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Amino acid sequence alignment shows that Profeus mirabilis transcription regulator (PMTR) has
cystein sequence homology at metal binding domain to CueR (copper resistance) protein, which
conserves two cysteins (Cys 112 and Cys 120 in PMTR). Gel shift assay revealed that PMTR
protein bound to promoter region of Escherichia coli copA (copper-translocating P-type ATPase)
and Proteus mirabilis atpase (putative copper-translocating P-type ATPase) genes except that of E.
coli zntA (zinc-translocating P-type ATPase) gene. DNase I protection experiment indicated that
PMTR protein protected the region over -35 box and close to -10 box. DNase I hypersensitive bases
were shown at C and A bases of labeled template strand and at G and C bases of labeled
non-template strand of DNA. These hypersensitive bases were appeared in other metalloregulatory
proteins of MerR family, which suggests protein-induced DNA bending.
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Fig. 1. Amino acids sequence alignment of MerR family proteins. HTH means helix-turn-helix for DNA binding motif. Asterisks
(*) denote the conserved cysteins in all proteins listed here. In addition, dot (¢) symbols indicate the additional cysteins or
histidine required for the binding of metal in MerR or ZntR. Invariant and similar residues are shaded black and grey,

respectively.
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Fig. 2. Gel shift assay of E. coli copA and P. mirabilis
atpase. 0.1 yM DNA and 1.2 pM PMTR were used in each
reaction. Feops and Faypase denote free duplex DNA of E. coli
copA and P. mirabilis atpase, rtespectively. C; and C;
indicate PMTR:DNA complexes. Lanes 1 and 5 contain no
PMTR and metal. Lanes 2 and 6 contain PMTR only. Lanes
3 and 7 contain PMTR with 10 pM Cu(I). Lanes 4 and 8
have PMTR with 100 pM Cu(II). Cu(I) stock solution was
freshly prepared in 0.1 M HCI and 4% NaCl in a glove box
under N, atmosphere.
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Fig. 3. Gel shift assay of E. coli copA and P. mirabilis
atpase with various concentration of Cu(Il). 0.1 uM DNA
and 0.6 yM PMTR were used in each reaction. Fepq and
Fapase denote free duplex DNA of E. coli copA and P.
mirabilis atpase, respectively. C; and C, indicate PMTR:DNA
complexes. Lanes 1 and 5 have PMTR with no metal.
Lanes 2 and 6 include PMTR with 10 M Cu(Il). Lanes 3
and 7 have PMTR with 20 uM Cu(Il). Lanes 4 and 8 retain
PMTR with 50 pM Cu(ID).
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Fig. 4. Gel shift assay of E. coli copA with Cu(I). 0.1 yM
DNA was used in each reaction. F.,4 denotes free duplex
DNA of E. coli copA. C; and C, indicate PMTR:DNA
complexes. Lane 1 has copA DNA only. Lanes 2 through 5
contain 0.06, 0.12, 0.24, 0.6 M PMTR, respectively. Lanes
2 through 9 include the same concentration of PMTR as
lanes 2 through 5 with 10 M Cu(l).
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Fig. 5. DNase I protection with labeled template (A) and
non-template (B) strands. Reaction condition was mentioned
in the content. 0.6 yM PMTR was used in reaction. Dot
lines (----) shown above DNA sequences indicate the
protected region by PMTR protein. G and A sequencing
reactions were conducted by Maxam and Gilbert sequencing
methods. + and - symbols denote either in the presence or
absence of PMTR, respectively.
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-35 * * -10
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Fig. 6. DNase I hypersensitive bases by ZntR, CueR, and
PMTR proteins. Arrows indicate inverted repeat sequences.
Dotted arrows show the possible inverted repeated
sequences. Base sequences of -35 and -10 boxes are
indicated with bold letters. Asterisks (*) indicate DNase I
hypersensitive sites. DNase I hypersensitive data by ZntR
and CueR were obtained from Ref. 16 and 13, respectively.
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