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A p r imar y  increase  in adenylate cyclase  activity in NAG infection is observed in the apical 
p lasmalemma of the villous cells and la ter  this process  spreads to the lateral  and then to 
the basal p lasmalemma of the enterocytes .  After more prolonged exposure to the infection 
an increase  in adenylate cyc lase  activity is also observed in the cells of the crypts .  During 
the action ef the toxin, the activity of the enzyme thus gradually increases  in the whole 
p lasmalemma of the affected epithelial cells of the villi and crypts ,  and the epithelial cells 
of the smal l  intestine in the zone of the focal lesion become involved in the pathological 
process .  
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In the last decade many papers dealing with the study of the biochemical  mechanisms of the disturbance 
of water and mineral  metabol ism under the influence of cholera  toxin have been published, but far fewer studies 
have been made of NAG infection. 

Investigations have shown [8, 14] that the pathogenic action of cholera toxin and the toxin of NAG vibrios 
is s imilar .  Accordingly the mechanism of action of cholera  toxin and of the toxin of NAG vibrios on the epi-  
thelium of the mammalian  small  intestine can be regarded as analogous to a cer ta in  degree.  

In the modern view one of the manifestations of the action of cholera  enterotoxin is st imulation of the 
adenylate cyclase  sys tem,  and the result ing ra ised  level of cyclic AMP leads d i rec t ly  to an increase  in the 
secre t ion  of fluid and electrolytes  in the intestine [1-3, 9]. 

The question of pr ior i ty  of the react ion of activation of the adenylate cyc lase  sys tem in the epithelial 
cells  in different parts  of the smal l  intestine has not yet been settled. Two hypotheses have been put forward 
to explain the increase  in adenytate cyclase  activity in the p lasmalemma of the epithelial cells of the small  
intestine. The supporters  of one hypothesis [11, 12] consider  that the g rea tes t  inc rease  in adenylate cyctase  
activity in response  to cholera  toxin is observed in the epithelial cells at the apices of the villi,  whereas 
supporters  of the other  [10] c la im that the p r ima ry  manifestation of the action of cholera  toxin is a change in 
the morphological  and functional state of the crypt  cells.  These different views are  based on the resul ts  of 
biochemical  investigations. 

No reference  to the study of the morphological  subst ra te  of functional changes in adenylate cyc lase  act iv-  
ity in the epithelial cells of the villi and crypts  of the smal l  intestine can be found in the recent  l i terature .  It 
was accordingly decided to undertake a submicroscopic  study of the localization of the enzyme in these cells.  

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

Experiments  were ca r r i ed  out on newborn rabbits aged 8-10 days and weighing under 1()0 g. The animals 
were s tarved for 24 h before administrat ion of the NAG vibrios and were given only water to drink. A 16-h 
broth culture of a toxigenic s t ra in  of NAG vibrio No. 10703, in a dose of 0.3 ml (108 bacter ia l  cells),  was injected 
into the lumen of a segment of smal l  intestine by the method of Dutta and Habbu [15]. The animals were killed 
under hexobarbital anesthesia 10 and 30 rain and 1, 2, 4, 6, and 18 h af ter  injection of the NAG vibrios.  
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Fig.  1. Adenyla te  e yc l a s e  ac t iv i ty  on 
l a t e r a l  and basa l  p l a s m a l e m m a  of e n t e r o -  
eytes  of s m a l l  in tes t ine  of cont ro l  new- 
born rabb i t  (40,000 x).  

P ieces  of s m a l l  in tes t ine  were  fixed in 1% glu ta ra ldehyde  in 0.05 M caeodyla te  buffer ,  pH 7.4, containing 
4.5% glucose.  F ixa t ion  continued for  1 h at r oom t e m p e r a t u r e .  The t i s sue  was then r insed  s e v e r a l  t imes  in 
the s ame  buffer and al lowed to stand overnight  at 4~ Selected f ragments  of t i s sue  were  then incubated by the 
method of Howell and Whitfield [6], toge ther  with a cont ro l  in which 10 mM sodium f luoride was added to the 
incubation mix ture  (control  1). 

S imul taneously  with m a t e r i a l  taken f rom the e xpe r i m e n t a l  an ima l s ,  m a t e r i a l  was taken f rom control  
an imals  by the same method (control  2). A cont ro l  for detect ion of the enzyme ac t iv i ty  was se t  up with the 
s a m e  s t ages ,  but the m a t e r i a l  was incubated without the incubation mix tu re  (control  3). 

Af te r  incubation the m a t e r i a l  was quickly r i n sed  in 0.05 M T r i s - m a l e a t e  buffer ,  pH 7.4, and then pos t -  
fixed in 1% osmium te t rox ide  in 0.05 M caeodyla te  buffer with glucose at the s ame  pH for 1-1.5 h at 4~ The 
t i s sue  was then r in sed  in 0.05 M cacodyla te  buffer  with g lucose ,  pH 7.4, dehydra ted ,  and embedded in a mixture  
of Epon and Ara ld i t e .  Sections were  examined in the e l ec t ron  mic roscope .  

EXPERIMENTAL RESULTS 

In the sections used to study the localization of adenylate cyclase in the small intestine of the control 

rabbits the reaction product was found on the apical, lateral, and basal plasmalemma of cells both of the villi 

and of the crypts (Fig. I). 

Activation of the adenylate cyclase system was observed in the experimental animals after injection of 

the NAG vibrios. Activity of the enzyme in the small intestine I0 min after injection of NAG vibrios was most 
marked on the apical plasmalemma of the epithelial cells of the villi (Fig. 2A). The increase in activity after 
30 rain was manifested more clearly on the lateral plasmalemma of the enterocytes (Fig. 2B) and on the 
boundary between the prismatic and goblet cells. Adenylate cyclase activity i h after injection of the NAG 
vibrios was increased in the basal plasmalemma of the enterocytes and in the basement membrane of the epi- 

thelial cells. Adenylate cyclase activity 2-4 h after the beginning of action of the toxin was most marked in the 
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Fig. 2. Adenylate cyc lase  activity on p lasmalemma of enterocytes of small  intestine of 
newborn rabbit. A) Apical p lasmalemma 10 min after  injection of NAG vibrios,  50,000 • 
B) Latera l  p lasmalemma 30 min after injection of NAG vibrios,  17,000 • 
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Fig. 3. Modified scheme of action of 
cholerogen according to data of Robinson 
et al. [10] and Finkelstein [5]. OM} Outer 
membrane  of enterocyte ;  IM) inner mem-  
brane of enterocyte;  CH) cholerogen:  1) 
1st subunit, 2) 2nd subunit; GM1) membrane  
receptor  of cholerogen (monosialosyt-  
ganglioside), AC) adenytate cyclase ,  RS) 
receptor  subunit of AC, CS} catalytic sub- 
unit of AC. 

epithelial cells of the crypts .  After  6-18 h no regular  pattern of enzyme activation could be found, for its 
activity at these times was observed in the p lasmalemma of different parts  of the epithelial cells of the small  
intestine. 

It can accordingly be postulated that the increase  in adenylate cyclase  activity in this model takes place 
in a definite sequence: Activity of the enzyme f i rs t  increases  on the apical p lasmalemma of the villous cei ls ,  
indirect  evidence that it is the result  of p r imary  interaction between the toxin and these membranes .  These 
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observations support the resul ts  of biochemical  studies [12, 13] which showed that cholera  toxin interacts  
p r imar i ly  with the membranes  of the intestinal microvil l i .  

Cholera toxin has been shown [7] to interact  with the p lasmalemma through the in termediary  of a 
hypothetical receptor  - monosialosylganglioside (GM1). In all probabili ty this receptor  is in constant functional 
communicat ion with the recep tor  subunit of adenylate cyclase,  which is activated by the toxin. The activated 
receptor  subunit of adenylate cyclase  st imulates the second (catalytic) subunit of this enzyme, which direct ly  
affects the level of cyclic AMP formation [10]. According to the most  recent  data [5], the cholerogen also con- 
s is ts  of two subunits, one of which attaches itself to the receptor  whereas the other penetrates direct ly into 
the celt. This so-ca l led  active subunit in turn acts on the catalytic subunit of adenylate cyclase  facing the 
hyaloplasm, and activates it (Fig. 3). 

It can tentatively be suggested that the toxin of NAG vibrios consists of two functional subunits analogous 
to the subunits of the cholera  toxin. The resul ts  of the present  experiments  can accordingly be interpreted 
as follows. The action of the toxin and, in par t icular ,  of its f i rs t  subunit, is mediated through the adenylate 
cyclase  sys tem and its mechanism is of the c i s -membrane  type, i.e., in this case the toxin does not necessa r i ly  
penetrate  into the cell. The other,  biologieMly active,  subunit of the NAG vibrio toxin, on the other hand, pene- 
t ra tes  into the cell and promotes  additional activation of adenylate cyc lase  f rom the hyaloplasm. 

The present  experiments  also showed that during the action of the toxin, adenylate cyclase  activity 
gradual ly increases  throughout the p la smalemma of the affected epithelial cells of the villi and crypts ,  so that 
the epithelium of the smal l  intestine in the zone of the pathological focus becomes involved in the pathological 
p rocess .  
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