A

A : Wild-type
—} exon 1 exon?2 exon3
T I
promaoter

pr

C: Point mutation of exon 3

—

Sample No.

Promoter 3« 4

Cc

Allelictype A

Forward primer
Reverse primer

Sample No.

B: Point mutation of the promoter region

o] Jome " el s
S

D: Point mutaion of promoter and exon 3

ezl
. e B i e ¢

3

Wild-type forward primer

Mutant forward primer
Wild-type reverse primer
Mutant reverse primer

Fig. 9 Determination of allelic type by
allele specific PCR

Forward and reverse primer were designed to
match with the wild-type or mutant nucleotide. (A)
Wild-type allele were amplified by wild-type
forward and reverse primer (A type allele).
Promoter motated allele were amplified by mutant
forward and wild-type reverse primer (B type
allele). Exon 3 mutated allele was amplified by
wild-type forward primer and mutant reverse
primer (C type allele). Both promoter and exon 3
mutaied allele were amplified by both mutant
forward and reverse primer (D type allele), Black
arrows indicated wild-type forward and reverse
primers and striped arrows indicated mutant
forward and reverse primer, (B) SSCP patterns of
promoter and exon 3 mutated individuals (sample
No. 39, 46, 90, 97) and promoter mutated
individual {sample No.1). SSCP patterns of
promoter and exon 3 of 293 cells were indicated
wild-type control {arrow), (C) Allelic types of each
individuals were indicated. Sample No. 39, 90 and
97 have A type allele (both promoter and exon 3
were wild-type) and D type allele (both promoter
and exon 3 were mutant). Sample No, 46 have D
and B type allele (promoter was mutant and exon 3
was wild-type).
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A Zinc-finger domain  agidic Proline-rich Serine / threonine-

I nmiwv v region region rich region
1 138 316 330 406/408 498 524 620 753

hMTF-1

exon [1] 2 [3 T4 Js] 6 [7]8] 9 fio] 11

bp (62) {459) (239) (132) (74) (137) (78} {103) " (596) 64) (581)

oy
B &
SampleNo. oy A2 A3 A4 A5 A6 A7 A8 A9 A0

Exon 1

Exon 2-1

Exon 2-2

Exon 3

Exon 4

Exon 5

Exon 6

Exon7

Exon 9-1

Exon 9-2
Exon 9-3
Exon 10

Exon 11-1

Exon 11-2 it e Bt e B S i i

Fig. 10 PCR-SSCP analyses of human metal transcription factor-1 (hMTF-1)

(A) Examined regions of hMTF-1 for SSCP analysis. Each exon were amplified and each length of the PCR fragment is
displayed as base pairs {(bp). Exon 2, 9 and 11 were divided into two or three regions and amplified. (B) The $SCP band
patterns of 10 subjects were indicated. Different SSCP patterns were observed.only in exon 8 which encoded one part of
acidic region.
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ACA—390Thr
ACG—390Thy

Fig. 11 Examples of conformational variants in hMTF-1 exen 8 region detected through PCR-SSCP
(A) and sequence analyses of the type A, B and C PCR reaction products (B)

(A) One hundred and three indivisuals were categolyzed in three SSCP patierns. (B) Point mutation at third nucleotide of
codon 390 (A—G) was indicated by arrow head in the sequence. Type A, B and C were showed A/A, A/G and G/G nucleotide
at codon 390 ,

Table 3. Genotype and allele frequency of the polymorphisms at third nucleotide of
codon 390 of hMTF-1 acidic region in 103 healthy individuals

Genotype frequency Allele frequency

codon 390 A/A AIG  G/G A G
(n=50) (n=43) (n=10)

0.482 0425  0.093 0.694 0.306
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Zinc-finger domain  pcigic  Proline-rich Serine / threonine-

E1nmiwv v region region rich region
hMTF-1 PSR [ sl 7222 |
1 138 * 316 330 406/408 498 524 620 753
185
17e 180 185 198

hMTF-1
YT FVCOCNQEGCGKAFLTSHSLRINVRYHTKE

TACACCTTTGTCTGTAATCAGGAGGGCTGTGGCARAGCCTTCCTTACCTCTL ACAGCCTCAGGATCCACGTGLGAGTGCACACGAAGGAG

ZRF 170 189 185 190

YTFVCNQEGCGKAFLTSYSLRIHVRVHTKE
TACACCTTTGTCTGTAATCAGGAGGGCTGTGECAAGCCTTCCTTACCTCT T ACAGCCTCAGGATCCACGTGLGAGTGLACALGAAGGAG

mMTF-1 170 180 184 199

YTFVCNQEGCGKAFLTSYSLRIHVRVHTKE
TACACCTTCGTCTGTAATCAGGAGGGCTGTGGCAAGGCCTTCCTCACCTCC TACAGCCTCAGGATCCATGTGCGAGTGCACACAAAGGAG

Fig. 12 Structural features of human MTF-1, ZRF and mouse MTF-1
{A) Schematic representation of hMTF-1. (B) Nucleofides and amino acids sequences of the second zinc finger domain
of hMTF-1, ZRF and mouse MTF-1. Amino acids are indicated in the one letter code above the nucleotide sequences.
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A Zinc-finger domain  acidic Proline-rich Serine / threonine-

I i w v v region region rich region
F

amre1 | ErlilleRbesisEe [ T

1 138 * i 316 330 406/408 498 524 620 753
e |
239 bp
B o
g sample No. human cultured cells
¢
T HEK293 HepG2 HelLa-S3
c
T AGCT AGCT ﬁ‘ GCT
ZRF 7 B e B
Tyrosine 2
A
G
¢
c
T
o
A

o

No. of samples TAC CAC

30 30 0

Fig. 13 Direct sequence analysis of the 239 bp fragment of second zinc finger domain in human
MRE-binding transcription factor '

(A) Codon 185 in second zine finger domain was indicated by arrow. (B) Sequence patterns of two typical Japanese out of
thirty individuals, and three human cultured cells lines (293, HeLa-S3 and HepG2 cells) were indicated. First nucleotide in
codon 185 are indicated by arrow head. All Japanese subjects and three human cultured cell lines showed the same
sequence (TAC),
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BAT BB EIRITBIE (B2 X 7 5EEHE)
(Zr{) BrsERss

ARITAMMERTORETFEHECORE

PSR ATRAE RIERFREREATFERBER
(mhBtsidE b mRT BEE&EERRUY—FLIFT 2N

AREEIC — R A R ADBETERERRERL., W EITAMER TTH DA
YOFF3xA 2 (MT) OBEFIOT—¥—Hric—HIALTROSZ %
RifL7=, ZITHALEROBBERARNS DI, EROHPZTOE—F—OTF
ML —F =BT EEE LU TAY OF 421 U ERAEITE X 2 B e Rst
Uiz TOHR, EERTOE—F—ELHBRUTHRI Y AL AFENE R

FREIENZ EAMIBIL 7=,

A. BFEEHEM
AFOFFRA 2 (MD) IBHERT I/
BOK1/3ZATF1o0HD, Lid
S-S FEE—DObifEhnwtnwd oo —
DI E R T AEMHERETH O,
MR THRITAREOFELSE &
BIZHEE LU TEOHRMEORREZMNH T 2,
I RI 7 ARBHEPICEBRNENEEICEE
THED, KEELZETIZHEANEEEA
ICEEARTHARD A RS U LBENGN, B
R AHEOFREEBISRR TS S
0N, BEAOBBPICERLTWA RS
DARFDEEAENATOFFRA 1T
EELUTHFIELTRY, —BERAOFRET
CERILTWAARITLORERZIASYO
FFRA BETFERRIEZITTAEE
WCESTREORFICHDES, LizNo
TRUREABOFEZERTIIL, AY
OF A2 V3 ARANOEFICKTRIZE
ABR&EFHFRABIENTES,
ZDEIBTEMNS, BLAITHANFIE

ORI QFF R VPERPMELES
A, TORENENT I—T &K ) —
TO2EIHFEEIN, LhrdbIoNEIIF
BEROH R AEHEICIIRMEEZETHS
ZERRWELE, TOFEZ, BEAD
FIZA Y OF 431 VBEMNMEL, HRX
VAL LBEEEZTPTNEEI NS
—HERHFET AR EEEEB LTS,
PR R IZ R A AN BN ZNWRET
BB, TORAO—DICAYTOF T3
COBMERWICEA N RITAREORE
MEENDAMESE D LETERN,
TITAMRER, BEACBITSZ Ay O
FFrA U ERBREZEOFEERZALNICL,
TDANZAALEMAT S &R, B
MEMEZEDRIE & AT OF 421 EREH
EOMBREMEL, 5T, AF¥OFFR
1 EREFOBW HEEHN TR &%
Hi &9 5,
EREOMEICL > T, TO0E—F—
DIRERAEN S EFRSHEIERA T F= >
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MB T T AO--HIEEHROH B &N
FAohéERol, FITEREEII DO
LN TOE—F —FREIC G2 DR EE
L —%&—7 w1 That L7,

B. WAL

| N A A M 220 e bt e
1

hMT-IA 7 o & — 4% — @il (-
202~420) O TFRICLVHR—F —BETTH
% Lac Z 2HEELATESR WD BXUD
AR (mut) @ 2 HFOT T A3 REE
WLz, &7, IS 2R OE-¥
—&7%E PCR ICLDERILZ, RIB. WT
D7 OE—4—d 293 MAfaN S BEEL 7=
genomic DNA #§5IZ, £/ mut 7O
T—F—Ra7 70 —F —NRELRE
THol=YTNEHFMZL, FRROTS
A4 Y —TPCREJ& (95°C /30%.96°C /30
. 61°C/30 8, 72°C/30 #% 30 [AIF:D
BLE) 2T, pGEM-T easy vector 12
ra—=—FUk, 7aB, AL PCR
PEMDEIRIANZ S — 7 T Y —IT K DR
N, HREINCHEDO RN S B HER L.
Kpnl/hMT-IIA pro-F : 5=
CGGGGTACCGGGCCGCCTTCAGGGA
ACTG-3’

BamHI/hMT-IIA pro (+1)-R : &'-
CGCGGATCCGGACTTGGAGGAGGCG
TGGT-3’

KT, FTNFNO T O0E—Y—% Kpnl-
BamHI ML B iz &£ v 8 O H L .
pcDNA3.1/lac Z % Apal-BamHI 4LEET"
B EWCEDYDHLE Lac Z B mTF &%
Iz pcDNA3.1/hygro a¢ (CMV(-) @
Kpnl/Apal f3RiIZ#HE A L. BHHEMI

pcDNA3.1/hMT-IIA pro (WT)/lac Z ¥
& X pcDNA3.1/hMT-TIA pro (mut)/lac
Z 7oA REMELE,

LiR—%—2 =7 w13, 293 f#ife
2 4x 104/ well I2725L5 24 well
plastic plate 1z##&. 37°C. 5 % CO,HF1E
T T 24 WefRE 3R, 1 well 720 0.1 ug
DLR—F—T 5 X3 RBIOEAFIEH
2R pGL-EFla (EF-la 7O0®—%
—DTFRIZNVI T2 —PRETEREBES
BETSAINR)0L ug 2 06 pul @
Fugene 6 (Boehringer) 2&¥ D’MEM
(20 plICBY., INEHRICHTLTGE
L2 ALT,

12 BFHESE%. A4 OBREDENZS
¢ D’MEM (+) % 400 pl/well XTS5
17 24 WEIHIEEE L J=, SEARIE TR, KB PBS
(= T well HZPE#EH L Reporter Lysis
Buffer (Promega) % 100 pl/well DX,
B (-80°C. 30 min) AEfE (25°C. 20
min) UTMRZREIL . Z QMBS
W 45 ul THFEB D 0.2 % W/V) o-
nitrophenyl-8-D-galactopyranoside
(ONPG) #EREEMA 37°C TRIGS &/
%, x1 07 —kY—4— (SLT Lab
instruments) T 405 nm ODEYEEE 2 Hl5E
L7ne—F—{EEE Lk, —H. V7
xo—ET7 vizA, MaBEEK 45 pl i
V7 ) > (Reconstituted Substrate,
Promega) % 10 pl NA T, AT L—H
) — & — (Spectra Max Gemini XS,
Molecular Devices fh#D) TH Y501 % 8]
EL., BAFEROHEIHEM L. HepG2
HMEIZBNTHEBROFETEET Z2EA
L7z/%, HepG2 Ml Tld 8 x 104l /well
WRBLDICESE, SALESSZAI PR
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DNA BBDOED 0.2 ug. Fugene 613 1.2
R U7,

SNV T RTwEA
VP AV IX I LA F RTO0—-TDE
<FmFE>
Adenosine 5’-triphosphate (ATP)-[ v -
32P] EasyTides™ (5§ —{b 5238 i)
T4  Polynucleotide Kinase
England Biolabs)
MicroSpin G-50 Columns (Amersham
Pharmacia Biotech)
<HE>

500 pmol Ot ABLURTY FE R
FVIXZLFFR (FR) 27=—Y >
TNw 77— (200 mM Tris-HCl (pH
7.5), 100 mM MgCl,, 500 mM NaCl) #
T 95°C T 5L ES |, 30 BN
THR&ICIRESR 45°C ETHRTFTry=—1)
YRR, ZOFVITXILFFR 2
pmol Z 0.5 pl ® 10 x T4 polynucleotide
kinase buffer, 5 U ® T4 polynucleotide
kinase. 740 kBq @[ v 3*PJ-ATP 2N %,
37°C, 30 pRMELIz, 70°C. 10 &
IS U TR % 9215 ¥, MicroSpin G-50
Columns ZMAWTEREOD[ ¥ ?P]-ATP #

(New

fRELZ. 7O0—-T7OhEE (com/pd) 1.

RS> F VL —arho v —
(Beckman LS6500) TFz L 27 X%
HEL TRD=,
PTFCEMERTHW =T IX vt F
FZal L7, —5A IIWAR, -5g i3 EMY
RT. £ MRE-p 327 /0®—%—
®d MRE AL 2R L TW 3,

MRE-a

Sense oligonucleotide : 5'-gatccGGG
CTT TTG_CAC TCG TCC CGG CTC
TTa-3’

Antisense  oligonucleotide : 5’-
gatctAAG AGC CGG GAC GAG TGC
AAA AGC CCg -3’

MRE-p (-5A)

Sense oligonucleotide : 5’-GCC GCG
CTG CACTCCACCACGCCT CC-3
Antisense oligonucleotide 5-GGA
GGC GTG GTG GAG TGC AGC GCG
GC-3’

MRE-p ( -5g )

Sense oligonucleotide : 5-GCC GCG
CIG CGCTCCACCACGCCTCC-3
Antisense oligonucleotide 5’-GGA
GGC GTG GTG GAG cGC AGC GCG
GC-3’

TATA (-5A)

Sense oligonucleotide :

5’-CTA GCT ATA AAC ACT GCT TGC
CGC GCT GCA CTC CACCAC GCCTCC
T

Antisense oligonucleotide :

5-TTG GAG GAG GCG TGG TGG AGT
GCA GCG CGG CAA GCA GTG TIT
ATA G

TATA (-5g)
Sense oligonucleotide :
5°-CTA GCT ATA AAC ACT GCT TGC
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CGC GCT GCG CTC CAC CACGCCTCC
T

Antisense oligonucleotide :

5-TTG GAG GAG GCG TGG TGG AGC
GCA. GCG CGG CAA GCA GTG TIT
ATAG

AR OFRE

293 #ifE#E 6 x 10° {@/dishic/iza kD
I~ 60 mm plastic dish iZ#&. 37°C. 5%
CO, fFET T 24 Wi, fis O
D ZInClL, & D'MEM (4) ICEEH A,
51T 4 ReEIER e U7, BEasfE TR, MR
ZEILL. K& cell lysis buffer (10 mM
(2-[4-(2-hydroxyethy)-1-piperazinyl]-
ethanesulfonic acid (HEPES)-KOH (pH
7.6), 10 mM KCl, 1.5 mM MgCl,, 0.1 %
(v/v) Nonidet P40, 0.5 mM DTT, 0.2
mM PMSF, 2 ug/ml aprotinin, 2 pg/ml
leupeptin B X T 2 pg/ml pepstatin A) T
S L7210 10 MR L, =i (2,000
x g, 1 min, 4°C) T &> TEED 2Lk S
/-, T ZIZ nuclear extract buffer (20
mM HEPES-KOH (pH 7.6), 400 mM KCI,
1.5 mM MgCl,, 25 % glycerol, 0.5 mM
DTT, 0.2 mM PMSF, 2 pg/ml aprotinin,
2 ug/ml leupeptin B £ X 2 pg/ml
pepstatin A) ZINZEHEE, 4°C T 30
fFEeMIC#ER L. 20 (20, 000 x g for
15 min at 4°C) L T#H 537z & 10
g BTN 7T wAIERLUZ,

B3 MRE-a/MTF-1 352254
aryryvi_f

MdtiHieksr 10 pg %= 23 pl @ binding
buffer (12 mM HEPES (pH 7.6), 12 %

glycerol, 5 mM NacCl, 50 mM KCl, 5 mM
MgCl,, 0.6 mM DTT, 100 uM ZnSO,, 3 pg
Poly (dI-dC)-Poly (dI-dC)) #rTKEIZ
s, 10,000 cpm/pl @ 2P 5% MRE-
a 7O—7% 2 ul MATHRRT 20 4K
ISL7. e, ARF4 a7 yta
Tl BEiERENA S cEREE (25~
250 f5E)) OREHROFT VIR L AF
REMAZ, RIEKTHE 4.0 % (w/v) K
U727 2 RS (100 pM ZnSO,, 1
x TGE buffer (25mM Tris HCI (pH 8.5),
190 mM glycine, 0.5 mM EDTA) T 120
V, 90 kB L7z, KBSy T 7 —IZid
100 xM ZnSO, 28T 1 x TGE buffer
iz, & T, SV EERSE, F
— NS PFT ST 4 BTN REKET
U7z,

BIER UJ= TATA box 2E7O—7 L4k
BEBIIHTZaRF a7 yA

B R 4> 10 ug % 23 ul @ binding
buffer (12 mM HEPES (pH 7.6), 12 %
glycerol, 5 mM NacCl, 50 mM KCI, 5 mM
MgCl,, 0.6 mM DTT, 3 ug Poly (dI-dC)-
Poly (di-dC)) wTX ki, 10,000
cpm/ul @ ¥PEEFETATA (-54A) B LW
TATA (-5g) 70—7%2 WA TRET
203 Lz, o, aRTF 1 ar
7w LR EFRITR o 7z, RIGH
TH#40% (wW/v) RUTZUINT I RF)N
(0.25 x TBE buffer (22.25 mM
Tris-borate (pH 8.0), 0.5 mM EDTA), 5
mM magnesium acetate) T120 V, 10043
RIVKEH L 2. KB/ 7 7 —12i35 mM
magnesium acetate # & $10.25 x TBE
buffer& A /=, KEWET R, FIVEER
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S, A= bTTOFTST 4 —BITANS
RERHL .

(fitr ER A DBELLR)

AR TIIE b OBETRITET 5 28,

T2 T B RE S TERRIN-
FiEIZHE N, RIEFICRRNEZ T IE
BILTA 74 —A K32 NERE,
2B AEHREE, TORK. mikE. £
DABIRAE D AMEB L UR RO HFEDOTD
FTiZic BB L. 18 AR RISk D 2
nofz,

C. f58 - =R
MTEMART-27 70— 4— FO—HIE
PR T OE—F - BT H % ZEHE
hMT-TIA BET7FOIA7 70— — |-
RO 5N S —HILEHN Zn L Cd
W EDIEEFGEEIC 52 282 L R—
F—I—=T A EcL OB LE,
@%%}hﬂﬂ%@fiﬁ&ﬂb&wﬁ
SUERA (-5g) &HIT. Zn, Cd DIREE
&TWLE%&%@@WLL%mmxﬁE
BN ANERBHTIINWTNOBREITBNT
HTOEIEMEZERLE Fig. 1), 7=,
293 ffICBWTH HepG2 MR & EEeD
WHREMRE SN (Fig. 2). > T, &L
o TRHEEIN/ a7 70— —+0
—HIIERAESRIC LD MT BETOIE
FEMELICHR B < AIBRENE Z 5N
5,

REEEOMGIORK E LT, —HHiEE
EREERT ) 027 70E—4 —i
FINDIEEITHEE 52 TWa afigth i
AbNBTEMNL, RIFNCTRT vt
TR INSHEERT () OKAIC

NTHEBERMLE. 2B, ARl L

S hMT-ITIA Qa7 7 oae—4— kicid
MRE HEFINGFEL, AHRTRHEXIR
F—HIEFEHIE MRE @2 > 8 AREF
T&H 2 TGCRCNC @ R (A or G) DIz
TS (Fig. 3). B THRELSIT
MRE KIZESERTTH S MTF-1 DS
THZENEENTWS, FITET, &
O—HIBIN MTF-1 OFBRITERHE
Br, ARFoar7PyiL4iEizko
BEt U7z, hMT-TIA Y O®—4%— Lic#d
HFFET S MRE O T, MTF-1 &8ED
MENCHEE T2 ENAS5N TS MRE-
a & YP TEH#RLTTo—TF&LLTHN,
B (100, 250 xM @ ZnCL THUEL
HIEA 58 ERIEEIRIET A,
NETORE EFRICEB O AERTNR
MTF-1 O MRE-a o6 a4
D EAPHER SN (Fig. 4, lane 1-3),

LT (250 f5EI) OFEF MRE-a 7
O—7 TFOUBETARZ Iz
RIXZE£ICHE LT EMS, Z2THE
SN T RN Rid MTF-1 & MRE-a
DEEGHETH D LEZS5NS (Fig. 4, lane
4), £ITIZ® MTF-1/MRE-a #a#EIz
M URBROBAEMN (-5A) BL TR
(-5g) ® MRE #EATO—TZ2HA N0
IRTFA4aryTwlbL BTl A,
M7 o—7Ebiz 250 FEMZTHIO
EEEHEEL N> (Fig. 4, lane
5-8) ZOZEMGRF LY SOE—
ﬁ—ﬁﬁwhmEmm%tmmnﬁlm%
BULIBWI EWRB I N, —HILERic &

B FIEEOENIZ Mﬂ?lﬁﬁ%bf“
BWHDEEZ NS,

LARD I T —HEERNIRD SN-E
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B EREERT ) NEET 58T
HH D, o THMEBRBICLD INSIR
HEHRHTF () OZ0EEAOEEEMENE
TIariEEdbEIOND. TITHER
BEUOERMOZNTND V0 —7 %34
L. 293 #ifa O & RIS S Bz,
ﬁﬁn—ftﬁﬁ%ﬁ%ﬁ?é@?@ﬁﬁ
BRdsnhadho s (F—FRET),
IO E—y— L*WﬂﬂibtwA
TFIID (TATA box iZ# &9 5 TATA
binding protein &FTNIZHEET S TATA
associated protein M5 AEEH) B
UL ETH2RFEREFERTH E RNA
polymerase Il iZ X 2IEEHRHBESHEDFE
ICHEREBZ BT &#Wiéﬂfmé
FiZAWER 7 O—7izid TATA box {d
SENTWARNT (‘;733 5. Fiiziz TATA
box ZEUEER (TATA (-5A)) B&L WX
754 (TATA (-5g)) @ 2 B DT O—
TEEML (Fig. 5A) REROBFT&E{To 7.
ZORE., EFLUTZ TATA (-5A) # A
TN TR vEAETOIIEICLD,
Zn I OFEIZEH B, 293 MIEDK
i I TATA (-5A) JO—TJ & #6G
?6@?@@&# 2% 6z (Fig. 5B,
lane 1-3). X SICKREGROB AR T 00—
7&%%@7D—?E%WT‘C®N>P
T BHART L ary7TyviAE{To
J=& 2 A, TATA (-5A) TiX 25 BTV
MTHSHEFINZOII L., TATA (-
5g) 7O—T7TiX 50 {FEIHKFSETH
FRERIE & A EFRE @bhﬁ#ot(ﬁg
SB lane 5-8), 123, MTF-1 & D&
E7380) ba"LtJ:nE'.O) MRE-a # Z ZiZ 100 FE
E»fo%ma IRDENAaMhoTz
(Fig. 5B, lane 4), % TATA (-5A) 7O

— T EERNRTF EOHEN Zn BNk
B2zl EMS, basal level
DB Z O—HEMRBREELZRIZL T
WEHBAREENEZ NS, €I TRIZ
TATA (-5A) & TATA (-5g) Jo—7%
FTNFENERRE L, Zn UE 2 U TWigly 293
MigoElRERISS®ZEZ A, B
BTHD TATA (-bg) THHETHHET
DEEEFBDHSNZHOD, TOFKSRIT
BARITH D TATA (-5A) [THAREZEI
Kz EAEER S e (Fig. 12C, lane 1,
2). T OIT B LU =W AR B TATA (-5A) 7
O—7ERAEFEDHBITHL T,
TATA box ZEERVWEEROEER (-
BA) MUEER (-5g) TLd22RF»y
varryufEfToEIA. FNEN
Z 100 (FEVERICHEIETH.
DOREED S Nho 7 (Fig. 5C, lane
4-7); DI EDHERMNS, KPR TRIBLE
MT#tfa 7 OE—4 — EO--E I,
AT E—F—IZ#ET B basal
level DIREIZREH BIRERF B OFEE
BOET2BERIL. ZRELRTH
HBLUEBROREESISEEEE I TNWST
REMENEZ E5ND,

D. {EREEbhiER
iz,

E. MFE¥xR

1. FdCHER
2l

2. FER
it . ATFEE. k8 E: RNAT
WEICE S E M AT OFF 1 ORI
fROHE., AFOFARA 22003,
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2003.

b T ATRME. ki E: RNAF
WEIZE B b AFTOFF 1 ORI
HOEA. F76E B A4 b AR RS, 2003,

b T ATFREE. k@ FE: E b
EHPDELEZA T OFF A 3 TREDFRE
B2 UMtk O/ &2 DIsM.H
IR 1244 23, 2004,

F. W/ pEME D HIA « XRERIRT
L.
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Fig. 1 Effects of zinc and cadmium on wild-type or mutant hMT-IIA promoter activity in HepG2 cells
HepG2 cells (8 x 104) were incubated for 24 h and transfected with two different pcDNA3, 1/MT-proflacZ reporter genes each
containing wild-type or mutant nucleotide at -5 position in BMT-ITA promaoter region and with a luciferase expression plasmid
(pGL3 basic/hEF-1 ¢ ) as an internal control to estimate transfection efficiency. After the cell cultured in each metal-containing
medium for 24 h, B-galactosidase activities were determined. Values are normalized with luciferase activity and indicated as B-
galactosidase / luciferase, Open column ; transfected with wild-type promoter, closed column ; transfected with mutant promoter.
Significant difference were compared with no metal-treated control. * ; p<0.001, ** ; P<0.0001

20.0 5 80
[LIwT M CwT
Q FAmut D Qmut *
@ 16.0 [ T o
@ 10 © 6.0} I_‘
L S .
2 i 2 T
'S 120 | ©
2 2 40}
~— 80 f *k —
© ©
> rl D oot
e 4.0 3 @
e [ L |m _
0 100 150 200 250 0 0125 025 05 10
ZnClz (uM) CdClz (pM)

Fig. 2 Effects of zinc¢ and cadmium on wild-type or mutant hMT-IIA promoter activity in 293 cells
293 cells (4 x 104 were incubated for 24 h and transfected with two different pcDNA3.1/MT-proflacZ reporter genes each
containing wild-type or mutant nucleotide at -5 position in hMT-IIA promoter region and with a luciferase expression plasmid
(pGL3 basic/hEF-1 &) a8 an internal control to estimate transfection efficiency. After the cell cultured in each metal-containing
mediom for 24 h, 8-galactosidase activities were determined. Values are normalized with luciferase activity and indicated as 8-
galactosidase / lnciferase. Open column ; transfected with wild-type promoter, closed column ; transfected with mutant promoter,
Significant difference were compared with no metal-treated control. * ; p<0.001, ** ; P<0.0001
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MRE-c MRE-a A—g

<]r-'—l * ,% TATA Box

MRE-d MRE-b MRE-like sequence

l I I 7”7 I I I
-150 -100 -50 -29 -24 -5 +1

MRE consensus TGCRCNC

-61 -36

MRE-a 5'-gatccGGGCTTT TGCACTC GTCCCGGCTCTT-3'
-15 -5 +11

-5 (A) 5'-GCCGCGC TGCACTC CACCACGCCTCC-3'
-5 (g) 5'-GCCGCGC TGCgCTC CACCACGCCTCC-3'

Fig. 3 MRE-like sequence in core promoter region for electrophoresis mobility shift assay (EMSA)
MRE-like sequence (€22) in core promater region of human metallothionein was conserved with MRE consensus sequence
(TGCRCNC). Human MTF-1 most tightly binds to MRE-a.

— MREa| -5(A) | -5(g)
competitor

—_ X250 |x100 |x250 |x100 |x250
ZnClz2 (uM) 0 [10 | < 250 >

A i A A T Tk L T

1 2 3 4 5 6 7 8
Fig. 4 Competition assay of MTF-1/MRE-a complex using the MRE-like sequence in the
core promoter regions
Nuclear extracts obtained from zinc treated 293 cells were incubated with 32P-Jabeled double-stranded MRE-a
oligomers and run on 4% polyacrylamide gel. Complex of MRE-a and MTF-1 were indicated by arrow head.
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A -5 +1
Wild-type TATA (-5 A) 5-CTAGCTATAAACACTGCTTGCCGCGCTGCACTCCACCACGCCTCCT-3
mutant TATA {-5g) 5-CTAGCTATAAACACTGCTTGCCGCGCTGCYCTCCACCACGCCTCCT-3

#
' — MRE-a| TATA (S &) | TATA (5 g) AT
competitor — x100 | x25 | x50 [ x25 | xs0 competitor | — | — lesm] S(A) 3(9)
— | — | x50 | x50 |x100 x50 Ix100
znclz (M) | 0 [100 |«€ 250 > :

* ; 32p[TATA (-59)

Fig. 5 Detection of protein from nuclear extract of zinc treated 293 cells by core promoter region
including TATA box

{A) Oligonucleotide probe of includes hMT-IIA core promoter sequence -34 to +12 which containing TATA box scquence
(under line). Wild-type (TATA (-3A)) and mutant (TATA (-5g)) oligonucleotide probe containing adenine and guanine
nucleotide at -5 (bold symbol) relative to the transcription start site (+1). Sequences for upper strands were indicated. (B)
Nuclear extracts obtained from zinc treated 293 cells were incubated with 32P-labelled double-stranded wild-type TATA (-
SA) cligonucleotide and run on 4% polyacrylamide gel. Binding proteins were indicated by arrow head. A 25- and 50-fold
molar excess of non-labelled wild-type (lane 5,6) and mutant (lane 7,8) oligonucleotide and 100-fold molar excess of non-
labelled MRE-a were mixed with nuclear extract of 250 pM ZnClz treated 293 cells, (C) Nuclear extracts obtained from non-
treated 293 cells were incubated with 32P-labeled double-sranded wild-type TATA (-5A) (lane 1, 3-7)) or mutant TATA (-
5g) (lane 2) oligonucleotide and run on 4% polyacrylamide gel. Binding proteins were indicated by arrow head, A 50-fold
molar excess of non-labelled wild-type TATA (-5A) or 50 and 100-fold molar excess of wild-type -5A (lane 4,5) and mutant
-5g (lane 6,7) prabe which each of them dose not containing TATA box were mixed with nuclear extract of 293 cells,
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ABSTRACT

A search was made for genes that confer resistance to meth-
ylmercury in yeast using a genomic DNA library derived from
Saccharornyces cerevisiae. The genomic library was introduced
into yeast and transformants that grew in the presence of a
normally toxic concentration of methylmercury were selected.
We sequenced the genomic DNA fragment in the plasmid from
the clone with the highest resistance to methylmercury and
analyzed the sequence for presence of an open reading frame
that might confer resistance to methylmercury. We identified a
gene, CDC34 (also known as UBC3), that increased resistance
to methylmercury when overexpressed in yeast. CDC34 en-
codes a ubiquitin-conjugating enzyme; such proteins play im-

portant roles in the selective targeting of proteins for degrada-
tion. Overexpression of UBC4 and of UBC7?, two other genes
for ubiquitin-conjugating enzymes, also conferred resistance to
methylmercury. Yeast strains transformed with the CDC34
gene were resistant not only to methylmercury but also to
mercuric chloride and p-chloromercuribenzoate. To our knowl-
edge, this is the first demonstration that overexpression of
genes for ubiquitin-conjugating enzymes confers resistance to
xenobiotics. Our results suggest that ubiguitination system
might be Involved in protection against the toxicity of mercury
compounds, such as methylmercury, in eukaryotic celis.

Methylmercury, an environmental contaminant (Akagi
and Naganuma, 2000), causes severe neurological disorders
in humans (Takeuchi, 1982). Considerable individual varia-
tion in the sensitivity of humans to methylmercury has been
reported {Tsubaki, 1968; Clarkson, 1972). Species- and
strain-specific differences in toxic doses of methylmercury
have also been cbserved in animals (Nordberg and Skerfving,
1972; Iverson et al., 1973; Soares et al., 1973). However, the
reasons for differences in sensitivity to methylmercury re-
main to be clarified. In cultured cells, the toxicity of methyl-
mercury also depends on the type of cells (Miura et al., 1994;
Miura, 2000). It seems likely that levels of expression of
certain gene(s) that protect cells against methylmercury tox-
icity might be involved in the differences in the sensitivity of
different lines of cells to this mercury compound. Therefore,
in the present study, we searched for novel genes that confer
resistance to methylmercury in yeast (Saccharomyces cerevi-
siae) because yeast has been established as a model organism
in which powerful genetic approaches can be used to eluci-
date fundamental but complex eukaryotic processes.

This work was supported by grant-in-aid 12470091 for Scientific Research
from the Ministry of Education, Science, Sports and Culture of Japan (to A N.}.

Materials and Methods

Transformation. Yeast cells were transformed with a genomic
DNA library as described previously (Miura et al,, 1999; Naganuma
et al., 2000). The yeast genomic DNA library (Furuchi et al., 2001)
was prepared by cloning size-fractionated Squ3A I fragments (5 to
10-kbp in length) into the BamHI cloning site of the LEL2-based
multicopy plasmid YEp13. This library was introduced into Saecha-
romyces cerevisice W303B (MATe his3 c¢anl-100 ade2 leu?2 trpl
urad) by the lithium acetate procedure (Gietz et al., 1992; Miura et
al., 1999). Transformants were grown in synthetic dextrose (SI))
medium without leucine (—Leu).

Selection of Genes That Confer Resistance to Methylmer-
cury. The above-described Leu™ transformants were cultured (1 X
10° cells/200 plfwell) in SD (~Leu) medium for 24 h at 30°C in the
presence of methylmercury (0.4 uM) in 96-well plates for 24 h.
Transformed cells that rapidly grew and formed aggregates in the
presence of methylmercury were isolated from individual wells and
plated on agar-solidified SD (—Leu)} medium at a cell density of 5 X
10° cells per 10-cm plate. After incubation for 24 h at 30°C, colonies
were collected and their sensitivity to methylmercury was examined.
The sensitivity of yeast cells from each colony was determined by
culturing cells (1 X 10° cells/200 ul) in 8D (—Leu) medium that
contained various concentrations of methylmercury for 48 h. We
chose eight colonies that were strongly resistant to methylmercury
and iselated plasmids from them as described by Hoffman (1993},
Then the plasmids were amplified in Escherichia coli (Miura et al.,

ABBREVIATIONS: 8D, synthetic dextrose; SG, synthetic galactose; PCR, polymerase chain reaction; ORF, open reading frame.
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