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We have been focusing our research on the structural biology of infectious disease. Especially our 
focus is macromolecular complexes, and we would like to reveal the interaction between the 
infectious factor protein and human protein. These basic researches were expected to find a novel 
drug in infectious disease.  
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 (1) The iota toxin produced by Clostridium perfringens type E, is a binary toxin comprising two 
independent polypeptides: Ia, an ADP-ribosyltransferase, and Ib, which is involved in binding to the 
cell and translocation of Ia across the cell membrane. We have reported the cryo-EM structures of 
the translocation channel Ib-pore and its complex with Ia (Nat Struct & Mol Biol., 2020)
Furthermore, this year, we reported binary CDT (CDTa and CDTb) toxin complex from the most 
clinically important bacterium Clostridioides difficile (formerly Clostridium) ( Nature communications, 
2022). CDTb has been proposed to be a di-heptamer, but its physiological heptameric structure has 
not yet been reported. Here, we report the cryo-EM structure of CDTa bound to the CDTb-pore, which 
reveals that CDTa binding induces partial unfolding and ti -helix. In the CDTb-
pore, an NSS-loop exists in 'in' and 'out' conformations, suggesting its involvement in substrate 
translocation. Finally, 3D variability analysis revealed CDTa movements from a folded to an unfolded 
state. These dynamic structural information provide insights into drug design against hypervirulent C. 
difficile strains. 
 
(2) Recently, outbreaks of food poisoning in Japan were reported in which Clostridium perfringens 
was strongly suspected to be the cause based on epidemiological information and fingerprinting of 
isolates. The isolated strains lack the typical C. perfringens enterotoxin (CPE) but secrete a new 
binary toxin consisting of two components: C. perfringens iota-like enterotoxin-a (CPILE-a), which 
acts as an actin ADP-ribosyltransferase, and CPILE-b, a membrane-binding and protein-translocation 
component. We are studying the difference of the pore in CPILE-b compared with Ib-pore and 
CDTb-pore. 
 
(3) We are interested in the specificity of ADP-ribosyltransferase (ART). We have revealed the 
complex structures of Ia-actin, C3-RhoA and ScARP-guanine for the last ten years. From these 
structures, we understood they all use the ARTT-loop in common. Furthermore, we consider that this 
is a common substrate recognition mechanism for all ARTs, all protein/amino acid-target and 
DNA/base-target ARTs. However, it is still an open question of the specificity of human PARPs, which 
belongs to a different group of ART. Thus, we are trying to reveal the structures of PARP in order to 
understand the specificity. 
 
(4) We are studing the two component toxin from Pomacea canaliculata. We purified the binary toxin 
from red egg of Pomacea canaliculata and ought to reveal the pore forming mechanism and function. 

 
 Kawamoto A., Yamada T., Yoshida T., Sato Y., Kato T., and Tsuge H. (2022)   Cryo-EM structures of 
the translocational binary toxin complex CDTa-bound CDTb-pore from Clostridioides difficile.       

Nature communications,  13(1):6119. doi: 10.1038/s41467-022-33888-4.  
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