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ABSTRACT 

Boyd, Logan and T y t e l l (19̂ 8) have shown that 

C l o s t r i d i u m perfringens BP6K w i l l grow i n a chemical ly 

reproducible medium. They recorded no l e c i t h i n a s e 

(<*toxin) product ion under the condit ions of t h e i r experiment. 

This thesis reports condit ions under which l e c i t h i n a s e 

i s produced i n the above medium. Time studies Involving 

hourly sampling proved to be the most s a t i s f a c t o r y method 

of studying the production of the enzyme. The pH of each 

sample was determined, the b a c t e r i a l density was recorded 

t u r b i d i m e t r i c a l l y , and the l e c i t h i n a s e was estimated by 

a modi f icat ion of the egg yo lk suspension method. 

Lec i th inase was found to be produced during the 

logari thmic phase of growth, a f ter which i t r a p i d l y 

diminished i n quant i ty , disappearing at approximately 

twelve hours growth. The amount of the enzyme produced 

i s r e l a t i v e l y small compared with y i e l d s from complex 

organic media. However, the c h a r a c t e r i s t i c s of the 

l e c i t h i n a s e appear i d e n t i c a l with those of the l e c i t h i n a s e 

produced i n complex media. Since the medium contains no 

l e c i t h i n , and the enzyme i s produced during the logari thmic 

growth phase, i t would appear that the enzyme i s e s s e n t i a l l y 

cons t i tu t ive and e x t r a c e l l u l a r . 

Phase v a r i a t i o n as indicated by c o l o n i a l morphology 

has been shown to be of considerable importance i n 

l e c i t h i n a s e production i n the chemical ly reproducible 



medium. The observation of a p e c u l i a r c o l o n i a l morphology 

designated as a "halo" colony i s reported . This morphological 

type i s seen to be c lo se ly r e l a t e d to h igh toxigenic a c t i v i t y 

i n G . P . B . I . 

In the reproducible medium ac id product ion during 

growth (pH 7*2 to 4 .8) i s c l o s e l y r e l a t e d to enzyme 

des t ruc t ion . Adjustment of the pH during growth does not 

great ly enhance l e c i t h i h a s e product ion but does markedly 

slow i t s des truc t ion . The s u b s t i t u t i o n of dex tr in f o r 

glucose i n the reproducible medium delays but does not 

reduce growth and l e c i t h i n a s e product ion . The des truct ion 

of the enzyme i s slowed by the addi t ion of proteinaceous 

m a t e r i a l . The concentrations of cyst ine and of i r o n are 

also seen to af fect the rate of des truct ion of l e c i t h i n a s e . 
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1. 

INTRODUCTION 

The Lec i th inase (* toxin) of C l o s t r i d i u m Perfringens 

The ac t ion of the l ec i th inases produced by a 

number of C l o s t r i d i a i s general ly conceded to be of major 

importance i n the establishment of the pa tho log i ca l s tate 

described as gas gangrene* This disease was recognized 

as a c l i n i c a l en t i ty before 191̂ - and the formation of 

s p e c i f i c toxins by C los t r id ium perfr ingens , C l o s t r i d i u m  

oedematiens and Clos t r id ium septlcum was establ ished 

between 19ll|. and 1919 (f>0). I t was not however u n t i l 

1939 that . the l i p o p r o t e i n s p l i t t i n g a b i l i t y of the tox in 

was indicated by the serum clouding reac t ion observed by 

Nagler (68) and known thereafter as the Nagler react ion* 

Fol lowing the work of Nagler, Macfarlane and 

her associates found that the toxins of C l o s t r i d i u m  

perfringens produce an opalescence i n sa l ine extracts 

of egg yolk* These workers subsequently es tabl i shed that 

the •<• tox in i s an enzyme act ive as a l e c i t h i n a s e (i|-7). 

Since l e c i t h i n i s the emulsifying agent which holds fa t s 

i n many b i o l o g i c a l aqueous so lu t ions , the des truct ion of 

th i s compound leads to a separation of fa t s and a re su l tant 

opalescence* Macfarlane and Knight i n 19lp- (l|7) showed 

that the enzyme i s act ivated by calcium ions , Inh ib i ted 

by Its s p e c i f i c antiserum and by f l u o r i d e , and that the 

optimal pH f o r i t s ac t ion i s 7«0 to 7*6. I t has sub

sequently been establ ished that the l ec i th inase of 
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C l o s t r i d i u m perfringens acts upon l e c i t h i n and to a 

l e s ser extent upon sphingomyelin. The enzyme i s however 

unable to use cephal in , l y s o l e c i t h i n or g lycero -

phosphorylcholine as substrates . (1+9) (55) 

The act ion of th i s enzyme upon l e c i t h i n proceeds 

with the formation of a d i g l y c e r i d e and phpsphorylchol ine . 

Af ter Porter (76) 

Figure 1 
H X C O - O-K, WVC O - O - T ? , 

I I 
H C O - O-K, >- H C O - O - K , 

I 1 

H t C O ~ 7 V — 0-CH-CH.-N-(CH,)3 H,C o H 
O OH v OH 

L e c i t h i n \ D ig lycer ide 

O 
I 

OH-V- O-C ^-CHrN-(c^}3 

OH OH 

Phosphorylcholine• 

The l e c i t h i n a s e of C los t r id ium perfringens 

resembles that of C l o s t r i d i u m botulinum immunologically 

but they d i f f e r i n that the l a t t e r does not require calc ium 

ions i n i t s a c t i o n . (53) The l e c i t h i n a s e of C l o s t r i d i u m  

haemolyticum i s i d e n t i c a l with that of C los t r id ium  

perfringens i n i t s ac t ion (53) and a c t i v a t i o n but i s 

immunologically d i s t i n c t . 

The l e c i t h i n a s e or <* tox in of C l o s t r i d i u m  

perfringens has a lso been shown to be the des truct ive 
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agent i n the "hot-cold" hemolysis of red blood c e l l s . (70) 

Le tha l and necro t i c e f fects i n experimental animals are 

a l so a t t r i b u t e d to the ac t ion of t h i s enzyme. (70) The 

hemolysis re f erred to above has been shown to be a 

resul t ; of the des truct ion of some of the phospholipides 

of the red blood c e l l s . I t has been establ i shed that the 

rates of hemolysis of the red blood c e l l s of d i f f e r e n t 

mammalian species p a r a l l e l the s e n s i t i v i t y of the i s o l a t e d 

red blood c e l l phospholipides to the ac t ion of the 

l e c i t h i n a s e . (54-) 

Gordon et . a l . (25) have shown that the l e t h a l , 

n e c r o t i c , hemolytic and l e c i t h i n a s e a c t i v i t i e s of the << 

tox in are i n h i b i t e d by the add i t ion of ten percent l e c i t h i n 

to the system. The hemolytic a c t i v i t y of © tox in i s a l so 

i n h i b i t e d by l e c i t h i n but u l t r a c e n t r i f u g a t i o n at 14-7,500 g . 

restores the a c t i v i t y of the e tox in while the <* tox in 

remains i n a c t i v e a f ter i d e n t i c a l treatment, (27) In 

addi t ion Zamecnik (lOlj-) has shown that the phospholipides 

of hog red blood c e l l s , plasma and l i v e r protec t dogs and 

mice from the ef fects of << t o x i n . The phospholipides of 

egg yo lk and soybean of fer no p r o t e c t i o n . Preincubation 

with heparin prevents the development of opalescence i n 

human sera exposed to the ac t ion of t o x i n . 

The ac t ion of l e c i t h i n a s e ( at. toxin) " in v ivo" . 

In studying the ef fects of i n j e c t i o n s of the pt tox in 

of C los t r id ium perfr ingens in to laboratory animals Purr et .a l . (20) 

have found that the toxin causes r a p i d des truct ion of p l a t e l e t s 
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and red blood c e l l s , as we l l as a l t e r a t i o n s i n plasma 

prote ins and prolongat ion of the coagulat ion time. 

C a p i l l a r y i n j u r y and toxic l i v e r damage yrere also reported 

by these workers. Wright and Hopkins (103) have shown 

that the toxin i s re ta ined to a large extent by the 

epidermal c e l l s because of t h e i r r e l a t i v e l y h igh l e c i t h i n 

content. While Purr e t . a l . regard e* tox in as the s p e c i f i c 

agent of these changes, Macfarlane and MacLennan have 

postulated that the e f fect i s that of a general toxemia 

caused by the products of t i ssue degeneration. These 

workers therefore conclude that oc tox in exerts an i n d i r e c t 

e f fect upon the infected animal . Tests have shown that 

there i s an increase i n the concentrat ion of r e a d i l y 

e x t r a c t i b l e l i p i d e s i n affected muscle. 

As a r e s u l t of h i s t o l o g i c a l examinations of the 

kidneys of animals which had been treated with u t o x i n , 

Berg and Levinson (8) have concluded that there are con

s iderable s t r u c t u r a l changes i n the g lomerul i and tubules . 

The authors state that these changes r e s u l t e i ther from 

d i r e c t toxic ac t ion or from c i r c u l a t o r y changes by the 

t o x i n . A reduct ion i n the a l k a l i n e phosphatase a c t i v i t y 

of the kidney was also noted i n the above work. Lec i th inase 

c, which ex is ts i n a combined form i n guinea p i g b r a i n and 

kidneys, i s seen to be released (7) by the act ion of t o x i n . 

I t has been noted by Zamecnik e t . a l . (107) that p u r i f i e d 

oi. toxin does not produce the edema at the s i t e of 
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i n j e c t i o n which i s c h a r a c t e r i s t i c a l l y formed when crude 

f i l t r a t e s of the organism are i n j e c t e d . 

In studies using excised l i v e r t i s sue Levy and 

Le Grande have shown that the <* toxin of C l o s t r i d i u m 

perfringens hydrolyzes the l e c i t h i n s of the t i s sue and 

i n h i b i t s the octanoate-oxidiz ing enzyme of l i v e r . P u l l 

pro tec t ion against the l e c i t h i n - s p l i t t i n g a c t i v i t y of 

the toxin i s afforded by s p e c i f i c ant i sera which a lso 

protect p a r t i a l l y against the i n h i b i t i o n of the octanoate-

o x i d i z i n g enzyme. I t has also been found that the succino-

oxidase ($2), ac id phosphatase, and d amino ac id oxidase ( £ l ) 

a c t i v i t i e s of l i v e r are decreased by the ac t ion of * t o x i n . 

The l e c i t h i n of the l i v e r mitochondria i s r e a d i l y attacked 

by th i s l e c i t h i n a s e . (f?l) 

In f a t a l cases of gas gangrene, i n the human as 

w e l l as i n guinea p i g s , f a t globules are found i n the blood (JUZ) 

and a pulmonary embolism i s a c h a r a c t e r i s t i c f i n d i n g i n the 

human. This f i n d i n g , coupled with the observation that 

a l l s t ra ins producing l e c i t h i n a s e i n h igh l i i t r e are pathogenic 

f o r mice, (79) leads to the conclusion that the product ion 

of <•<- toxin i s of h igh Importance i n the pathogenic i ty of 

C los t r id ium perfr ingens . Kass e t . a l . (37) have concluded 

that l e c i th inase i s of pathogenic importance while 

hyaluronidase i s of l e s ser s i g n i f i c a n c e . These workers 

i s o l a t e d one hundred and twenty-eight s t ra ins from random 

sources and found that e ighty-three percent of the mouse 
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v i r u l e n t s t ra ins produced l e c i t h i n a s e i n synthet ic media 

while only f i f t y - f o u r percent produced hyaluronidase . 

D. G . Evans (l$a» has concluded from the r e s u l t s of h i s 

work with guinea pigs that s t ra ins producing only a small 

amount of lecithinase'^.n v i t r o " are unable to cause 

i n f e c t i o n . 

H o r l i c k (35) has reported that the sera of 

pat ients suf fer ing from coronary heart disease show e a r l i e r 

and heavier t u r b i d i t y than i s seen wi th normal sera when 

incubated with t o x i n . This f i n d i n g makes poss ib le a 

simple diagnot ic test f or th i s condi t ion i f a tox in of 

s u f f i c i e n t l y stable character can be produced. The 

l e c i th inase of C l o s t r i d i u m perfringens has been used i n 

the demyelination of nerve f i b e r s " in v i t r o " but has 

f a i l e d to act when in jec ted in to experimental animals. (65) 

The ac t ion of Lec i th inase ( <* toxin) with i t s s p e c i f i c  

a n t i t o x i n . 

Since th i s tox in i s an enzyme, the k i n e t i c s of 

which may be es tabl i shed, i t s reac t ion with a s p e c i f i c 

a n t i t o x i n i s of in teres t i n a general cons iderat ion of 

enzymic and immunological s p e c i f i c i t y . Zamecnik and 

Lippman (105) have shown that the a n t i t o x i n stops the 

reac t ion between enzyme and substrate completely i f the 

a n t i t o x i n i s added before the substrate . However i f the 

a n t i t o x i n i s added at the same time as the substrate a 

gradual dece lerat ion i s noted. The a n t i t o x i n i s therefore 
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act ing as a competitive i n h i b i t o r which suggests that the 

a n t i g e n i c a l l y and enzymatical ly act ive l o c i on the surface 

of the enzyme molecule are s t e r i c a l l y s i m i l a r or I d e n t i c a l . 

In a d d i t i o n , i t i s poss ib le that a s t e r i c hindrancef-

phenomenon may be act ive i n th i s competitive i n h i b i t i o n . 

Inh ib i tors of Leci th inase ( toxin) a c t i o n . 

While the a c t i v i t y of th i s l e c i th inase i s enhanced 

by an optimal concentration of the calcium i o n , -and to a 

less extent by the magnesium i o n , many other inorganic ions 

are found to i n h i b i t i t s a c t i o n . P l u o r o - c i t r a t e , 

phosphate, (1+7) Cu C l g , Sr C I 2 , Pe S0|^, A l CI3, Co C l 2 , 

Zn C l 2 , (105) and the N i + + (7^) ion a l l i n h i b i t the act ion 

of«* . toxin . Smith and Gardner (87) have reported that 

some reducing agents are able to denature the t o x i n . 

Cyst ine , t h i o g l y c o l i c a c i d , hydrogen sulphide and sodium 

b i s u l p h i t e were found to inac t iva te the toxin while ascorbic 

ac id and gaseous hydrogen over platinum black were inac t ive 

In th i s respect . 

In addi t ion to the inorganic i n h i b i t o r s d e t a i l e d 

above Wagner (97) has reported an organic i n h i b i t o r of 

l e c i th inase present i n human sera . This fac tor i s ne i ther 

antibody nor l e c i t h i n and i s found to be heat l a b i l e . 

Heat denaturatlon of Lec i th inase ( <̂  toxin) 

Guillaumie e t . a l . (29) have reported an unusual 
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behaviour of the l e c i th inase of C los t r id ium perfr ingens 

with regard to heat denaturat ion. Within the pH range 

6.8 to 7.6 heating to 70°C.for f i v e minutes destroys a l l 

of the <* tox in , © t o x i n and g e l a t i n l i q u i f y i n g enzyme. 

However, subsequent reheating to 100o<e.for f i v e minutes 

restores some of the l e c i t h i n a s e a c t i v i t y and some of 

the g e l a t i n l i q u i f y i n g a b i l i t y . The a c t i v i t y of 0 tox in 

i s not res tored by th i s reheat ing . In another p u b l i c a t i o n 

(31) Guil laumie et* a l . have stated that the << tox in of 

C los t r id ium perfringens i s denatured i n twenty minutes 

at 60°(C.or i n f i v e minutes at 70°C. Retention f o r one 

hour at 100°c however, f a i l e d to wholly inac t iva te the 

t o x i n . Smith and Gardner (86) have supported the f indings 

of Guil laumie and h i s associates by repeating t h e i r 

experiments. Mason (58) has reported that toxin w i l l 

p a r t i a l l y withstand heating to 120°<C.for one hour. 

Measurement of Lec i th inase ( <* toxin) a c t i v i t y . 

The i n i t i a l measurement of toxin a c t i v i t y was 

by Nagler who was able to compare the opalescence caused 

by various samples when incubated with a constant volume 

of pooled serum. (68) Af ter Macfarlane's discovery of the 

ac t ion of << toxin on a sa l ine extract of egg yo lk Van 

Heyningen (92) devised a quant i ta t ive method f o r the 

measurement of l e c i t h i n a s e a c t i v i t y . In th i s method the 

sample to be tested i s incubated with a sa l ine egg yo lk 
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suspension i n a d i luent containing calcium and the 

resu l tant opalescence i s assessed. The s o l i d medium of 

McClung and Toabe, (56) which contains egg yo lk suspension, 

has been used i n the determination of l e c i t h i n a s e ac t iv i ty . (36) 

However attempts to use th i s medium i n quant i ta t ive studies 

during th i s work have been unsuccessful . 

1 

The phosphate group exposed as the r e s u l t of 

s p l i t t i n g o f f the d i g l y c e r i d e p o r t i o n of l e c i t h i n (63) 

may be measured manometrieally s ince the reac t ion of 

phosphate with sodium bicarbonate produces carbon dioxide.(105) 

The exposed phosphate group may also be detected by other 

chemical means. (106) 

The p u r i f i c a t i o n of l e c i t h i n a s e ( toxin) 

I t has been shown that •< toxin w i l l pass through 

a n e u t r a l f i l t e r with a pore s ize of 55 mu but not through 

a s i m i l a r f i l t e r with a pore s ize of 5 l mu. (59) I t i s 

thus apparent that the «<. tox in molecule i s l arge , thereby 

supporting more r e l i a b l e evidence, that i t i s a p r o t e i n . 

Methods of p u r i f i c a t i o n are se lected on the bas is of the 

probable nature and s i ze of the des ired product . 

In 19i|2 Van Heyningen (93) p a r t i a l l y p u r i f i e d the 

toxin by absorption on t r i c a l c i u m phosphate. Anderson (73) 

achieved a bet ter p u r i f i c a t i o n using aluminum hydroxide 

and Pi l l emer and Roth (75) achieved almost complete 

p u r i f i c a t i o n using methanol f r a c t i o n a t i o n . The above 
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p u r i f i c a t i o n showed conc lus ive ly that the l e t h a l , n e c r o t i c , 

hemolytic and l e c i t h i n a s e a c t i v i t i e s are the functions of 

only one enzyme. 

OTHER TOXINS PRODUCED BY CLOSTRIDIUM PERFRINGENS 

Of the s i x recognized types of C los t r id ium  

perfringens only one i s recognized as a human pathogen 

while the remaining f i v e are genera l ly incr iminated i n 

in fec t ions and Intoxicat ions of domestic animals. Type A 

i s found i n human gangrenous in fec t ions and i s responsible 

for some cases of food poisoning i n the human. This type 

may be i d e n t i f i e d by c e r t a i n c o l o n i a l c h a r a c t e r i s t i c s and 

by the heat res i s tance of i t s spores (3h) as w e l l as by 

a comparative study of the toxins which i t produces. The 

fo l lowing table , a f ter Oakley and Warrack, (70) summarizes 

the toxin production of the s i x types of C los t r id ium  

perfr ingens . 

Table 1 

Toxin A c t i v i t y B a c t e r i a l type 
A B c D.CE F 

Lethal necrotizing hemolytic lecithinase +++ + + + + 
p Lethal necrotizing — +++ - - + 

Lethal — + + - -
& Lethal hemolytic — -r ++ - - -
£ Lethal necrotizing — f + - - -

Lethal + 
e Hemolytic + + 4 •t- + + -
i Lethal - - - - ++ — 

K Collagenase gelatinase + + - + -
k Proteinase gelatinase - - + + -

M H ya luronidase . + - - -
V Desoxyri bonuclease +• + + 
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Some degraded s t ra ins are always found and 

type A may produce l i t t l e ot t o x i n ; type B may y i e l d no 

>\ t ox in ; or type C may f a i l to produce /B t o x i n . 

£ toxin - This tox in i s produced as a protox in which i s 

act ivated by such p r o t e o l y t i c enzymes as 

t r y p s i n . (82) Thus f i l t r a t e s of type D organisms 

lose t h e i r and Q toxic a c t i v i t i e s when 

exposed to t r y p s i n , while t h e i r eps i lon tox in 

a c t i v i t y i s considerably enhanced. This tox in 

has been p a r t i a l l y p u r i f i e d by Saissac and 

Raynard (82) by means of ex trac t ion with 

sodium c i t r a t e . 

Q tox in - Theta tox in causes the well-known "hot hemolysis" 

of sheep red blood c e l l s . This toxin i s i n 

act ivated by ox idat ion (91) but a f t er severa l 

months of storage the a c t i v i t y of the tox in 

may be res tored by the addi t ion of 0.1 to 0.2 

percent cysteine hydrochloride (30) or by the 

addi t ion of calcium chloride.(32) Theta toxin 

i s inac t iva ted by t r y p s i n . 

An inves t iga t ion by Todd (91) has shown that 

t h i s oxygen l a b i l e hemolysin i s neutra l i zed by ant i sera 

to s t r e p t o l y s i n 0 and that the s p e c i f i c antibody to theta 

toxin n e u t r a l i z e s s t r e p t o l y s i n 0. The Pneumococci; the 

S treptococc i ; C los t r id ium te tan i and C l o s t r i d i u m  

perfr ingens a l l produce oxygen l a b i l e hemolysins which can 
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be react ivated by reduct ion . These hemolysins are c l o s e l y 

re la ted s e r o l o g i c a l l y . 

/ tox in - Iota toxin resembles eps i lon toxin i n that i t 

i s act ivated by t r y p s i n . (8l) 

K tox in - In 19!?1 Guil laumie et . a l . (33) reported a d i s t i n c t 

collagenase or kappa tox in In the f i l t r a t e s of 

C los t r id ium h i s t o l y t l c u m and of C l o s t r i d i u m  

per fr ingens . The breakdown of co l lagen p e l l e t s 

by th i s enzyme i s prevented by the' addi t ion of 

ant i sera prepared against the crude f i l t r a t e s 

of e i ther organism. Guil laumie has reported 

some l o c a l i z e d resorpt ion i n a r t i f i c i a l 

animal scleroses through the use of kappa t o x i n . 

X toxin - The lambda tox in of C los t r id ium perfringens 

attacks h ide , powder, s e r i c i n , g e l a t i n , case in 

and hemoglobin but w i l l not act upon nat ive 

co l lagen . (9) 

In addi t ion to the c l a s s i c a l toxins l i s t e d above 

th is organism produces a phagocytosis i n h i b i t i n g fac tor 

discovered recent ly by Gsratfcey, Merchant and Bohr. (22) 

THE PRODUCTION OP LECITHINASE ( <* TOXIN)IN VITRO 

In view of the abvious importance of a n t i l e c i t h i n a s e 

a c t i v i t y i n the immunological defense against gas gangrene, 

there have been numerous attempts to provide a maximum 
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concentration of oL tox in i n preparat ions to be used as 

toxoids . I n i t i a l l y th is work was concerned only with 

complex and r e l a t i v e l y undefined media, but i n recent 

years an increas ing number of attempts have been made 

to develop a more defined medium s u i t a b l e f o r «x toxin 

product ion . 

THE EFFECT OF .THE MEDIUM ON LECITHINASE ( oi TOXIN) PRODUCTION 

The production of <* tox in " in v i t r o " i s 

af fected by the nature of the medium, the p e c u l i a r 

k i n e t i c s of each i n d i v i d u a l s t r a i n of the organism, and 

by such fac tors as pH and temperature which are known to 

inf luence a l l b i o l o g i c a l systems. 

Toxin Production i n Complex Media 

A peptone medium containing 2 to 5 percent normal 

horse serum was used by Robertson and Keppie (79) to 

produce 100 mouse m . l . d . of * tox in per m l . Macfarlane and 

Knight (1+7) used a medium containing extracts of horse 

muscle to produce 200 mouse m . l . d . per m l . Adams and 

Hendee (1) employed a medium containing tryptone and a 

pancreat ic digest of casein to produce 1+00 mouse m . l . d . 

of the tox in per m l . And i n 19l\$ Logan (\+%) was able to 

produce up to 1000 mouse m . l . d . per m l . i n a medium 

containing the fo l lowing components. 

Casein hydrolysate 

Fat solvent extracted beef heart 
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Dextr in (adjusted to optimal concentration) 

L Cyst ine 

L Tryptophane 

Calcium D pantothenate 

Pimel ic ac id 

N i c o t i n i c ac id 

Pyridoxine 

Thiamine 

Ribof lav ine 

Iron (adjusted to optimal concentration) 

This and other s i m i l a r media have since been 

used i n the commercial product ion of t o x i n . 

Mason (58) has stated that both the <>l and the & 

toxins of C los t r id ium perfr ingens type A are produced i n 

glucose peptone beef i n f u s i o n broth but that only & tox in 

i s produced i n nutr ient b r o t h . Malgras (57) has reported 

good y i e l d s of both and S toxins on media containing 

a v a r i e t y of proteo lysates , while Russian workers (72) 

have found a meat peptone medium containing 0.5 percent 

glucose to be the most su i tab le for <* tox in product ion . 

In recent work Gooder and h i s colleagues (25) have found 

a medium containing a constant amount of a pancreat ic 

digest of beef heart to be su i table for studies concerned 

with tox in product ion . 

I t i s of t echnica l importance to note that , while 

the media re ferred to above are general ly considered to 
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provide anaerobic condit ions for growth, i n su i table 

cu l ture vesse l s , th i s organism i s capable of p r o l i f e r a t i o n 

i n simple media with l i t t l e p r o v i s i o n for anaerobios i s . 

Poss (19) has reported that C los t r id ium perfringens w i l l 

grow r e a d i l y i n a medium containing case in , yeast extract , 

blood and glucose without any treatment to assure anaerobic 

condit ions for growth. During th i s work i t was noted that 

i n c e r t a i n cu l ture vessels a synthet ic medium containing 

only amino ac ids ,v i tamins and sa l t s supported a luxur iant 

growth of the organism without pre l iminary b o i l i n g . 

Toxin Production i n Less Complex Media 

The medium of Reed and Orr (78) had given some 

y i e l d of tox in but has not produced toxin i n as h igh a 

concentrat ion as have the more complex media. This medium 

contains sodium t h i o g l y c o l l a t e , dextrose and g e l a t i n . I t 

has been reported that higher y i e l d s of the toxin are 

obtained i f the g e l a t i n used has not been h igh ly p u r i f i e d . 

Tamura, Boyd, Logan and T y t e l l (89) have reported y i e l d s 

of * tox in higher than those obtained i n glucose peptone 

beef in fus ion broth using a medium containing the fo l lowing 

components 

A c i d hydrolysate of Casein 

Buffer 

Mg SOij. 

L Tryptophane 

Pantothenic acid' 
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Pimel ic ac id 

N i c o t i n i c ac id 

R ibof lav ins 

Iron (adjusted to optimal concentration) 

Adjusted to pH 7.9 

The semi-synthetic medium of Taylor and Stewart (90) 

has been reported to y i e l d no t o x i n . This medium contains 

the fo l lowing substances:-

Casein 

Peptone 

Buffer 

Iron ammonium c i t r a t e 

Glucose 

In view of the work c a r r i e d out i n t h i s laboratory , 

i t Is unfortunate that these workers d i d not report the 

length of time which had elapsed between Inoculat ion and 

the tes t ing of samples for t h e i r production of oC t o x i n . 

Growth i n a Chemically Reproducible Medium 

In 1948 Boyd, Logan, and T y t e l l (11) developed a 

chemical ly reproducible medium f o r the growth of C l o s t r i d i u m  

per f r i n g e s This medium contains nineteen amino ac ids , 

seven accessory growth f a c t o r s , four s a l t s , buffer and 

glucose as the energy source. These workers reported that 

no «i. tox in was produced i n th i s medium under the condit ions 

of t h e i r experiment. While the development of a chemical ly 
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reproducible medium i s always to be considered a milestone 

i n the e luc ida t ion of m i c r o b i a l metabolism, i t was un

fortunate that the a l l - important * tox in was reported 

absent i n f i l t r a t e s from growth i n th i s medium. This 

would suggest that the medium, although capable of 

supporting c e l l p r o l i f e r a t i o n , was not complete i n the 

sense that the organism f a i l e d to f u l f i l i t s f u l l metabolic 

p o t e n t i a l i t i e s . As w i l l be seen l a t e r however, th i s 

proved a mistaken In terpre ta t ion . Under the condit ions 

to be reported here the medium i s i n fac t capable of 

allowing toxin product ion . In th is manner, therefore , 

i t can be compared In s ign i f i cance with the contr ibut ion 

of Muel ler , ajg&v'Dfeti R v - i (69) i n developing a reproducible 

medium for d iphther ia toxin product ion . 

The K i n e t i c s of Toxin Production 

In any cons iderat ion of the production of << tox in 

by C los t r id ium perfringens production must be balanced 

against denaturat ion. Factors which seem to a;ffect p r o 

duction may indeed inf luence the denaturation of th i s 

r e l a t i v e l y l a b i l e t o x i n . 

The Formation of Lec i th inase ( «>c toxin) 

Alpha toxin i s secreted (94) into the medium 

during the logarithmic growth phase a f t er a c e r t a i n delay 

which i s dependent upon the density of the inoculum used. (10) 

This delay does not ind icate an i n t r a c e l l u l a r re t en t ion 
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but merely r e f l e c t s the k i n e t i c s of <x tox in product ion . (77) 

Pas ichnik and Chernishova (72) have concluded that i n d i v i d u a l 

s t r a i n s of the organism exhib i t Ind iv idua l propert ies with 

regard to the durat ion and Intens i ty of toxin product ion . 

Figure 1 i s based upon the work of Gale van Heyningen 

(21) who found that <*• tox in production i n a complex medium 

occurs only during the logarithmic growth phase. The 

i n i t i a l delay i n •* toxin production which i s evident i n 

f igure 1 substantiates the statement of Raynaud and 

B i z z i n i (10) and has been repeated i n our experience. I t 

i s obvious from a cons iderat ion of these and of l a t e r 

experiments that «* toxin production takes place during the 

logari thmic growth phase and that product ion ceases near 

the beginning of the s ta t ionary phase. 

The Denaturation of Lec i th inase ( •< toxin) 

I t has been recognized that the toxin of 

C los t r id ium perfringens i s unstable i n cu l ture f i l t r a t e s 

of that organism. Kreguer (i|.0) has reported that «L tox in 

i n b o u i l l o n decl ines more qu ick ly on standing than does 

the toxin i n preparations containing more meat s o l i d s . 

D a l l i n g and Ross (13) have supported the r e s u l t s quoted 

above and have concluded that f i n a l toxin production i s 

inf luenced by the proport ion of meat so l ids i n the medium. 

F i l t r a t e s of the type D organisms contain <* and 6 toxins 

a f ter a few hours incubat ion, but i t i s found that the 
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toxin has disappeared when these cultures are tested 

at five days, while the toxin remains. Thus while the 

lecithinase of Clostridium botulinum can he stored in

definitely the corresponding product of Clostridium per

fringens is readily denatured upon standing. (63) 

It has "been shown that the lecithinase of 

Clostridium perfringens, is more easily denatured "by tryp

sin (81) papain and pepsin (88) than are the toxins of 

Clostridium tetani and of Corynebacterium diphtheriae. 

In view of the extensive battery of proteolytic enzymes 

known to be present in supernatants of Clostridium per

fringens i t is not surprising that the toxin is subject 

to denaturation. Gonzales (23) has reported that the 

proteolytic enzymes of this organism are most active at 

50°C and that they are inactivated at 63°C 

The work of Vyshepan and Krasnova (96) constitutes 

a most significant development in the consideration of the 

denaturation of toxin. These workers have isolated an en

zyme from filtrates and centrifugates of Clostridium per

fringens which denatures toxin by splitting the protein 

moiety of the molecule, thus rendering i t inactive as a 

lecithinase. While the optimal pH for its action is 6.0 to 

7.0 the enzyme is irreversibly inactivated at a pH below 5.5. 

Cysteine is required as a co-factor by this lecithinase de

naturing enzyme. 

Besides attacking the protein of toxin the 
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above enzyme i s found to act upon casein and g e l a t i n 

but not upon egg albumin. Therefore, the addition of 

casein, g e l a t i n or meat protein prevents the breakdown 

of toxin by providing an alternate substrate for the 

enzyme. The a c t i v i t y of th i s enzyme i s slowed by g l y c e r i n 

and this f a c t explains the long standing observation (96) 

that toxin retains i t s a c t i v i t y well when stored i n 

twenty-five percent g l y c e r i n . 

These authors state that t h e i r l e c i t h i n a s e 

denaturing enzyme resembles the anaerobase reported by 

Machman i n 1937 i n i t s optimal pH, i t s a c t i v a t i o n by 

cysteine, and i n i t s substrate s p e c i f i c i t y . However 

unlike anaerobase th i s enzyme does not require codehydrases 

1 and 2 as coenzymes. 

The existence of such an enzyme Is suggested by 

the nature of the denaturation process and by Its r e l a t i o n 

to the protein content of the medium used i n toxin 

production. While the puri t y of the above enzyme may be 

questioned, the existence of some p r o t e o l y t i c agent active 

In the denaturation of the «*. toxin of Clostridium perfringaas 

i s strongly suggested by the evidence at hand. 

FACTORS INFLUENCING LECITHINASE ( «* TOXIN) PRODUCTION 

Every b i o l o g i c a l system i s influenced by such 

environmental factors as pH, temperature and concentration 

of minerals. Since each of these factors may influence 

toxin production, or denaturation, or both of these 
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processes, the system assumes a d d i t i o n a l complexi t ies . 

In add i t ion to the environmental fac tors c e r t a i n compounds 

have been reported to st imulate or i n h i b i t e the product ion 

of the t o x i n . 

Temperature 

Incubation at 37°C has general ly been used i n 

the product ion of «•*• tox in (21) (80) since the organism 

grows w e l l at th i s temperature. Boyd, Logan and T y t e l l (11) 

have reported that the best growth i n t h e i r basal medium 

i s a t ta inable at 45°C. However, s ince C u r r i e (12) has 

shown that the same medium supports growth as w e l l at 37°C 

as at the higher temperature th i s work was c a r r i e d out 

using incubation at 37°C as standard procedure. The 

ef fect of Incubation at l±$°G upon production and denaturation 

of the toxin has not been s tudied . 

Hydrogen Ion Concentration 

Although I n i t i a l pH values were given i n reports 

of ear ly toxin production experiments, remarkably l i t t l e 

a t tent ion was pa id to the pH atta ined during the growth of 

the organism. The complex media used were usua l ly adjusted 

to pH 7.6 (78) or 7.9 (89) before i n o c u l a t i o n . However, 

Boyd, Tamura, Logan and T y t e l l (89) state that the success 

of t h e i r peptone free medium may be a t t r i b u t e d to the fact 

that the pH of the medium d id not f a l l below 6.0 during 

growth. 
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A study of the e f fect of pH growth and toxin 

production was c a r r i e d out by Gale" and van Heyningen (21) 

i n 19lj2. Figure 2 represents the e f fect of pH s t a b i l i z 

a t ion at values between 5«5 and 8.5 upon the f i n a l dry 

weight of c e l l s ' p e r m l . of the medium. 

Figure 2 Gale and van Heyningen (21) 

V a r i a t i o n of t o t a l c e l l y i e l d with growth pH. 

- 4 i 
E 

3-

V -

•o | -

E 

pH during growth 

° with 0«ij.5$ glucose. 
• without glucose. 

Figure 3 represents the ef fect of pH s t a b i l i z a t i o n 
at various values between pH 5-5 and 8.0 upon the toxin 
produced per c e l l . 

Figure 3 Gale and van Heyningen (21) 

V a r i a t i o n of toxin production with growth pH. 
2CM 

6.0 7 0 8.0 

pH during growth 

0 w i th 0.4-5$ glucose 
• without glucose 
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Nature and Coneentration of Carbohydrate 

Adams and Hendee (1) reported i n 1945 that they 

were able to produce 50 to 100 percent more toxin when 

dex tr in was subst i tuted for glucose i n t h e i r medium. 

Vyshepan et . a l . (95) have found that glucose i s fermented 

more qu ick ly than e i ther dextr in or g l y c e r o l . Since 

<*• toxin production i s r e la ted to the logarithmic 

growth phase i n cul tures of th i s organism the product ion 

of the tox in begins and ends more qu ick ly i f glucose Is 

present as the energy source. 

The s u b s t i t u t i o n of the water soluble p o r t i o n 

of dextr in for glucose i n the basa l medium of Boyd, Logan 

and T y t e l l f a i l e d to promote the production of *• t o x i n . (12) 

With regard to the concentrat ion of the carbo

hydrate energy source Meise l and Albrycht (59) have stated 

that the concentrat ion of glucose or dextr in has no ef fect 

upon the production of tox in . This f i n d i n g i s contradicted 

by the work of Gale and van Heyningen (21), and since the 

a v a i l a b i l i t y of fermentable carbohydrate af fects the pH 

of the cul ture some ef fect of carbohydrate concentrat ion 

would be expected. 

NATURE AND CONCENTRATION OF MINERAL IONS 

The nature and concentrat ion of minerals has 

been shown to a f fec t both growth and tox in production i n 

C los tr id ium perfr ingens 
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Effec t of minerals upon growth 

Shankar and Bard, (83) and Webb, (98) have 

reported that calcium, magnesium, i r o n , sodium and 

potassium are required to support the growth of the 

organism while cobalt i s required by some s t r a i n s . (8k) 

Growth on magnesium or potassium def i c i ent media leads 

to the formation of filamentous c e l l s while calcium 

def ic iency r e s u l t s i n the formation of c e l l u l a r aggregates. 

These authors also report that copper i s i n h i b i t o r y and 

that z inc and manganese are not required by the organisms. 

Aldolase has been i so la t ed from Clos tr id ium  

perfringensby Bard and Gunsalus ( £ ) and i t has been 

shown that th i s enzyme i s dependent upon i r o n as a co-

f a c t o r . I t has been found (89) that 1.11 mg. of phos

phorus per ml . of medium i n h i b i t s the growth of the 

organism. 

E f f e c t of Iron upon toxin product ion 

A j l e t . a l . (3) have stated that tox in product ion 

by the Streptococc i , the S h i g e l l a , Corynebacterium  

d iphther iae , C los t r id ium te tan i and Clos tr id ium perfringens 

Is affected by the concentration of i r o n i n the medium. 

These authors state that i r o n concentrat ion affects both 

the tox in product ion and the metabolic behaviour of 

C los t r id ium perfringgns but that the two ef fects do not 

seem to be connected. 
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Pappenheimer and Shaskan (71) have shown that a 

concentrat ion of i r o n optimal for growth leads to a t y p i c a l 

fermentation of glucose to ace t ic and butyr i c ac ids , 

carbon dioxide and hydrogen. In contras t , an i r o n def ic iency 

establ ishes a glucose metabolism ) the ch i e f product of 

which i s l a c t i c a c i d . These authors state that an i r o n 

concentrat ion of 0.73 mg« per ml . of g e l a t i n hydrolysate 

medium represents the optimal l e v e l for growth and for 

«*• toxin product ion while y i e l d i n g a minimum of l a c t i c 

a c i d . 

I t has been reported (6) that the add i t ion of 

i r o n to complex media i n concentrations up to 0-1|_ mg. 

per m l . st imulates tox in product ion . • However other 

workers (89) have found 0.2 to 0.25 mg. per ml . to be 

an optimal concentrat ion. Kr i t skaya (1+1) has studied 

the ef fects of i r o n concentrat ion upon the growth and 

«<. tox in production of C l o s t r i d i u m p e r f r i n g e s . The 

fo l lowing table i s derived from h i s r e s u l t s : -

Table 2 

Iron Concentration E f f e c t 

•333 mg/ml. No growth. 
•166 mg/ml. Good growth. Optimal tox in product ion . 
.083 mg/ml. Good growth. Less , tox in product ion . 
.016 mg/ml. Good growth. No tox in product ion . 

Figure l+, a f ter Rogers and Knight , (80) i l l u s t r a t e s the 

optimal concentrat ion of i r o n for « tox in product ion i n 

a beef heart medium. 



26 

Figure Ij. 

E f f e c t of Iron on «. Toxin Production. 
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In contrast with the above findings Adams and 

Hendee (1) have stated that when concentrations of protein, 

carbohydrate and buffer are such as to ensure good growth 

the system becomes i n s e n s i t i v e to stimulation by i r o n . 

I n h i b i t i o n of * toxin production by i r o n deficiency i s 

however recognized by these authors. 

E f f e c t of other minerals upon toxin production. 

Gooder (2l\.) has reported that the use of calcium 

phosphate to remove i r o n from c e r t a i n media has resulted 

In the concurrent removal of zinc to such an extent as to 

cause a decrease i n toxin production. Currie (12) has 

found that the addition of calcium or magnesium to the 

basal medium of Boyd, Logan and T y t e l l f a i l e d to promote 

oc toxin production under the conditions of h i s experiment. 
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CHEMICALLY DEFINED COMPOUNDS INFLUENCING TOXIN PRODUCTION 

Using eight s t ra ins of C los t r id ium perfringens 

grown i n beef in fus ion broth at pH 7«5 Meise l e t . a l . (62 ) 

have found that one eighth of a b a c t e r i o s t a t i c concentration 

of p e n i c i l l i n st imulates the production of «t t o x i n . "This 

e f fect disappears at pH 7 « 0 . A v a l i d a t i o n of th i s work 

by Miss Kron (i+2) using the basal medium of Boyd, Logan 

and T y t e l l has shown that a s l i g h t increase i n tox in 

product ion i s indeed seen under these circumstances. 

Meise l found that the same ef fect was not obtained with 

procaine , several sulphonamides, (60) and p - amino 

s a l i c y l i c ac id (61) and that p - amine benzoic ac id 

reduced the t o t a l production of «* t o x i n . 

However Kato and I l l e n y : (38) state that p-amino 

benzoic ac id increases the toxin produced by Clos tr id ium  

perfringens i f added at the beginning of the growth p e r i o d . 

P-amino benzoic a c i d , i n 0,0$ percent concentrat ion, 

increases toxin production by Clos tr id ium te tani (ij-3) 

without a f f ec t ing the growth of the organism. 

The addi t ion of c e r t a i n amino acids to a medium 

containing pancreat ic digest of beef heart has been found 

to af fect «c toxin product ion . (25) The addi t ion of va l ine 

to the medium decreases °i tox in production by 25 percent 

while the addi t ion of cysteine brings about a 37 percent 

decrease i n the toxin produced. The addi t ion of cyst ine 

completely i n h i b i t s toxin production without a f f ec t ing 
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the growth of the organism. Vyshepan (95>) contends 

however, that cysteine increases «* tox in production 

but re su l t s In the production of a toxin more e a s i l y 

denatured than that produced i n normal c u l t u r e s . A 

cons iderat ion of the phase of growth of the cultures at 

the time of «* toxin determination would poss ib ly serve 

to reconc i l e these seemingly opposed r e p o r t s . 

In view of more recent ly acquired knowledge, 

the phase of growth i n which a cul ture ex is ts at the 

time of sampling i s of great importance i n the i n t e r 

p r e t a t i o n of studies concerned with * tox in product ion . 

The phase of growth i n which a cu l ture exis ts i s of 

p a r t i c u l a r Importance when cysteine i s present since 

th i s amino ac id has been described as a cofactor for 

an enzyme which acts to denature <>L t ox in . (96) 

COMPLEX AND UNDEFINED FACTORS INFLUENCING TOXIN PRODUCTION 

Although i t has been establ ished that some 

b a c t e r i a l toxins may be formed i n a chemically defined 

medium (66) there are other instances i n which unresolved 

fac tors are required f o r toxigenes is . Muel ler and M i l l e r (67) 

have shown that the a c i d i c , basic and neutra l f rac t ions 

of a t r y p t i c digest of casein are a l l required i n the 

product ion of tox in by Clos tr id ium t e t a n i . Each toxigenic 

fac tor was destroyed by prolonged ac id h y d r o l y s i s , 

i n d i c a t i n g that these fac tors may be p a r t i a l l y peptide 

i n nature. 
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In 191+6 Rogers and Knight (80) undertook an 

i n v e s t i g a t i o n to determine the nature of c e r t a i n fac tors 

i n a p r o t e i n free extract of horse muscle which stimulate 

<* toxin product ion by C los t r id ium p e r f r i n g e s . The 

substance used as a s t a r t i n g mater ia l i n t h i s inves t iga t ion 

was prepared by extract ing horse muscle with a so lu t ion 

containing sodium sulphate . The sodium sulphate p r e 

c i p i t a t e s the prote ins present i n the extract while 

preserv ing many of the heat l a b i l e components of the 

animal t i s s u e . According to these workers the propert ies 

of the p a r t i a l l y p u r i f i e d toxigenic fac tor c l o s e l y resemble 

those of an amino-hexose. The f a c t o r i s of r e l a t i v e l y 

small molecular s i z e , i s dependent upon the presence of 

primary amine groups, and i s stable i n ac id but very 

r e a d i l y a l t ered i n a l k a l i . Accordingly glucosamine, 

N-ace ty l glucosamine and chrondrosamine were tested for 

toxigenic a c t i v i t y . A concentrat ion of glucosamine judged 

to be equivalent to the concentrat ion of the toxigenic 

fac tor i n the muscle extract caused an increase i n << toxin 

product ion . The increase was, however, only approximately 

30 percent of that caused by an equivalent amount of 

muscle ex trac t . N-ace ty l glucosamine had a corresponding 

e f fect but chondrosamine was t o t a l l y i n a c t i v e . 

ATTEMPTS TO PRODUCE «< TOXIN IN_THE BASAL MEDIUM OP 
BOYD, LOGAN AND TYTELL. 

In 1950 C u r r i e (12) establ ished that , under the 

condit ions of h i s experiment, no l e t h a l or l e c i t h i n a s e 
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a c t i v i t y could be a t t r i b u t e d to the supernatant of 

C l o s t r i d i u m perfr ingers grown i n the basal medium of 

Boyd, Logan and T y t e l l . This medium w i l l henceforth 

be r e f e r r e d to simply as the basal medium. In addi t ion 

to h i s adjustment of mineral concentrations and h i s 

subs t i tu t ion of dex tr in f o r g lueose ,Curr ie added yeast 

ex trac t , cho l ine , chol ine c h l o r i d e , sodium glycerophosphate, 

n i c o t i n i c ac id and glucosamine to the basal medium without 

achieving •<. tox in product ion . 

the nature of the toxigenic fac tors i n glucose peptone 

beef in fus ion ( G . P . B . I . ) and to apply th i s fac tor to the 

product ion of ot. tox in i n the basal medium. G . P . B . I . 

contains beef i n f u s i o n , glucose, peptone, meat p a r t i c l e s , 

sodium ch lor ide and buf fer , while beef in fus ion broth 

( B . I . B . ) i s composed of the above compounds without peptone 

and meat p a r t i c l e s . The fo l lowing table I l l u s t r a t e s an 

attempt by C u r r i e (12) to determine which component of 

G . P . B . I . contains the toxigenic f a c t o r . 

The ef fect of the components of G . P . B . I . upon toxin 

product ion . 

An inves t iga t ion was then undertaken to determine 

Table 3 

Medium qC toxin a c t i v i t y 

Beef in fus ion (without buffer) 0 
0 
0 
0 
0 

B . I . B . (without glucose) 
B . I . B . with 0.5$ glucose 
B . I . B . with 1.0$ glucose 
B . I . B . with 2.0$ glucose 
B . I . B . plus 1.0$ peptone 1/96 
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B . I . B . plus 1.0$ tryptone 
B . I . B . plus 1,0% proteose peptone 
G . P . B . I . supernatant 
G . P . B . I . 
Basal medium plus 2% B . I . B . 
Basal medium plus \$> B . I . B . 

0 
0 

Prom the re su l t s of this experiment i t was 

concluded that tryptone, proteose peptone and meat p a r t i c l e s 

contain the toxigenic f a c t o r . To el iminate the p o s s i b i l i t y 

that the p a r t i c u l a t e form of the meat might e f fect <*. toxin 

product ion , sand and glass beads were added to the G . P . B . I . 

supernatent. The addit ions d id not enhance the production 

of the t o x i n . 

toxigenic a c t i v i t y of the d r i e d meat p a r t i c l e s . Acid or 

a l k a l i n e hydro lys i s of the extracted meat p a r t i c l e s 

destroyed t h e i r a b i l i t y to promote oc tox in product ion J but 

a t r y p t i c digest re ta ined a l l of the toxigenic a c t i v i t y 

of the o r i g i n a l p a r t i c l e s . The toxigenic fac tor i n the 

t r y p t i c digest i s d ia lyzab le and i s therefore presumed to 

be of r e l a t i v e l y small molecular s i z e . The existence of 

a d ia lyzab le toxigenic fac tor had prev ious ly been reported 

by Adams, Hendee and Pappenhe&mer (2) and by Rogers and 

Knight . (80) 

l a r g e l y absorbed upon P u l l e r ' s earth at ac id pH values . 

This absorbed mater ia l was then tested to determine i t s 

nature, and spectrophotometric and chromatographic analyses 

Soxhlet extract ion with ether d id not reduce the 

C u r r i e found that the toxigenic mater ia l was 
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of the absorbed and unabsorbed samples were undertaken. 

Tests upon the absorbed material showed only that trypto

phane was present and that pentoses and reducing sugars 

were absent. The chromatographic and spectrophotometric 

analyses showed no difference between the absorbed and 

unabsorbed samples. 

BACTERIAL VARIATIONS INFLUENCING LECITHINASE fcTOXEN)  
PRODUCTION 

Work conducted in this department has shown that 

toxin production by Clostridium botulinum (14.) is influenced 

to a very large extent by the strain of the organism used. 

Our studies have indicated a similar variation in the toxin 

produced by different variants of Clostridium perfringens. 

In a recent paper Lominski et al . (46) have reported that the 

coagulase produced by "R" variants of Micrococcus pyogenes 

variety aureus is denatured by products of the "S" variant 

of the same organism. 

In the production of toxin by Clostridium  

perfringens some workers have favored the use of animal 

passage for the selection and maintenance of toxigenic 

strains while others have insisted that animal passage is 

unnecessary. However strains which exhibit pathogenicity 

for man or for experimental animals are generally found 

to be good<*.toxin producers. (37) (79) Gooder (24.) does 

not consider animal passage necessary and Taylor and 

Stewart (90) state that daily transfers in a peptone . 

medium for one hundred and five days did not decrease 
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the tox igen ic i ty of t h e i r s t r a i n . Keppie and Robertson (39) 

have reported that a wide capsule i s general ly associated 

with low ot tox in product ion . 

Logan et . a l . have found that pigeon passage 

always increases the ottoxin production of less toxigenic 

s t r a i n s . However Wildfuhr (99) has found that , while 

s t ra ins producing minimal amounts of * toxin can be r a i s e d 

to good tox in production by animal passage, t h i s technique 

f a i l e d to promote «* tox in product ion by nontoxigenic 

s t r a i n s . The best r e s u l t s were obtained when c u l t i v a t i o n 

i n a b r a i n medium was a l ternated with pigeon passage. 

Wildfuhr (100) concludes that * tox in production i s 

dependent upon the medium, the age and q u a l i t y of p r e -

cu l tures , and the b a c t e r i a l s t r a i n employed. 

MATERIALS AND METHODS 

Media 

Glucose peptone beef i n f u s i o n broth was used f o r 

the maintenance of stock c u l t u r e s . 

A medium suggested by E l l n e r (jj#)) f o r the 

Induction of sporulat ion i n C los t r id ium perfringess was 

used for the preservat ion of the s t ra ins used i n t h i s work. 

These s t r a i n s were also l y o p h i l i z e d under the supervis ion 

of D r . J . J . Stock. 
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The basal medium of Boyd, Logan and T y t e l l (11) 

was used throughout this work. This medium contains the 

following substances:-

Glucose 2.0gm. 
Ascorbic acid 50.0mg. 
DL- Alanine 100.0 " 
D - Arginine # £ 0 . 0 " 
DL - Aspartic acid 100.0 " 
L - Cystine # \ 20.0 " 
Glycine 100.0 " 

L - Glutamic acid # 150.0 
L - Hi s t i d i n e # 50.0 
Hydroxy L - prolin e 25.0 
DL - Isoleucine # 50.0 
L - Levcine # 75*0 
L - Lysine # 100.0 1 1 

DL - Methionine # 5*0.0 *» 
L - Proline 25.0 
DL - Phenylalanine # 50.0 
DL - Serine # 150.0 
DL - Threonine # 50.0 

L-Tryptophan # 
L-Tyrosine # 
DL-Valine # 
U r a c i l 
A denine Sulphate 
Ca D-pantothenate 
Pynidoxamine dihydro-

chloride 
Riboflavine 
B i o t i r 
Mg S0[,.7H20 
Pe S01T.7H20 
Mn SOlI. I4il20 
Na CI 

K 2 HPOh 
K H2 P % 

D i s t i l l e d Water 

50.0mg. 
50.0 * 
75.0 » 
2.£ " 
3 4 " 

100.0 gamma 

100.0 " 
200.0 " 

1.0 " 
4-0. Omg. 
2.0 * 
2.0 " 
2.0 " 

1.66gm. 
0.32 " 

200 cc 

# Es s e n t i a l f o r growth. 
Cystine i s dissolved separately with the addition of HC1, 

and added to the medium after the other constituents have 
been dissolved. ~-

Stock solutions of the accessory growth factors 

and minerals are prepared as outlined below. 

50mg. of u r a c i l and 87 mg. of adenine sulphate 

are dissolved i n 50 cc of 0.2N. HC1. 1.75cc of th i s solution 

are added per 100 cc of medium. 

10 gm. of Mg S0|^. 7 H 2 0 , 0.5gm of PeSO^. 7H 2 0 , 

0.5gm of NaCl, and 0.5gm of Mn S 0 ^ . I4H2O are dissolved, 

l.Occ of syrupy HNO3 i s added, and mixture made to lOOcc 

with water. 0.5cc of this solution i s required per lOOcc 

of medium. 
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10 mg. of r i b o f l a v i n and 20 mg. of calcium D-

pantothenate are d i sso lved and made up to lOOcc with 

water. 0.5cc of th is so lu t ion i s required per lOOcc 

of medium* 

20 mg. of pyridoxamine d ihydrochlor ide are 

d isso lved and made up to lOOcc with water. This s o l u t i o n 

i s kept i n a dark bo t t l e at \\.°C, 0«25cc of th i s s o l u t i o n 

i s added per lOOcc of medium. 

A v i a l of b i o t i n 25 gamma i s made up to 25cc 

with d i s t i l l e d water. 0.5cc of th is so lu t ion i s required 

per lOOcc of medium. 

The phosphate buffer i s prepared by d i s s o l v i n g 

52 gm. of K 2 HPO^. 3H20 and 10 gm. of KH2P0^ i n 250cc 

of water. I|..0cc of th i s buffer are added per lOOcc of 

medium. 

The Amino acids and ascorbic ac id are d i s so lved 

by b o i l i n g . The medium i s then cooled and the accessory 

growth f a c t o r s , cyst ine and sa l t s are added. The medium 

i s adjusted to pH 7 « l 5 and the phosphate buffer i s added 

and the medium s t e r i l i z e d . This medium may be stored 

under r e f r i g e r a t i o n for at l eas t two weeks wi th s a t i s f a c t o r y 

r e s u l t s . P r i o r to inocu la t ion the glucose i s added from 

a 50 percent stock s o l u t i o n . The medium may be b o i l e d 

before inocu la t ion to ensure anaerobiosis but i t has been 

found that th i s procedure i s not s t r i c t l y necessary. 
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The medium of McClung and Toabe (£6) was used 

i n an attempt to measure * tox in product ion on a s o l i d 

medium. 

DIGESTIONS 

Pancreat in . 21.6 mg. of pancreat in were used 

per gram of mater ia l to be digested. The preparations 

were maintained under toluene, at pH8.5, with i n t e r 

mittent s t i r r i n g . 

T r y p s i n . 100 mg. of t r y p s i n were added per 

gram of dr i ed weight of the mater ia l to be digested. 

This d iges t ion was c a r r i e d out under toluene while the 

pH was maintained at 2.0 by per iod ic adjustment. 

REMOVAL OP IRON 

The aluminum oxide method of i r o n removal 

recommended by Donald, Passey and Swaby (!§•)) was used 

i n th i s work. F ive grams of chromatographic grade 

aluminum oxide were added to one l i t r e of the basal 

medium at pH 7«5 and the f l a s k was shaken and then 

autoclaved at 10 l b s . / s q . i n . f o r 20 minutes. Af ter i t s 

removal from the autoclave the contents were swir led to 

wet the ins ide of the f l a s k . A f t e r standing overnight 

the medium was sucked through an ac id treated s intered 

glass f i l t e r connected by glass jo in t s to a pyrex f i l t e r 

f l a s k . The f i l t r a t e was then readjusted to pH 7«15> and 

s t e r i l i z e d . 
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METHODS OF CULTIVATION 

D a i l y transfers of the test s t ra ins i n the basal 

medium were continued throughout th i s work. I t was found 

that i f the cu l tures i n the basal medium were r e f r i g e r a t e d 

at a point ear ly i n t h e i r logari thmic growth phase they 

remained act ive as inocula f o r as long as three weeks a f t er 

i n o c u l a t i o n . If, however, incubat ion of the c e l l s was 

continued for twenty-four hours i n the basal medium the 

cul tures were i n a c t i v e as inocu la and were presumed to 

be dead. 

For purposes of t ime-studies the organisms were 

grown i n large broth tubes or i n 2 £ 0 ml graduated c y l i n d e r s . 

During these studies hourly samples were removed. Growth 

was measured t u r b i d i m e t r i c a l l y and the -pH of each sample 

was determined by the use of a Beckman model G pH meter. 

The adjustment of pH was accomplished by addi t ion of 

1.0N NaOH or 1.0N HC1 to the c u l t u r e s . 

MEASUREMENT OF TOXIC ACTIVITY 

-Alpha tox in Is measured as a l e c i t h i n a s e by a 

modi f icat ion of the method of van Heyningen, or as a 

"hot-cold" hemolysin. 

Lec i th inase a c t i v i t y of <* t o x i n . 

Samples to be tested were centr i fuged at 3000 r . p . m . 

f o r one hour and the supernatant was removed and adjusted 
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to pH 6 .5. I t has been found during th i s work that the 

measurement of l e c i t h i n a s e a c t i v i t y i s made d i f f i c u l t at 

pH 7«0 by a f i n e white p r e c i p i t a t e occurring i n the medium 

at that pH. 

One ml . of the supernatant was then d i l u t e d 

s e r i a l l y i n a saspending f l u i d containing 0.89 gm. of 

calcium acetate i n one l i t r e of d i s t i l l e d water. Two 

ml . of the egg yo lk suspension of van Heyningen (92) 

were then added to each tube and the d i l u t i o n s placed i n 

a 37°G water bath f o r 15 minutes. Af ter a 21). hours per iod 

at I}.0e the tubes were examined v i s u a l l y for t u r b i d i t y due 

to l e c i t h i n a s e ac t ion and the highest d i l u t i o n showing 

a c t i v i t y was reported as the t i t r e . 

"Hot-cold" hemolytic a c t i v i t y of t o x i n . 

For the purpose of measuring "hot-cold" 

hemolysis due to the ac t ion of «* tox in the supernatant 

was prepared as above and adjusted to pH 7«0. S e r i a l 

d i l u t i o n s i n one m l . amount were prepared i n the calcium 

acetate suspending f l u i d . The presence of calc ium allows 

the ac t ion of both °t and Q tox ins , so that the "hot-cold" 

hemolysis may be masked by the "hot" hemolysis due to the 

ac t ion of & t o x i n . 

Two m i l l i l i t r e s of a two percent suspension of 

sheep's red blood c e l l s was added to each of the above 

d i l u t i o n s which were then incubated at 37°c f o r 15 minutes, 
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then r e f r i g e r a t e d for twenty-four hours . The degree of 

hemolysis at the end of both the Incubation and r e f r i g 

era t ion periods was recorded. 

"Hot" hemolysis a c t i v i t y of 6 t o x i n . 

To measure the "hot" hemolysis due to the ac t ion 

of & toxin the supernatant i s prepared as out l ined above 

and adjusted to pH 7*0. S e r i a l d i l u t i o n s were made i n a 

phosphate buffer containing 73• 6 gms of Na2HP0Ĵ  and 

27.1 gms of KR^POj^ per l i t r e of water. A two percent 

suspension of sheep's blood was then added and the 

d i l u t i o n s were incubated for one hour at 3 7 ° c Since 

no calcium i s added to th i s system there i s no ac t ion of 

•*» t o x i n . 

used When fresh or was preserved i n A l sever ' s so lu t ion 

made up as fo l lowst 

The sheep's blood used i n these studies was 

Dextrose 
Na CI 
Trisodium c i t r a t e 
C i t r i c ac id 

- 2.05% 
- 0*k2% 
- 0.80$ 
- 0.055$ 

BACTERIAL STRAIN 

The BP6K s t r a i n and the "W" s t r a i n of C l o s t r i d i u m  

perfringefiBwere used throughout t h i s work. The "W" s t r a i n 

was obtained from the Connaught Laboratories i n Toronto. 
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Since enzymic digests of animal t issue had 

prev ious ly been shown to be good substrates for * toxin 

production by Clos tr id ium perfringens a ser ies of such 

digests which had been prepared by Mr. Curr i e and by 

D r . Duff were added to the basal medium. Toxin product ion 

was measured at s ixteen hours . For each preparat ion 

a c a l c u l a t i o n was made to determine the volume of digest 

equivalent to one gram dry weight of the o r i g i n a l ground 

beef. This u n i t w i l l be re ferred to as the gram equivalent 

or G . E . 

Table k 

The effect of the addi t ion of various enzymic digests of 
ground beef on * toxin product i n the basal medium. 

Digest G . E . / m l . * Toxin * 

("3) Peptic digest (Currie) l/6 1:96 
(k) Trypt ic digest (Costerton) l/6 1:96 
(5) Trypt i c d igest (Duff) l/6 1:96 
(6) Trypt i c digest (Currie) l/6 1:96 
(7) Peptic and Trypt i c digest (Duff) l/6 1:96 
(8) Peptic and Trypt i c digest (Currie) l/6 1:96 
(9) Pancreatin digest (Duff) l/6 1:96 
(10) Pancreatin digest (Currie) l/6 1:96 
ik)^Papain digest (Duff) l/6 1:96 
(12)Papain digest (Currie) l/6 1:192 

* The l e c i t h i n a s e a c t i v i t y of •*• tox in i s expressed as the 
highest d i l u t i o n i n which t u r b i d i t y i s evident . 

As w i l l be seen from Table Ij. the method of d iges t ion 

employed has l i t t l e e f fec t upon the toxigenic capacity of 

the resu l tant d iges t . 
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THE RELATION OP DIGEST CONCENTRATION TO * TOXIN PRODUCTION 

Various concentrations of enzymic digest were 

added to the basal medium i n order to e s t a b l i s h a minimum 

concentration f o r toxigenic a c t i v i t y . Table f> shows the 

ef fect upon toxin product ion i n the basa l medium of the 

add i t i on of the fo l lowing concentrations of the pancreat ic 

digest of ground beef prepared by D r . Duff . 

Table $ 

The effect of various concentrations of digest upon <* tox in 
product ion . 

G . E . / m l . c< tox in 

1/2 (growth inh ib i t ed ) 
l/k 1:96 
1/8 1:96 
1/16 1:96 
1/32 l:2i+ 
1 / 6 4 n i l 

Basal Contro l n i l 

S i m i l a r r e s u l t s were obtained using a t r y p t i c 

digest except that i n h i b i t i o n of growth was not seen i n 

concentrations below 2 G . E . Further studies ind ica te 

that the i n h i b i t o r y f a c t o r i s d i a l y z a b l e . 

Since i n th i s experiment * tox in was measured at 

s ixteen hours the re su l t s give no i n d i c a t i o n of the o v e r a l l 

p i c t u r e of «*- tox in product ion and denaturat ion. The r e s u l t s 

of a time study i l l u s t r a t e d i n f igure l 4 augment those 

tabulated above. 
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DIALYSIS OP THE DIGESTS 

The existence of a d i a l i z a b l e toxigenic f a c t o r 

had been reported by C u r r i e ; (12) by Adams, Hendee and 

Papenhiemer: (2) and by Rogers and Knight , (80) In view 

of these reports two t r y p t i c digests and one pept ic digest 

were d ia lyzed i n 20 ml . amount against 1000 m l . of d i s t i l l e d 

water at ;J+° C» A cu l ture i n G . P . B . I . was used as a tox in-

production c o n t r o l to guard against the effects of b a c t e r i a l 

v a r i a t i o n . For the purpose of e s tab l i sh ing a su i tab le 

term for the mater ia l l e f t i n the sac a f t er d i a l y s i s th i s 

mater ia l w i l l be re ferred to as the d i a l y z a n t . 

Table 6 

The ef fect of a t r y p t i c digest and i t s d ia lyza te and d ia lyzant 
upon toxin product ion i n the basal medium. 

G . E . / m l . 

• 1/2 

1/16 
1/32 

i M 
Basal Contro l 
G . P . B . I . Contro l 

Complete 
Digest 

no growth 
•s l ight growth 

1:96 
1:96 

It 
n i l 
1:192 

•c Toxin 
Dia lyzant 

1:96 
1:96 
1:96 
1:1+8 
1:21+ 
1:6 
n i l 
1:192 

DIalysate 
at T«Jtr> 

no growth 
no growth 

1:96 
1:1+8 
n i l 
n i l 
n i l 
1:192 

From these f igures i t i s seen that a growth 

i n h i b i t o r y substance present i n the digest i s d i a l y z a b l e . 

The toxigenic capacity of the d ia lyzate i s found to be much 

less than that of the d ia lyzant which re ta ins most of the 

a c t i v i t y of the d iges t . 
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In add i t ion to the above experiment the toxigenic 

a c t i v i t i e s of the d ia lyzate and d ia lyzant of a pept ic digest 

were determined. A pooled inoculum was used i n th is 

experiment to counteract the inf luence of b a c t e r i a l v a r i a t i o n 

i n the tes t s t r a i n . 

Table 7 

The ef fect of the d ia lyzate and d ia lyzant of a pept ic digest 
upon * toxin production i n the basal medium. 

XJ .E . /ml . * Toxin 
Dia lyzant Dia lyzate 

1/2 1:1+8 1:6 
1/4 1:48 1:6 
1/8 1:48 n i l 
1/16 1:12 n i l 
1/32 n i l n i l 
1/64 n i l n i l 

Basal Contro l n i l n i l 

The experiment demonstrates that there i s no 

s i g n i f i c a n t concentrat ion of a d ia lyzab le toxigenic fac tor 

i n th i s d ige s t . 

Next, a time study was undertaken to determine 

the effect of a t r y p t i c digest and Its d ia lyzate and 

d ia lyzant upon both the product ion and the denaturation 

of «<• t o x i n . 



Figure 5 

The eff e c t of a t r y p t i c digest and i t s dialyzate and dialyzant 
upon * toxin production i n the basal medium. 

1.72-1.72- » . • a 
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|:24-

1:12-

4 10 18 Hours 

Time 
* dialyzate 1 G.E. per ml. 
o dialyzant 1 G.E. per ml. 
X digest 1 G.E. per ml. 

Figure 5 i l l u s t r a t e s that one or more factors are 

present i n the digest which either protect the <* toxin 

from denaturation or enhance i t s production or both. This 

a c t i v i t y i s present i n the dialyzant to a greater extent 

than i n the dial y z a t e . 

THE TOXIGENIC ACTIVITY OF BEEF HEART AND BEEF LIVER 

This study was undertaken to compare the toxigenic 

properties of beef heart and l i v e r with the beef muscle 

used i n the above experiments. G.P.B.I. medium was made 

up using beef heart and beef l i v e r i n the place of ground 

muscle. The production of toxin i n both of these media 

was one-half of the t i t r e produced i n the conventional G.P.B.I. 



Portions of ground heart and l i v e r were allowed 

to infuse with tap water overnight at i|_°c •> These Infused 

preparations and corresponding uninfused samples were then 

digested with pancreatine 

Table 8 

The e f fect of pancreat ic digests of beef heart and l i v e r 
upon «* tox in production i n the basal medium. 

Digest <* Toxin 

Pancreatic digest of Infused beef heart 1:96 
Pancreatic digest of uninfused beef heart 1:96 
Pancreatic digest of infused beef l i v e r 1:96 
Pancreatic digest of uninfused beef l i v e r 1:192 
Pancreatic digest of infused beef muscle 1:96 

Table 8 i l l u s t r a t e s that pancreat ic digests of 

beef heart or beef l i v e r are approximately equivalent to 

those of beef muscle i n toxigenic a c t i v i t y . 

THE EFFECT OF DEXTRIN UPON TOXIN PRODUCTION 

Adams and Hendee (1) had found that the s u b s t i t u t i o n 

of dex tr in for glucose i n t h e i r complex medium had increased 

toxin production as much as 100 percent . Accordingly 

the ef fect of dex tr in upon «>ctoxin production i n the basal 

medium and i n the basal medium with a digest of beef muscle 

was inves t iga ted . 

Table 9 

The e f fect of the subs t i tu t ion of dex tr in f o r glucose i n 
the basal medium upon e^-toxin product ion . 

Glucose Dextr in T r y p t i c Digest of Beef Muscle ©cToxin 

1.2$ - - n i l 
1.2$ - 1:48 

1.2$ 1.2$ - n i l 
1.2$ - 1/12 G . E . 1:48 



(Table 8 continued) 1+6 

Glucose Dextr in T r y p t i c Digest of Beef Muscle Toxin 

1.2$ 1/12 G . E . 1:192 
1.2$ 1.2$ 1/12 G . E . 1:1+8 

The above work, which was repeated wi th i d e n t i c a l 

r e s u l t s , shows that i n the absence of glucose, dex tr in serves 

to increase <*• tox in production as measured at 16 hours . 

Time studies undertaken l a t e r i n this work have fur ther 

explained the e f fect of dex tr in upon <*toxin product ion . 

See f igure 13. 

A ser ies of cu l tures i n which dextr in had been 

subst i tuted for glucose showed that growth of the organisms 

became much f a s t e r a f ter the f i r s t c u l t u r e . This s trongly 

suggested the development of an induced enzyme. As growth 

became more r a p i d , c< t o x i n , as measured at 16 hours, 

disappeared. I t then became evident that the e f fect of 

dextr in was that of a less ava i lab le energy source, the 

presence of which slows the ent ire c e l l u l a r metabolism. 

In th i s manner the peak of t ox in production may coincide 

more c l o s e l y with the time at which the tox in i s measured. 

THE EFFECT OF BACTERIAL VARIATION ON <* TOXIN PRODUCTION 

I t was found during th i s work that contro ls to 

guard against mis in terpre ta t ion due to toxigenic var ia t ions 

i n the test organism had cont inua l ly to be included i n 

studies of << tox in product ion . No c h a r a c t e r i s t i c pat tern 

was fol lowed i n the var ia t ions i n toxin production by the 

s t ra ins used i n th i s l aboratory . 



While the l e c i t h i n a s e t i t r e of one s t r a i n i n 

G . P . B . I . had decl ined from 1:96 to n i l a f ter 36 transfers 

i n the basal medium, another s t r a i n had increased i n 

toxigenic a c t i v i t y a f ter the same number of p a r a l l e l 

t r a n s f e r s . 

Upon p l a t i n g a l l the s t ra ins of C los t r id ium  

perfr ingensat our d i s p o s a l , colonies of three d i s t i n c t 

morphological types could e a s i l y be d i s t inguished by the 

use of a colony microscope with an i n d i r e c t l i g h t source. 

These colonies resembled those of C l o s t r i d i u m botulinum (Q î$ 

very c l o s e l y and the terminology coined f o r that organism 

w i l l be used here . 

Opaque - Translucent (OT). These colonies appear 

opaque and translucent i n an a l t e r n a t i n g 

mosaic pat tern which changes i n shape and 

i n p o s i t i o n as the p la te i s ro ta ted . This 

e f fect i s caused by an alignment of the 

c e l l s on t h e i r longer axis by attachment (85) 

end to end to form a "f ingerpr int" p a t t e r n . 

Translucent ( T ) . These colonies are e n t i r e l y t rans - -

lucent and are seen to be f l a t t e r than the 

OT colonies although not as f l a t and spreading 

as the T colonies of C los t r id ium botulinum. 

The c e l l s i n these colonies are not arranged 

i n any pat tern but are randomly d i s t r i b u t e d . 

Opaque ( 0 ) . These colonies are opaque and often 

s l i g h t l y yellow i n the l i g h t used for these 
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observations. A f a i n t mosaic pat tern 

which increases i n d e f i n i t i o n near the 

edges of the colony i s always seen i n 0 

colonies derived from an OT s t r a i n . While 

the only spores seen are i n colonies of th i s 

type they do not cons i s t ent ly contain spores 

and are often non-sporulat ing . 

While the c o l o n i a l morphology of some s t ra ins has 

been seen to remain s table throughout more than one hundred 

transfers i n the basal medium other s t ra ins have changed 

from pure T to pure OT cul tures i n four t r a n s f e r s . 

Cultures of these three morphological types of 

the organism In G . P . B . I . were i d e n t i c a l i n t h e i r appearance 

and o v e r a l l biochemical behavior . Thus the p r o t e o l y t i c and 

sacchro ly t i c d i f f e r e n t i a t i o n seen i n C los t r id ium botullnum 

i s not apparent i n th i s organism. No d i f f e r e n t i a t i o n of 

these three types was poss ib le by the degree of hemolysis 

on blood agar p l a t e s . 

During these studies a p e c u l i a r c o l o n i a l type, 

here r e f e r r e d to as a "halo" colony, was i n t e r m i t t e n t l y 

seen. The c e n t r a l p o r t i o n of such colonies consis ted of 

a normal T or OT growth, sharply del ineated by a depression 

which separated i t from an outer f r inge of growth, usua l ly 

of the opposite morphological type. The "halo" colonies 

were not s table and would revert to normal morphology upon 

t rans fer , although some s t ra ins were developed which showed 



an except ional ly high incidence of th i s c o l o n i a l morphology. 

Table 10 i l l u s t r a t e s the f ind ing that these colonies are 

i n d i c a t i v e of a great ly increased toxigenic a c t i v i t y i n 

G . P . B . I . This table does not represent the r e s u l t of the 

mixing of phases but only reports the approximate proport ion 

of various c o l o n i a l morphologies seen when each test cu l ture 

was p l a t e d . 

Table 10 

The ef fect of v a r i a t i o n upon tox in product ion i n G . P . B . I . 

C o l o n i a l Morphology <* Toxin 

(1) £0$ "Halo*1 co lon ies . 1:1536 
[|.0$ Colonies resembling "halo" colonies 
but without the de l inea t ing depress ion. 
10$ 0T co lon ie s . 

(2) 30$ "Halo" co lon ies . 1:768 
50$ Except iona l ly opaque 0T co lon ie s . . 
20$ T co lon ies . 

(£ ) 100$ "Halo" co lon ie s . 1:1536 
(Ij.) 30% "Halo" co lon ies . 1:3076 

50$ Except iona l ly opaque 0T co lon ies . 
20$ T co lon ie s . 

(5) 1+0$ "Halo" co lon ie s . 1:1536 
30$ Opaque 0T co lon ie s . 
30$ T co lon ie s . 

(6) 20$ "Halo" co lon ie s . 1:1536 
50$ Opaque 0T colonies 
30$ T colonies 

(7) 100$ P l a t T colonies with an evenly 
d i s t r i b u t e d opaque tendency. 1:192 

(8) 100$ Colonies resembling the "halo" 
colony but with only a few shallow 
de l inea t ing depressions. 1:3072 

(9) 80$ Colonies resembling the "halo" colony 
but with only a few shallow de l inea t ing 
depressions. 1:3072 

- 20$ 0T colonies with a wel l -def ined 
coarse mosaic p a t t e r n . 

(10) 1+0$ Except iona l ly we l l -de f ined "halo" 
co lon ie s . 1:1536 

1+0$ T co lon ies . 
20$ Opaque 0T co lon ie s . 

Since the highest l e c i t h i n a s e t i t r e i n G . P . B . I . 
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prev ious ly seen during th i s work was 1:381+ these exceptional 

r e s u l t s ind ica te that the fac tors responsible f o r the 

production of the "halo" colony grea t ly s t i m u l a t e ^ t o x i n 

product ion . The G . P . B . I . used during t h i s study was the 

same medium as that prev ious ly used i n th is p r o j e c t . I t 

i s seen that the only cu l ture producing «*. tox in i n the 

t i t r e that had come to be accepted i n G . P . B . I . was one 

which d id not give r i s e to "halo" co lon ie s . 

Subsequently the T and OT phases of several 

s tra ins were p u r i f i e d and t h e i r toxigenic a b i l i t i e s tested 

i n various media. Time studies showed that the T phase 

of the organism produces no «<. toxin i n the basal medium 

but i s capable of normal toxin production i n the basal 

medium with added enzymic digest of beef muscle. On the 

other hand the wel l -def ined OT cul tures tested produced 

tox in i n the basal medium and i n the basa l medium plus 

d iges t . However, one OT cul ture which grew i n colonies 

which were somewhat opaque and i n which the mosaic pat tern 

was f a i n t l y out l ined produced no toxin i n the basa l medium. 

No capsules could be seen i n any of these c u l t u r e s . 

In view of the r e s u l t s i l l u s t r a t e d i n table 10 

the p u r i f i e d phases were mixed and tested f o r eC tox in 

product ion . This mixture of cu l tures produced no 

s t imulat ion of tox in production i n the basal medium with 

enzymic digest or i n G . P . B . I . The ef fect of mixing the 

T and OT phases of th is organism i n the basal medium was 

determined by means of a time study i l l u s t r a t e d by f igure 17* 
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TIME STUDIES 

A l l the r e s u l t s de ta i l ed to th i s point have 

been obtained using the techique of Curr i e and of many 

previous workers In th i s f i e l d who measured tox in . 

production a f ter s ixteen hours of incubat ion . The fo l lowing 

sections deal with experiments i n which tox in product ion 

was measured at stated i n t e r v a l s , usua l ly of one hour, 

during the growth of the organisms. These experiments 

are re ferred to here in as time s tudies . 

F igure 6 represents the experiment which showed 

that tox in i s produced i n the basal medium. This 

experiment was repeated as a c o n t r o l i n each - ' tox in 

production experiment undertaken during t h i s work. 

Ident i ty of the l e c i t h i n a s e produced i n the basal medium. 

When 0.2 u n i t s / m l . of a n t i t o x i n was added to the 

tox in measuring system no l e c i th inase a c t i v i t y could.be 

demonstrated. The "hot-cold" hemolysis a c t i v i t y of the 

cu l ture i n the basal medium was seen to p a r a l l e l the 

l e c i t h i n a s e a c t i v i t y . 

Centrifugates of the cu l ture i n the basal medium 

were in jec ted into mice and i t was found that a l e c i th inase 

t i t r e of 1 s2if. corresponded to 5 LD/50 of the tox in per ml . 

I t was determined that 0.3 un i t s of the s p e c i f i c a n t i t o x i n 

provided pro tec t ion f o r a mouse Injected with 5 LD/50 of 

the t o x i n . Therefore 0.060- un i t s of a n t i t o x i n protect 

http://could.be
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against one LD/50 of « « - t o x i n . 

Since i t had thus been shown that a l e c i t h i n 

s p l i t t i n g , hemolytic and l e t h a l fac tor i s present i n the 

supernatants of cul tures i n the basal medium and that th i s 

f a c t o r i s neutra l i zed by the s p e c i f i c a n t i t o x i n I t was 

concluded that «t toxin i s indeed produced i n the basal medium. 

The Denaturaticn of * Toxin i n c e l l - f r e e Centrifugates 

Figure 8 shows the effect of temperature and of 

pH upon the denaturation of « < t o x i n i n the c e l l - f r e e 

centr i fugate of a cu l ture at i t s maximum toxin product ion 

i n the basal medium. R e f r i g e r a t i o n and the maintenance 

of a pH value above 7«0 act to decrease the rate of tox in 

denaturat ion. The incubat ion of dupl icate cu l tures i n a 

Mackintosh-Fi ldes j ar and under aerobic condit ions showed 

that anaerobiosis af fects ne i ther tox in product ion nor 

i t s denaturat ion. 

The Ef fec t of pH adjustment upon ^ t o x i n production i n the  

basal medium. 

During t h i s experiment the pH of the cu l ture was 

measured at f i f t e e n minute i n t e r v a l s and the required 

adjustment made by add i t ion of 1.0N NaOH. Figure 9 shows 

that the denaturation of * tox in i s retarded by the main

tenance of the pH at a value above 7.0. During a l l pH 

adjustment studies i t was observed that the o p t i c a l densi ty 

of the cul tures decl ines fo l lowing the logarithmic growth 
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phase. Often th i s decrease i n o p t i c a l density i s more 

abrupt than that shown i n f igure 9. 

The Ef fec t of Glucose Concentration upon * tox in Product ion. 

The concentrat ion of glucose af fects tox in 

product ion i n the basal medium i n that i t determines 

both the amount of growth and the pH resu l tant from that 

growth. Figure 10 shows the c h a r a c t e r i s t i c product ion and 

r a p i d denaturation of << toxin i n the basal medium. However, 

f igures 11 and 12 show the slower tox in denaturation and 

the dec l ine i n o p t i c a l density prev ious ly seen i n pH 

adjustment s tudies . 

The E f f e c t of Dextr in upon Growth and <=<• toxin Product ion . 

In the experiment represented i n f igure 13 the 

values f o r the toxin t i t r e of samples taken before ten 

hours are omitted because i t has since been found that a 

f a l s e opalescence develops i f the pH of the sample i s over 

6.5« In subsequent studies pH adjustments were made and 

the majority of the e a r l i e r experiments were repeated. 

I t i s shown i n th i s experiment that the growth 

and the resul tant dec l ine i n pH are slowed by the sub

s t i t u t i o n of dextr in f o r glucose i n the basal medium. 

When the pH of a cu l ture i n the basal medium which contains 

dex tr in i s maintained at a value above 7«0 a decrease i n 

the rate of * tox in denaturation s i m i l a r to that seen i n 

f igure 9 r e s u l t s . 
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The E f f e c t of Various Concentrations of a Trypt i c Digest  

of Beef Muscle upon •*Toxin Product ion. 

Figure lk I l l u s t r a t e s the product ion of ot tox in 

and i t s denaturation In the presence of varying concentrations 

of a t r y p t i c digest of beef muscle. Concentrations of the 

digest greater than l / l6 G . E . / m l . had the same effect as 

that concentrat ion on the denaturation of the t o x i n . The 

maintenance of the pH of these cul tures at a l e v e l above 

7.0 does not a f fec t tox in production but fur ther decreases 

i t s rate of denaturat ion. 

The Ef fec t of Ammonium Sulphate -Prec ip i ta ted Prote lm upon  

* tox in Production i n the Basal Medium. 

The prote ins remaining from a t r y p t i c digest of 

beef muscle were p r e c i p i t a t e d by saturat ion with ammonium 

sulphate. The p r e c i p i t a t e d p r o t e i n and the ammonium 

sulphate - saturated supernatant were then tested f o r 

t h e i r ef fect upon < tox in production i n the basa l medium. 

An ammonium sulphate - saturated so lu t ion of the supernatant 

had to be used since d i a l y s i s would have removed the 

d ia lyzab le components of the d iges t . 3.6 G . E . / m l . of th i s 

supernatant allowed good growth of the organisms but d id 

not enhance tox in product ion nor protect the tox in formed. 

The effect of the i n c l u s i o n of the p r e c i p i t a t e d 

prote ins upon tox in product ion i s i l l u s t r a t e d i n f i gure 15. 

While the gram equivalence values quoted i n th i s f i gure 

are not s t r i c t l y accurate, due to the d i f f i c u l t y of 



recovering a l l of the viscous p r o t e i n p r e c i p i t a t e , i t i s 

seen that th i s f r a c t i o n holds most of the tox in -protec t ive 

ac t ion of the d iges t , A marked s i m i l a r i t y between the 

a c t i v i t y of l/2f> G . E . / m l . of the p r o t e i n and the pH 

adjustment effect seen i n f igure 9 i s immediately obvious. 

The Ef fec t of the Omission of Cer ta in Amino Acids upon  

<*• tox in Product ion. 

The fo l lowing study was undertaken to determine 

the ef fect of the omission of those amino acids not 

considered by Boyd, Logan and T y t e l l (11) to be necessary 

for growth upon tox in product ion . 

Table 11 

The e f fect of the omission of c e r t a i n amino acids upon 
^ tox in product ion . 

Amino acids omitted Growth <* Toxin Production 

Contro l Normal Normal 
D L - a l i n e , g l y c i n e . N i l 
DL-aspart ic a c i d . Normal Normal 
L - p r o l i n e , h y d r o x y - L - p r o l i n e . Normal Normal 
Glyc ine , DL-a lan ine , DL-aspart ic 

a c i d , L - p r o l i n e , h y d r o x y - L - p r o l i n e . N i l 

Thus i t i s seen that there are no amino acids 

i n the basal medium which are required for << toxin product ion 

but not f o r the growth of the organism. 

The E f f e c t of Cyst ine upon « t o x i n Production i n the Basal 

Medium. 

The concentrat ion of cyst ine i n the basa l medium 
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has been shown to a f fec t «< toxin product ion . Figure 16 

shows the effect of the normal 10 mg./lOO m l . concentrat ion 

used i n the basal medium. Higher concentrations of cyst ine 

y i e l d less <<• t o x i n , while 6 mg./lOO m l . appears to be 

optimal with regard to tox in product ion . At l eve l s below 

5 mg/100 m l . the product ion of toxin i s decreased but 

denaturation i s considerably slower at these lower 

concentrations so that the peak of tox in product ion i s 

lower but of longer durat ion . 

A r e p e t i t i o n of the above experiment with the 

maintenance of a c u l t u r a l pH above 7»0 showed no increase 

i n t o t a l toxin product ion at the optimal cyst ine l e v e l . 

However at higher cyst ine concentrations pH adjustment 

served to increase t o t a l <*• toxin product ion as w e l l as to 

decrease the rate of i t s denaturat ion. 

The Ef fec t of Iron Concentration upon <<Toxin Production  

i n the Basal Medium. 

For the purpose of th i s study i r o n was removed 

from the basal medium by absorption on aluminum oxide. 

I t was establ i shed that the second transfer of the organism 

on th i s absorbed medium f a i l e d to grow. Therefore, the 

inoculum used i n t h i s work consis ted of the f i r s t t rans fer 

of the test s t r a i n i n the absorbed medium to minimize 

a "carry-over" of the element under these condi t ions . 

Table 12 i l l u s t r a t e s the ef fect of addit ions of 

i r o n to the absorbed medium upon growth and < tox in 

product ion . 



57 

Table 12 

The ef fect of i r o n concentrat ion upon <* tox in product ion 
i n the basa l medium. 

Iron Addi t ion Growth «<* Toxin Production 

0 mg/ml none 
0.012 mg/ml s l i g h t 
0.02k mg/ml good normal 
O.Olj.8 mg/ml good normal. 
O.llm. mg/ml good normal 
0.3oq. mg/ml good normal with more r a p i d 

0.860 mg/ml good 
1.730 mg/ml s l i g h t 

denaturation than i s usual 
none 

Thus i t i s seen that the optimal concentrat ion of 

i r o n f o r << tox in production i s 0.02l|. mg/ml. to 0.lijJ+ mg/ml. 

and that lower and extremely high concentrations of i r o n 

i n h i b i t growth. An inf luence of higher i r o n concentrat ion 

upon denaturation i s suggested and i t i s therefore noted 

that the pH of those cul tures showing rap id denaturation 

and low t o t a l toxin production were not abnormally low. 

The Influence of B a c t e r i a l V a r i a t i o n upon * Toxin Production 

i n the Basal Medium. 

This study was undertaken to determine the effect 

on «c toxin production i n the basal medium of mixing the 

T and OT phases of the organism. Figure 17 shows that the 

mixed phases produced approximately one-half of the tox in 

produced by the OT c u l t u r e . 
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DISCUSSION 

I t has been shown that C los tr id ium perfr ingens 

produces a l e c i th inase i n the basal medium of Boyd, 

Logan and T y t e l l . This l e c i t h i n a s e i s r a p i d l y denatured 

as growth proceeds and denaturation i s complete before the 

conventional time f o r the measurement of <* tox in a c t i v i t y . 

For th i s reason the measurement of «< tox in after s ixteen 

hours i n the basal medium had always y i e lded negative 

r e s u l t s . 

An i n v e s t i g a t i o n has shown that the a c t i v i t y 

of the l e c i t h i n a s e i s p a r a l l e l e d by l e t h a l i t y and by the 

a b i l i t y of the supernatant to induce "hot-cold" hemolysis 

i n sheep's erythrocytes . Since each of the above-mentioned 

a c t i v i t i e s i s i n h i b i t e d by the presence of the s p e c i f i c 

antiserum to C los t r id ium perfringens we have concluded 

that the agent of these a c t i v i t i e s i s a c t u a l l y <* t o x i n . 

The formation of << tox in Is d i r e c t l y r e l a t e d to 

the logarithmic growth phase and i t has been shown that 

the maximum t i t r e of the tox in i s present during the most 

act ive growth. At the end of the logarithmic growth phase 

a s l i g h t increase i n the pH of the basal medium i s 

i n v a r i a b l y seen. A s i m i l a r increase i s reported by Gros 

and ; Macheboeuf,(28) as a r e s u l t of the l i b e r a t i o n of 
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ammonia during the pre l iminary auto lys i s of the c e l l s of 

C l o s t r i d i u m sporogenes. 

The omission of L p r o l i n e , hydroxy-L-pro l ine or 

DL-aspart ic ac id from the basal medium does not af fect 

the •< tox in product ion or the growth of the organism* 

Since Woods and Trim (101) have found that these amino 

acids are present In the prote ins of the organism i t must 

be assumed that they are formed by synthesis or by trans 

amination. 

Prom various experiments reported above, i t i s 

obvious that «c toxin i s very r e a d i l y denatured i n the super-

natants of cul tures from the basal medium. Since l i k e most 

of the C l o s t r i d i a these organisms- produce h igh concentrations 

of p r o t e o l y t i c enzymes the tox in , which i s known to be 

e a s i l y denatured by p r o t e o l y t i c agents, (81) cannot be 

expected to escape des t ruc t ion . The presence of the c e l l s 

i s not required f o r the r a p i d denaturation of •<. tox in i f 

s u f f i c i e n t growth of the organism i n the basal medium has 

been allowed. Gonzalez (23) has stated that temperatures 

above 63°c or the add i t ion of a 1:88,000 concentrat ion of 

mercuric ch lor ide serve to inac t iva te the p r o t e o l y t i c 

enzymes of th i s organism. 

Theta toxin i s produced i n the basa l medium i n 

amounts comparable with those produced i n complex media. 

This toxin i s a lso formed during the logari thmic growth 

phase and i s subject to a denaturation somewhat less r a p i d 
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than that of the <* tox in , i n the basal medium. Since i t 

has a l so been shown that % toxin i s r e a d i l y denatured by 

the common p r o t e a l y t i c enzymes (81) a denaturation s i m i l a r 

to that of ft tox in i s to be expected. 

The apparent s t imulat ion of ^ tox in product ion by 

the s u b s t i t u t i o n of dex tr in f o r glucose i n the basal medium, 

which has been reported by many e a r l i e r workers, i s 

explained by the time study i l l u s t r a t e d i n f igure 13* The 

ef fect of dex tr in i s to delay the growth of the organism 

while an adaptive enzyme i s formed to break down t h i s 

r ing-shaped polysaccharide in to energy y i e l d i n g glucose 

u n i t s . 

The delay caused by dex tr in allowed the maximum 

tox in product ion per iod to co incide more c l o s e l y with the 

time at which «< tox in was commonly measured. Thus the 

effect of dex tr in i s not an actua l s t imulat ion of * t o x i n 

product ion . The tox in production i n these cul tures i s , 

however, not i d e n t i c a l with that i n glucose cul tures i n 

that •<toxin i s evident at a lower o p t i c a l dens i ty . This 

e a r l i e r tox in product ion may r e s u l t from the toxigenic 

a c t i v i t y of c e l l s c a r r y i n g on a "rest ing" metabolism before 

c e l l u l a r reproduct ion i s made p o s s i b l e . 

The .c tox in present at any time i n any medium 

thus represents the r e s u l t of a balance between product ion 

and denaturat ion. Since an increase i n tox in production 

may r e s u l t i n the same maximum tox in l e v e l as a decrease 



61 

In the rate of denaturation would produce, i t i s often 

d i f f i c u l t to d i f f e r e n t i a t e between stimulation of product ion 

and i n h i b i t i o n of denaturat ion. However, a decrease i n 

the rate of denaturation i s often obvious as a r e s u l t of 

a lower decl ine i n the <*. tox in l e v e l a f ter maximum product ion 

has been r e a l i z e d . 

The factors found i n these experiments, to af fect 

the denaturation of <<• toxin had a l l been prev ious ly 

described as increas ing the product ion of the tox in i n 

complex media. The denaturation of «* tox in i s affected 

by the pH of the medium, by the presence of proteinaceous 

m a t e r i a l , and by the concentrations of glucose, cyst ine 

and i r o n . 

The pH of the medium has been shown to af fect 

the denaturation of tox in to a great extent. The 

maintenance of the c u l t u r a l pH at values above 7«0 slows 

denaturation to a considerable degree but does not e n t i r e l y 

stop i t . This pH coincides with the upper l i m i t of the 

optimal pH range of the Lec i th inase -des troy ing enzyme 

reported by Vyshepar and Krasnova.(95) However, these 

workers gave the lower l i m i t of the a c t i v i t y of t h e i r 

enzyme as pH 6.0. I t has been shown that <*toxin i s 

r a p i d l y denatured at pH 5.5>» a value at which the above 

enzyme was irareversibly i n a c t i v a t e d . I t i s , however, 

poss ib le that Vyshepan and Krasnova have p u r i f i e d only 

one of a number of enzymes capable of denaturing the t o x i n . 
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The concentrat ion of glucose In the medium af fects 

<x-toxin product ion i n that i t a f fects growth and the 

resu l tant c u l t u r a l pH. Studies of the e f fect of glucose 

upon tox in production have shown that the denaturation of 

the tox in i s more rap id at pH than at pH 6.0 or 6 .5 . 

I t was seen i n these s tudies , as i n those i n which the 

pH was adjusted, that f a i l u r e to produce a c u l t u r a l pH 

below 6.0 during growth i n the basal medium r e s u l t s i n a 

dec l ine i n o p t i c a l density fo l lowing the logarithmic 

growth phase. 

Studies undertaken ear ly i n t h i s work showed that 

the addi t ion of enzymic digests of beef muscle to the 

basa l medium resu l ted i n the presence of <* tox in af ter 

s ixteen hours incubat ion . I t was shown that the s p e c i f i c 

enzyme used i n the d iges t ion was of l i t t l e importance and 

that digests of beef heart , l i v e r and muscle were approximately 

equal i n t h e i r a c t i v i t y . Later, work establ i shed that <* tox in 

i s protected from denaturation i n proport ion to the con

centrat ion of the digest added to the medium. 

It has been shown that the tox in pro tec t ive f a c t o r 

present i n the digests i s d ia lyzab le to only a small extent. 

A thoroughly digested preparat ion must be presumed to 

contain a high concentrat ion of small peptides which would 

be d i a l y z a b l e . P r e c i p i t a t i o n of the remaining prote ins 

and peptides of a t r y p t i c digest by sa turat ion with 

ammonium sulphate leaves the supernatant devoid of t o x i n -

protec t ive a c t i v i t y while the prote ins and larger peptides 
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r e t a i n most of the a c t i v i t y of the digest i t s e l f . 

The above f ind ings , together with previous 

observations that p r o t e i n concentrat ion i s of importance 

i n toxigenesis i n complex media, lead to the conclusion 

that the prote ins and peptides of the digests exert a 

tox in-protec t ive in f luence . The most obvious p o s s i b i l i t y 

i s , therefore , that these prote ins and peptides act as 

a l ternate substrates f o r the enzymes which are bel ieved 

to be act ive In * toxin denaturat ion. I f the t o x i n -

protec t ive e f fect of the digests i s coupled with the 

s i m i l a r ef fect of pH adjustment, no increase i n tox in 

production i s seen but the rate of denaturation i s 

fur ther decreased. 

Prom the studies concerning the effect of the 

concentrat ion of cyst ine upon << tox in product ion i t was 

seen that th i s amino ac id i s required for growth and 

tox in production by C los t r id ium perfringens 6mg. cyst ine 

/ lOO ml . i s optimal f o r both growth and tox in formation 

while 2.5 mg./lOO ml . allows good growth but reduces the 

amount of toxin produced. However, at the lower cyst ine 

concentrat ion denaturation i s markedly slowed. At higher 

concentrations of cyst ine denaturation becomes increas ing ly 

r a p i d u n t i l at 20 mg./lOO ml . no < tox in production can 

be detected. 

The effect of cyst ine upon tox in denaturation 

i s of considerable in teres t because of the d e s c r i p t i o n 
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of cysteine as a cofactor of the enzyme i s o l a t e d by 

Vyshepan and Krasnova.(95) Cyst ine i s very e a s i l y 

reduced to two cysteine molecules which, according to 

the above authors, act ivate the p r o t e o l y t i c enzyme act ive 

i n ot toxin denaturat ion. The cys t ine -cys te ine system 

i s often associated with p r o t e o l y t i c systems because the 

e a s i l y oxidized sulphydryl group of cysteine protects 

s i m i l a r groups on.the enzymes from i n a c t i v a t i o n by ox idat ion . 

There i s an i n d i c a t i o n that h igh concentrations 

of i r o n may accelerate the denaturation ofottoxin. At 

an i r o n concentration of 0.381+ mg. /ml . more rap id de

naturat ion i s seen than at lower concentrat ions , a id at 

0.860 mg/ml. no <* tox in could be detected. I t i s poss ib le 

that the inf luence of i r o n concentration upon the general 

metabolism may be r e f l e c t e d i n changes i n tox in production 

and/or denaturation but no d i r e c t mechanism can be 

suggested at th i s t ime. The c u l t u r a l pH during growth was 

not affected by the range of i r o n concentrations used i n 

th i s study. 

The optimal concentration of i r o n for growth i s 

from 0.021+ mg/ml. to 0.860 mg/ml. while the optimal i r o n 

concentration for << tox in production Is 0.021+ mg/ml. " 

The inf luence of i r o n concentration upon the production 

of < toxin by C los t r id ium perfringens i n the basa l medium 

i s , however, not as pronounced as i n the case of 

Corynebacterium d iphther lae . 



65 

Although studies i n the basal medium have 

shown that tox in i s a concomitant of normal growth 

amounts of the toxin much greater than those obtained 

here have been reported i n complex undefined organic 

media.(1) It i s , therefore, poss ib le that other and 

at present unknown genuinely toxigenic factors may ex i s t 

which are capable of s t imulat ing <* tox in product ion . 

Part of the apparent enhancement might be a t t r ibuted to 

the increase i n b a c t e r i a l numbers due to optimal n u t r i t i o n . 

One i s , however, i n c l i n e d to doubt th i s i n t e r p r e t a t i o n 

on the basis of a comparison of dry weights a t ta ined . 

M i l l e r (61+) has shown that a peptidase capable of s p l i t t i n g 

h i s t i d i n e peptides to form c e r t a i n as yet unknown products 

i s required for toxigenesis i n C los tr id ium , it eta'nj.. •'. 

The n T - O T n phase v a r i a t i o n o r i g i n a l l y seen to 

occur i n C los tr id ium botullnum has also been noted i n 

C los t r id ium perfringens This phase v a r i a t i o n af fects 

<»<- toxin product ion i n the basal medium but not In more 

complex media. These f indings suggest that the OT phase 

has the a b i l i t y to produce «*. tox in from the amino acids 

present i n the basal medium while the T phase requires a 

more complex precursor for toxigenes is . The p o s s i b i l i t y 

that the T phase i s a more p r o l i f i c producer of an tox in -

denaturing f a c t o r has been discounted since the mixture 

of the two phases f a i l e d to show any unusual tox in 

denaturat ion. 
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The occurence of the "halo" colonies seen during 

th i s work was shown to be re la ted i n some manner to a 

great ly increased product ion of <* toxin i n G . P . B . I . The 

c i r c u l a r depressions i n these colonies are probably not 

caused by the l i b e r a t i o n of a bacteriophage since the 

existence of a uniform "ring" of c e l l s s ens i t ive to 

bacteriophage seems improbable. The existence of a "halo" 

of one phase around a colony of another cannot be accounted 

for by the c o l o n i a l patterns usua l ly resu l tant from a 

mutation. Andervont and Simon (If) have shown that the 

vegetative c e l l s of c e r t a i n B a c i l l u s species are lysed 

when grown i n contact with spore bearing c e l l s of the 

same species . Some i n t r a s p e c i f i c antagonism may contr ibute 

to t h i s phenomenon which, however, remains e s s e n t i a l l y 

unexplained. 
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SUMMARY 

1. A lecithinase is produced and subsequently-

destroyed during the growth of Clostridium perfringens 

in the chemically reproducible medium of Boyd, Logan 

and Tytell. The lecithinase possesses the biological and 

immunological properties of «*• toxin. 

2. Lecithinase production is markedly affected by 

bacterial variations which are reflected in colonial 

morphology. 

3« The apparent stimulation of lecithinase production 

by the substitution of dextrin for glucose is explained 

on the basis of delayed growth and enzyme production. 

ij.. The rate of lecithinase destruction is slowed 

by pH adjustment, addition of proteinaceous material, 

and by the adjustment of the concentrations of cystine 

and of iron. 
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FIGURE 

TOXIN PRODUCTION IN A COMPLEX MEDIUM 
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FIGURE 6 

OC TOXIN PRODUCTION IN THE BASAL MEDIUM 
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FIGURE 7 

THE RELATIONSHIP BETWEEN oC AND 6 TOXIN PRODUCTION 
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FIGURE 8 
Enzyme 

Hours 



— I 1 1 1 1 1 1 1 1  

2 4 6 8 10 12 14 16 

A= P H adjustment Hours o= expimental lecithinase values 



F I G U R E 10 

1.0% GLUCOSE 

0. D. , 

40+ 

Enzyme 

-1:48 

Hours 



FIGURE II 
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FIGURE 12 
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FIGURE 13 
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FIGURE 15 

AMMONIUM SULPHATE - PRECIPITATED PROTEIN 
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FIGURE 16 

THE EFFECT OF CYSTINE ON <X TOXIN PRODUCTION 
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FIGURE 17 

THE INFLUENCE OF BACTERIAL VARIATION ON C< TOXIN PRODUCTION 
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