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Introduction

Clostridium septicum is a ubiquitous, spore-forming, gram-positive anaerobic
bacterium that causes traumatic ( wound derived ) and non-traumatic
(endogenous) myonecrosis, which are rapidly fatal diseases in man and animals.
Although the pathogen secretes several extracellular factors such asa alpha-toxin,
deoxyribonuclease, hyaluronidase and neuraminidase, alpha-toxin has been
implicated as a major virulent factor such that it possesses hemolytic, lethal and
necrotizing properties. However, the exact role of the toxin in disease remains
unclear. C. septicum alpha-toxin belongs to a family of toxin termed pore-forming
toxins. These toxins disrupt cellular membrane permeability by forming
unregulated channels. Previous studies have shown that the toxin is secreted as a
water-soluble protoxin which binds to cell surfaces via
glycosylphosphatidylinositol (GPI) -anchored proteins. Once the toxin binds to the
cell, it i1s activated by proteolytic cleavage at the carboxyl-terminal propeptide
with cell surface proteases. Activation lets the activated monomers facilitate
oligomerization on the membrane followed by formation of functional
transmembrane pores. The oligomerization on cell surface is considered to be a
critical step in the channel formation process. However, the precise mechanism on
oligomerization of the toxin on cells has not been fully understood. The present
study has been made to investigate the mechanism of toxic action on mammalian
cells, in particular focusing upon toxin binding and subsequent oligomerization

on cell membranes. During the present investigation, a new toxin-binding protein



was discovered and characterizad.

Chapter 1: Hemolytic activity and binding of C septicum alpha—-toxin on
erythrocyte membranes of various animals

In the preliminary experiments, the activity of C. septicum alpha-toxin was
determined in erythrocytes of various animals. The sensitivity of erythrocytes to
the toxin was observed in the order of mouse, rat, canine, equine, rabbit, chicken,
bovine, swine and ovine. Temperature and protease treatment affected the
sensitivity of erythocytes to the toxin. Proteinase K tretment decreased the
sensitivity of murine, canine, equine and bovine erythocytes, while ovine
erythrocytes did not change the sensitivity to the toxin. To the contrary, the
activity of the toxin on swine erythrocytes increased after treatment with
proteinase K, trypsin, chymotrypsin or lysyl endopeptidase. In toxin overlay assay,
the toxin was shown to bind to erythrocyte membrane proteins with a molecular
mass of 30 to 45-kDa in mouse, equine, bovine, swine and chicken, while the toxin
reacted with a 100-kDa protein in rat erythrocyte membranes. The treatment of
murine and swine erythrocyte membranes with phosphatidylinositol-specific
phospholipase C resulted in liberation of the toxin-binding protein from
individual membranes in a native state. These results show that toxin associates
with specific erythocyte membrane proteins in any animal species, and are

subsets of GPI-anchored proteins in various animal species.

Chapter 2: Cytotoxicity and oligomerization of C septicum alpha—toxin on
mammalian cells

The cytotoxic activities were also examined with various mammalian cells. In
contrast with the activity to erythrocytes, mammalian cells were more sensitive
to protoxin than trypsinized toxin interacted with various molecular sizes of
cellular proteins. The size and SDS-PAGE pattern of the proteins were different
among cell lines, but they were liberated from the cells by the treatment with
phosphatidylinositol-specific phospholipase C. The toxin appeared to target and
utilize detergent resistant membranes (DRMs) for binding and subsequent
oligomerization. In discontinuous sucrose density gradient followed by

immunoblotting, the toxin bound to DRMs contained in L929 (fibroblast) cells and



caused oligomer formation. Furthermore, cholesterol depletion with cholesterol
interacting agents reduced toxin oligomerization and lowered cytotoxicity of the
toxin toward cells. These results suggest that the toxin preferentially exploits

DRMs for oligomerization.

Chapter 3: Interaction of ¢ sevticum alpha-toxin with alpha-actin
3.1. Identification of alpha-actin as a C. septicum alpha-toxin binding protein
Alpha-toxin was found to interact with a 43-kDa protein in 1929 cells,
which was not associated with DRMs. In order to characterize the toxin-binding
protein, the protein was digested with lysyl endopeptidase and the liberated
peptides were separated by high performance liquid chromatography. When the
peptides obtained were applied to amino acid sequencing, the toxin-binding
protein was identified as a mouse cardiac alpha-actin. The cardiac alpha-actin
gene was then cloned, and the fusion protein was expressed as a histidine-tagged
protein in FEscherichia coli. After purification by affinity chromatography, the
toxin binding activity of the recombinant protein was examined. The recombinant
alpha-actin retained the toxin-binding ability, whereas no toxin binding was
observed with bera-actin. The recombinant alpha-actin also appeared to

accelerate oligomer formation of the toxin in vitro.

3.2. Analysis of alpha-actin interacting with alpha-toxin in murine cells and

tissues

A rat polyclonal anti-alpha-actin IgG was prepared and used to screen the
presence of alpha-actin in various murine cell lines and tissues. Alpha-actin was
present in C2Ci2 (myoblast) cells, L929 cells, heart and skeletal muscles as a
monomer and polymer. After alpha-actin containing tissue lysates was entrapped
with beads coupled with anti-alpha-actin antibody, the immunoprecitates were
subjected to SDS-PAGE followed by toxin overlay assay. The results indicated
that the toxin seemed to bind preferentially to alpha-actin polymer rather than
monomer. To confirm further the interaction of the toxin with alpha-actin,
toxin-treated cell lysates were applied to immunoprecipitation with beads coupled
with anti-alpha-toxin. It was found that alpha-actin was entrapped together with

the toxin, suggesting that the toxin really associates with alpha-actin in cell



membranes.

Conclusions

1. Alpha-toxin binds to specific GPI-anchored proteins in various mammalian cells.

2. The protoxin binds to GPI-anchored proteins in non-DRMs for activation by
cell surface proteases before moving to DRMs and oligomerize leading to
pore-formation.3 . Cholesterol plays a significant role in alpha-toxin
oligomerization and cytotoxicity.4 . Alpha-actin was identified as a new
toxin-binding protein, which provides some information to elucidate peculiarity in

terms of symptoms such as malignant edema involving C. septicum infection.



EERFDEE

b hDOH AEIELEY) O BEMKIEDRINGE T D Clostridium septicum T ECIGE D
AMEGENL DR AL, FEAE SN D AR O - BER OFRIEMIC L 0 B HMAE A 5] &
29, C septicum DFEEIRFHIRE T Th 5 o mHRITMALNE LIZ pore 2T 2 Z L1
LV a2 5E T LMl ER (BN Tho, o BRITIEEDORWSF& 46kDa O
ATBRAA (protoxin) & UCREA SALToth. B AIMIRIESRIC L 0 BRIED R A 52T . 41kDa DIE
b#HF LD, amRILPL T U H—EAZZHERL L THIE LICHES%, 6~T7 &IKD
BT AR (oligomer) & L THZTER L TIEZ T 5 R BN LMIRMERETH 5,

AL T, o BR OMIUFEEHEEICB T 2 ZHFIERA~OFEG ) B AIIERIZE D £ TOM
JalE ECD o BROBIEIZ OV THT LUV TRHEMICHIT T2 Z 21X 0, RO KD 7k
RaeBi,

1. FEx OEWHERMERZ AT C septicuma T3 OVRMTENE & ZAE & ORIR % Hi
Et L7, &JRIMER%E proteinase K CULBEL 7= L &, w U R A X, U~ U IRIMEKD
BEZMEAME T Lz, B Y URMERTIIE R A LT, 7 #IRIMEKTIT proteinase K, b
V7o, FERN)V TV VI y RRTFHX—EOWTIOE A REEFR LI K
S>TH amROIEMHIZHEM L7, Toxin overlay assay Ca s~V A, TH, U U
~. =V b URMERRED 35~45kDa A &AL, 7 > FTiX 100 kDa DREER & RIS
B ENGThoT-, =T A LT ZRIMEKIE % phosphatidylinositol-specific
phospholipase C(PI-PLC)LEET 2% &, amAfMEEAITENLEHTHZ L2 LML
oo TNODOREHRIL, amBRPPYFEICL > TR FRMEKBEEALHEEL, ZNHDOE
FIEWIhd CPI-7 U I—HREATHDLZEEZRLTEY, ZOZ LN amROEYREIC L
HIEMIEME DB EL 52 TWD &2 b,

2. WYHORIRAEAIRIZ KT 2 o TR OMIUBEE R L OZAEESIEE, 4V I~ —Bk
(BRI MM FIZ DWW TIRIT 21T o 72, o BRITERA RO TRORRLEA LS
L7y, Za0h OFSEEPIHIIaRM TR > Tz, £72, PI-PLC TUHT 2L & amH
FEA R AT DEEET 2 2 &6 RERFER, HRIEMIIZB N TS o HRITFEA O
GPI-7 > I —EHEHMAT D EICKVIEEERBET2HONC LT, amR TR L
HIRE A S IE PR C Al bt . a3 R A DS KD S LBt o BRPUAE
V= immunoblotting 12XV BEZFAZ, o FBRITHIUED detergent R4y (DRM) |
WhpsHT7 7 N TAHY) Iv—%BRT DI ERmnol, EbiZa b A Tu— /L HERT
WIS 5 & a@mBEOA Y I~ —BA D L, MEEEEOERT Lz, 20 OfEEN



. a BRIFZHEERICHEE LIk, 77 MCERB LAY I~v—2FMT52&, SHIC7
7 MEBBIOA ) I~ —BHRICIEBEICAET 2 2 L AT 5 — RN EEREE 2 H - T
HTEEHALMNT LT,

3. aBmBRIEESTHMEOH-EAE L CaT 7 F U EFE LTz, 1929 L% FEis
PEAICHVERTS . > = BEE S AELE LIS X D /M L, toxin overlay assay Z1T>72, a R
IRy D GPI-7 A —EALSMT, AERGICFIET D0 F L bifia L, 2D+
DT 2 BESINO~ T ADGa T 7T ThDH I ENnnolz, Hxr Olgds. ik
DA E AT o 7 7 F PR TREERE L. £ DOWLE® Z AT toxin overlay assay
AT o0z, TORER. o BHRITOME JOEHEH CIIHEERL YV ESKe 7T 7 F o LS
THZENGNoT, aBRERA SR BRI Z ATE L Lz, Hl o FHEHT
BTN LTRER, MBI a T 7 F Uy BEEN TV, INHOREIL, aBE
DHIRIZHRE S LALZTER LT, a7 7 F U ERRIICHESETHZ &R0, SHiCa T
F UL a BROMBEEEEEZBIET 22 OICEBERKE ZH S TWHZ 28D TH L
MMZ LTz,

ZORRIT, MR ORFORRIER BRI I T D W A A 5 2 YR
ZONBICEHRT D & ZANRKEL, BKRBROFER LT, Bt (BRES) 0Pz
BHETDHZ WY RO D,



