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3. Research projects and annual reports

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.

This year’s accomplishments

(1) The iota toxin produced by Clostridium perfringens type E, is a binary toxin comprising two
independent polypeptides: la, an ADP-ribosyltransferase, and Ib, which is involved in binding to the cell and
translocation of la across the cell membrane. We reported the cryo-EM structures of the translocation
channel Ib-pore and its complex with la. The high-resolution Ib-pore structure demonstrates a similar
structural framework as observed for the catalytic ¢ -clamp of the anthrax protective antigen pore.
However, the la-bound Ib-pore structure showed a unique binding mode of la. One la binds to the Ib-pore,
and the la N-terminal domain interacts with Ib via two other Ib-pore constriction sites via multiple weak
interactions. Furthermore, Ib-binding induces la N-terminal a -helix tilting and partial unfolding, whereupon
the unfolded N-terminus continues to the ¢ -clamp gate. This study reveals a novel mechanism of N-
terminal unfolding that is crucial for protein translocation. The study was reported in Nat Struct & Mol Biol
in 2020. Furthermore, we are currently trying to reveal the structure of C.difficle binary toxin (CDTa and
CDTb) complex.

(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 trying
to reveal the structure and functions of CPILE-b compared with Ib-pore.

(3) We are interested in the specificity of ADP-ribosyltransferase (ART). We have revealed the complex
structures of la-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 componet 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.

4, /X, BEEHRE (2021.4~2022.3)
"
1) 5B%. 2TEH

EZ % 93%,5 6 5,p862-866 (2021)

HIZNUw D

ADP U R L EBER A X v /X7 B> DNA Z FEIICEE T 2 T A
2) HHEM. LEZEC. 2TEH

53



BEERFAETE v64(2),p69-76 (2022)
XIBERFEDT-DD I SA A BFEMERTOES =
ISAFEBFEMEICLI_HOEZORERIT  FFL VEBBV AT LDOBEER (BAFEHY )

5. F&HXL L (2021.4~2022.3)

1) WE%Z “2 54 FEFBEMEIC & B Clostridium perfringens KhEXET B KO EEDEEBICHES 7~
TAd =T 4 v THEBORTT

B2l1EAAL N ERER (BiL)  2021.6.7~9

2 ) Tomohito Yamada, Akihiro Kawamoto, Toru Yoshida, Hideaki Tsuge “Cryo-EM analysis revealed
translocation unfolding in C.perfringens binary iota toxin”

ETOX21 (European Workshop on Bacterial Protein Toxins

2021) (#>Z74>) 2021.6.28-31

3) WHZEC, HEAL JIARK, XEE. sBER. ETEH "/ 74/ FBFEHBRICE > THLAICLED
Bl 85 3= O FE 35 Bk

BorTRINF> v VvRY DL (FvF4>) 2021.9.9~10

4) NARK, LHAFC, SHE. MEEe. ZTXH

“COTAFTBEBFEMBICLEEZT 4 74 VILEBROZKDEREEROEBEL Z DX VX BEEBEE"
Fa65E X IV B HAREES (REEKRRE) 2021.11.27

5) EZTxH

Sll MEEFEMROFLEMEBEL T

CTINTVABEBLOTATAVIVERROEDER 7 74 FBFEMBRIC L D EA RS L 2 oE B
# FHISEEAMERSE (F¥F74>v) 2022.3.29~30 (BiF#ER)

6. ZDfttiFELEE

(1) st &ES

REmRE&mpE - 28R (B)

REL VI TAABTFEMBICL 2 XV EEREBOIHNEERT PTRAKXE 1 ZTEH
1S 4:2021~2023

(2) FHEH

Journal of Biological Chemistry, Editorial boards member
E4IVBHIREES £B

BAE{Fs REE (Q0AF7T)

(3) REE

D2 DILEFC AN, TEED3IO2DERTREL
F2lEIBALZ XU BERY R EFEMHEEFE
ETOX21 (European Workshop on Bacterial Protein Toxins 2021) Poster Prize
BOTEIFF> > ViRY T L EFEFE

FL!

54



55



