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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 target
is macromolecular complex and we would like to reveal the interaction between the infectious factor protein
and human protein.

(1) Unusual 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 enterotoxin
consisting of two components: C. perfringens iota-like enterotoxin-a (CPILE-a), which acts as an enzymatic
ADP-ribosyltransferase, and CPILE-b, a membrane binding component. Here we present the crystal
structures of apo-CPILE-a, NAD*-CPILE-a and NADH-CPILE-a. Though CPILE-a structure has high similarity
with known iota toxin-a (la) with NAD', it possesses two extra-long protruding loops from G262-S269 and
E402-K408 that are distinct from la. Based on the la-actin complex structure, we focused on actin-binding
interface regions (I-V) including two protruding loops (PT) and examined how mutations in these regions
affect the ADP-ribosylation activity of CPILE-a. Though some site-directed mutagenesis studies have
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already been conducted on the actin binding site of Ia, in the present study, mutagenesis studies were
conducted against both a- and B/r -actin in CPILE-a and la. Interestingly, CPILE-a ADP-ribosylates both
a-and B/ r-actin, but its sensitivity towards B/ -actin is 36% compared with a-actin. Our results contrast
to that only C2-1 ADP-ribosylates B/ r -actin. We also showed that PT-l and two convex-concave interactions
in CPILE-a are important for actin binding. The current study is the first detailed analysis of site-directed
mutagenesis in the actin binding region of la and CPILE-a against both a- and B/ r -actin.

(2) We have been analyzed la (actin specific ADP-ribosyltransferase) with actin. Recently we also revealed
C3 exoenzyme (RhoA specific ADP- ribosyltransferase) with Rho GTPases (JBC 2015). C3 has long been
used to study the diverse regulatory functions of Rho GTPases. How C3 recognizes its substrate and ADP-
ribosylation proceeds are still poorly understood. Crystal structures of C3-RhoA complex reveal that C3
recognizes RhoA via switch |, switch Il and interswitch regions. In C3-RhoA(GTP) and C3-RhoA(GDP), switch
[ and Il adopt the GDP and GTP conformations, respectively, which explains why C3 can ADP-ribosylate both
nucleotide forms. Based on structural information, we successfully changed Cdc42 to active substrate with
combined mutations in the C3-Rho GTPase interface. Moreover, the structure reflects the close relationship
among GIn183 in the QXE-motif (C3), a modified Asn41 residue (RhoA) and NC1 of NAD(H), which suggests
C3 is the prototype ART. The structures show directly for the first time that the ARTT-loop is the key to
target protein recognition and also serve to bridge the gaps among independent studies of Rho GTPases
and C3. Now we are trying to reveal the complex structure of ADP-ribosylated RhoA with GDI to understand
the effect of ADP-ribosylation on Rho signalling. Furthermore, we are trying to reveal the complex structure
of Rho family deamidase with Rho GTPase.
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