Identification and characterization of small molecules
targeting Clostridium difficile
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gerE-LacZ reporter β-galactosidase assay*

• Identify sporulation inhibitors in B. subtilis using a phenotypic screen

gerE-LacZ reporter β-galactosidase assay*

• Eliminate compounds that are toxic to bacteria using counterscreens

[purified β-galactosidase assay*

[purified β-galactosidase assay*

counterscreening
assays

• Identify the molecular target(s)

counterscreening
assays

• Determine whether inhibition of sporulation translates to other Grampositive bacteria, e.g. Clostridium difficile

cell viability/ ATP assay*

C. difficile clinical isolate 630 was incubated 72 hours in brain heart infusion
broth/ cysteine/ glucose in 96-well microplates
 Normal spore morphology and spore production
 No observable effect on vegetative growth
 Decrease in toxin production in culture supernatants, as measured
using Toxin A/ Toxin B ELISA (Alere)
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B. subtilis sporulation
Test compounds significantly reduced the number of
spores without affecting vegetative growth rates.

Vehicle (0.1% DMSO)

Compound 1
healthy, nonsporulating, aseptate

qPCR for PaLoc-encoded genes (24 hour culture of B1/NAP1/O27 epidemic C. difficile isolate)

cell viability/ ATP assay*

* BetaGloR or **BacTiter GloR (Promega)

Optimization of a B. subtilis sporulation
inhibitor chemotype for activity at C. difficile

* BetaGloR or **BacTiter GloR (Promega)

High throughput screen for B. subtilis sporulation inhibitors
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• 1536-well microplate format
• Small molecule compound library
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»» ~78,000 compounds
»» acquired from Biofocus (NIH Clinical Collection), ChemBridge, ChemDiv, Enzo
Life Sciences, Maybridge, Prestwick Chemical, and TimTec

• Screen concentration 7-13 µM
• Hits defined as exhibiting > 50% inhibition
• IC50 determination for representatives of each structural cluster, using
acoustic dispensing (ATS-100, Biosero)

Various morphologies in the presence of inhibitors (aseptate, blebby, etc.)

Optimization of a B. subtilis sporulation inhibitor
chemotype for activity at C. difficile

Lack of cytotoxicity towards several
Lack of cytotoxicity towards several species of bacteria
species of bacteria

»» total of ~ 3,000 IC50 measurements across four cell-based or biochemical assays

• Resupply compounds from vendors (milligram quantities) if available
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Compound 19

Target ID for 19 resupply compounds: rough delineation
Target ID for 19 resupply compounds: rough delineation of
of sporulation
block
using
reporter
genes
sporulation
block using
reporter
genes

from CJ Paredes, KV Alsaker, and ET
from CJ Paredes, KV Alsaker, and ET
Papoutsakis (2005). Nature Reviews
Papoutsakis (2005). Nature Reviews
Microbiology 3:969.
Microbiology 3:969.

regulator

reporter

if reporter off:

SpoA

SpoIIA-LacZ

σF

SpoIIQ-LacZ

kinase, phosphatase, txn factor, DNA
translocase/ATPase

σE

SpoIID-LacZ

protease, secreted signaling protein

σK

gerE-LacZ

CONCLUSION

potential additional targets

transcription factors, proteases

• We have identified several chemotypes affecting B. subtilis sporulation
but not growth or viability
C. difficile-active
in-house analogs
of compound 19

• Two of these chemotypes show activity at C. difficile, though they do
not inhibit sporulation or growth
• Medicinal chemistry efforts, starting with a single compound, have
resulted in structure-activity relationship data for inhibition of C.
difficile toxin synthesis.
• Target identification efforts are underway

