells were treated with 10 um Cd for up to 60 min. After the cells were
lysed by a buffer containing NP-40, nuclei and cytoplasm were separated by
centrifugation. The nuclear extracts and cytosol were then prepared by the
method reported previously.'¥ hMTF-1 in both fractions were analysed by
Western blot analysis using a-hMTF-1. The amounts of hMTF-1 were quan-
tified by measuring its band intensity with NIH Image, and represented by
the graph. Black bar: hMTF-1 amounts in nuclear extracts, gray bar: hMTF-
1 amounts in cytosol. B: HeLa cells were treated with or without 10 um Cd
for 60 min. After the cells were fixed with formaldehyde, endogenous hMTF-
1 was detected by immunocytochemical analysis using e-hMTF-1 and an
FITC-conjugated second antibody.

fEL, MifEIC3@mo sz, 22T, MTF-1
DL A7 Z 1 MTF-1 ik 2 F W 7= #OEhiiR s
IR OMITT 2L, ERENE, ROUMICEDST,
MTF-1 13F & U TEIZHEEL TW/z (Fig. 4(B)).
Z OMJFHIEME, MTE-1 O C- K12 EGFP (Fig.
7(B)) ® FLAG ¥ 7 (K¥, KFEEXT—%) %
DEEY NI EFHBRIBTEH LTI > THHND
T3,

PLED XS IR HIIZ K 5 ik & Egetalc
2715 E TIRERNEZ D, M) ;£DT%@
B 532 MTF-1 380 5N 5 DI, 7 EEEIED B
NS ORENEZ D EEZDONZLYTH A
S, M OREEIIRS <Mfaukkic k> TR
0, DbONH Hela Ml © MTF-1 2 #EH T %
BRI H W 72 KR K VR 1T K 2 Ml i A #2375 (Dig-
nam %) 1%, FEEEFITH D NP-40 2 H 15
EIZTH AT MTF-1 OBRFFRAENHDH O EBDN

%.

Andrews D7)y — T NEH)IZ MTF-1 D17 %
Wi L7=DlE, MTF-1-/- ® MEF 2 MTF-1 % i
FIRHBEEE, POEMEHEHTHRELLGBATH
0,3 ZDO1% Schaffner M)l — 713 MTF-1 O
EREZEMBRE T TOABRINSHET, M
JAFEICHIKFETH I EERL TWND, 3 KK,
HeLa fild Cl3 M & 54 T Tl RENZELT 2
FTHEELTHRDB, MTF-1 ZICHEL TWE
(Fiu, RFEELF—%). LEN>T, Ml THE
729> 7 ) % Western 1% T L 2 BT O HZ
BITNH2ETH5DRIBHRESDOI S 2K, X
512, Andrews O 7 )L — 7 DR TIX, MTF-1 ©
BT EsEREITERREIIEELTZn THO,
MT FHEEEN R S E W0 CAITZDREME N, L
C HepG2 fffifid®> HeLa fifd TI&, 1MmigZ&HML 7
BERFHFICBNTHESBKENZD MT 513K
2B, L7z Tl RS ICL o Tid
MTF-1 78 Zn K ERIC KBTS 2580 H 51T L
TH, TN MTF-1 OESBREEBOAE TH
5 EFE AT,

6. FELMHSIILBRUKENCIH (TS MTF-1 DEE)

ZNTITMAE I & > THIEICEIE N S
MTF-1 &EEHHRIZEINE NS D E T, &I
MEDDIEADIMN? ZDHEERRD DD 1 DD
77O0—FELT, TNTNOE S EIEENET 7Y
W7 2 RTINTESIKE L7205, Western i£%
W 21T > 7oA 8, ME O ® O SR
HDETIZIKENT BT LBEENHS NIRRT S Z
EMgmoiz (Fig. 5(A)). W 2O XD ZERITHM
iz Cd TUHTZZEiIckDslERRIINZHD
THO, FMEN MTF-1 DESLBIGED 1 DTH 5
EEZLND. £ T, FKOED in vitro IZH
T % Zn A% D DNA G OBRICHEZ TS0
MEDIMEMEND D=0, T NI AY Vik%E
FAWTHNT L7z (Fig. 5(B)). ZOHEEE, @ED
TN T hEEE<FAUTHEIN, TV 7 MNET
IS HERERE L 72 DNA 7' 0 — 7 Q%82 X5 D
IZRLT, 7 U2y T, BRKEREIC
FIhoEEEREZRGE Fic7oy U, HilkzE A
WT DNA KGY NV EOEE ZETT H5HDT
H5. KT O MTF-1 1% Zn %O MRE 7
O — 7 IEGAMERE ISR N > RZ2 KT 50,
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Fig. 5. Behavior of hMTF-1 on Native Gel Electrophoresis in Response to Heavy Metals

A: Nuclear extracts were prepared from HeLa cells treated with 10 um CdCl, for 60 min, and the cytosol fraction was from the cells without Cd-treatments.
Both fractions were subjected to 5% native acrylamide gel electrophoresis, and Western blot analysis was performed to identify the migrating position of h(MTF-1,
which are pointed with arrows. B: Nuclear extracts prepared from HeLa cells were treated with 100 um ZnSO,, 100 um ZnSO,4 plus 1 mMm o-phenanthroline (o-phen),
or 100 um ZnSO, plus the synthetic MRE probe in vitro, then analysed with the same method as A. C: Recombinant h(MTF-1 was treated with various concentrations
of heavy metals in vitro, then analysed with the same method as A. ‘“Cont’’ indicates a control without addition of heavy metals for each row.

In ZIRMT 5 EBEEME<S /RO N> RIZ7O—
R&ERD, ZOBHEDOEMNMT Zn OF L — FAIT
& % o-phenanthroline Z¥HFEMNT 5 & I 5720, —
F, ZniZk o> THEENE(LL 7z MTF-1 iIZ MRE
fF &S 70— 7 2RNd % & DNA fE& N 2
D, BUOHERN REEKRT . ZnifkNEo Z
D& D BT ELIE MTF-1 @ DNA # &8 A D
TEHEALICHIE L TWAS TREMED D 2703, BEIEE
W7 O— RN RERITFEMICESRICXLS
MTF-1 D ICL 2 EbEZAENS. £ZTZn
DA DESEICE > THRBRHEENKEZ 50N ES

MzEY A2 EF > b hMTF-1 2 H W THREL =,
Figure 5(C)IZ/RT L DT, Zn TiZ 10 uM DEE )
5 MTF-1 OB ENEZLNBHEITEZ 5 DI LU T,
Cd, Cu, Ag, Hg TIZ 30uM £ TN E D 51

9, ZOBBRH Zn ITERWITEZ 2 Z LA
%. ZOZ&IZ, in vitro T3V D MTF-1 ® DNA

FEED ZnIZOARITKEFEL TS E NS FER & —3
LTnW53,

UEDOXSBIEENETY N BEXRKE LITBIT 2
MTF-1 D28 OEBIIBEDOE I ARHTH D,
Zn il X257 NI HEOEL TR ETFHEL
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TW3M, Znil k2 MTF-1 DEAKERTH %
AEERLEETERY., WThCEXZIDLHIRE
{t7Y MTF-1 @ DNA # &N DEMLITH IR L T
WHZENEBEASNDZD, BRIRT B KD bka s
MTF-1 £ B4R &2 W@ IC K > TZ OBRITH
5325 2N @& EE TE L, MTF-1 OH
BIRKGFRRGIE LS 2 5 ETHEERE
MDD EMEHFTE S,

7. MTF-1 O Zn [GERZR O BT

MTF-1 % > N7 E D E & @I & EBICE L T
X, R Zn 7 ¢ O —HEEERTIEE DY >
NI RS EARIC— R U TESE &SR EER
T2 EEONDEHNEFEETT, WELHEITRS
TWial, BRIEETICHE S NLESBELEHEBED
fBE 4 % Fig. 6 12/r L T\ 5. Schaffner ® 7 )L —7
1, B &I ZAD MTF-1 DIEEIEIE(CRED Hik
M5, hMTF-1 78 mMTF-1 1T T Zn (KEHED S
WZEIZEHL, INSDOFXATH NI DR
5Zn 74 > H—RAA 2O CRIFMUIZHEET D
PEEB R ICER RN EEENH 5 E®mEL T
%30 pbnbNdfE A~ O MTF-1 RIEZFRKD Zn
{KFERY 72 DNA #5 G P 2 AT U 72 /5 5%, N ARG fE
DRENDNAFEED In KFHEEZRTSES I &
ERELTNS. 512, CRIGHEBICEET S
ADODYATA UERENT I VB LB EITHRY
T ALY — DN In KEWISERGIEEZ RS E
5. N5 ORERIE Zn BB EEVNWSI XD D,
DNA #E SR EEEZ DO H O DK R Th 5 il HE
MHdHD, MTF-1 O Zn 551 & OE B 72 B E
WEKRTHICWEATHTHD. —F, MTF-1D 6
B8 D Zn 7 1 > H—O Zn FHRIED FLBAUE N & &

Li, Y. et al.®?

Bittel, D. C. et al.*" /

MTF- l

M5, TN Zn WEWNT 1« =Tl nn &
W, 1000 FEIZEHE S, 6 7 1 o H—0Mo 4
DDT 1 2 — EHANBREDNENZ EAVRENT
W%, 3940 MTF-1 O Zn 7 1 > — RAA IZBEL

TIERBERIKOEEERIT NS, 1 7020 —%

nnBEHICEAEGE TS LOMEOH D £, &
ﬁqu@Zn74>ﬁ—@Uyﬁ—ﬂﬁﬁ®
CH, 74 > —&137 2 VBEFINERS Z &I
FHL, Bl 7 H—EB2 742 0—00 >
=Ry 2SI EH I LK TMIF-1 0ES
JBIREMEN < bt 5HEBRINTHED,?
Zn 7 4 > H—=RAA BT BMTFERZT TS
G HEHME TR — 72 A A= 2 Hi< 2 EI3RE T
Hb. ZOXDIT Zn REVEHEB ZEE LIC< WE
HDO1D&ELT, MTF-1I3EDL S B REART
HZDHERENDZENRKRET NI ENET 50,39 &
S NIEEERELTOBENEETHS EE
ABND.

8. MTIF-1DL X T BREQEERKEZRAWE
R

Rk U7z &k 512, MTF-1 O EEEIRE MDY Zn
EOBEENBMHAEERICED S EEENESNWI &,
MOMTF-1 D2k E L TOMENEETH S &5
ALNAHTED2HNG, DbNIEREESY >
INIBEEDOHAEMERICESDTEERY I /BTHD
ATA VR EE AT Y ORI R AR A E
AL, Haefmtrair->TCw5 (Fig. 7).

BIEARAT 2 3D T W 5 DI AEAR B 72 N oK i
BOEAF Y UoRIEES AT A FRE, 6HD Zn
T4 H—EF—TENEND Zn F L — MHEE
TRDHEATA A, KO CRuEBICH D

Chen, X. et al.39:40 Chen, X. et al.3®
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s I ]

=F

} |

Koizumi, S. et al.3"
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Protein Regions Reported to Affect DNA Binding or Transcriptional Activity of MTF-1
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Fig. 7.

Analyses of Cysteine- and Histidine-mutants of hMTF-1

A: Positions of histidine and cysteine residues in the primary structure of hMTF-1. Circles and squares indicate cysteine and histidine residues, respectively.
Numerals associated with closed symbols correspond to the mutations indicated in B and C. B: C-terminally EGFP tagged MTF-1, which carries a mutation at the
second chelating cysteine in each finger motif, were expressed in HeLa cells, and analyzed their intracellular distribution. C: Summary of intracellular distribution
and transcriptional activities of various point mutants. Transcriptional activities were estimated by reporter assay using MTF-1-/— MEF cells transfected with the
expression vector carrying cDNA encoding various point mutants of hMTF-1 and the CAT reporter plasmid driven by the upstream region of the hAMT-IIA gene. N
and C indicate nuclear and cytoplasmic localization, respectively. The symbol, +, indicates that the mutant exhibits the Zn-dependent transcriptional activation at
the same level with the wild type. The symbol, —, indicates no increase in the transcriptional activity regardless of the Zn-addition.

SATA I TAY—TH% (Fig. 7(A)). £T,
INGOHERKD CEKuGIZ EGFP Z 1L 724
>J\7 % HeLa #iftl THEL S & THIRN 16 Z X
&, 6fHO Zn 7 4 > H—DS5EDH 3 RUVHE4
TAH—DERZRNT, IXTHAEMERECT <
KIZRELTWE (Fig. 7(B)). —F, 3 KkUHE
47 4 2 —OERRIZF/IEEDD S A, Mz
I HT DK%, FAKOK RIS EGFP %
FLAG ¥ JIZAEZTHRDEND (KIF, £FEE
F—=H). INBE2DDT 1 LRI ERE
RTELIE<IZHMEDRKIGFDEZALRHTH %
7, i< &% Western Blot @ T3 2D 2 DD
BREDED, IRTOERRIHEREFA—OB
HEERT DY NI D ENEETII RN, &
5K, ZD22ODT 4 »H—~D Zn FEEN
MTF-1 OGO CTEETHL I ENEZL LN
%.

RIT, BREREOEGIEEREZ TS 20
12, HeLaffifldazHWTL R—F—7 vt A %>
7z (Fig. 7(C)). N KU D mZ8 BAKIT T RTH
AR L FRE, Zn KIFRERENE M 2R TAS, Zn 7
AH=RAALTREL1—-S5 714 0 H—DOERIZ

K0 Zn K ERNRIRGIEVELRE DI RN D 5 1,
6T 4 N —DERIIZEN Mo, THITC
KA D S ATA > 7 TR —DERIZE->TH
Zn K F IR BEVELRE D IHT X 1 %,

Zn 7 4 > H—RAA VIZDNA#EHICES5T 5
=, = DOERMKROIEEIEME(VAEK ML DNA #&
MEOWRIZEDEEZDZENTES. LnL,
B EDBES, 67 1 2 H—DERIIHER & AR
I DNAFEBREZHA L TV, Lo T, $S
74 > —IXDNAREEICIIES5ET, ©L ARG
EHEAICES L TWES 70 2 H—hb L, F
72, B L72&DI1C5 3,4 710 > H—3REME
EHEELTNWAEZEEEZDHE, MTF-1 0 6 1d
DZn 714 2H ISR ERHERDT 1 2 H—0
EEEKRTHLAEENSD S, —F, MTF-1 O N K
B PRI D R IEZEHLZ DNA $5812B W T Zn K E1E
MIHET DN, TOEBDIATA >, EAFI
DRABRIEEEICIIZE L bz o< Zn )
ZOMEBICEEESTS2DO TR, N &K
7 MTF-1 O 2k #i&, RFICB#%E T2 Zn 7 1 >
H—=RAA > OERETRESHEELTNSEHOD
EEZ5NS. LML, CERmEHROIZXT1 27
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FTAY—IZ Zn BHEE T HREMENH D, Thn
Zn K F TR GG ELREIC E D X S I H % D
35 %EkH 2 EZATHS.
ODNONDETVWLH EDX D BEREE - E
ATCHEASN TS H R ZHRET 5 L&, MTF-1
DHPEINEEHIID 5REOHFITEN TN T
B5T, MTF-1 DL REBRICEELTBD, £
NS ZHOMIT 2 HDIEMTF-1 OF > )N 7 #iE4L
KTHdHEEDLND., ZOB, Zn 7 1 > —RKA
A NI MTF-1 % 2 )N 7 Bl I2 B W THILRY 7R 1%
HERELTWS RGN, ZOEKT, B
O MT ERTFDIRE T Tdh % ACEL 1T — K
EMTF-1 £132<ERB2b00, ELREIZX->T
NI HEOR b ERERIL, EHRbIns &
WO RICEHL TIREZ A TREINTNHWSO0H
L7z,
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