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Enzymes  of lipid m e t a b o l i s m  were  studied in s t ra ins  of the gas  gangrene  o rgan i sm  Clos t r i -  
dium per f r ingens  type A and of C1. botul inum types A, B, and F, with di f ferent  levels  of 
toxigenici ty.  Lipase  act ivi ty  of the toxigenic s t ra ins  of C1. per f r ingens  was found to be 
h igher  than that  of s t r a ins  with low toxigenicity,  while this act ivi ty for  C1. botul inum was 
much higher  than for  C1. pe r f r ingens .  Cultural  f i l t r a tes  p o s s e s s e d  much higher  l ipase  a c -  
tivity than the b a c t e r i a l  ce l l s .  Nei ther  the bac t e r i a l  cel ls  nor  the cul tural  f i l t r a tes  of C1. 
per f r ingens  and C1. botul iuum decompose  tweens,  but a f t e r  a s e r i e s  of subcul tures  of these 
b a c t e r i a  on media  containing tweens an induced tweenase was c l ea r ly  detectable .  Accumu- 
lat ion of tweenases  during growth of the bac t e r i a l  cul tures  and the chief p rope r t i e s  of the 
enzymes  were  studied. 

The gas gangrene o rgan i s m  Clos t r id ium per f r ingens ,  whose toxic complex consis ts  of subs tances  of 
enzymic ,na ture ,  on enter ing a wound causes  the breakdown of musc le  and adipose t i s sues .  However ,  a l -  
though there  have been  many  inves t igat ions  of the proteolyt ic  act ivi ty of the pathogenic c los t r id ia ,  the in- 
ves t iga t ion  of the i r  l ipase  and e s t e r a s e  act ivi ty  has b a r e l y  begun. For  ins tance,  an indi rec t  conclusion 
rega rd ing  the high l ipolyt ic  act ivi ty  of the pathogenic c los t r id ia  can be obtained b y  Nag le r ' s  diagnostic  
tes t ,  and in 1961 the p resence  of l ipases  in some e los t r id ia  was demons t ra t ed  [1]. The use of tweens for 
de te rmina t ion  of l ipolytic act ivi ty  in this invest igation,  however ,  did not allow different ia t ion between l ipase 
and e s t e r a s e  act ivi ty .  

In the invest igat ion desc r ibed  below the enzymes  of lipid m e t a b o l i s m  were  studied in C1. per f r ingens  
and C1. botul inum in connection with the toxigenie function of bac t e r i a l  cel l .  

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

Highly toxigenic s t ra ins  BP6K No. 28 and SR-12, the weakly toxigenie s t ra ins  2836, 2910, and No. 1, 
and the p rac t i ca l ly  nontoxigenic s t r a i n  A-27 of C1. per f r ingens  type A were  used.  The s t r a ins  were  kept 
on T a r o z z i ' s  medium and subcul tured for  growth on med ium containing ca se in -mush room hydrolysa te  with 
0.5% glucose .  Cultivation continued for  2 to 24 h a t  37~ and s amp le s  were  taken eve ry  2 h. Since under  
these conditions it  was imposs ib le  to detec t  tweenase act ivi ty ,  an a t t empt  was made to induce the f o r m a -  
tion of this enzyme by subcul tures  on media  containing tweens.  Accordingly,  0.1% tween was added to the 
bas i c  med ium and a f t e r  growth for  6 h the cul ture  was t r a n s f e r r e d  to f r e sh  nutr ient  med ium of the s ame  
composi t ion for  fu r the r  growth,  and so on. Tweenase with c l ea r ly  define d act ivi ty  appeared  a f t e r  the sixth 
subcul ture  by the 4th hour  of growth.  

At the end of growth the bac t e r i a l  m a s s  was separa ted ,  washed twice with physiological  sa l ine ,  and a 
10% bac t e r i a l  suspens ion in physiological  sal ine was made up. To de te rmine  l ipase  and tweenase ac t iv i ty  
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Fig.  1. Dynamics  of l ipase ac t iv -  
ity in toxin and b a c t e r i a l  cel ls  of 
CI__.. per f r in~ens :  1) s t r a i n  BtX.6K 
(toxin}; 2} BD-6K (cell}; 3) 2836 
(toxin); 4) 2836 (cell}. Here  and 
in Figs.  2 and 3: ordinate ,  con- 
tent  of oleic  acid in m g / m g  total  
ni trogen;  a b s c i s s a ,  age of c a n  
tu re  (in h). 
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Fig. 2. Dynamics  of l ipase ac t iv-  
ity in toxin of C1. botul inum: 1) 
s t r a in  ]3-175; 2) B-30; 3} A-98; 4) 
E-Nanaimo; 5) A-4 /2 .  

the cell  suspens ion  and the superna tan t  of the cul ture  (toxin} were  
used.  Lipase  act ivi ty  was de te rmined  af ter  incubation of the cell  
suspens ion or  toxin for  1 h with olive oil at  45~ by B a k e r ' s  method, 
and tweenase  act ivi ty  under the s ame  conditions but with tweens as 
the s u b s t r a t e s ,  using the same  method to de te rmine  the fatty acids  
spl i t  off. Ni t rogen in the s a m p l e s  was de te rmined  a f te r  mine ra l i -  
zation with N e s s l e r ' s  r eagen t .  The reac t ion  mix ture  contained: 5 
ml  a m m o n i a - a m m o n i u m  buffer ,  pH 8.9, 2 ml  1.6% CaC12, 2 ml  
2.4% solution of egg albumin,  and 2 ml 1.6% solution of sodium 
oleate .  The mix ture  was incubated with continuous s t i r r ing  for  I h 
a t  37~ A mix tu re  with inact ivated enzyme was used as  the con-- 
t ro l .  After  the end of incubation 1 ml concent ra ted  HC1 and 20 ml 
benzene were  added, the mixture  was well  s t i r r ed ,  then cen t r i -  
fuged for  15 rain a t  2500 rpm,  10 ml  of the benzene phase was with- 
drawn and t rea ted  with 8 ml  5% copper  ace ta te ,  and a f t e r  s t i r r ing ,  
pho tomet ry  was c a r r i e d  out a t  680 nm aga ins t  a mix tu re  of 10 ml  
benzene and 8 ml copper  ace ta te .  A ca l ibra t ion  curve  was plotted 
for  oleic acid in benzene solution. The enzyme act iv i ty  was ex-  
p r e s s e d  in m i l l i g r a m s  of subs t r a t e  decomposed  per  m i l l i g r a m  
total  ni t rogen of the enzyme p repa ra t ion .  

EXPERIMENTAL RESULTS 

The l ipase act ivi ty  was found to be s t ronge r  in the toxin than 
in the cell  suspension,  and it  was much higher  in f i l t r a tes  f r o m  
cul tures  of toxigenic s t r a ins  than in those f r o m  s t r a in s  of low toxi-  
genici ty.  Lipase  ac t iv i ty  began to appea r  in the f i l t ra te  dur ing the 
f i r s t  2 h of growth of the cul tures  of both s t rongly  and weakly toxi-  
genic s t r a ins  (Fig. 1). By these t imes  the l ipase  act ivi ty  in the 
f i l t r a tes  and cell  suspens ions  was about equal,  but  l a t e r  the ac t iv i ty  
in the f i l t ra te  inc reased  until 4 h, while in the bac t e r i a l  cel ls  a t  
this t ime it fell cons iderably ,  to r each  20% of its initial ac t iv i ty  
a f t e r  6-8 h .  L ipase  act ivi ty  a lso  fell  in the f i l t ra tes ,  but the r a t e  

of d e c r e a s e  was much l ess :  50% of the ac t iv i ty  s t i l l  r ema ined  a f t e r  6 h. Lipase  ac t iv i ty  in the toxin r e -  
mained a t  this level ,  and then fell  sl ightly until 18-20 h of growth of the culture;  it was accordingly  postu-  
lated that  l ipase  is synthes ized  in the cell  mos t  in tensively  during the f i r s t  hours  of growth of the cul ture ,  
but the r a t e  of synthes is  then falls  off although the enzyme continues to leave the cell  until the end of incu- 
bat ion.  Activity of the enzyme decompos ing  tweens was detected in the b a c t e r i a l  ce l ls  and f i l t r a tes  only 
a f t e r  r epea ted  subcul ture  of the C1. per f r ingens  s t r a ins  on media  containing tweens.  For  ins tance,  tween- 
uses  capable  of hydrolyz ing  tween-40 and tween-65 appea red  a t  the sixth subcul ture  of the s t r a in s  r e g a r d -  
l e s s  of the i r  toxigenici ty a f t e r  incubation for  4 h, and they r ema ined  until the eighthsubculture~ a f t e r  which 
the tweenase  ac t iv i ty  declined.  The total  tweenase ac t iv i ty  was higher  in weakly toxigenic s t r a i n s .  Culti- 
vat ion of the b a c t e r i a  on media  with tweens 20, 60, 80, and 85 did not induce tweenase format ion .  

Invest igat ion of the p rope r t i e s  of the l ipase showed that  the enzyme act iv i ty  r eached  its m a x i m u m  at  
pH 8.2 and 9.6, whe reas  tweenase  ac t iv i ty  was max ima l  a t  pH 8.2 and 9.2. The p re sence  of two peaks of 
act iv i ty  thus sugges ts  the he te rogene i ty  of these enzymes  in C1. pe r f r ingens .  The t e m p e r a t u r e  op t imum 
for l ipases  was 45~ and for  tweenases  40~ At 65~ both enzymes  comple te ly  los t  the i r  ac t iv i ty .  Lip~se 
was ac t iva ted  by a s c o r b i c  acid and cys te ine ,  indicating that  the enzyme contains SH-groups,  and a lso  by 
ions of the meta l s  Fe,  Mn, Co, Ca, Mg, and Na. Low concent ra t ions  of Hg ions ac t iva te  while high concen-  
t ra t ions  inhibit l ipase  ac t iv i ty .  

The toxigenic s t r a in s  A-98, B-175, B - 3 0 / I ,  and F 470 and the weakly texigenic s t ra ins  A - 4 / 2  and 
E-Nana imo of CI_.: botul inum were  studied. The s t r a ins  were  kept on T a r o z z i ' s  med ium and subcul tured on 
c a s e i n - m u s h r o o m  medium.  The cul ture  was grown for  6 days and enzyme act ivi ty de te rmined  every  day in 
the cel ls  and toxin as  desc r ibed  above.  Tweenase  act ivi ty  l ikewise could not be detected in C1. botul inum 
and an a t t empt  was made to induce tweenase fo rmat ion  by the method desc r ibed  above,  but the subcul tures  
were  made eve ry  2 days .  An enzyme decompos ing  only tween-20 was d i scove red  at  the fifth subcul ture ,  
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Fig. 3. Dynamics  of l ipase  
act ivi ty in bac t e r i a l  ce l ls  of 
C1. botul inum. Legend as 
in Fig. 2. 

dance with the needs of the cel l .  

and its act ivi ty  continued until the seventh subcul ture ,  a f te r  which it 
began  to decline.  The exper imen t s  showed that  l ipase  act ivi ty began to 
appear  on the 1st  day of growth of the culture in both the cel ls  and the 
toxin (Figs.  2 and 3), and reached  a m a x i m u m  in the 2rid day of growth.  
On the 3rd day the l ipase act ivi ty began to d e c r e a s e ,  and by the 6th day 
it had fal len to 10-15% of the max imum.  Lipase  ac t iv i ty  was weaker  in 
s t r a in s  of low toxigeniei ty than in the more  highly toxigenic s t r a ins ,  and 
it was s t ronge r  in the toxin than in the bac t e r i a l  cel ls .  Lipase  act ivi ty  
o f  C1. botul inum was maximal  a t  pH 9.3 and 10.3. The opt imal  t e m p e r a -  
ture  was 45~ The l ipase  was ac t ivated by a sco rb i c  acid and by Mn, 
Mg, and Zn ions and it  was inact ivated by Fe and Hg ions.  Co, Ca, and 
Na ions had no apprec iab le  action.  

The r e su l t s  sugges t  that the l ipase synthes ized  in the bac t e r i a l  
cel ls  is rap id ly  l ibera ted  f rom them and ac t s  on the medium in a c c o r -  

In pathogenic s t ra ins  of C1. per f r ingens  the high l ipase act ivi ty  could be 
one of the b iochemica l  c h a r a c t e r i s t i c s  enabling the m i c r o o r g a n i s m  to ex is t  in the l ipid-rich t i s sues  of the 
host .  The p r e sen ce  of l ipolytic enzymes  in C1. botulinum, which is not an o rgan i sm  of wound infections,  
neve r the l e s s  co r r e sponds  comple te ly  to the conditions of its exis tence as  they have evolved,  and to the 
product ion of toxin on mea t ,  fish, and vegetable  products  r i ch  in l ipids.  
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