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Molecular signatures of the activity of clostridial toxins in equine grass sickness (EGS). 

 

Dr Alan Pemberton and Professor Bruce McGorum, Royal (Dick) School of Veterinary Studies and 

The Roslin Institute, University of Edinburgh.  

 

The aim of this project was to search for evidence of the action of the C2 and C3 toxins from 

Clostridium botulinum type C ie to search for the ‘smoking gun, which would indicate that the 

neurodegeneration in EGS was attributable to the actions of these botulinum toxins. These toxins act 

by transferring the ADP-ribose moiety from NAD to the proteins actin and RhoA, respectively. We 

planned to use proteomic methods to search for evidence for the presence of ADP-ribosylated actin 

and/or RhoA in extracts of EGS tissues, which would provide strong evidence for the action of C2 / 

C3 toxins. In order to validate the proteomic techniques, it was first necessary to generate positive 

control material – i.e. ADP-ribosylated actin and RhoA. As well as using NAD in these experiments, 

we also used biotin-labelled NAD was used to generate labelled ADP-ribosylated proteins. Firstly, we 

screened a variety of clostridial extracts to find one with abundant C2 toxin-like activity. Eventually, a 

Clostridium difficile extract (kindly donated by Professor Ian Poxton) was found that effectively 

labelled actin when incubated with horse cranial cervical ganglion extracts. This resulted in the 

production of a new spot on 2D gels (using an improved method, see below) to the left of the main 

actin spot (i.e. slightly more acidic). This spot was cut out and subjected to proteomic analysis (tryptic 

mass fingerprinting), confirming it to be actin. It then remained to show that we could detect the 

expected ADP-ribosylated peptide in proteolytic digests of this spot. In collaboration with Moredun 

Research Institute’s proteomics facility, we used both tryptic and Glu-C digestion and analysed by 

LC-MSMS, investigating both ESI and ETD as means of ionization. However, despite exhaustive data 

searching in each case, the expected ADP-ribosylated peptide could not be detected. This meant that 

we could not justifiably progress to analyse actual acute grass sickness (AGS) material by this means 

for the presence of the ADP-ribosylated peptide. The reason for lack of detection of the positive 

control peptide(s) by mass spectrometry is unclear, which was achieved previously by amino acid 

analysis (Vandekerckhove et al 1988 J Biol Chem 263 696-700). 

 

Regardless of the lack of success of mass spectrometry, we compared pooled AGS vs control 

ganglion extracts on 2D gels, and found no detectable difference in the region of the ADP-ribosylated 

actin spot. This means that if C2 toxin is involved in the pathogenesis of AGS, the amount of ADP-

ribosylated actin present in the cranial cervical ganglion is minor and below the detection limit of this 

analysis. 

 

The C3 toxin (C3 transferase), which is commercially available, was used to generate ADP-

ribosylated RhoA in cranial cervical ganglion extracts – i.e. the biotinylated ADP-ribose was detected 

at the expected molecular weight for RhoA by western blot. As RhoA is much less abundant than 

actin, the chances of detecting the ADP-ribosylated RhoA peptide by mass spectrometry appeared 

low. Therefore, we aimed to define a signature shift in RhoA spot on 2D gels, by 2D western blotting. 

This approach was hindered by the apparent presence of an unidentified protease in ganglion extracts. 

This was unaffected by the standard protease inhibitor cocktail and appeared to be active during the 

approx 20 hour long isoelectric focusing phase of the process, resulting in degradation of many 

proteins, such as serum albumin and actin. We were able to minimize this problem by heat-treating 

samples prior to 2D gel electrophoresis (2D-GE). Although this method was effective for resolving 

undigested albumin, actin and many other proteins by 2D-GE, it was apparently not sufficient to allow 

intact RhoA to be resolved. We also attempted to use immunoprecipitation (IP) to pre-concentrate 

RhoA, but without success. It is possible that further IP work with different antibodies or alternative 

pre-fractionation procedures would be more successful in generating a preparation that is suitable for 

2D-GE. 

 

Given the methodological problems encountered, and in particular the inexplicable absence of a 

detectable positive control for this analysis, it was considered not possible to publish this study.  


