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Structure and function of AhrC, the arginine transcription factor from 
Bacillus subtilis 

James. A. Garnett, Peter. G. Stockley & Simon. E. V. Phillips 
 
Introduction 
In Bacillus subtilis the concentration of L-arginine is controlled by the hexameric 
transcriptional regulator AhrC, which interacts with 18 bp pseudo-palindromic ARG boxes in 
the promoters of arginine biosynthetic and catabolic operons.  The biosynthetic promoters 
contain two or three binding sites and a unique property of AhrC is its apparent ability to also 
stimulate the catabolic pathway through a single operator site.  
 
The crystal structure of the apo-form of AhrC, in the absence of the arginine corepressor, was 
solved in Leeds (Fig. 1a).  Each subunit has two domains, with the C-terminal domains 
forming the core of the hexamer.  The N-terminal domains contain a winged helix-turn-helix 
DNA-binding motif, and are arranged around the periphery.  
 
Crystallographic studies 
To study the effects of ligand binding in the C-terminal hexamer (CAhrC) and ARG box 
interactions with the N-terminal domains of AhrC (NAhrC), the two independent domains 
were expressed, purified and crystallized, with CAhrC in the presence of L-arginine.  In 
addition we have crystallized a complex between a dimer of NAhrC and an 18 bp blunt ended 
oligonucleotide, corresponding to an ARG box.  The three crystal structures have been solved 
at 1.00 Å (NAhrC), 1.95 Å (CAhrC) and 2.85 Å (NAhrC operator complex).  
 
The structures reveal how AhrC functions as a transcriptional repressor.  AhrC has 32 
symmetry and L-arginine binding to AhrC triggers an approximate rotation of 15˚ of one 
trimer with respect to the other, when compared to the core of apo-AhrC.  When NAhrC 
domains recognise and bind to their ARG box, the flexible wing of the DNA binding motif is 
stabilised across the minor groove and the recognition helices (α3) lie in the major groove, 
bending the ARG box by approximately 30° towards the NAhrC dimer.  
 
We have modelled the effects of L-arginine and operator binding to intact AhrC using the 
structures of the domains and the operator complex (Fig. 1a,b,c).  These models suggest that 
the rotation induced by ligand binding results in the DNA binding domains coming together, 
although this alone will not bring the N-terminal domains into the correct arrangement.  A 
reorientation of these domains is needed to reproduce the NAhrC dimer observed in the 
operator complex and create the fully activated transcription factor.  We have also 
constructed models of the repression complexes at the argC biosynthetic operator, where the 
promoters are bent around AhrC, disrupting any attempts by RNA polymerase to bind and 
initiate transcription. 
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Figure 1: Models of L-arginine activation of AhrC and the consequent binding to its argC 
biosynthetic operator site. The C-terminal domains of AhrC are coloured light green (top trimer) and 
dark green (lower trimer). L-arginine ligands are shown as spheres. The N-terminal domains of AhrC 
are coloured yellow (associated with the upper trimer) and orange (associated with the lower trimer), 
with the flexible linker connecting the N- and C-terminal domains coloured red. (a) Crystal structure of 
apo-AhrC1. The N-terminal domains lie around the periphery of the protein core with imperfect 
symmetry. The DNA binding structures are labelled. (b) Model of holo-AhrC. Binding of L-arginine 
causes a rotation between the trimers, bringing the N-terminal domains together. (c) Model of holo-
AhrC in complex with its argC operator. ARG boxes are coloured blue and the intervening DNA spacer 
is purple.  For AhrC to bind to its operator site there must be a rearrangement in the N-terminal 
domains, orientating the wings and recognition helices into the correct position for DNA binding. The 
third ARG box is believed to be contacted through looping out the intervening DNA. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


