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Introduction

Transcription is the major control point of gene expression and
RNA polymerase (RNAP) is the central enzyme of transcription.
The RNAP in all cellular organisms is a complex molecular
machine. In its simplest bacterial form, the enzyme comprises at
least 4 subunits with a total molecular mass of about 400 kDa.
The eukaryotic enzymes comprise upwards of a dozen subunits
with a total molecular mass of about 500 kDa. The essential core
component of the bacterial RNAP (subunits α2ββ’ω ) is
evolutionarily conserved from bacteria to man, making the
bacterial RNAPs excellent model systems.

Recently, we solved the X-ray crystal structure of Thermus
aquaticus (Taq) core RNAP to a resolution of 3.3 Å [1]. Our
studies at SBC are aimed towards adding to our understanding
of the enzyme’s function and its regulation. Specifically, we
performed experiments to:

1. Determine the structure of Taq core RNAP complexed with
the inhibitor rifampicin.

2. Determine the structure of a complex between a promoter-
specificity σ factor (B. stearothermophilus σF) and its cognate
anti-σ factor SpoIIAB.

Methods and Materials

Methods and Materials are as described [1-3].

Results

1. Structural mechanism for rifampicin inhibition of bacterial
RNA polymerase [2]. Rifampicin (Rif) is one of the most potent
and broad-spectrum antibiotics against bacterial pathogens and is
a key component of anti-tuberculosis therapy, stemming from its
inhibition of the bacterial RNAP. We determined the crystal
structure of Taq core RNAP complexed with Rif, using native
data collected at SBC-19ID. The inhibitor binds in a pocket of
the RNAP β subunit deep within the active-site channel but
more than 12 Å away from the active site itself. The structure,
combined with biochemical results, explains the effects of Rif
on RNAP function and indicates that the inhibitor acts by
directly blocking the path of the elongating RNA when the
transcript becomes 2 to 3 nt in length.

2. Crystal structure of the Bacillus stearothermophilus anti-
factor SpoIIAB with the sporulation  factor F [3]. Cell type-
specific transcription during Bacillus sporulation is established
by σF. Negative regulation of σF activity is orchestrated by
SpoIIAB, which functions as an anti-σ by binding σF, and as a
serine kinase by phosphorylating the anti-anti-σ SpoIIAA,
thereby inactivating it. The crystal structure of the SpoIIAB
dimer bound to σF in the low-affinity, ADP form of the complex
has been determined at 2.9 Å resolution. High-resolution data
collected at SBC-19ID was used for the structure refinements.
SpoIIAB adopts the GHKL superfamily fold of ATPases and
histidine kinases, with an N-terminal β/α extension that forms
the dimer interface. A compact, three-helix domain of σF makes

contacts with both SpoIIAB monomers, while 80% of the σ
factor is disordered. The interaction of σF with the SpoIIAB
dimer occludes a core RNAP binding surface on the σ,
explaining the anti-σ activity of SpoIIAB. The structure also
explains the specificity of SpoIIAB for its target σ factors, and
provides insight into the mechanism of the anti-anti-σ activity
of SpoIIAA.

Discussion

These structural studies performed at SBC-19ID have advanced
our knowledge of bacterial transcription and its regulation.
Current work includes structural studies of other
RNAP/inhibitor complexes, and studies of further complexes in
the regulatory pathway of Bacillus sporulation.
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