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Biological context

In SynechococcuBCC7942, thesmtlocus is respon-
sible for tolerance to zinc and cadmium. This was
verified by deletion of thesmtlocus, which caused
a reduction in zinc/cadmium tolerance (Turner et al.,
1993). In thesmtlocus, there are two divergently tran-
scribed genesmtAandsmtB ThesmtAgene encodes
class Il metallothionein (56 amino acid residues) (Shi
et al.,, 1992), and themtBgene encodes the repres-
sor of smtAtranscription (122 amino acid residues)
(Morby et al., 1993).

In the absence of heavy metal ions, the transcrip-
tion of smtAis repressed on binding of SmtB to the
100 bp operator-promoter region lying between the
smtAand smtBgenes (Erbe et al., 1995), while the
transcription is stimulated by trace amounts of heavy
metal ions (especially zinc and cadmium). This stim-
ulation is thought to be caused by inhibition of the
complex formation between SmtB and the recognition
DNA sequence, as a result of the heavy metal ion
binding to SmtB (Erbe et al., 1995).

It was found that SmtB predominantly forms a
dimer and binds two zinc ions per subunit (Kar et al.,

of soaking experiments with mercury ions and SmtB
crystals, the ligand amino acids which might bind zinc
ions were proposed. However, the following remain to
be elucidated: the mechanism underlying the ion se-
lective sensing by SmtB, and the relationship between
the structural changes following the zinc ion binding
with SmtB and the loss of the affinity of SmtB to the
recognition DNA sequence.

To solve these problems, we have studied the solu-
tion structure of SmtB, which had bound zinc ions, by
NMR spectroscopy. We report here the NMR back-
bone assignments of zinc-bound SmtB for the first
step. By comparing the present results with our pre-
vious results for zinc-free SmtB (Morita et al., 1998),
we identified the ligand amino acids for zinc ions, and
have shown for the first time that a cysteine residue in
the N-terminal flexible region of SmtB acts as a ligand
for zinc ions.

Methods and results

In the minimal medium (Miller) containing®NH,4Cl
(0.5 g/l) and }3Cg]-p-glucose (2 g/l), SmtB was ex-

1997). Mutation work has suggested candidates for the pressed irk. coliBL21(DE3)/pLysS harboring a plas-

amino acid residues ligating zinc ions (Turner et al.,
1996). Recently, the crystal structure of the SmtB
dimer was solved by X-ray crystallographic analysis
and it was found that SmtB has a helix-turn-helix mo-
tif that might bind to the recognition DNA sequence

mid containing the complete nucleotide sequence cor-
responding to SmtB. The purified SmtB was obtained
by the same method as described previously (Morita
et al., 1998). A 0.5 mM NMR sample of SmtB,
that had bound zinc ions, was prepared in 23®f

(Cook et al., 1998). Furthermore, based on the results 90% HO/10% DO or 99% DO in the following
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SO Arg), were also used to verify the assignments. Usin
G63 Q119*
T3 B a these assignments, thexliesonances were identified
e I from the results of théH-1SN HSQC-TOCSY and
sy O S HCCH-TOCSY experiments. All pairs of cross peaks
7ac N1t 9S82 - . . .
e P e for the side resonances (Asn and GIn) in Figure 1
e T 115
. G L e s could be unambiguously assigned.
oo ST R Lg In total, 112 of the 117 possib®HN resonances
Ro2 E210 ‘meon rdAle = Lgﬂ:':s@c Svioa™ e . . . .
& ﬁ/\ﬁi (121 residues minus three prolines and the terminal
S Wi o 535";5‘3“135 amino residues) were observed (96%), and all of them
o e were assigned (100%). A list of the chemical shifts
ER . 125 has been deposited in the BioMagResBank under ac-
940 gazz I8 A7 . h .
e oo cession number 4306. By comparing these assignment
L&0 ©R122 . . .
, results with our previous results for zinc-free SmtB,
T e ¥ the chemical shift changes following the zinc ion
g g

Figure 1. Two-dimensionallH-1N HSQC spectrum of SmtB bll_’]dlng were analyzeq' and it was found that the Ccys-
(0.6 mM; 50 mM PIPES buffer, pH 6.0; 4&), that has bound  teine residue (Cys14) in the N-terminal flexible region

two equimolar zinc ions, measured at'H resonance frequency  acts as a ligand for zinc ions. This result is the first
of 500 MHz. To optimize the resolution in the nitrogen dimen- ; ; ; ;

sion, al®N spectral width of 1500 Hz was used (sw 1500 Hz, eXpenmemal e,VIdence, regarding the fu,nCtlon of the
SWo = 8000 Hz, Rcan= 32, m = 64, rp = 1024). The cross-peak N—termmgl flexible region of SmtB, and is supporte.d

assignments denoted by asterisks are the side-chain resonances oby gel shift assay results with point mutated SmtB in

Asn and GIn. which Cys14 is replaced with a serine residue (data

not shown).

2D 'H-15N HSQC and 3D HSQC-NOESY'#-

15N and 1H-13C), 1H-15N HSQC-TOCSY, HNCA,
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