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Interestingly, however, PerCR does not show the specific targeting 
when introduced into the cells with a protein transfection reagent. To 
resolve the structural basis for peroxisomal localization of PerCR, 
we have determined the crystal structure of PerCR at 1.5 A resolution 
[1]. The structure revealed that the C-terminal PTS1 of each subunit 
of PerCR was involved in intersubunit interactions and was buried in 
the interior of the tetrameric molecule. These data indicate that the 
monomeric form of PerCR whose C-terminal PTS1 is exposed will 
be recognized by the PTS1 receptor Pex5p in the cytosol and then, is 
targeted into the peroxisome and thereby forms tetramer.
[1] Tanaka et al., Structure 16, 388-397 (2008).
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Beta toxin is a virulence factor of Staphylococcus aureus that 
catalyzes the cleavage of sphingomyelin(SM) in biological 
membranes to ceramide and phosphorylcholine causing lysis 
of erythrocytes. Crystals of beta toxin were found to be fully 
merohedrally twinned. The structure was solved via molecular 
replacement using SmcL (SMase C from Listeria ivanovii) as the 
search model and refined to 2.4 Å resolution. Beta toxin belongs to 
α/β protein family and is arranged in a 4-layer sandwich. Assays of 
native and structure suggested site-directed mutants of beta toxin 
demonstrate that the lysing of sheep erythrocytes and the killing of 
proliferating human lymphocytes is linked to the SMase activity 
of beta toxin. These data are the first to show a direct effect upon 
human tissue and provide a rationale for the importance of beta toxin 
in virulence. A C-terminal β hairpin has been proposed to penetrate 
the lipid bilayer and aid in substrate binding and positioning. Our 
analysis shows this involved in the observed twinning. Three 
variations of the β hairpin were created, crystallized and solved via 
molecular replacement and refined. The β hairpin mutations did 
not significantly perturb the structure of beta toxin, but do affect 
toxicity towards human cells. A partial lipid was found in one of 
the structures. SM has been co-crystallized with Beta toxin, and the 
structure solved and refined to 1.65 Å resolution. The β hairpin has 
an important role in the SMase activity and cytotoxicity. Current 
experiments are aimed at elucidating the role of the β hairpin using 
liposome disruption assays and co-crystallization of the mutants with 
SM.
[1]www.cdc.gov/  [2]Huseby et al. J Bac, 2007.  [3]Openshaw et al. 
JBC, 2005.
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Pasteurella multocida toxin (PMT) is one of virulence factors 
responsible for the pathogenesis in some Pasteurellosis. We 
determined the crystal structure of the C-terminal region of PMT 
(C-PMT), which carries an intracellularly active moiety. The overall 
structure of C-PMT displays a Trojan horse structure, composed of 
three domains arranged in feet, body and head subunits with each 
linker loops, which were designated C1, C2, and C3 domains from 
the N- to C-terminus, respectively. The C1 domain showing marked 
similarity in steric structure to the N-terminal domain of Clostridium 
difficile toxin B, was found to lead the toxin molecule to the plasma 
membrane. We found in the C3 domain the Cys-His-Asp catalytic 
triad that is organized only when the Cys is released from a disulfide 
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gut of up to 3% of healthy adults and 66% of infants. C. difficile can 
however cause serious gastrointestinal disease, ranging from severe 
diarrhoea to pseudomembranous colitis. Disease is particularly 
evident in elderly patients who have undergone antibiotic therapy. 
Two toxins: A and B [1], can be produced by C. difficile. These toxins 
are members of the Large Clostridial Cytotoxin family and are high 
molecular weight glucosyltransferases (toxin A: 308 kDa; toxin B: 
270 kDa). These two toxins exert their cytopathic action from within 
the cytosol after receptor-mediated endocytosis. In the growing effort 
to fully understand the mechanism of action of these toxins, we are 
carrying out their structural characterization by macromolecular 
crystallography and SAXS techniques. Current progress will be 
presented, including 
t h e  f i r s t  l o w -
reso lu t ion  SAXS 
structure obtained for 
toxin B and a high-
resolution structure 
o f  t h e  r e c e p t o r 
binding domain [2].
1 .  v o n  E i c h e l -
S t r e i b e r ,  e t  a l . 
( 1 9 9 6 ) .  T r e n d s 
Microbiol. 4(10) : 
375-82.
2 .  David  Albesa-
J o v e ,  e t  a l .  i n 
preparation.
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Redox-dependent affinity regulation is critical to fast and efficient 
electron transfer (ET) between ET proteins. The molecular 
mechanism of the affinity regulation, however, remains elusive due 
to the lack of tertiary structures of the ET proteins in every redox 
state relevant to the ET reaction. BphA4 and BphA3 are, respectively, 
an FAD-containing NADH-dependent ferredoxin reductase and 
a Rieske-type [2Fe-2S] ferredoxin from a biphenyl dioxygenase 
BphA derived from Acidovorax sp. strain KKS102. Our biochemical 
study showed that the reduction of the FAD in BphA4 increases the 
affinity between BphA3 and BphA4 approximately 20-fold. In order 
to reveal the molecular mechanism of this redox-dependent affinity 
regulation, we determined the crystal structure of BphA4 in oxidized, 
hydroquinone, semiquinone, and reoxidized forms; the crystal 
structure of BphA3 in oxidized and reduced forms; and the crystal 
structure of the ET complex of BphA3 and BphA4 (Senda, M et al.  
J. Mol. Biol. (2007)). A comparative analysis of the seven crystal 
structures obtained revealed that the conformational changes of 
BphA4 upon reduction of FAD are required for the formation of the 
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Clostridium difficile is an anaerobic bacterium that is present in the 
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