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Excitatory effect of Clostridium perfringens alpha toxin
on the rat isolated aorta
Yoshio Fujii, Shigemasa Nomura, Yoshitami Oshita & Jun Sakurai'

Department of Microbiology, Faculty ofPharmaceutical Sciences, Tokushima Bunri University, Yamashiro-
cho Tokushima 770, Japan

1 Clostridium perfringens alpha toxin caused contraction of the isolated aorta of the rat in a dose-
dependent manner.

2 The contractile action caused by the toxin was inhibited or abolished by calcium antagonists such
as nifedipine, verapamil and cinnarizine, or a Ca-free medium, but was not affected by phentolamine,
chlorpheniramine, atropine, tetrodotoxin or a low Na medium.
3 The toxin stimulated Ca uptake into the aorta in a dose-dependent manner.

4 8-N,N'-diethylaminooctyl-3,4,5-trimethoxybenzoate (TMB-8) blocked significantly both the
toxin- and noradrenaline (NA)-induced contractions.
5 Trifluoperazine (TFP) and N-(6-aminohexyl)-5-chloro-l-naphtharene sulphonamide (W-7) did
not affect the contractile activity of the toxin but blocked the NA-induced contraction.
6 The toxin also stimulated the 32P phosphate labelling ofphosphatidylinositol (PI) and phosphatidic
acid (PA) in the preparation.
7 These results indicate that the toxin-induced contraction, which is different from that induced by
NA, is the result ofa direct action ofthe toxin on the aorta and is due to an increased Ca2+ permeability
across the smooth muscle membrane. It is suggested that the contractile response to the toxin is
associated with activation of phospholipid metabolism and enhanced entry of Ca into the aorta.

Introduction

Clostridium perfringens alpha toxin is thought to be an
important agent in gas gangrene caused by the organ-
ism (Aikat & Dible, 1957; MacLennan, 1962). The
toxin is known to be lethal, dermonecrotic and
haemolytic. In addition, MacFarlane & Knight (1941)
reported that it possesses phospholipase C activity.
The toxin can hydrolyze various phospholipids such as
phosphatidylcholine in biological membranes (Tobias
et al., 1962; Lenard & Singer, 1968; McILwain &
Rapport, 1971; Knickelbein & Rosenberg, 1980).
Several workers have reported various biological
properties of the crude or the partially purified toxin,
especially the experimental production of lesions by
administration to various tissues of the crude or
partially purified alpha toxin preparation (Strunk et
al., 1967; Albuquerque & Thesleff, 1967; 1968; Lodge
& Leach, 1973; Knickelbein & Rosenberg, 1980). On
the other hand, C. perfringens produces other cytolytic
toxins such as theta toxin, and enzymes such as
collagenase and hyaluronidase, some ofwhich are able
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to affect various tissues (Willis, 1969). It thus appears
that contaminating proteins with tissue damaging
activity interfere with the characterization of the
specific biological activities of the toxin. The purifica-
tion of alpha toxin produced by C. perfringens type A
has been reported (Diner, 1970; Mollby & Wadstr6m,
1973; Smyth & Arbuthnott, 1974). However, most of
these procedures are deemed unsatisfactory. On the
other hand, highly purified alpha toxin can be isolated
by the procedure of Takahashi et al. (1974). Recently
we reported that the highly purified alpha toxin
possesses pressor activity as well as phospholipase C
activity, and that the pressor activity is caused by
increase in resistance to blood flow (Sakurai et al.,
1985b). It is difficult to purify large amounts of the
active toxin from culture supernatant fluid of C.
perfringens by the method of Takahashi et al. (1974),
possibly due to instability of the toxin or differences in
the strain used. In the present paper, we have inves-
tigated the effects of alpha toxin on the isolated aorta
of the rat, after establishing a new purification
procedure for isolating alpha toxin.
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Methods

Rat isolated aorta

Male rats, weighing 280 to 300 g, were killed by a blow
on the head and exsanguination. The isolated descend-
ing aorta was cut helically at an angle ofapproximate-
ly 45° to the longitudinal axis into strips according to
the method of Godfraind et al. (1982). The prepara-
tions were suspended in a 10 ml organ bath containing
Tyrode solution of the following composition (mM):
NaCl 137, CaCl2 1.8, KCI 2.7, MgCl2 1.8, NaH2PO4
0.42, NaHCO3 11.9 and glucose 5.6. A low Na or Ca-
free medium was prepared by replacing 68mM NaCI
with 146mM sucrose and by omitting CaCl2 in the
normal Tyrode solution respectively. The tissue bath
solution was maintained at 37°C and bubbled with a
mixture of95% 02 and 5% CO2. The upper end ofthe
strip was connected to the lever of an isotonic trans-
ducer (Nippon Kohden Co., Tokyo, Japan). An initial
resting tension of 1 g was applied to the preparation.
Before the experiments started, the preparations were
allowed to equilibrate for 1 h in the bath solution.
During the equilibration period, the solutions were
replaced every 15 min with fresh Tyrode solution.

Purification of alpha toxin of C. perfringens type A

Crude alpha toxin fraction (ammonium sulphate
fraction) was prepared from the culture supernatant
fluid of C. perfringens type A (NCTC 8237) as
described previously (Sakurai et al., 1985a). Purifica-
tion of alpha toxin was carried out as follows. The
ammonium sulphate fraction (1.6 g of protein) was
applied to a Cu-chelate affinity column (1.6 x 7cm),
which was prepared by the method of Porath et al.
(1975); the fraction had been equilibrated with 0.02 M
Tris-HCl buffer (pH 7.5) containing 0.5 M NaCl. The
column was first washed with 300 ml of the same
buffer, and then with 500 ml of 0.02 M acetate buffer
(pH 4.5) containing 0.5M NaCl. The bulk of phos-
pholipase C activity was eluted with 0.1 M phosphate
buffer (pH 6.5) containing 0.5 M NaCl and 15mM L-
histidine. Active fractions were pooled, concentrated
with PM 10 membrane (Amicon Corp., Lexington,
MA), and dialyzed in 0.05 M acetate buffer (pH 5.0)
containing 0.1 M boric acid (Cu-chelate fraction). The
Cu-chelate fraction (86 mg) was chromatographed
on DEAE-Sepharose (1.6 x 4cm) previously
equilibrated with 0.05 M acetate buffer (pH 5.0) con-
taining 0.1 M boric acid. Phospholipase C activity was
eluted with the void volume. Active fractions were
pooled, concentrated with PM 10 membrane, and
dialyzed in 0.02 M Tris-HCI buffer (pH 7.5) (DEAE-
Sepharose fraction). The DEAE-Sepharose fraction
(18 mg) was next chromatographed on Sephadex G-
100 (2.2 x 50cm) equilibrated in 0.02M Tris-HCI

buffer (pH 7.5). The fraction was separated into two
peaks and the enzymatic activity was recovered with
the second peak (Sephadex fraction; the purified alpha
toxin). Typical data of the purification steps are
summarized in Table 1. The purified preparation
(50 pg) gave only one band on polyacrylamide gel
electrophoresis (PAGE) or sodium dodecyl sulphate
(SDS)-PAGE (Figure 1). The molecular weight of the
toxin, determined by SDS-PAGE, was approximately
43,000, as described by Krug& Kent (1984). As shown
in Table 2, the amino acid composition of the purified
preparation (except proline and lysine) coincided with
the composition ofthe preparation isolated by Krug&
Kent (1984), which seems to be pure by several criteria.
For mice injected intravenously, the specific activity of
our purified toxin preparation was 1.7 x I 04 LDm per
mg protein. On the other hand, 50 pg of the purified
preparation showed no activity of theta toxin,
collagenase and hyaluronidase.

Measurement ofphospholipase C activity

Determination of phospholipase C activity was
carried out by the method of Kurioka & Matsuda
(1976). One unit is the amount of the purified toxin
(1.8 ILg) required to hydrolyze 1 nmol ofp-nitrophen-
ylphosphorylcholine (Sigma Chemical Company, St.
Louis, MO) per min.

Measurement of other toxins or enzymes

Haemolytic activity of theta toxin was determined in
the presence of a reducing agent according to Roth &
Pillemer (1955). Collagenase and hyaluronidase were
assayed by the method ofSmyth& Arbuthnott (1974).
Protein was estimated by the method of Lowry et al.
(1951) with bovine serum albumin as a standard.

Measurement of'Ca uptake

Fragments (6 mg) of rat isolated aorta were incubated
in S ml of Tyrode solution for 1 h at 37°C. During
equilibration, the solutions were replaced every 15 min
with fresh media. The fragments were incubated in
2 ml of Tyrode solution containing 1 #Ci 45Ca and
various concentrations of alpha toxin for 20min at
37°C. 45Ca uptake was measured by the method of
Karaki et al. (1980).

Incorporation of 32P into phospholipids

Fragments (6 mg) of rat isolated aorta were incubated
in 4 ml of Tyrode solution for 1 h at 37°C. During the
equilibration, the solutions were replaced every 15 min
with fresh media. The fragments were incubated in
4 ml of Tyrode solution containing 10 Ci 32P for
30 min at 37°C. The toxin was added to the solution
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Table 1 Summary of purification of alpha toxin of C. perfringens

Total
protein
(mg)

Total
activity
(LD5o)

Specific
activity Recovery

(LD50 mg-) (%)

Ammonium sulphate fraction
Cu-chelate fraction
DEAE-Sepharose fraction
Sephadex fraction

1,666 8.3x 105
264 5.3 x Io5
18 1.8 x Io5
9 1.4x105

and the incubation continued for an additional
20 min. Phospholipids in the tissues were prepared by
the method of Michell (1975). Radioactive phos-
pholipids were separated by thin-layer chromatogra-
phy with chloroform-methanol-4N NH40H (45:35:
10, v/v) and identified by autoradiography, as
described by Hirayama & Kato (1984).

Statistical analysis of the data

All mean values are shown with their calculated
standard errors. Statistical analysis were performed by
Student's t test. A P value of 0.05 or less was
considered statistically significant.

Table 2 Amino acid composition of alpha toxin

- -_1_.8

Fi~~~~nI!Polyarla egl elcrpoei (PAGE
and ~soiu Ioey IuphtISS- G of the

(I~~~96IMoeua wegh stnad are intouad
(arrows a th rih .margi1).

Amino acid

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Cysteine

Value obtained
by hydrolysis

(pmol)

1.50
0.55
0.55
0.76
0.06
0.69
0.76
0.30
0.17
0.40
0.40
0.59
0.36
0.59
0.19
0.19
0.04

Number of residues
to nearest whole

number

72
26
26
36
3

33
36
14
8
19
19
28
17
28
9
9
2

The purified alpha toxin (1mg) was hydrolyzed by
the method of Simpson et al. (1976). Amino acid
composition was determined by use of high perfor-
mance liquid chromatography (LC-4A, Shimazu,
Japan). Data are expressed as the number of
residues per molecule of the toxin (mol. wt. 43,000).

Fraction

500
2,020
10,000
16,667

100
64
22
17

a b

_ 68
.- 45
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Figure 2 Action of alpha toxin on basal and noradrenaline (NA)-induced contractility of rat aorta. A wash of 5 min
followed the addition of NA (2 x 10-8M), and there was a 15 min wash after the addition of alpha toxin.

Materials

The following drugs were used: noradrenaline (NA,
Sankyo Company, Ltd., Tokyo, Japan), phentolamine
methansulphonate (Regitine; Ciba-Geigy Corp., Sum-
mit, NJ), chlorpheniramine maleate (Sankyo Com-
pany), tetrodotoxin (TTX, Sankyo Company),
atropine sulphate (Tokyo Kasei Company, Ltd.,
Tokyo, Japan), acetylcholine chloride (Daiichi
Seiyaku Company, Ltd., Tokyo, Japan), histamine
dihydrochloride (Wako Pure Chemical Industries,
Ltd., Osaka, Japan), nifedipine (Sigma Chemical
Company), verapamil hydrochloride (Eisai Company,
Ltd., Tokyo, Japan), cinnarizine (Sigma Chemical
Company), 8-N,N'-diethylaminooctyl-3,4,5-trimeth-
oxybenzoate hydrochloride (TMB-8, Sigma Chemical
Company), trifluoperazine dihydrochloride (TFP,
Sigma Chemical Company), N-(6-aminohexyl)-5-
chloro-l-naphthalenesulphonamide hydrochloride
(W-7, Sigma Chemical Company). Nifedipine and
cinnarizine were dissolved in acetone. Other drugs
were freshly dissolved in distilled water before the
experiment.

Results

Effect of alpha toxin on the rat isolated aorta

A representative (8 experiments) effect of Clostridium
perfringens alpha toxin on the aorta is shown in
Figure 2. The preparation was incubated with 0.4 pg of
the toxin per ml of Tyrode solution at 37°C, a
contraction of the aorta began about 4 min after the
application of the toxin and reached a maximum after
20min (Figure 2b). The maximal contraction was

maintained for at least 60 min. About 10 min after the
maximal contraction (after 30 min exposure to the
toxin), washing with toxin-free fresh Tyrode solution 5
times for 15 min completely removed the sustained
contraction. On the other hand, the contractile-res-
ponse induced by a second dose ofthe toxin reduced to
less than 10% of the response induced by the first dose
of the toxin (Figure 2d). NA caused a transient
contraction which was unaffected by treatment with
toxin (Figure 2a, c and e).
A correlation between contractions of the aorta

60
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Figure 3 Concentration-dependence of the contractile
response of the isolated aorta of rat to alpha toxin.
Relative tension was expressed as a percentage of the
reference contraction induced by noradrenaline
(1 X 10-7 M). Each point is the mean value of nine or ten
determinations with s.e. shown by vertical lines.
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Figure 4 Effect of nifedipine, verapamil and cinnarizine on contractions of rat aorta induced by alpha toxin and
noradrenaline (NA). Alpha toxin (a) or NA (b) was applied 15 min after administration of nifedipine (Nif), or
verapamil (Ver), and 30 min after administration of cinnarizine (Cin). Open column I x 10-7M; closed column
3.5 x 10-6 M. Vertical lines indicate s.e.mean (n = 6). Differences between contractions of untreated aorta and
nifedipine, verpamil and cinnarizine-treated aorta induced by the toxin or NA were significant.

caused by the toxin and doses of the toxin was
investigated. The contraction caused by the toxin
increased with increasing toxin concentrations in the
range of 0.2 pgml' to 0.6pugml-' in a dose-depen-
dent manner (Figure 3). Concentrations of less than
0.1 pg ml-' of the toxin caused no contraction of the
aorta.
We next determined interactions between the toxin

and chemical mediators that can induce a contraction
in blood vessels. The toxin-evoked contraction was
unaffected by a concentration of phentolamine
(2 x 10-6 M) sufficient to prevent a submaximal res-
ponse to NA (1 x 1i-oM). Likewise, the toxin-in-
duced contraction was not inhibited by pretreatment
with atropine (5 x 1i-0M) or chlorpheniramine
(1 X 10-6M).

a b

Efject of Ca on the toxin-evoked contraction

The relationships between the toxin-evoked contrac-
tion and Ca were investigated. Figure 4 shows the
effects of nifedipine, verapamil and cinnarizine on the
contraction caused by the toxin (0.5 pg ml-l) or NA
(1 x 10-7 M). These agents inhibited the toxin-induced
contraction. However, there was a wide variation
among the inhibitory effects of the agents. The effects
were in the following order; nifedipine> verapamil
> cinnarizine (Figure 4). This order tended to be
consistent with that for NA-induced contraction. In
addition, the contraction induced by the toxin was
completely abolished in Ca-free medium, and com-
pletely restored by the addition of Ca (Figure 5).
When the aorta was pretreated with 1 x I0- M

0.2 mm

T
Toxin (0.4 Rg ml-) Toxin (0.4 pLg ml-')

Figure 5 Action of alpha toxin on the rat aorta in Ca-free medium. CaCl2 solution (1.8 mM) was added 25 min after
the application of the toxin (0.4 zg ml -'). (a) Control; (b) Ca-free medium. This addition of calcium did not cause

vasoconstriction in the absence of alpha toxin.
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TMB-8 (the putative intracellular Ca antagonist) for
15 min at 37TC, the contractions induced by the toxin
and NA were reduced by 60 and 40%, respectively
(data not shown). Treatment with TFP (1 x 10-5 M)
for 15 min completely inhibited the contractile activity
ofNA, but did not affect the contraction elicited by the
toxin (Figure 6). In addition, treatment with the
calmodulin inhibitor W-7 (1 x 10-'M) for 15 min
markedly decreased the activity ofNA (to about 55%
ofcontrol), but did not alter the contractile response to
the toxin (Figure 6). By contrast, pretreatment with
tetrodotoxin (1.5 x 10-6 M) had no effect on the toxin-
evoked contraction (data not shown). Furthermore,
the contraction induced by the toxin was not inhibited
after a 15 min incubation in low Na medium (data not
shown).

Effects of the toxin on Ca uptake

The toxin caused a dose-dependent increase in 45Ca
uptake into the aorta (Table 3). After treatment with
0.5fig or 2.0jgmlm' of the toxin, Ca uptake was
increased from 6.4 to 10.2 or 13.8 nmol g-' wet weight,
respectively. While verapamil (3.5 x 10-6 M) sig-
nificantly inhibited the contractile response to the
toxin (Figure 4), pretreatment with verapamil
(3.5 x 10-6 M) for 15 min reduced Ca uptake induced
by 0.5 jig or 2.0 pg ml-' of the toxin to approximately
68% or 64% of uptake induced by the toxin in the
absence of verapamil, respectively (Table 3).

pholipids in biological membranes. On the other hand,
it has been reported that alpha toxin, which possesses
phospholipase C activity, can hydrolyze phos-
pholipids in various biological membranes (Allan et
al., 1978; Hofmann et al., 1982; Honeyman et al., 1983;
Philipson et al., 1983). We thus determined whether
the phospholipid metabolism in the rat aorta is
activated by exposure to alpha toxin. As shown in
Table 4, incorporation of 32p into PI and PA was
determined by counting the radioactivity of the bands
after autoradiography of phospholipids in the tissue
treated with the toxin. Exposure to the toxin increased
significantly incorporation of the radioactivity into PI
and PA by approximately 170% and 190%, respec-
tively. A stimulatory effect of the toxin on 32p
phosphate incorporation was manifest in PI and PA.
However, the toxin did not enhance 32p incorporation
into phosphatidylethanolamine (PE).

Discussion

The data presented here show that alpha toxin induces
a dose-dependent contraction of the rat isolated aorta
within the dose range tested (0.2 ag mlP' to
0.6 gg ml 1). The toxin-induced contraction was abol-
ished by repeated washing, suggesting that binding of
the toxin on the surface of the aorta is essential for
contraction. The response to repeated doses of the

Effect of alpha toxin on phospholipid metabolism

Michell (1982) has reported that the entry of Ca into
the cells is associated with the metabolism of phos-
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Figure 6 Effect of W-7 and TFP on contractions in-
duced by alpha toxin and noradrenaline (NA). Alpha
toxin (0.5 fig ml- X) (a) orNA (I x 10-7 M) (b) was applied
15 min after administration ofW-7 or TFP. Vertical lines
indicate s.e.mean (n = 6). Differences between contrac-
tions of untreated aorta and W-7 or TFP-treated aorta
induced by NA were significant (P <0.001).

Table 3 Effect of alpha toxin on Ca2+ uptake into
the isolated aorta of rat

Treatment

None
Alpha toxin (0.5 jig ml- ')
Alpha toxin (2.0 jug ml- ')

None
Verapamil alone (3.5 x 10-6 M)
Alpha toxin (0.5 jig ml- i)
+ verapamil (3.5 x 10-6 M)b
Alpha toxin (2.0 ftg ml-')
+ verapamil (3.5 x 10-6M)b

45Ca uptakea

(nmol g-' wet wt.)
6.4± 1.2

10.2 ± 0.5*
13.8 ± 0.5**

6.5± 1.4
6.5 ± 0.9
13.0 ± 0.6
8.8 ± 0.8***

15.1± 0.9
9.7 ± 0.7****

aMean ± s.e. (n = 7).
bVerapamil was added 15 min before the application
of the toxin.
*Significantly different from untreated (None)
(P< 0.02).
**Significantly different from alpha toxin
(0.5 Lgml-') (P<0.001).
***Significantly different from alpha toxin
(0.5 jlg ml- ) alone (P< 0.002).
****Significantly different from alpha toxin
(2.0;g ml- ') alone (P< 0.001).
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Table 4 Distribution of radioactivity between
phospholipids in the aorta

Phospholipid

PI
PA
PE

Radioactivity (c.p.m.)
Control Toxin

3843 ± 303
1064 ± 220
6595 ± 319

6687 ± 1130*
2028 ± 192**
6245 ± 507

Fragments of rat isolated aorta were incubated in
the absence (Control) or the presence (Toxin) of the
toxin (0.5 pg ml ') as shown in the text.
The phospholipids analyzed by thin-layer
chromatography as shown in the text were scraped
into vials, and the radioactivity was measured by
liquid scintillation counting. Each value is the
mean ± s.e. of 6 experiments.
*Significantly different from control (P <0.05).
**Significantly different from control (P <0.002).

toxin was found to be tachyphylactic. However, while
the mechanism of this tachyphylaxis is unclear, the
toxin did not affect the response to NA. It is thus
unlikely that in our experiments the purified toxin
causes tissue destruction. On the other hand, Lodge &
Leach (1973) reported that the crude alpha toxin
destroyed the longitudinal muscle preparation of the
guinea-pig ileum. The crude or partially purified
preparation contains other toxins and hydrolytic
enzymes such as theta toxin (haemolysin), kappa toxin
(collagenase) andmu toxin (hyaluronidase), which can
destroy various tissues or cause synergistic effects of
certain combinations of these toxins observable at
biological actions. It is imperative to probe membrane
structure and function only with a purified toxin
preparation.
The toxin-induced contraction was not inhibited by

an a-adrenoceptor blocking agent (phentolamine), a
histamine receptor blocking agent (chlorphen-
iramine), or a muscarinic receptor blocking agent
(atropine). It thus appears that the contractile action
of the toxin was not due to activation of amine
receptors and/or the release of these chemical
mediators. These observations suggest that the res-
ponse to the toxin seems to be the result of a direct
action on the aorta.
Ca entry blockers such as verapamil and nifedipine

antagonize Ca channel function in smooth muscles
(Nueten & Vanhoutte, 1981). The toxin-induced con-
traction was inhibited by nifedipine, verapamil and
cinnarizine. Furthermore, the toxin-induced contrac-
tion was not observed in Ca-free medium, and was
immediately restored by the addition ofCa. The toxin-
induced contraction and 45Ca uptake into the tissue
increased with increasing doses of the toxin.
Moreover, Ca influx induced by the toxin was sig-

nificantly inhibited by verapamil. Therefore, the data
indicate that the direct action ofthe toxin is mainly due
to an increase in Ca permeability across the smooth
muscle cell membrane (Ca channel). By contrast, the
response to the toxin was not blocked or affected by
the Na channel blocker, tetrodotoxin, or by sodium
deprivation, indicating that an increase in the mem-
brane permeability to Na is not associated with its
mode of action.
TMB-8, an antagonist of intracellular Ca transport

and Ca release (Chiou & Malagodi, 1975), inhibited
contractions induced by the toxin and NA. Since NA-
induced contraction depends upon Ca uptake and
intracellular Ca transport and release (Godfraind et
al., 1982), it appears that intracellular Ca transport
and Ca release are also essential for contraction
induced by the toxin.
The inhibition of the toxin-induced contraction by

Ca entry blockers and by TMB-8 paralleled the
inhibition of NA-induced contraction by these agents.
However, calmodulin inhibitors such as TFP (Zavecz
et al., 1982) and W-7 (Tanaka et al., 1982a,b) inhibited
contraction induced by NA, but not by toxin. The data
show that the mechanism of the toxin-induced con-
traction is different from that of the NA-induced
contraction.
TFP has been reported to be a Ca entry blocker.

However, our data indicate that nifedipine, verapamil
and cinnarizine blocked contraction caused by the
toxin, but TFP did not. TFP is classed with cin-
narizine, on the basis of structure-activity relation-
ships and lipophilicity (Spedding, 1985). Under our
experimental conditions, cinnarizine was less efficient
as a blocker than nifedipine and verapamil (Figure 4).
Therefore, our interpretation of the mechanism based
on Ca entry does not seem unreasonable.
Alpha toxin (phospholipase C) can hydrolyze

various phospholipids, especially PI and phos-
phatidylcholine, to diacylglyceride in biological mem-
branes (MacFarlane & Knight, 1941; Stahl, 1973;
Krug & Kent, 1984). We have reported that the
pressor activity of the toxin may be associated with
both vasocontraction caused by the toxin and phos-
pholipase C activity of the toxin (Sakurai et al.,
1985b). In the present study, labelling by 32p phos-
phate of PI and PA in fragments of the aorta was
enhanced by alpha toxin. Michell (1975, 1982) has
proposed that PI breakdown is associated with a
functional role in the activation ofCa gating. Tyson et
al. (1976) and Serhan et al. (1981) reported thatPA can
act as a calcium ionophore. Therefore, Ca influx
caused by the toxin is thought to be associated with the
stimulation of phospholipid metabolism. On the other
hand, it is possible that the increased turnover of
phospholipids caused by the toxin induces a stimula-
tion of PI breakdown to diacylglycerol and inositol-
phosphates. Suematsu et al. (1984) suggested that
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inositol 1,4,5-triphosphate (Ins-P3) plays the role of
messenger in increasing the cytosolic Ca, and produc-
ing a contraction. Ca release from intracellular store
sites and intracellular Ca transport, which seem to be
important for contraction caused by the toxin, may be
associated with the breakdown of phosphoinositides.

It is concluded that in rat aorta, alpha toxin
hydrolyzes phospholipids in biological membranes, so
that PI metabolism is activated, which in turn

promotes Ca availability and thereby elicits contrac-
tion.
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research was supported in part by a grant (59116003/1984)
from the Ministry of Education, Sciences and Culture of
Japan. We thank Mr M. Shirotani and Mrs K. Kobayashi for
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