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Endo tox ins  in V i b r i o  c h o l e r a e  i nh ib i t  r e s p i r a t i o n  of  the l i v e r  m i t e c h o n d r i a  of  r a t s  and gu inea  
p ig s  in  the  p r e s e n c e  of  m a l a t e ,  o x a l o a e e t a t e ,  a - k e t o g l u t a r a t e ,  and p y r u v a t e .  The  tox ins  did  
not  a f f e c t  o x i d a t i o n  of  s u e c i n a t e ,  u r a t e ,  and r e d u c e d  NAD. 

V i b r i o  c h o l e r a e  has  s e v e r a l  t y p e s  of  tox ins  but  t h e i r  r o l e  in  the p a t h o g e n e s i s  of  c h o l e r a  has  not  y e t  
been  fu l ly  e x p l a i n e d  [5, 8]. 

The  o b j e c t  of  th i s  i n v e s t i g a t i o n  was  to s t u d y  the  i n h i b i t o r y  e f f e c t  of  c h o l e r a  endo tox in  on the p r o c e s s  of 
h y d r o g e n  t r a n s f e r  in the r e s p i r a t o r y  cha in  of  the m i t o c h o n d r i a  in e x p e r i m e n t a l  a n i m a l s ,  us ing  i n t e r m e d i a t e s  
of  the  K r e b s '  c y c l e  a s  r e s p i r a t i o n  s u b s t r a t e s .  

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

Endo tox ins  of  V. c h o l e r a e  w e r e  p r e p a r e d  by the m e t h o d s  of  Bo iven  and W a t a n a b e  [10], and i s o l a t e d  by  
f i l t r a t i o n  t h r o u g h  Sephadex  G-200 [4]. The  m o l e c u l a r  w e i g h t  of  the  endo tox ins ,  d e t e r m i n e d  by f r a c t i o n a t i o n  

on a c o l u m n  wi th  B i o g e l  R - 3 0 0 ,  w a s  abou t  300,000.  

T A B L E  1. E f f e c t  of  C h o l e r a  Endo tox in  on I n t e n s i t y  of  R e s p i r a t i o n  
in L i v e r  M i t o c h o n d r i a  of  Gu inea  P i g s  (M ~=m; n = 5-10)  

Substrate 

-f Absorption of oxygen (in pmotes/min/lO~ m__gg prot.___ein) 

I normal ] toxin added (8.4. I0 "~ 
[ .... . . . . .  [ mM, after Boiven) 
/ k nitochondrial mitoehondria 
[intact mito-~r eated with intact mtto - treated with 
/ chondria ~aypotonic chondria hypotonic 
] ~olution solution 

a-Ketoglutarate 
+ Malate 
+ NAD'H (+ H +) 

" + Cholera O-antiserum 
" + Normal " 

Malate 
" +NAD.H (+ H +) 
" + Cholera O-antiserum 

Oxaloacetate 
Pyruvate 

* Malate 
" + NAD.H (+ H +) 

Citrate 
Suecinate 
NAD, H (+ H +) 

17,0• ,63 
15,2• 

19,5~1,55 

23,0 + - 1,66 
21,8• 
42,4+3,10 

7,5--_+0,65 
28,3+-2,46 

24,5• 
21,2• ,80 
27,6+! ,90 
22,8• 
26,6• 
22,0• ,99 
30,2• 
24,3__+I ,96 
25,5• 
28,4-4-I ,80 

38,0• 
10,2__+1,42 
38,2• 
7,2• 

1,0_+0,06 1,5__.0,08 
1,0+_0,06 1,5_0,07 

-- 7,8__.0,48 
-- 21,3~_fi, 32 
-- 2,0• i4 

1,4~0,I2 1,6~0,10 
- -  1 6 , 0 _ _ _ 1 , 2 0  

- -  2 2 , 1 •  

6,0~0,72 7,2__.0,64 
6,4~0,82 4,5___0,76 

12,8__+I,00 10,8+-0,62 
7,8~0,91 10,8• 

26,2++_ ,96 34,3• 
-- . 8,0• 
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Fig~ 1. Noncompeti t ive cha rac -  
ter  of inhibition of mitochondrial  
r e sp i r a t ion  in albino r a t  l iver by 
cholera  endotoxin (4~ x 10 -~ raM). 
React ion in the p re sence  of: 1) 
malate;  2) malate  + toxin; 3) 
(~-keteglutarate; 4) ditto + toxin; 
5) pyruvate;  6) ditto + toxin. 
Ordinate: r ec ip roca l  of subs t ra te  
concentrat ion (in raM); abscissa:  
r ec ip roca l  of reac t ion  veloci ty  
(see Table 1). 

pyruvate) showed that this corresponded 

Albino rats and guinea pigs were used as experimental ani- 
mals. Tests were carried out on mitochondria isolated from the 
liver by differential centrifugation of a homogenate prepared in 
isotonic sucrose solution (0.25 M with 0.001 M EDTA [3])~ The 
mitochondria were broken up with hypotonic sucrose solution [3]. 

For determination of the oxygen absorption by a manometric 
method in a Warburg apparatus the experimental mixture con- 
rained (in moles) K2HPO 4 0.02, MgCI 2 0o01, KCI 0.2, ATP 0.0029, 
and 0.05 M iris-buffer (pH 7.4), 3 ml of each. The respiration 
substrates (pyruvate + malate, succinate, malate, ~-ketoglutarate, 
oxaloacetate, and NAD. H 2) were added to the samples in an 
amount of 20 ~moles, unless mentioned specifically to the contrary 
in the text. The reaction mixture was incubated in air at 28~176 The 
results were read every 10-20 rain and expressed as #moles 02 
utilized per minute, and calculated per 100 mg mitochondria[ 
protein (protein was determined by Lowry's method [9]). 

Besides the oxygen absorption, the decrease in concentra- 
tion of the original respiration substrate also was determined. 
The content of the acids was determined by paper chromatography 

[1, 71. 

EXPERIMENTAL RESULTS 

The results given in Table 1 show that the endotoxin sharply 

inhibited respiration of the mitochondria when malate, a-keto- 

glutarate, oxaloacetate, and pyruvate were used as substrates, but 

in the presence of succinate and citrate, the absorption of oxygen 

was unchanged by endotoxins. This action of the endotoxin was 

unconnected with changes in permeability of the mitochondrial 

membranes. In the case of mitochondria treated with hypotonie 

sucrose solution, permeability to exogenous substrates is increased 
[3]. However, the percentage inhibition of respiration in that case 
was indistinguishable from that observed in the experiments with 
intact  mitochondria .  

Para l le l  de terminat ions  of the dec rease  in concentrat ion of 
resp i ra t ion  subs t ra tes  (malate, a -ke toglu ta ra te ,  oxaloacetate,  

complete ly  to the quantity of oxygen absorbed.  

All the above remarks apply equally to the action of preparation of endotoxins obtained by Watanabe's 

method and isolated on a column with Sephadex G-200. No difference was found between the actions of pre- 

parations from strains of the Ogawa or Inaba types of the classical cholera vibrio or of the El Tor vibrio. 

The endotoxin of V. cholera thus inhibits oxidation of malate, pyruvate, and o~-ketoglutarate but does 

not affect the conversion of suceinate and citrate. It is evident that those components of the electron trans- 

fer system which are common to these substrates cannot have been blocked by the toxins. Since oxidation 

of succinate is not inhibited by endotoxin, the transfer of hydrogen along the respiratory chain was distur- 

bed, not in the region of Hatefi's complex I, but in the region of complex II [2]. The dehydrogenase (1.699.3) 

included in this particular complex is known to oxidize reduced NADo This substrate was therefore tested 

in order to determine the site of action of cholera endotoxin on the mitochondrial respiratory chain. The 

mitochondria were treated with hypotonic solution in order to render the membranes permeable to reduced 

NAD. Absorption of oxygen in the presence of reduced NAD was not inhibited by the toxin (Table I)o These 

observations suggested that the direct site of action of endotoxin is the dehydrogenase connected with NAD. 
It must be noted that the toxin did not act in an identical manner on dehydrogenases. 

The inhibitory effect of the toxin on oxidation of malate was diminished by about 75% in the presence 
of reduced NAD. Reduced NAD did not exhibit this positive effect on pyruvate- and a-ketoglutarate-dehydro- 
genase systems. In these experiments the oxygen consumption was probably due to oxidation of NAD. H 

419 



(+ H +) only. This problem of the abolition of inhibition will be studied in more detail later. So far as the 
absence of inhibition of respiration when citrate was used as substrate is concerned, it is known that the 
NADP-linked isocitrate-dehydrogenase (1~ is the most active of these enzymes in the tissues. In all 
probabi l i ty  these  enzyme  s y s t e m s  a r e  insensi t ive  to the action of cholera  end, toxin.  

Having de te rmined  the probable  s i te  of action of cholera  end, toxin on the mi tochondr ia l  r e s p i r a t o r y  
chain, the next s tep was to study some  kinetic c h a r a c t e r i s t i c s  of inhibition. 

Inhibition of mi tochondr ia l  r e sp i r a t i on  took place rap id ly  in the p r e s e n c e  of mala te ,  pyruvate ,  and 
~ -ke tog lu ta ra t e ,  and when a m a n o m e t r i c  method of invest igat ion was used no change in the intensi ty of 
inhibition was obse rved  with t ime. End. toxin  obtained by Boivin 's  method inhibited r e sp i ra t ion  under the 
above-ment ioned  expe r imen ta l  conditions by 30-40%, even in concentrat ions of the o rde r  of 10 -6 mM, and in 
the course  of 1.5 h of observa t ion  the pe rcen tage  of inhibition was not increased .  Since re la t ionships  be-  
tween inhibi tor  and enzyme of this type a r e  c h a r a c t e r i s t i c  of r e c i p r o c a l  inhibition, an a t tempt  was made to 
r e s t o r e  the act ivi ty  of the s y s t e m  by r e m o v a l  of the inhibitor.  Fo r  this purpose,  cholera  O-an t i s e rum was 
used. This a n t i s e r u m  was added to the Warburg  v e s s e l s  30-40 rain af ter  the beginning of inhibition of r e s -  
p i ra t ion  by the toxin. As a f i r s t  s tep,  the doses  of an t i s e rum neutral iz ing the end, toxin  in the tubes were  
chosen.  Comple teness  of  neut ra l iza t ion  was ver i f ied  by the gel-diffusion react ion.  

The r e su l t s  given in Table  1 show that  addition of the speci f ic  O - a n t i s e r u m  r e s to r ed  mi techondr ia l  
r e sp i r a t i on  in the p r e s e n c e  of ~ - k e t e g l u t a r a t e  and mala te .  

Having es tab l i shed  the r e v e r s i b l e  c h a r a c t e r  of the inhibition, an a t tempt  was next made to de te rmine  
the type of inhibition of NAD-dependent  dehydrogenases  by endotoxin. 

Kinetic curves  plotted by the L i n e w e a v e r - B u r k  method [6] a r e  given in Fig. 1. All the exper iments  
w e r e  ca r r i ed  out with mi tochondr ia  t rea ted  with hypotonic suc ro se  solution. Analysis  of the curves  shows 
that  inhibition of these dehydrogenases  by cho le ra  endotoxin is noncompeti t ive in cha rac t e r ,  a t  leas t  re la t ive  
to the subs t ra te .  

Since one of the main  causes  of the toxic act ion of V~ cholerae  is considered to be the inhibition of 
act ive  sodium t r a n s p o r t  through the m e m b r a n e ,  i t  is na tura l  to sugges t  that inhibition of r e sp i r a t i on  in the 
mi tochondr ia  d i scovered  in these expe r imen t s  and inhibition of the NAD-dependent  dehydrogenases  in the 
mi techondr ia  play an impor tan t  ro le  in the pathogenesis  of cholera .  
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