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In many bacteria, the concentration of L-arginine is controlled by a trans-
criptional regulator, the arginine repressor. In Bacillus subtilis this transcrip-
tion factor is called AhrC and has roles in both the repression and activation
of the genes involved in arginine metabolism. It interacts with 18 bp ARG
boxes in the promoters of arginine biosynthetic and catabolic operons. AhrC
is a hexamer and each subunit has two domains. The C-terminal domains
form the core, mediating inter-subunit interactions and L-arginine binding,
while the N-terminal domains contain a winged helix-turn-helix DNA-
binding motif and are arranged around the periphery. Upon binding of the
co-repressor L-arginine there is a ~15° relative rotation between core C-
terminal trimers. Here, we report the X-ray crystal structure of a dimer of the
N-terminal domains of AhrC (NAhrC) in complex with an 18 bp DNA ARG
box operator, refined to 2.85 A resolution. Comparison of the N-terminal
domains within this complex with those of the free domain reveals that the
flexible B-wings of the DNA-binding motif in the free domain form a stable
dimer interface in the protein-DNA complex, favouring correct orientation
of the recognition helices. These are then positioned to insert into adjacent
turns of the major groove of the ARG box, whilst the wings contact the minor
groove. There are extensive contacts between the protein and the DNA
phosphodiester backbone, as well as a number of direct hydrogen bonds
between conserved amino acid side chains and bases. Combining this struc-
ture with other crystal structures of other AhrC components, we have cons-
tructed a model of the repression complex of AhrC at the B. subtilis bio-
synthetic argC operator and, along with transcriptome data, analysed the
origins of sequence specificity and arginine activation.

© 2008 Elsevier Ltd. All rights reserved.

Keywords: arginine repressor/ activator; Crystal structure; structure-func-

tion; gene array; transcriptional control

Introduction

The genetic control of arginine-metabolising en-
zymes in many bacteria is achieved through the ar-
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ginine repressor,' * which responds to intracellular
levels of L-arginine. In Escherichia coli, where the ar-
ginine repressor (ArgR) was first identified, the pro-
tein controls a regulon of mostly separate genes
involved in arginine biosynthesis.>” It is also an
essential component in the protein-DNA complex
that resolves plasmid multimers during their repli-
cation.® Bioinformatic analysis has revealed putative
homologues of ArgR in many species.

The L-arginine analogue, L-arginine hydroxamate,
is an antagonist of L-arginine, and Bacillus subtllzs
mutants resistant to it overproduce L-arginine.'® Har-
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wood and Baumberg were able to map the resistance
to four loci."" One of these was identified as a homo-
logue of E. coli argR, and it was termed the arginine
hydroxamate resistant mutant C (AhrC). The AhrC
protein shares 27% overall amino acid sequence iden-
tity with E. coli ArgR, which rises to 35% in the C-
terminal domain.* In B. subtilis, in addition to acting

as a repressor of arginine biosynthetic genes, AhrC
functions as an activator of arginine catabolic genes.
Both the biosynthetic and catabolic genes are clus-
tered into two operons that start with argC and
argG,"*'* and rocA and rocD,"*">'° respectively.
AhrC and E. coli ArgR have been used as the pri-
mary models in which the basic features of these
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Fig. 1. Structure and symmetry of the N-terminal AhrC-DNA complex in the asymmetric unit. (a) ARG box sequence
used in the NAhrC-DNA complex crystal structure. The top strand corresponds to polynucleotide chains A and E of the
complex, and the bottom strand to polynucleotide chains B and F. An approximate dyad passes between base pairs 9 and
10. Asymmetric base positions are shaded green and positions that were substituted by 5-bromouracil in the Br-NAhrC-
DNA complex are identified by a red asterisk. (b) Electron density showing the orientation of the ARG box DNA in the
asymmetric unit for chains A (purple) and B (yellow). Asymmetric bases were removed and the IF,|-IF.| map calculated
after refinement (contoured at 5.5 ). The larger peaks correspond to adenine and are associated with chain A, while the
smaller peaks (thymine) belong to chain B. (c) Relationship between the two independent complexes in the asymmetric
unit, in a similar orientation to that in (b). ARG box chains A (teal), B (purple), E (red), F (blue) and NAhrC chains C
(orange), D (yellow), G (peach), H (green) pack in the asymmetric unit, with chains A-D and chains E-H related by
approximate intermolecular twofold NCS. The adjacent complexes in the lattice are stacked end to end, related by twofold
crystallographic symmetry to form pseudo-continuous duplexes. (d) The triple base pair formed at the NCS intersection,
where two DNA duplexes pack 5’ to 5, and 3’ to 3. (e) The structure of the NAhrC-DNA complex, chains A —-D. The two
half-complexes are related by intramolecular pseudo twofold NCS.
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