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The action of va r ious  concent ra t ions  of cytotoxin (C), f r ee  f r o m  contaminat ion with phos -  
phol ipase  A, on r e s p i r a t i o n  and oxidative phosphoryla t ion  of r a t  l i ve r  mi tochondr ia  and 
the i r  "ghosts"  and a lso  on the pe rmeab i l i t y  of the i r  internal  m e m b r a n e s  fo r  var ious  ions 
was studied. Low concent ra t ions  of C (10-25 ]~M) do not affect  functional p a r a m e t e r s  of 
intact  mi tochondr ia  but i n c r e a s e  the pe rmeab i l i t y  of the internal  m e m b r a n e s  fo r  mono-  
valent  ions sharp ly .  The uncoupling act ion of C on mi tochondr ia t  "ghosts"  is evidently 
due to the fo rma t ion  of nonspecif ic  "channels"  of conductance in the m e m b r a n e  with low 
se lec t iv i ty  for  s i ze  and cha rge  of the ion. 
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A s y s t e m  of s t r uc tu r a l  toxins consis t ing of phosphol ipase  A and m e m b r a n e - a c t i v e  polypeptides which, 
by the i r  joint  action, cause  des t ruc t ion  of the lipid skele ton of m e m b r a n e s ,  has been found in the venom of 
snakes  of the f ami ly  Elapidae,  [6, 9]. M e m b r a n e - a c t i v e  polypeptides,  known in the l i t e r a tu r e  as cytotoxins,  
and phosphol ipase  A have now been isola ted  in the  pure  f o r m  f rom venoms  of the Elapidae [1, 2, 5, 9, 11]. The 
cytotoxins have been shown to induce pas s ive  pe rmeab i l i t y  of biological  and ar t i f ic ia l  phospholipid m e m b r a n e s  
fo r  monovalent  cat ions [12]. The w r i t e r s  showed p rev ious ly  [3] that  d is turbance  of the s t r u c t u r e  and functional 
p a r a m e t e r s  of i so la ted  mi tochondr ia  is produced by the phosphot ipase  A of the venom of the Centra l  Asia t ic  
cob ra  and a f rac t ion  of the cytotoxin containing only t r a c e  amounts  of phosphol ipase  A as an impuri ty .  

In the p r e se n t  invest igat ion the act ion of the pure  cytotoxin, uncontaminated by phosphol ipase  A, on 
mi toehondr ia  was studied. 

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

Cytotoxin was obtained f r o m  the venom of the Centra l  Asia t ic  c o b r a  Naja naja oxiana E. in the pure  f o r m  
by the method desc r ibed  p rev ious ly  [5]. The cytotoxin is a bas ic  polypeptide with hydrophobic p rope r t i e s ;  i ts  
m o l e c u l a r  weight is 6500 and its molecule  cons i s t s  of 60 amino acid r e s idues ,  the o r d e r  of which has  been 
comple te ly  es tab l i shed  [10]. 

Rat  l ive r  mi toehondr ia  w e r e  isola ted by d i f ferent ia l  centr i fugat ion [3] and mi tochondr ia l  " g h o s t s '  we re  
obtained [12] by the osmot i c  shock method in med ium containing 2 mM T r i s - H C 1  (ph 7.4). The functional 6ha r -  
a c t e r i s t i c s  of the mi tochondr ia  and the i r  "ghos ts"  w e r e  as follows: ve loci ty  of r e sp i ra t ion ,  a f t e r  Chance, in 
the ac t ive  s ta te  (V 3) and in the res t ing  s t a te  (V4), the ADP/O coefficient ,  and the r e s p i r a t o r y  control  (RC) were  
invest igated po la rograph ica l ly  in medium [8] containing 100 mM suc rose ,  75 mM KC1, 10 mM succinate ,  2.5 
mM Na2HPO4, and 10 mM Tr i s -HC1 (pH 7.45). 

The s t a te  of p e r m e a b i l i t y  of the in ternal  m e m b r a n e s  of the unenerg ized  mi tochondr ia  was judged f r o m  
the i r  swelling, r eco rded  as a change in the optical  dens i ty  of the suspens ion  [7]. Optical densi ty  was m e a -  
su red  at 520 nm on the SF-4A s p e c t r o p h o t o m e t e r  o r  LMF-69  photometer ,  the output of which was connected 
to an ON-102 automat ic  wr i t e r .  The p e r m e a b i l i t y  of the mitochondria l  "ghosts"  for  po tass ium,  sodium, Tr i s ,  
magnes ium,  ca lc ium,  s t ront ium,  and b a r i u m  ions was invest igated in i soosmot ie  solut ions of the n i t r a t e s  of 
these  cat ions ,  buffered with 10 mM T r i s - n i t r a t e  (pH 7.5). Pe rmeab i l i t y  for  H + was m e a s u r e d  in an i soosmot ie  
solution of ammonium ni t ra te  [7], and fo r  C1- in CaC12 solution. To ru le  out energy-dependent  cation accumu-  
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T A B L E  1. E f fec t  of Cy to tox in  on Some  P a r a m e t e r s  of F u n c t i o n  of 
M i t o c h o n d r i a  and M i t o c h o n d r i a l  " G h o s t s "  of Ra t  L i v e r  
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Legend .  1. In the  c a s e  of  H +, Na  +, and  K + e f -  
f e c t s  of the  c o r r e s p o n d i n g  i o n o p h o r e s  a r e  g i v -  
en f o r  c o m p a r i s o n .  2. H e r e  and in T a b l e  2, 
ZkE520 d e n o t e s  change  in  o p t i c a l  d e n s i t y  of  m io -  
t o c h o n d r i a  a t  520 nm with  t i m e  d u r i n g  s w e l l i n g  
of  m i t o c h o n d r i a .  [ T T F B  - u n i d e n t i f i e d  R u s s i a n  
a c r o n y m ;  p o s s i b l y  shou ld  b e  T T P B  - C o n s u l -  
t a a t s  B u r e a u . ]  

l a t ion ,  a n t i m y c i n  A and  r o t e n o n e  (0 .33#g /ml  of each)  w e r e  a d d e d  to  t h e  m e d i u m .  E n e r g y - d e p e n d e n t  s w e l l i n g  
of  t he  m i t o c h o n d r i a l  " g h o s t s "  w a s  thus  l i m i t e d  on ly  by  t h e  r a t e  of  t r a n s m e m b r a n e  t r a n s p o r t  of t he  ions  s t u d i e d ,  

f o r  a l l  t he  m e d i a  c o n t a i n e d  p e n e t r a t i n g  c o u n t e r i o n s .  

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

The  r e s u l t s  of i n v e s t i g a t i o n  of t he  a c t i o n  of  t he  c y t o t o x i n  on in t ac t  m i t o c h r o n d r i a  show tha t  c y t o t o x i n  
f r e e  f r o m  c o n t a m i n a t i o n  wi th  p h o s p h o l i p a s e  A does  not  d i s t u r b  the  func t iona l  p a r a m e t e r s  of i n t ac t  m i t o c h o n d r i a  
(Tab le  1). T h e  a c t i o n  of  t he  w h o l e  v e n o m  of N__. n a j a  o x i a n a  and of  the  p r e p a r a t i o n  known a s  cy tox in ,  wh ich  w a s  
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Fig. 1. Action of var ious concentrat ions of cytotoxin 
on kinetics of energy-dependent  swell ing of mi to-  
chondrial  "ghosts"  in solutions of 270 mM sucrose  and 
250 mM s u c r o s e  containing 10 mM Tr is -HCl .  Incuba- 
tion media: curves  1-4) 270 mM sucrose,  5) 250 mM 
suc rose  + 10 mM Tris-HC1, pH 7.5. Besides the above-  
mentioned components the medium also contained ant i -  
mycin A and rotenone. 1) 5-10 #M cytotoxin; 2) 25 #M c y -  
totoxin; 3) control;  4) 50 #M cytotoxin. 

TABLE 3. Effect of Mg 2+ and La 3+ Ions on 
Rate of Swelling of Mitoehondrial "Ghosts" 
Induced by Cytotoxin in Medium with Sodium 
Nitrate 

Experimental conditions AE,,o nm Inhibition, txtOo~ % 

Cytotoxin, 10 pM 
(control) 

Mg ~- ions 
5 ~M 

10 .~IM 
15 MM 

20 ,~lM 
La s+ ionr 

0,5 #M 
1,0 f~M 

10,0 tt M 

1,9 ] -- 
1,7 11 
1,5 22 
0,8 58 
0,3 84 
1,9 
1,5 
l,t 

22 
62 

used previously [3], on the energy metabol ism of the mitochondria  is evidently due to the effect of phospholi-  
paseA.  However, the cytoxins were shown to have membrane  activity and, in par t icular ,  to increase  pass ive 
permeabi l i ty  of p lasma membranes ,  leading to swelling of the cell [13]. The absence of effect of cytotoxin on 
intact mitochondria  could be accounted for  by the different phospholipid composit ion of the mitochondrial  
membranes ,  preventing interact ion with cytotoxin, or by the p resence  of an outer  membrane  preventing the 
cytotoxin f rom binding with the inner membrane  of the mitochondria.  The second hypothesis was tested on 
mitochondrial  "ghosts ,"  deprived of their  outer  membrane,  but which ~ p rese rved  their  r e sp i ra to ry  and phos-  
phorylating activity. Investigations showed that cytotoxin, in a concentrat ion as low as 1 #M, caused uncoupling 
of oxidative phosphorylation, manifested by a dec rease  in the RC and ADP/O coeffcients and stimulation of 
respi ra t ion  of the "ghost" mitochondria  in state V 4. The effect of the cytotoxin increased with an increase  in 
its concentration,  and in the p resence  of 10 ~M cytotoxin RC of the mitochondrial  "ghosts" was i (Table 1). 

Disturbance of the energy coupling of the mitochondria  was evidently due to modification of the pe rmeab i l -  
ity of the inner membranes  by cytotoxin, and for that reason the effect of different concentrat ions of cytotoxin 
on pass ive permeabi l i ty  of mitochondrial  "ghosts" for  monovalent and bivalent ions was studied (Table 2). The 
resul ts  showed that cytotoxin sharply increased the permeabi l i ty  of the inner mitochondrial  membranes  for 
monovalent ions and increased  permeabi l i ty  for  bivalent ions by a l e s se r  degree.  The ions studied could be 
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ar ranged  in the following o r d e r  of veloci ty of t r anspor t  through the inner membranes  in the p resence  of 10 
#M cytotoxin: K + > Tr i s  + > C1- > H + > Na + > Ca 2+ > Sr 2+ > Ba 2+ > Mg 2+. The effect of cytotoxin on pe rmeab i l -  
i ty of the inner mitochondrial  membranes  could be detected ev em in  suc rose  medium in the p resence  of low 
concentrat ions of e lec t ro ly tes  (10 mM Tris-HC1) (Fig. 1). It can accordingly be postulated that cytotoxin 
fo rms  nonspecific conduction channels in the membrane  with low select ivi ty  fo r  charge and s ize  of the ion. 
However,  these  channels a r e  impermeable  fo r  sucrose ,  although with an increase  in the cytotoxin concen t ra -  
t ion to 50 #M only weak swelling was observed  in suc rose  medium f r ee  f rom e lec t ro ly tes  also. This may have 
been due to the format ion  of l a rge r  pores  in the membrane  by aggregates  of cytotoxin molecules,  which was 
possible only when high concentra t ions  of the polypeptide were  used. 

lVIg 2+ ions, whose function is to s tabi l ize  the inner membranes  of mitchondria  [4], inhibited the effect 
of 10 #M cytotoxin; m i c r o m o l a r  concentra t ions  of La 3+ ions, which also have a stabilizing effect on membranes ,  
had a s i m i l a r  act ion (Table 3). 

The resu l t s  may indicate competi t ion between cytotoxin and Mg 2+ ions for  binding si tes  on the membrane .  
S imi lar  competi t ion has been establ ished for  cytotoxin and Ca 2+ ions on plasma membranes  [6, 9]. 
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