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CD3284 is an HtrA-like 
protease
Bioinformatic analysis revealed a single HtrA-like
protease in C. difficile strain 630. The protein
consists of a putative transmembrane segment, a
serine protease domain and a single PDZ domain
with high homology to E.coli DegQ/S. The catalytic
triad is conserved (Fig.1A) [1].
Heterologously produced HtrA protein (wt), but not
a catalytic mutant (S217A), showed proteolytic
activity towards β-casein in a protease assay
(Fig.1B) [2].

Figure 1: A: The predicted structure of C. difficile HtrA.
Overlay of HtrA with the structure of E.coli DegS (1TE0A) in
grey. B: 2.5μM of the indicated protein was incubated for 18h
with 20μM of β-casein at 0°C or 37°C.

Figure 3. A: Relative tcdA transcription levels in logarithmic

and stationary phase. Asterisks (*) indicate a significant

difference (p<0.000001) B: Quantitative Western blot analysis

of TcdA in culture supernatant at 48 hours post inoculation.

C: Toxin end point titers. Asteriks (*) indicate a significant

difference (p=0.001). Error bars indicate the standard error of

the mean of three experiments.

Figure 4. Adhesion to Caco2 cells. Asterisk (*) indicates a
significant difference (p=0.000001). Error bars indicate the
standard error of the mean of three experiments.

The htrA mutant shows 
elevated toxin levels
To understand the increased virulence we
performed transcriptome analyses of the htrA
mutant versus wild type using custom Agilent
8x15k arrays. We observed a pleiotropic
transcriptional effect, that included an up-
regulation of tcdA (toxin A) [5,6] transcript levels.
We validated this effect using qRT-PCR,
quantitative Western blot and a Vero cell-based
cytotoxicity assay (Fig. 3) [7].
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The htrA mutant is more 
virulent

In other organisms, htrA mutants are generally less
virulent. In contrast, we observed a shorter time to
clinical endpoint of a ClosTron [3] mutant in a
female Golden Syrian hamster model of acute
C. difficile infection [4] compared to wild type
(p=0.0005), other mutants (p<0.05) or strain 630
(p<0.0001) (Fig. 2).

Figure 5 A: Relative spo0A levels in logarithmic and stationary

phase. The asterisks (*) indicate a significant difference

(p<0.000001). B: Quantitative Western blot analysis of Spo0A

levels. C: Normalized sporulation efficiencies (heat resistant

CFU compared to wild type) at 24h post inoculation. Asterisk (*)

indicates a significant difference (P=0.0006). Error bars indicate

the standard error of the mean of three experiments.
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Conclusion
Here we show that C. difficile encodes a HtrA-like
protease, CD3284. A knockout of the gene
encoding this protease shows a pleiotropic effect
on gene expression including modulation of
various virulence factors. In a hamster model of
acute infection the htrA mutant shows enhanced
virulence, likely explained by an increased toxin
level.

Figure 2. Kaplan-Meier survival curve of htrA mutant (n=6)
versus wild type (n=6), other Clostron mutants (n=9 and 7)
and strain 630 (n=11).
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Delayed sporulation in the 
htrA mutant
Transcription of spo0A, encoding the master
regulator for sporulation [3,9], was down-regulated
in the htrA mutant. Spo0A protein levels were
delayed, and the htrA mutant showed decreased
heat resistant CFU confirming the delay in
sporulation.

Decreased adherence of
the htrA mutant
Several genes encoding cell surface and adhesion
molecules were down-regulated in the
transcriptome analysis of the htrA mutant.
Phenotypically, the htrA mutant shows decreased
adherence to colonic epithelial cells [8] consistent
with this effect (Fig. 4).


