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Botulism is a life-threatening disease, in which flaccid paralysis occurs, affecting both
human and animals. Botulism is caused by botulinum neurotoxin (BoNTs) which is
considered to be the most hazardous biological toxin. There is no specific treatment or
effective vaccination for botulism. From recent outbreak (during 2004 — 2007) of cattle
botulism in Japan resulting in more than 300 deaths, Clostridium botulinum strain
OFDO05 was identified as major causative agent. Assessment of toxicity from OFDO5 in
experimental mice showed that it has the highest toxicity (1.1x10° ip LDso/mg protein)
among BoNTs. The results of gene analysis showed that BoNT expressed from OFDO05 is a
D/C mosaic type, which is composed of the catalytic domain and the receptor-binding
domain similar to type D and C BoNT, respectively. BoNT is synthesized as a single
polypeptide chain with a molecular mass of 150 kDa. The inactive precursor protein is
cleaved into a 50-kDa light chain (LC) and a 100 kDa heavy chain (HC) linked by a
disulfide bridge. Structurally, the activated toxin consists of three modules, 50 kDa for
each domain. The LC domain possessing Zn2* dependent metalloprotease activity and the
HC that encompasses the N-terminal 50 kDa translocation domain (Hy), and C-terminal
50 kDa receptor-binding domain (Hc). The Hc can be further divided into two
subdomains: a 25 kDa N-terminal subdomain (Hcn) and a 25 kDa C-terminal subdomain

(Hce). Each domain is responsible for successful intoxication of presynaptic neurons
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resulting in acetylcholine inhibition. The binding step is considered the first and crucial
step for intoxication process. BoNTs utilizes the Hc domain to bind to gangliosides and
specific protein receptors at presynaptic neurons. In the previous biochemical analysis, it
was revealed that BoNT from OFDO5 can bind with various gangliosides. In this study, we
revealed the ganglioside recognition mechanism of Hc of OFDO5 from structural
viewpoints.

Firstly, we determined the crystal structure of OFDO5Hc by SAD method at the
resolution of 3.1 A. However, the complete model could not be constructed due to the
ambiguous electron density of the Hen subdomain. Therefore, we determined the crystal
structure of Hen and Hec at resolutions of 1.9 and 1.85 A, respectively, and constructed
the structure model of Hc by superposing the subdomain structures onto the partial
structure of OFD05Hc. Structure comparison with other BoNTs assigned three regions
located at Hoc important for receptor binding; 1) the ganglioside-binding site (GBS), 2) the
ganglioside-binding loop (GBL) and 3) the protein-binding site (PBS). We then prepared
crystals of QFDO5Hc in the presence of 3-sialyllactose, which is a soluble fraction of
ganglioside, and determined the structure at a resolution of 3.0 A. A substantial electron
density was observed at the center of the GBS, although it was not clear to construct the
model of the bound 3’-sialyllactose. This suggests that the GBS was used for ganglioside
recognition. To evaluate the contribution of each region to the ganglioside recognition, 24
alanine-substituted mutants around these regions were prepared, and the ganglioside
binding activity was analyzed by surface plasmon resonance (SPR) and P19 cell binding
assay. The results of SPR showed that the GBL as well as the GBS strongly contribute to
gangliosides recognition. The result of cell binding assay also revealed the significance of
these regions on the cell binding. On the contrary, substitution of the residues located in
the PBS did not show significant decreasing in the activity. Based on these results, we
proposed a receptor binding mechanism of BoNT from OFDO5 in which two gangliosides

binding sites (GBS and GBL) cooperatively contribute.
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Structural and Mutational Analyses of the Receptor
Binding Domain of a D/C mosaic toxin from Clostridium
botulinum strain OFDO05

(Clostridium botulinum OFDOSKRHIED/CEF A 7 RBEDOZHREE
K2 4 ¥ OEEREERNT)

RAYY XAFEE, ARMLBMOBEFICHEERISTPETHD, MBEEREIC L
STRHIZES. RV Y XAPRE, BLAERZEDERTHHILEILNTVERYY
X AREER (BoNT) Lo Tl END. AV U XAPHEICERNRIERED
SHEERY 2 F Uiy, BARIRBIT 4R Y U X RIEOBEDHAT (2004 4- 2007 ££)
Tk, 300 U EOFETHAEREIN, FOFELRFREE & LT Clostridium botulinum
OFD05 BEEENT-. ERA~ Y A2 HE--BMFMIC L 5 &, OFDOS (X, BoNT O
THEICEWEMEEZ TR U, BIETFETICE S5 E, OFD05 @ BoNT 3% A FCicfli
i AL L &2 A TDIREEZBERES FAAL L TERENTEY,D/CEYFA I8
Thod.

BoNT i, 150kDa DY FEEFTHHE—DORY XFF FHE LTERENSE. =D
FEWLABRAEEEEX 50 kDa DB (LC) L PANLT 4 FEBICE - THoARN ok
100 kDa DES (HC) ictIlf & 5. HEMICIE, HCIXE BT 2 20 SIcH T bh,
LER-T, EMERIL, 50kDad 3 S0FTP2—A0bERENS. Zhbik, Zn®t
EEED A ZFuFuF 7 —Y¥EEZEOLC, HCONRKD 50kDa D b T Rufr—
3y FAAL Hy), BEUC K50kDa DRFEHEEE NAA L H)D32ThD. Helk
EBIZODY T RAL VEHBITEZ ENTES.H25kDa DN EKY 7 FA A 2 (He)
L25KkDaDCERYT AL U He)THD. ZNHDHERAL U, TEFAIY D
FE+* bbb TV RAfI=a—o OREICED>TW3S. BRORZESIE, PEOR
VIOEERBEWETHSD. BONTIZTHe FAAS VE2FIB LT, U F 7 AR REAOY &
VAV F, BEURENRY VAV BEORBERICESTD. T TCoLENRER
I2X ¥, OFDO5S @ BoNT i, #k& 2T 7 VAV RERETEBZLBPHALMIZENT
WA, BRFFETIE, BEENICOFDOS DH DH 7Y 4 ROBBEELH LML
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EBRCIX, BT OFDOSHe DR #EE% 3.1 ADOMRIET SADBIC K W IRE L 2.
LHL, Hw 7 FAL Y DOHWEVWRBETFEEDOTDICET MIBRITIIWETE R
Mofe. LiedoT, KIT, How & Hec DERHEEEZ, ThTh, 19, 1.85 A OfER&
ETHREL, LT OFDOSH; DEHEEICY 7 FAL VBESERGDLED I LICX
D HC OEETT/UEHBE L. b BoNT LS L OHBIC LY, ZEEREGOED
WWEE 3 DOERE Hec ICBIV YT #N b3, ) H 7Y F ¥ MEEHAL(GBS),
2) 7V Fy FEaA—7 (GBL) , 3) # v 37 BREEEML (PBS) THD. KT,
Ho 74 FORBRES THB 3 -2 TIYNTF 7 b—ADEFET TOFDOSH: D&
BHEL, 30 A ONMETEERRELL. EFNLEHEBETEIILHARRLOTIX
o, BELEY T INT T b—RTHYT B0 0 KERETFEEN GBS
OHRMERINE. UL, GBS BV U Y FOBBICHELNTWD = & &R
LT3,

Ao 7Y Fy ROBBICHTERROBRE 2+ 572D, ZHbDFEIRD
24 IFOTI = BRERKEREL, VU4V FEARELEE, RETS T AT
vt (SPR) & P19 MIBAREAT v AL VYT L7z, SPR OFFIX, GBL & GBS
BH TV AL ROBBIZHLFELTWAZ 2R LE. MBEET v A ORI,
i, MBABSCHETIINLOFEROBEEEREZHL M L. #iC, PBSIZLETS
BEOEHTII, BHEOAELRBIVEIRD NN, ZHbOFERICESNT, 2
SDH T Y FT RESEA (GBS & GBL) 2/ L T&HE$ 5 OFD05 @ BoNT D%
BURBEA T =R LEBREBLE.

SLE, AT, XREREEMRITICLY XY Y X 2A8FK OFD0S DHEZRE
L, o b e SWeT7 I BEBERIZLY, SEREREEA =X 2 E2MHALE. AR
BEGRBICRIFTERICIIZARLORSH D, Lo TEER—F, BHHERINE
KEEE (EHPE) ORMEZBEINDIBBH DI LD LEBDI.
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