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Importance of Metal Binding to DNA on Regulation of Gene Expression
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The biological trace elements contribute to many important cellular functions. It has been interested for their
roles in regulation of gene expression. The metallothioneins (MTs) inductions in cells have been widely investigated
as a cellular response for some exogeneous metals, and their inductions are mainly based on the transcriptional level
which is regulated by some proteins reacting with metals. The upstream of the MT gene promoter region is located
by the metal responsive elements (MRE) which react directly and characteristically with some metals, e.g., Cd, Zn,
Ag, Cr or Cu. Many studies of finding and isolating the transcriptional factors as MT gene regulating protein have
been started and some proteins, e.g, MTF-1 which reacts with zinc ion have been reported. Therefore, it is impor-
tant to prove the secondary DNA structural changes by reaction with metal, especially those leading to study the
metal effects to regulation of MT gene expression.

In this study we measured the digestive inhibitions of some restriction endonucleases by Cu (II) ion in a relatively
quantitative manner using the new constructed plasmid DNAs which contain the human MT-IIA promoter gene
(pKB8) or the rat SOD-Cu chaperon ¢cDNA (pRCuSD) in pUCI19. It was also indicated that the complex formation
between linearized pKB8 fragments by BssH II and the proteins involved in HeLa cell nuclear extract in the pres-

ence of Cu (II) ion.
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BssH 11
gcattceccag tcccgecttte acccgegege

cgtaagggtc agggcgaaag tgggcgcgceg

()
gggaggggag ctgtgcacac ggcggaggcg
cecctecectec gacacgtgtg ccgcctecge

()
tgtgtcetee cgetgcacce agecccttca
acacaggagg gcgacgtggg tcggggaagt

Sac 1l
ccecgeggece

gggcgecggg

cgccttcagg gaactgaccg
gcggaagtcec cttgactgge

BssHI1 Eco521

(d) (©)
gtgtgcagag ccgggtgege ccggcccagt

cacacgtctc ggcccacgcg ggccgggtca
(e)

gecgegeggece gggtgttteg
cgcgcgecgg cccacaaage

cttggageeg
gaacctcggce

Eco521 (a)
gcacggecgg ggecggggctt
cgtgeeggee ccgecccgaa

(b)

ttgcactcgt
aacgtgagca

caagtgactt ctagcgcggg
gttcactgaa gatcgcgecc

gcgtgtgcag
cgcacacgtc

cceggetett tctagctata aacactgett
gggccgagaa agatcgatat ttgtgacgaa

gccgegetge actccaccac gectectceca
cggcgegacg tgaggtggtg cggaggaggt

Fig. 1 Recognition sequences (italic) by restriction enzymes and MRE a - g sites (underlined) in human

MT-ITA promoter gene
(a) MREa, (b) MRED, (c) MREc, (d) MREd, (¢) MREEe, (f) MREf, (g) MREg;
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E PMT-IA 7R E—% —#ET (845 bp, La—vr¥ A4 =V AREYME) 2 &E7 7 A3 FpKB8 (3495 bp)
&5 v FSODSH > v~ ¢cDNA (837 bp, Hiromura, M. et al, AF255305) # & irpRCuSD (3487 bp) %, pUCI9
(NEB) IH%E L, KBRDHSa (f ¥ b Y2 r) IZEALLDDH 5 GenEluteTM Plasmid Maxprep Kit (¥ 7
RTNVED v FY¥RY) 2 HWTHEERL

pKB8 5 X UFpRCuSD (0.5 pg) # BstX I (REH) X DEfLL TR Milli-QIL, IYRT) TEES0uL & L7z
#, 7 33 Micropure - EX Enzyme Remover (3 )& 7) & Micropure Concentration YM-100 (I Y H7) 12T
Wi, BIEL7-d 0% 10 mM Y YEEEE® (pH 74), 50 mM NaCl, 30 mMCuCl 2z Ca&&20 pL & L, 50T
TARBFRI G Lze RIS, K TLEES00 L & L7z d @ % Micropure Concentration YM - 100 (3 U KRT) (T4
BALEEL, BssHII (B¥E#5), Sac I (NEB), Eco521 (Eifi#), EcoR 1 (i), Nar1 (NEB), Sma I GR¥E#HE),
Dra TI (NEB) Msc I (NEB), Pst I (¥#5) B & U Nae T OREER) 2 TIRRMALKIG L7z. BESRWHTLE I,
FUSMLEE L7275 2 3 FDNA % Howly # i (pH 8) ™, 08% 7 #u—A4 )V (Takara LO3) BRKEL, =F¥
TATHIF (05pg/mL) (CX Y@L, @TL7

fw&7b77h4u,%ﬁ@ﬁ&t%ofﬁot%;ﬁ&i@&g)%&Mﬂ(ﬁﬁ%%BﬁHHKi@ﬁ%bt
b D% 7 33T Micropure - EX Enzyme Remover (3 VU K7) & Micropure Concentration YM-100 (3 U KR7) (2
THikEE, B L, HeLafifsgiiim (& /82 H&86.17 ug) £ 0, 500d 5\ 1000 pMCuCLIBROHFET, K
JS# (6 mM Tris-HCl pH 74, 10% glycerol, 1 mM DTT, 0.05 mg/mL BSA, 2 mM MgCly) #MACE£&20 uL &
L72b0%37T, 200 MEIS L. RIBHBOE S ¥ 232 B - DNABAEROERIE, Howly BE R (pH 8) H08%7T
HO— A5 VERKEL, TFIVva703 Fickheal, ¥l
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B X A HIREZUHEE 30 mMCuCl 2 & % pKB8 3 X U pRCuSD Dl FREEZVIMIFHE D4 R % Table. 112777,
pKB8 Cld MR ARMIML A FFOICDMD ST, Cu (D) A+ ¥ ERESEH L YUWEIR O N/ 2N, BssH
I, Sac II, Eco52 I, Nar I, Sma I8 & U’ Nae I1ORFHEEHHICCCRIZEL T LT, GiZxt L THMMZ > Cu
(I A4 VOHEZOIDOILLIBEOHEEEFEELALLIZLS, HBHVIIHAICL S DNADOVFREEE (i,
EBRL) RED2RNGHBIILEb0LEZ BN, LI L, EcoR LiZH LTk pBRIAT 1 AT ORI L HT 5
WWHEDLST, Cu QD) 44 VBB R < 100%WRA4: Uzdy, E0REEH S %V, —F, pRCuSD T, Nae I
DAHOBRIZBWCCu () 44 Y OFFEICL 2UHEEOZBIZRD N h o7,

pKB8 - BssH II DNA Wi/ & HeLafiluts & » /82 H & OMHEAEH Cu (ID A 4 ViREOEME & 12, pKB8D
BssH ITALERIC & b A U7zl (2628 bp, 651 bp) MICHi7=%/ Ny FAERO LN/ (Fig 2)o T, BssH ITALEIC
LYAETHROWTI,r L BB T Oy X7 H e OBEEGHY, Cu 0D 14+ Y OFEICIVERTHIEzRL
Twhb, LHL, pKBS/BssH 15O DNABH LEET A5 7 BHOFEMIZOWTIE, RERTIIERATETY
T\,

Table 1. Remaining ratio (%) of the plasmid original DNA band of the after digestion with/without Cu (II) ion

Restriction Enzymes pKB8 pRCuSD

(Restriction Sites) Cu (+) Cu (-) u (+) Cu(-)
BssH II (G/CGCGC) 287 = 3.2 (3) 0(3) 100 (0) 100 (0)
Sac II (CCGC/GG) 26 = 30(2) 0(2) 100 (0) 100 (0)
Eco52 1 (C/GGCCQG) 478 = 4.1 (3) 3.1(3) 100 (0) 100 (0)
EcoR I (G/AATTC) 0(2) 0(2) 0@4) 0 (4)
Nar 1 (GG/CGCC) 138 = 0.1 (3) 0(3) 100 (3) 99.0 = 1.8 (3)
Sma 1 (CCC/GGG) 137 £ 3.0 (2) 125 + 25 (2) 0(3) 03
Dra TI (CACNNN/GTG) 100 (2) 100 (2) 979 + 3.7 (0) 934 = 7.0 (0)
Msc I (TGG/CCA) - - 0(3) 0(3)
Pst 1(CTGCA/G) - - 0(2) 0(2)
Nae I (GCC/GGC) - - 46.1 = 7.0 (3) 20.1 = 7.0 (3)

*pKB8 and pRCuSD were digested with BstX I and Hind III, respectively, for linearization before reaction with
30 mM Cu (II) ion (more detail, see text).
*The number of parenthesis represents the band numbers produced by digestion with each restriction enzyme.

Fig. 2 Binding of HeLa cell nuclear extract to the
pKB8 fragments by restriction enzyme BssH II
digestion
The binding reaction of the HeLa cell nuclear
extract (6.17 pg protein) to the linearized pKB8
DNA (05 pg) was carried out in the solution
containing 6 mM Tris-HCl (pH 7.4), 10% glyc-
erol, 1 mM DTT, 005 mg/mL BSA and 2 mM
MgClz at 37 C for 20 min
The concentration of Cu (II) ion is 1: None; 2:
500; 3: 1000 uM.

The avrows in Figure show the uew bards
indicating the cewplex fovmation of DNA frag-
meuts with the wuclear proteius.
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