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An in v i t ro  model  using homogenates  of r a t  intestine and l ive r  is suggested for  the study of the 
effect  of a f i l t ra te  of a Vibr io  cholerae  cul ture  on the adenylate cyc lase  sy s t em.  Optimal condi- 
t ions of adenylate cyc lase  function were  de te rmined  for  this model .  The chole ra  f i l t ra te  was 
shown to induce s table  act ivat ion of adenylate cyc lase  and not to change cycl ic  AMP phosphodi-  
e s t e r a s e  act ivi ty .  Phosphod ies t e ra se  act ivi ty  in the intest inal  homogenate  was a l so  shown to 
be about 2.5 t imes  higher  than in the l i ve r  homogenate.  The model  s e e m s  to be p romis ing  for  
study of the m e c h a n i s m  of action of cho le ra  toxin. 
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The pr inc ipa l  link in the pathogenesis  of cho le ra  is considered to be act ivat ion of adenylate  cyc lase  (AC) 
of the epithelium of the smal l  intest ine by chole ra  toxin [1, 5, 9]. A change in the level  of cyclic  AMP in the 
endothelial  s i tes  leads to d is turbance  of t r a n s p o r t  of m a t e r i a l s  in them [1, 4, 5, 8]. Since chole ra  toxin does 
not change cycl ic  AMP phosphod ies te rase  (PDE) act ivi ty  [1, 5, 14], another  m e c h a n i s m  controll ing the level  
of in t race l lu la r  cycl ic  AMP mus t  exis t  in the cel ls  of the mucous  m e m b r a n e ,  for  which fluctuations in cycl ic  
AMP content a r e  not typical .  Such a ro le  may  probab ly  be played by the pros taglandin  s y s t e m  [12, 15]. 

The highly con t rad ic to ry  nature  of data in the l i t e ra tu re  on the action of cholera  toxin on pros tag landin  
me tabo l i sm  and the i r  in teract ion with the AC sys t em can be pa r t ly  explained by the fact  that  worke r s  who have 
used model  s y s t e m s  have worked with widely different  p repa ra t ions  of cholera  toxin, s ta r t ing  with Vibr io  
cholerae  and ending with a highly pur i f ied  p repa ra t ion  of the toxin [6, 7, 11, 15]. 

The object  of this  invest igat ion was to c r ea t e  an in v i t ro  model  with which to study the action of a f i l t ra te  
of a cu l ture  of V. cholerae  (eholer~ f i l t r a t e )onAC and PDE, and a lso  to study the c h a r a c t e r  of action of cholera  
f i l t ra te  of the intest ine and l iver ,  in which the AC s y s t e m  p e r f o r m s  a di f ferent  function [2]. Since the above-  
ment ioned enzyme s y s t e m s  differ  in the i r  spat ia l  local izat ion in the cell ,  t i s sue  homogenates  were  chosen as 
the tes t  object.  

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

To obtain homogenates  of the smal l  intestine and l iver ,  m a l e W i s t a r  r a t s  weighing 200-250 g were  used. 
Before the expe r imen t  the ra t s  were  depr ived of food for  24 h. The animals  were  decapitated,  the intest ine 
was quickly r emoved  and washed with Hepes -bu f fe r  (30 mM Hepes,  f rom Sigma; 7.5 mM MgSO 4, pH 7.4), and 
the l iver  was pe r fused  with the same  buffer  and removed .  The t i s sue  was homogenized in 10 volumes of Hepes-  
buffer  in a P o t t e r - E l v e h j e m  homogenize r  (30 f r ic t ions) .  The homogenates  were  f i l tered through four  l ay e r s  
of gauze.  All opera t ions  were  c a r r i e d  out at  0-4~ Pro te in  in the homogenates  was de te rmined  by L o w r y ' s  
method.  Aliquots of homogenates  were  preincubated,  mixedwi th  cholera  f i l t ra te  (40 ~g, f rom Sigma) and NAD 
(4 raM, f rom Reanal;  he re  and subsequently the final concentra t ions  a re  shown) at 30~ The volume of m e -  
dium was 500 ]Jl. The concentra t ion of cycl ic  AMP was de te rmined  by a rad io immunologica l  method using 
s tandard ki ts  f r o m  the Radiochemical  Cent re ,  A m e r s h a m  (England) [13]o Radioact ivi ty  was de te rmined  in 
to lu le -Tr i ton  sc in t i l la tor  f r o m  Beckman (USA) on a Mark -3  counter  (from Searl ,  Holland). AC act ivi ty  was 
de te rmined  in 1 m l  of incubation medium containing pro te in  of the t es t  homogenate ,  30 mM Hepes,  7.5 mM 
MgSO4, 7 mM theophyll ine (from Sigma), and 3 mM ATp  (from Sigma). The reac t ion  was t r igge red  by the 
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Fig. 1. Adenylate cyclase  react ion velocity in homogenates 
of intestine (2, 4) and l iver  (1, 3) as a function of t ime.  Points 
are  mean values of five experiments .  1, 2) Cholera f i l trate;  
3, 4) control .  Abscissa,  r eac t ion t ime  (inmin); ordinate,  quan- 
tity of cyclic AMP formed (in pmole /mg protein). 

TABLE 1. Dependence of Cyclic AMP 
Synthesis on Prote in  Content in Homo- 
genates Treated with Cholera Fil trate 
(~ •  n = 5) 

Protein content 
Pg 

50 
100 
200 
500 

1000 

AC activity, picomoles/mg protein/ 
5 min 

intestine 

30,0_3,50 
34.9_+4,05 
43,0_+5,60 
48,0• 
28,0-+7,46 

liver 

30,0-+3,30 
37,0-+7,46 
45,3-+4,69 
51,7-+6,17 
34,3-+3,78 

TABLE 2. Patients with Cholera  Fil trate 
(M• n=5) 

AC activity, picomoles/mg protein)- 
Duration of 5 rain 
incubation, rain 

intestine liver 

1 49,8+3,68 52,0++_7,92 
3 51,0-+6,45 57,0-t- 10,63 
5 53,3--+6,74 62,1 -+ 11,76 

l0 50,8-+9,39 51,3-+5,1 l 
15 45,0-+4.93 49,9+_7,88 
30 43,0-+5,39 45,0-+7,93 

addition of ATP to the sample as it was being incubated at 30~ and stopped by the addition of 3 ml absolute 
ethanol. For  bet ter  extract ion of cyclic AMP and precipitat ion of proteins,  the sample was boiled for 2 rain. 
Prote in  was sedimented by centrifuge[ion (4000g, 15 rain) and the extract  kept. The residue was subjected to 
repeated alcoholic extraction. The pooled extracts  were evaporated in vacuo at 30~ The residue was dis-  
solved in 0.5 ml Tr i s -EDTA-buf fe r  (0.05 M Tris ,  4 mM EDTA, f rom the Radicchemical  Centre,  Amersham)  
and the cycl ic  AMP content was determined.  PED activity was est imated from the degree of destruction of 
added cyclic AMP. The composit ion of the incubation medium was:  30 mM Hepes, 7.5 mM MgSO4, 200 #g 
protein of the test  homogenate, 80 pmole cyclic AMP (Radiochemical Centre).  The sample was incubated for  
1- 30 rain at 30~ with regular  mixing. To inhibit PED activity, 7 mM theophylline was added. The react ion 
was stopped by 3 ml absolute ethanol. Cyclic AMP was extracted by the method descr ibed above. 

EXPERIMENTAL RESULTS 

As a result of these experiments, optimalconditions were determined for the study of the AC system 
in model experiments in vitro. The rate of formation of cyclic AMP in homogenates of intestine and liver dur- 

ing the first 5 rain was approximately a linear function (Fig. I). This time was chosen for the reaction. AC 
activity in the homogenate (preincubated for I0 rain at 30~ with cholera filtrafe) increased significantly - 
by 1.41 times compared with the basal level both in the intestine and the liver. 

Investigation of the rate of synthesis of cyclic AMP during the action of cholera  f i l t rate as a function 
of protein content showed that in the presence  of 0-200 ~g protein the function was approximately l inear  for  
both homogenates (Table 1). Prote in  in a concentrat ion of 200 #g per  sample was used subsequently. The 
marked decrease  in cyclic AMP synthesis in the presence  of 1000 pg protein (Table 1) can be attributed to a 
deficiency of subs t ra te  for AC, for the ATP concentration remained the same despite differences in the p ro -  
tein content. 

For  cholera  toxin to be able to act, a definite t ime interval is neces sa ry  for  binding with the receptor  
and for  activation of AC by the Al-polypeptide formed [10]. Preincubation of the homogeuates with cholera  
f i l t rate was therefore  car r ied  out. Maximal activation of AC was observed after  5 rain (Table 2). The very  
brief  increase  in AC activity under these c i rcumstances  can be explained by the possible synergis t ic  effect 
of the other components of the cholera  f i l t rate and, in par t icular ,  of neuraminidase [2]. With an increase  in 
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Fig. 2. Phosphodies terase  reac t ion  in intestinal homogenate as a function of 
t ime.  Points show mean values fo r  five exper iments .  1) Control  without theo- 
phylline; 2) exper iments  with cholera  f i l t ra te  and without theophylline; 3) con- 
t ro l  with theophylline; 4) exper iment  with cholera  f i l t ra te  and theophylline.  Ab- 
scissa ,  the action t ime (in rain); ordinate quantity of cyclic AMP des t royed  (in 
pmole /mg  protein).  

Fig. 3. Phosphodies terase  reac t ion  in l iver  homogenate as a function of t ime.  
1) Control  without theophylline; 2) exper iment  with cholera  f i l t ra te  but without 
theophylline; 3) exper iment  with cholera  f i l t ra te  and theophylline; 4) control  
with theophyl l ine .  Remainder  of legend as in Fig. 2. 

the duration of preincubat ion the activity of the enzyme fell  somewhat, became stabil ized,  and the rea f te r  r e -  
mained approximate ly  constant.  An interval  of 10 rain was chosen as the optimal duration of preineubation.  

AC function is c losely  connected with that of cyclic AMP PDE T1, 2]. PDE activity in the intestinal homo- 
genate was found to be almost  2.5 t imes  higher  (P-< 0.05) than in l iver  homogenate (Figs. 2 and 3). Meanwhile, 
the cholera  f i l t ra te  did not change the activity of this enzyme in the homogenates,  for  the PDE activity remained 
the same as before,  whether  af ter  the action of cholera  f i l t ra te  and theophylline or without them (Figs. 2 and 3). 

It can thus be concluded that the cholera  f i l t ra te ,  in the in vi tro model sys tems suggested,  reproduces  the 
principal  effects  of pure cholera  toxin [6, 14], i .e. ,  it act ivates AC but does not change PDE activity.  This model 
is evidently suitable for  investigation not only of the adenylate cyolase,  but also of the prostaglandin sys tem 
of the cell  and also for  studying re la t ions  between them during the action of cholera  toxin. 
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