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Toxin A (TcdA) and Toxin B (TcdB)
• Large Clostridial Toxins

– TcdA ~ 308 kDa
– TcdB ~ 270 kDa

• Intracellular Bacterial toxins
• Glucosyltransferases

– Type A subfamily of glycosyltransferases
• Major virulence factors

– Found in almost all clinically relevant isolates
– Immunity to the toxins provides protection from CDAD

NH 2 COOH

CROPs

Enzymatic Domain
Receptor-binding

Domain

Putative Translocation
Domain

Substrate
Specificity

W102 & DXDGlucosyltransferase
activity



Mechanism of Cellular Intoxication
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Relevance of Target Substrates
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Effects of TcdA
• In vitro (Cellular Level)

– Cell Rounding
– Caspase Activation (caspase 3, 6, 8 and 9)
– Modulation of the mitochondria ?
– MAPK activation (e.g. p38)
– Apoptosis and Cell Death
– Increased permeability of epithelial barrier

• In vivo (Host Level)
– Lethal 
– Fluid accumulation in rabbit ileal loops
– Neutrophil recruitment
– Macrophages and Mast cells (TNF-α) 
– Reactive oxygen intermediates
– Chemokines
– Cytokine production (e.g. IL-8)
– Neuronal Effects



Effects of TcdB
• In vitro (Cellular level)

– Intoxicates a wide variety of cell-types
• fibroblasts, neuronal cells, epithelial cells, endothelial cells, 

lymphocytes, hepatocytes 
– Cell rounding (actinomorphic effects)
– Modulation of intracellular signaling pathways
– Caspase activation
– Numerous effects related to Rho proteins
– Disrupts tight junctions

• In vivo (Host level)
– Lethality
– Systemic effects?
– Enterotoxic?
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Toxin Variants (toxinotypes)

Rupnik et al. (2001) Microbiology 147, 439-447
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C. difficile Binary Toxin

CDTa CDTb

•Enzymatic
•ADP-Ribosyltransferase
•Modifies actin
•Similar to Ia

•Entry Component
•Proteolytic activation
•Similar to Ib

• Found in 6-12% of isolates
• Associated with recent epidemic strains
• Possible role in colonization 
• Overall contribution to disease?



Large Clostridial Toxins (LCTs)

• Five members  
- C. difficile TcdA (304 kDa)
- C. difficile TcdB (280 kDa)

- C. novyi Tcnα (260 kDa)

- C. sordellii TcsH (300 kDa)
- C. sordellii TcsL (270 kDa)



NH2 COOH
CROPs

Enzymatic Domain      
Receptor-binding 

Domain
Putative Translocation 

Domain

Substrate 
Specificity

(aa 364-516)

W102 & DXDGlucosyltransferase
activity

TcdB TcsL
Rho
Rac

Cdc42

Ras
Rac
Rap
Ral



PhosphoPhospho--AktAkt

.5      .5      1     1     1.5     1.5     2     2     2.5     2.5     3    3    3.5     3.5     44

Time (h)Time (h)

AktAkt

Growth FactorGrowth Factor
ReceptorReceptor

RasRas

PI3KPI3K

AKTAKT

DownstreamDownstream
signalingsignaling

.5       .5       1     1     1.5     1.5     2      2      2.5      2.5      3      3      3.5      3.5      44

Time (h)Time (h)

PhosphoPhospho--AktAkt

TcdBTcdB

TcsLTcsL

Akt Modulation is TcsLAkt Modulation is TcsL--SpecificSpecific



pH-Induced Dissociation Profile of TcsL
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Do All Disease-Causing Isolates 
of C. sordellii Produce TcsL?

Ribotype & Strain Characterization

Ribotype I
ATCC9714 tcsl+, cdc+, TcsL+, Neu+, CDC-, Csp+, GENI, CLIR, CIPI

Ribotype II
UMTB2 tcsl-, cdc+, TcsL-, Neu+, CDC+, Csp+, CLIR, CIPI

UMC178 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CLII, CIPI

Ribotype III
UMTB1 tcsl-, cdc+, TcsL-, Neu+, CDC+, Csp+, CLII

Ribotype IV
UMC164 tcsl+, cdc+, TcsL+, Neu+, CDC-, Csp+, GENI, CLIR, CIPI, LVXI

UMC193 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CLIR

UMC212 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CIPI

PS4423 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp-

PS4475 tcsl-, cdc+, TcsL-, Neu+, CDC+, Csp+

Ribotype V
PS4401 tcsl-, cdc+, TcsL-, Neu+, CDC+, Csp+, CLIR, CIPI

PS4404 tcsl-, cdc+, TcsL-, Neu+, CDC+, Csp+, CLII, CIPI

PS4422 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CIPI

PS4451 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CLIR, CIPI

PS4477 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CLII, CIPI

PS4490 tcsl-, cdc+, TcsL-, Neu+, CDC-, Csp+, CLIR, CIPI, TETI
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Questions

• What is the contribution of TcdB to CDAD?  
What are the specific in vivo effects of TcdB?

• What is the impact of increased expression of 
TcdA and TcdB during disease?

• What role does CDT play in CDAD?
• What is the overall profile of substrate targets in 

mammalian cells?
• Are there specific receptors for TcdA and TcdB?
• What is the contribution of TcsL (and TcsH) to C.

sordellii-related illnesses?



Acknowledgements

University of Oklahoma HSC
• Daniel Voth
• Elaine Hamm

University of Miami
•Octavio Martinez

CDC
DHQP
• Lois Wiggs
• George Kilgore
• Angela Thompson
• L. Cliff McDonald
• Brandi Limbago


