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Biological context

Based on 25% sequence identity to the SPOIIAA pro-
tein, which is the anti-σf factor antagonist of B. sub-
tilis, the polypeptide with the TIGR identification
TM1442 is believed to be involved in the regulation
of gene expression as an anti-σ factor antagonist in
Thermotoga maritima. As part of the structural pro-
teomics project of The Joint Center for Structural
Genomics (JCSG; Lesley et al., 2002), we initiated a
NMR structure determination of this 110-residue pro-
tein, and report here the complete sequence-specific
assignments for this molecule.

In bacteria, σ-factors are part of the regulatory sys-
tem which controls gene expression at transcription
initiation. During transcription, promotor recognition
and promoter melting depend on the binding of a σ-
factor to the core of RNA polymerase (RNAP) to form
the RNAP holoenzyme (Lonetto et al., 1992). The σ-
factor in turn is regulated by the anti-σ-factor, which
functions by ATP-stimulated binding to the σ-factor
(Duncan and Losick, 1993) to drive the σ-factor into a
transcriptionally inactive state. The complex between
σ-factor and anti-σ-factor remains stable until a third
protein, the anti-σ-factor antagonist binds to the anti-
σ-factor, and thus reduces the affinity of this molecule
to the σ-factor and induces the release of the σ-factor
from the anti-σ-factor (Diederich et al., 1994). From
the structure determination of TM1442 we expect to
obtain confirmation of its structural and functional
homology to B. subtilis SPOIIAA, and hopefully to
gain new insights into the mechanism of transcription
initiation control in T. maritima.
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Methods and experiments

Expression and purification of recombinant TM1442,
which is a putative anti-σ-factor antagonist of T. mari-
tima, was based on a previously reported three-step
purification procedure for the isolation of thermophilic
proteins without purification tag (Etezady-Esfarjani
et al., 2003).

The presently used NMR samples contained, re-
spectively, 4 mM unlabeled protein, 2 mM uni-
formly 13C/15N-labeled protein, or 2 mM uniformly
15N-labeled protein in 600 µl solution (solvent 95%
H2O/5% D2O or 99.9% D2O, 20 mM d3-sodium
acetate at pH 4.8, 150 mM sodium chloride, 2 mM
sodium azide). The protein is unstable above pH 5.2,
and it tends to form soluble aggregate. All NMR
measurements therefore had to be performed with
freshly prepared protein solutions. NMR measure-
ments were performed at 313 K on Bruker Avance600
and Avance900 spectrometers using TXI-HCN-xyz
gradient probes. Proton chemical shifts are referenced
to internal 3-(trimethyl-silyl)-propane-1,1,2,2,3,3-d6-
sulfonic acid, sodium salt (DSS). Using absolute fre-
quency ratios, the 13C and 15N chemical shifts were
referenced indirectly to DSS.

2D [1H,15N]-HSQC, 3D HNCACB, 3D
CBCA(CO) NH and 3D HNCO spectra (Bax and
Grzesiek, 1993) were used to obtain sequence-specific
assignments for the polypeptide backbone. Virtu-
ally complete 1H and 13C assignments of the non-
aromatic side chain CHn moieties were obtained us-
ing 2D [13C,1H]-HSQC, 3D 15N-resolved [1H,1H]-
TOCSY and 3D H(C)CH-TOCSY experiments. 1H
spin systems of the aromatic rings of His, Phe and
Tyr were identified in a D2O solution of the unlabeled
protein, using 2D [1H,1H]-NOESY and 2D [1H,1H]-
TOCSY experiments. Sequence-specific assignments
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Figure 1. 2D [15N,1H]-HSQC spectrum of the uniformely
15N-enriched protein TM1442, a putative anti-σ-factor from
T. maritima recorded at 600 MHz and 313 K (protein concentration
2 mM in 600 µl of 95% H2O/5% D2O containing 20 mM d3-sodium
acetate at pH 4.8, 150 mM NaCl and 2 mM NaN3). Resonance
assignments of the backbone 15N–1H moieties are indicated by the
one-letter amino acid code and the sequence number.

of the aromatic side chains were established from
NOEs between the βCH2 group and the aromatic
protons (Wüthrich, 1986) using 2D [1H,1H]-NOESY.
The 13C chemical shifts of the aromatic rings were
obtained from a 3D 13C-resolved [1H,1H]-NOESY
spectrum. The NMR spectra were processed with the
program PROSA (Güntert et al., 1992), and analyzed
with the XEASY software package (Bartels et al.,
1995).

Extent of assignments and data deposition

All 1H, 13C and 15N resonances of the polypeptide
backbone were assigned, with the sole exceptions
of Met1 and Asn2. The assignments of the non-
labile protons of amino acide side chains are com-
plete except for CαH, CβH2 and CγH2 of Met 1,
CαH, CβH2 of Asn 2, CδH2 and CεH2 of Lys 46,
and CζH of Phe 38. The labile side-chain protons of
Arg, Asn and Gln were completely assigned, except
for Hη of Arg 18. The 1H, 13C and 15N chemical
shifts have been deposited in the BioMagResBank
(http://www.bmrb.wisc.edu) under the BMRB acces-
sion number 5921.
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