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Background and Aims
The bile acid composition has a great
impact on the germination and growth of
C. difficile and thus represents an
important parameter for the outcome of an
infection [1]. Especially secondary bile
acids produced by intestinal bacteria are
reported to hamper C. difficile proliferation
[2, 3]. To elucidate the molecular response
of vegetative C. difficile to different bile
acids we conducted proteomic analyses in
shocked cells and in C. difficile stressed for
long term.

Materials & Methods
Growth-diminishing concentrations of the main bile
acids (abbreviated as follows: CA – cholic acid;
DCA – deoxycholic acid; CDCA –
chenodeoxycholic acid; LCA – lithocholic acid; and
CON – unstressed culture) were determined in
shock experiments and during long-term
challenges, respectively. An LC-MS/MS-based
proteomics approach was used to record stress
signatures for all four bile acids. Motility assays
were performed on swimming agar plates, and
morphological alterations tracked and quantified by
negative contrast electron microscopy.

Results

Figure 1: Global proteomic datasets of shock experiments
(A) and long term stress (B) depicted in PCAs.

Figure 4: Images of negative-contrast EM of unstressed
C. difficile and cells challenged with the four different bile
acids (A). The covered area (left columns) and the total
length (right columns) of flagella per cell were measured
and are given in squares and µm, respectively (B).
Average length (left columns) and width (right columns) of
bacteria are given in µm (C). Values significantly different
by a Student’s t-test compared to non-treated cells (CO)
are marked (***p-value < 0.001; **p-value < 0.01).
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Figure 2: Zones of growth of C. difficile inoculated in the center
of soft agar plates provided with increasing concentrations of
bile acids. Diameters of growth halos in dependence of bile
acid concentration are given in diagrams (left) accompanied by
images of exemplary agar plates (right) for CA (A), DCA (B),
CDCA (C) and LCA (D).
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Figure 3: Heatmaps of shock (A) and long term
stress experiments (B). Proteins not quantified in all
replicates of a specific condition were greyed out.
Higher and lower protein abundance is indicated in
red and blue colors, respectively. The ratios of protein
abundance [∆log2(LCA-CA), ∆log2(CDCA-CA),
∆log2(DCA-CA)] were calculated and visualized in
3D-plots for shock (C) and long term stress (D). Red
data points indicate proteins with a fold change higher
than 2.

Conclusion
The specific stress response patterns of
different bile acids could be a hint at their
ligand-receptor like interaction with bacterial
proteins and specific signal transduction
pathways. Abrogating such interactions and
pathways could impede C. difficile’s ability to
adapt to intestinal bile acids which could be a
starting point for novel treatment strategies.
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Inhibitory concentrations for the single bile
acids vary significantly. A general overlapping
stress response was observed for all tested
bile acids, which may be due to the common
steroid structure and overlapping chemical
properties. However, several proteins showed
an altered abundance in the presence of only
a single or a few of the bile acids, indicating
the existence of specific stress responses
(Fig. 3). Proteomics revealed a reduction of
structural proteins of flagella primarily in cells
grown in the presence of chenodeoxycholic-
and lithocholic acid, a finding that was
supported by electron microscopy images
(Fig. 4) and a reduced motility (Fig. 2).
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