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The toxin was separa ted  f rom a component possessing lecithinase activity by fractionation 
on a column with Biogel 9-150.  Toxin of Bacillus cereus ,  deprived of its lecithinase ac -  
tivity, caused death of noninbred albino mice and rabbits.  By contras t  with lecithinase,  
the lethal toxin of B__z. cereus  gave r i se  to symptoms of food poisoning in experiments  on 
cats.  

An extensive l i te ra ture  has now accumulated on the pathogenicity of Bacillus cereus  to man and ani-  
mals .  Par t icu lar  attention must  be paid to resul ts  indicating the role of B. cereus in gast ro- intes t inal  ai l-  
ments in man. 

Many authorit ies have attempted to account for the toxic effects of B_ cereus  by the organism, s ability 
to produce lecithinase C [3, 5, 6, 10, 15], although indirect  evidence has been obtained that B. cereus  also 
possesses  a toxin [7, 9, 14, 16]. The absence of unanimity on this problem is largely  due t o the fac t t ha t  for 
a long time it proved impossible to obtain lecithinase or  toxin as homogeneous preparat ions and to dem- 
onstrate  their  individual or collective activity. The present  wr i te rs  f i rs t  obtained an exotoxin of B. cereus  
and showed that it was not identical with lecithinase [2]. 

In the investigations descr ibed below the biological action of the toxin and of the lecithiaase C of B..~. 
ce reus  obtained by fract ionation on a Biogel column was studied. 

E X P E R I M E N T A L  M E T H O D  

Lethal toxin of B. cereus  was prepared  by the method developed previously by the wr i te r s  [4]. Protein 
was determined by Lowry ' s  method [11]. Fract ionation took place on a column with Biogel P-150 (Bio Rad) 
in 0.015 M NaC1 solution, pH 7.0. Fract ions  were  collected i~ volumes of 3.0-3.5 ml, using the KhKOV-1 
chromatographic  col lector .  The distribution curve was plotted f rom the absorptions at 280 am. Absorption 
was determined on a model 137 U. V. Perk in-Elmer  spectrophotometer .  Lecithinase activity was deter -  
mined by the leci tho-vi tel l in  react ion [12] and expressed  in L. V. units. Hemolytic activity was determined 
by hemolysis  of sheep 's  e ry throcytes  [13]. Toxicity was studied by intravenous injection of the p repa ra -  
tions into rabbits  (weighing 2.5-3.5 kg), or noninbred albino mice (weighing 14-16 g) by the method of Haines 
et al. [8], and also by in t racardiac  injection of the preparat ions into guinea pigs (weighing 300-330 g). The 
enterotropic proper t ies  of the toxin and lecithinase were tested on cats (weighing 2.7-2.9 kg) by injecting 
the prepara t ions  into the femoral  vein. 

E X P E R I M E N T A L  R E S U L T S  

To isolate the toxin and lecithinase f rom the culture f i l t rates,  the method of salting out with ammon-  
ium sulfate (75% saturation) was used. The toxin and lecithinase were  separated by fractionation on a col-  
umn with Biogel P-150. The mater ia l  precipi tated with ammonium sulfate was applied to the column in 

N. F. Gamaleya Research  Institute of Epidemiology and Microbiology, Academy of Medical Sciences 
of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR O. V. 
Baroyan.) Transla ted f rom Byulleten' l~ksperimental 'noi Biologii i Meditsiny, Vol. 73, No. 1, pp. 77-80, 
January,  1972. Original ar t icle  submitted March 14, 1971. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be rel~roduced for an), purpose whatsoever without 
permission of the publisher. A copy of this article is available from the p~blisher for $]5.00. 

78 



TABLE I. Results of Tests of Toxin and Lecithinase from B. cereus on Animals 

Animals 

Noninbred albino mice 

Rabbits 

Guinea pigs 

Toxin fraction 

dose (in total No. 
mg protein) of animals 

0.35-0.5 
(MLD) 20 
3-4.8 2 

per kg body 
weight 
(MLD) 

1.3 
per kg body 4 

weight 

number 
dying 

20 
2 

Lecithinase fraction 

dose (in 
mg protein) 

5-10 
25.8 

per kg body 
weight 

77.4 
per kg body 

weight 

dose (in 
L. V. units) 

256-512 
512 

?er kg body 
weight 

1536 
per kg body 

weight 

total No, 
of animals 

20 
1 

number 
dying 

TABLE 2. Results of tests of Lecithinase C and Toxin of B. Cereus on Cats 

Substances tested 

Dose (in 
mg protein/  
kg body 
weight 

Dose (in 
L.V. uni ts /  
kg body 
weight) 

Number of 
animals 

Time of 
beginning 
of reaction 
after in- 
jection of 
prepara-  
tion (in rain) 

Type of reaction 

Toxin preparation, batch 1 7.3 0 2 50-60 Violent vomiting, weakness 
" 2 13.0 0 2 50-60 Vomiting, weakness 

7.43 
15.0 

Lecithinase preparation, 
batch 1 

" 2 

1517 
2625 

Slight apathy 
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Fig. i. Fractionation of B__, cereus 
toxin on column with Biogel P-150: 
i) optical density; 2) lecithinase 
activity; 3) hemolytic activity. 
Ordinate: a) optical density, b) 
lecithinase activity (in L.V.units/ 
ml), c) hemolytic activity (dilution 
of sample); abscissa, sample No. 

a dose of 300 rag. By using 0.015 M NaCl solution, pH 7.0, as 
eluate, the toxin was separated from a component with lecithinase 
activity. Under these conditions of fractionation the distribution 
curve showed two peaks (Fig. i). The fraction corresponding 
to the first peak had neither lecithinase nor hemolytic properties 
but always possessed marked toxic activity. The second fraction, 
which constituted part of the second peak, had no toxic activity, 
but exhibited marked lecithinase and hemolytic properties. 

The homogeneity of the isolated B. cereus toxin was con- 
firmed by the results of electrophoretic and serological analysis 
and also by ultracentrifugation [I]. 

The lethal toxin of ~ cereus and the lecithinase C, sep- 
arated on the biogel column, were tested for biological activity 
(Table 1). 

As Table 1 shows, a lethal effect on mice and rabbits could 
be obtained only by the use of the toxin. All the animals survived 
after receiving very large doses of lecithinase. Guinea pigswere 
resistant to the dose of toxin tested, and also to the lecithinase. 
Mice died 5-20 rain after injection of the toxin, and rabbits 4-20 
h after its injection. 

To study the enterotropic action of the lecithinase C and 
toxin of B. cereus they were tested on cats, which are a conven- 
ient model for the investigation of enterotoxins, such as those pro- 
duced by staphylococci (Table 2). 
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The resul t s  in Table 2 show that af ter  injection of the toxin into cats c lear ly  defined symptoms of 
poisoning were  observed.  As a rule the react ion to injection of the preparat ion began 50-60 rain af ter  the 
injection and was accompanied by severe  vomiting with enterotoxic manifestations,  which continued for 
2 h after  the onset  of the react ions .  Although usually the experiment ended with recovery  of the cats,  in 
one experiment  after  injection of toxin of batch 1, one of the cats died 21 h after  the injection. Death was 
preceded by all the symptoms descr ibed above. 

After  injection of lecithinase into cats in doses much g rea te r  than the dose of toxin when expressed  
as protein content, the animals showed weakness but no other symptoms of poisoning (Table 2}. 

The resul ts  of the tests on cats ttms showed that the toxic features  observed in food poisoning due 
to B. cereus  are  evidently due to the action of the toxin and not to the action of the lecithinase C. 

After  heating prepara t ions  of the toxin of B. cereus  for 20 min at 60~ they lost  both their lethal and 
their  enterotropic  proper t ies .  It can thus be concluded f rom these resul ts  that the enterotoxic effect is 
due to the action of a thermolabile toxin of B. cereus.  

Despite the fact that many workers  have expressed  the view that lecithinase plays an important  role 
in food poisoning of bacter ia l  etiology, there  is no general  agreement  on this mat te r  [15, 17]. 

So far  as B...~. cereus  is concerned, the resul ts  of the present  experiments  on cats indicate that leci th-  
inase does not cause symptoms of food poisoning. It must  be noted that the dose of the leeithinase p rep-  
arat ion injected was considerable (1500-2500 L. V. uni ts /kg body weight of the cat). 

Although no symptoms of food poisoning occur red  after  injection of lecithinase,  the lethal toxin of 
B. cereus  exhibited we l l -marked  enterotropic  proper t ies .  The react ion of the cat to the toxin was very  
violent  and it occur red  50-60 min after  injection of the preparat ion.  On the basis of the resul ts  of this 
investigation an important  role  can be ascr ibed  to the lethal thermolabile toxin in cases  of food poisoning 
caused by B. cereus .  
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