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Abstract
The AbrB protein is a transcription factor that regulates the expression of numerous essential
genes during the cells transition phase state. AbrB from Bacillus anthracis is, nototriously, the
principal protein responsible for anthrax toxin gene expression and is highly homologous to the
much-studied AbrB protein from Bacillus subtilis having 85% sequence identity and the ability to
regulate the same target promoters. Here we report back-bone and sidechain resonance
assignments and secondary structure prediction for the full-length AbrB protein from B. anthracis.

Keywords
AbrB; NMR; Bacillus anthracis; Transition state regulator

Biological context
Transition state regulator (TSR) proteins are essential for cell survival in hostile and
fluctuating environments. They regulate gene expression for countless bacterial responses
such as biofilm development, sporulation, toxin secretion, competence, and even complete
physiological transformations (Sonenshein et al. 2002; Strauch and Hoch 1993). The
transcription factor AbrB is the most widely studied TSR from a genetic and biochemical
standpoint and is part of a complex and interconnected regulatory pathway in which AbrB
alone has the ability to regulate the expression of more than 60 genes directly and many
more due to regulation of other regulatory proteins (Bobay et al. 2004; Chumsakul et al.
2011). AbrB-like TSR’s are present in many health-related organisms, in particular, Bacillus
anthracis, the Gram-positive sporulating bacterium responsible for anthrax toxin secretion. It
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has been shown that direct binding of AbrB to the atxA promoter is responsible for toxic
gene expression in B. anthracis (Saile and Koehler 2002; Strauch et al. 2005).

From a structural viewpoint, AbrB from Bacillus subtilis is the only TSR to be characterized
to any extent is (Bobay et al. 2005; Coles et al. 2005). In these studies, only the N-terminal
domain of AbrB was evaluated, and analysis of the full-length protein has remained elusive.
Interestingly, examination of dozens of chromosomal AbrB binding sites has failed to
identify a consensus sequence that adequately explains AbrB site selection and recognition.
It has been suggested that AbrB binding requires a specific three-dimensional conformation
of the DNA helix (Bobay et al.2006; Sullivan et al. 2008). Consequently, structural studies
of full-length AbrB are important.

AbrB consists of 94 residues (10.5 kDa) forming a challenging homotetramer of identical
subunits (Benson et al. 2002) The monomer consists of two domains with the N-terminal
domain forming a looped-hinge helix fold involved in DNA binding and C-terminal
multimerization domain (Bobay et al. 2005; Coles et al. 2005; Phillips and Strauch 2001).
The homolog from Bacillus anthracis is nearly identical to B. subtilis with 80 out of 94
residues in the sequence the same and the first 62 residues (N-terminal domain) being
identical. It was found that AbrB from both organisms can interchangeably regulate the
same target promoters, even those promoters absent from their respective organism
processes (Strauch et al. 2005). Their ability to regulate the same promoters and their nearly
identical homology indicates very similar structures with only differentiation in the C-
terminal multimerization domains. As a first step toward solving the NMR solution structure
of full-length AbrB, we report nearly complete sequence specific backbone and sidechain
chemical shift assignments of AbrB from B. anthracis.

Methods and experiments
Full length AbrB (residues 1–94) from B. anthracis was cloned into expression vector
pET-28a (Novagen) with a Thrombin cleavable N-terminal histidine tag and transformed
into BL21(DE3) cells (Genesee) for expression. To uniformly label AbrB with 13C/15N,
cells were grown in 1 L of M9 media supplemented with 15NH4Cl and/or 13C-glucose at
37°C. At OD600 of~0.7 the temperature was reduced to 30°C and expression induced with 1
mM IPTG. The cells were harvested by centrifugation 4 h postinduction at 7,0009×g for 15
min. Cell pellets were suspended in lysis buffer (10 mM Tris–HCl, 300 mM KCl, 1 mM
DTT, 5 mM imidazole, and 0.02% sodium azide) and sonicated with resulting cell lysate
clarified by centrifugation at 15,0009×g and the resulting supernatant was passed over Ni–
NTA agarose resin (Qiagen). The N-terminal histidine tag was removed from the purified
protein by incubation with Thrombin and loaded onto a Q-Sepharose ion exchange column
(GE Healthcare). Samples for NMR experiments were dialyzed into NMR buffer (10 mM
KH2PO4, 15 mM KCl, 1 mM DTT, 1 mM EDTA, 0.02% sodium azide, in 10 and 100%
D2O) at pH 6.0 and concentrated to 500–750 lμM.

All NMR experiments were performed at 310 K on a Varian Inova 600 MHz and Bruker
Avance 700 MHz, both equipped with cryoprobes. Backbone chemical shifts were assigned
in a sequential manner from the following experiments: 2D [15N–1H] TROSY-HSQC,
HNCO, HN(CA)CO, CBCA(CO)NH, HNCACB, and a CC(CO)NH.

Sidechain proton chemical shifts were assigned using the following experiments:
HBHA(CO)NH, (H)CC(CO)NH, 15N-TOCSY (50 and 100 ms), and an HCCH-TOCSY.
Aromatic assignments were made from a 13C-aromatic NOESY (100 ms). Data was
processed using NMRPipe (Delaglio et al. 1995) and analyzed using Sparky (Goddard and
Kneller 2006) and NMRView (Johnson and Blevins 1994). Phi/Psi dihedral angles and
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resulting secondary structure prediction was calculated using the program PREDITOR and
protein flexibility was estimated using the Random Coil Index (RCI) (Berjanskii et al. 2006;
Berjanskii and Wishart 2007).

Assignments and data deposition
Complete backbone amide assignments have been obtained for all non-proline residues 2–94
as shown in the 2D [1H–15N] TROSY-HSQC spectrum in Fig. 1. Near complete backbone
resonances for Cα (98%), Cβ (99%), C’ (98%), Ha (100%) have been assigned including
96% of sidechain and 100% of aromatic proton resonances. The N-terminal (2–53) chemical
shifts of the full length AbrB from B. anthracis (Fig. 1) are nearly the same to the those
[1H–15N]-HSQC chemical shifts reported for the N-terminal domain of AbrB from B.
subtilis indicating that these domains are identical (Bobay et al. 2005).

Chemical shift index using PREDITOR in Fig. 2a indicates a very well structured N-
terminal domain (residues 2–53) with a ββαββ secondary structure-folding pattern identical
to that of the published N-terminal AbrB structure from B. subtilis (Bobay et al. 2005, Coles
et al. 2005). The secondary structure prediction for the C-terminal domain (residues 54–94)
in Fig. 2 shows two long helices from residues 55–70 and 74–90. These two helices most
likely multimerize with the C-terminus of an adjacent AbrB molecule, likely forming a
bundle of four helices in forming the homotetramer. A modest increase in the Random Coil
Index (Fig. 2b) in the C-terminal residues (when compared to N-terminal structured regions)
indicates a rather dynamic multimerization interaction between C-terminal domains
potentially necessary for AbrB’s promiscuous DNA binding (Sullivan et al. 2008). The
chemical shift assignments have been deposited in the BioMagResBank
(http://www.bmrb.wisc.edu) under the accession number 17650.
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Fig. 1.
2D [1H–15N] TROSY-HSQC spectrum of 750 lμM AbrB protein from Bacillus anthracis in
10 mM KCl, 15 mM KH2PO4, 1 mM EDTA, 1 mM DTT, and 0.02% sodium azide at 700
MHz spectrometer. Note that residue A29 is folded from 133 ppm
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Fig. 2.
a Chemical shift index as determined from PREDITOR using backbone Cα, Cβ, Hα, and
C’atoms. Bar magnitudes indicate relative confidence in prediction with areas of positive
values indicating extended sheet regions and negative values indicating helical secondary
structure. b Random coil index indicating protein flexibility corresponding to secondary
structure predicted from CSI
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