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3. Research projects and annual reports

We have been focusing our research on the structural bioclogy 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. These basic researches were expected to find a novel drug in infectious disease.

(1) SCARP is a member of the pierisin family of DNA-targeting ADP-ribosyltransferases (ARTSs). Pierisin
group enzymes ADP-ribosylate the N amino groups of guanine residues in DNA to yield
N?-(ADP-ribos-1-yl)-2’-deoxyguanosine. Though the structures of pierisin-1 and Scabin were revealed
recently, the mechanism of specific substrate recognition was poorly understood because of a lack of
substrate-binding structure. We revealed the structure of SCARP bound to NADH and GDP (substrate). The
structure showed that guanine of GDP was trapped between N-ribose of NADH and Trp159. Interestingly, N
and N° of guanine form hydrogen bonds with OE1 and NE2 of GIn162, respectively. We present the first
direct observation that the ADP-ribosylating toxin turn-turn (ARTT)-loop including Trp159 and GIn162 plays
a key role in the specificity of DNA-targeting guanine specific ART as well as protein-targeting ART such as
C3 exoenzyme. We propose that the ARTT-loop recognition is a common substrate recognition mechanism
in the pierisin family. Furthermore, this complex structure with minimum elements of ADP-ribosylation sheds
light on similarities and differences among two major subclasses that are distinguished by conserved
structural motifs: H-Y-E in the ARTD subfamily and R-S-E in the ARTC subfamily. The spatial arrangements
of electrophile and nucleophile are same, providing the first clear insight of the common reaction
mechanism in both ARTs. ARTC (ScARP) uses the ARTT-loop to recognize substrate whereas ARTD (Arr)
uses the C-terminal helix instead of the ARTT-loop. These characterizations would facilitate to make better
inhibitors of ARTs.

(2) lota-toxin from C. perfringens type E is a binary toxin composed of an enzymatic component (la) and a
pore-forming protein translocon (Ib). la is an ADP-ribosylating toxin that ADP-ribosylates actin.
ADP-ribosylation of G-actin at arginine 177 causes the depolymerization of the actin cytoskeleton and finally
leads lethal and dermonecrotic in mammal cells. On the other hand, Ib of binary toxin is important machinery
for protein translocation: la translates over the membrane to the cytosol via lb pore-foming translocon.
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We would like to reveal the structure of pre-pore and pore of Ib using cryoEM and crystallography. Our final
purpose is to understand the mechanism of la translocation via Ib.

(3) Effector of V. parahaemolyticus

Vivrio parahaemolyticus is a Gram-negative marine bacterium that cuases acute gastroenteritis in humans.
The virulence is dependent of a type lll secretion system and VopC is one effector which is homologue of
the catalytic domain of cytotoxic necrotizing factor (CNF). VopC was reported to deamidate Rac1 and
Cdc42 but not RhoA. To understand the mechanism of recognition of Rho GTPase and ADP-ribosylation, we
are going to solve the structure of VopC together with biochemical studies.
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