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An enterotoxin was isola ted f rom s t r a in  Esche r i ch ia  coli 015 by sal t  prec ip i ta t ion  and gel chro-  
matography .  In the p r o c e s s  of isolat ion and purif icat ion the toxic act ivi ty  of the p repa ra t ion  in- 
c r ea sed :  by 60 t imes  accord ing  to the l igated segment  of rabb i t  intest ine method and 66-100 
t imes  accord ing  to the skin test .  The plateau and second f rac t ion  obtained by gel ch romatography  
were  inact ive accord ing  to the l igated segment  of intest ine method  but p o s s e s s e d  pe rmeab i l i ty  
fac tor  (PF) act ivi ty  in the skin test .  Two hypotheses  were  put forward:  The vascu la r  p e r m e a -  
bili ty fac tor  and the d ia r rheagenic  fac tor  a r e  possibly  two different  subs tances  (molecules) and 
the skin tes t  is m o r e  sens i t ive  as a method of de te rmin ing  toxici ty than the l igated segment  of 
rabb i t  intest ine method.  
KEY WORDS: enterotoxin of E. coli;  vascu la r  pe rmeab i l i ty  factor ;  d ia r rheagenic  factor .  

Recen t  work  has  shown that  ce r t a in  spec ies  of e sche r i ch ia s  which produce the rmolab i le  and the rmos tab l e  
enterotoxins  a r e  the agents  of acute cho le ra - l i ke  d i seases  in man and domest ic  an imals  [3]. In its biological  
p r o p e r t i e s ,  including immunological  speci f ic i ty ,  the the rmolab i t e  enterotoxin is s i m i l a r  to the cholerogen of 
the chole ra  v ibr io  and, in pa r t i cu la r ,  it r e a c t s  with ant icholera  s e r u m  [4, 5]. 

The biological  p r o p e r t i e s  of the the rmolab i l e  col ienterotoxin have been inadequately studied, s ince it has  
not been isola ted in a pur i f ied fo rm,  The question of identity of the vascu la r  pe rmeab i l i ty  fac tor  (PF activity) 
and the d ia r rheagen ic  fac tor ,  both of which a r e  found in p repa ra t ions  of enterotoxin,  st i l l  r e m a i n s  open. 

The object  of this  invest igat ion was to isola te  and purify a the rmolab i l e  col ienterotoxin and to study its 
d ia r rheagenic  effect  and P F  activity.  

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

Strain E. coli  O15, generous ly  provided by Dr.  Gorbach (USA), was used. The s t ra in  was grown on nu- 
t r i en t  medium consis t ing of 2% casamin ic  acid (Difco), 0.6% yeas t  ex t rac t  (Difco), and inorganic sa l t s  for 24 h 
at 37~ with aera t ion .  The cul ture  was then centr i fuged (18,000g, 30 min, 4~ and the r e s idue  (microbia l  cei ls)  
d iscarded.  

The superna tant  was f i l te red  through mi l l ipore  m e m b r a n e s  with a pore  d i ame te r  of 0.45 ~. The f i l t ra te  
was lY0Philized and designated the or iginal  preparat ion,  of enterotoxin.  P a r t  of the cul tura l  f i l t ra te  was t r ea ted  
with ammonium sulfate  (to 90% saturat ion) and the res idue  sepa ra ted  by centr i fugat ion (6000 g, 30 min, 4~ 
r ed i s so lved  in dist i l led water  and lyophilized. This  p repa ra t ion  was descr ibed  as the res idue .  Pur i f ica t ion  
was then c a r r i e d  out by  gel ch roma tog raphy  on a Sephadex G-150 column. The or iginal  p repa ra t ion  or r es idue  
was applied in an amount of 150 mg to the column (3 • 90 cm).  Elution w a s  c a r r i e d  out in dist i l led water  (40- 
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Fig. 1. Elution curves  of original  prepara t ion  (A) and res idue  (13) ob" 
tain by gel- f i l t ra t ion on Sephadex G-150 column. Abscissa ,  volume of 
eluate (in ml); ordinate,  optical density (OD). I) Fract ion 1; II) f r ac -  
tion 2. 

TABLE 1, Specific Activity of Enterotoxin 
of E. coli (data obtained by ligated segment  
of rabbi t  intest ine method) 

Yield per 
ml culture I:~e. 

Preparation ~ .~ fluid 
t~13O 

~ mg 

Original 
Restdue 
Fraction 1 
Plateau 
Fraction 2 

163 2,4 
0,7 

~: t ~ 48:4 

~o 

100 3 140 800 

1,1 190 
13,5 125 0001 8O0 
77,0/25 0001 400 

~C9 

63 
62 

.Legend. TDs0) Dose of prepara t ion  causing 
50% dilatation of intestine, calculated by 
method of De and Chat ter jee  [2]. Specific 
activity) r ec ip roca l  of ra t io  of TDs0 to pro-  
tein content in preparat ion.  

45 ml/h) .  The column was f i r s t  ca l ibra ted with Dextranblue  (tool. wt. 2" l0 p daltons), lyophitized "/-globulin 
(tool. wt. 1.5" 105 daltons), c rys ta l l ine  bovine se rum albumin (mol. wt. 6.7-104 daltons), and c rys ta l l ine  lyso-  
zyme (mol. wt. 1.7.104 daltons). P ro te in  in the original  p repara t ion  and fract ions was determined by Lowry ' s  
method and carbohydra tes  with anthrone reagent .  

Activity of the prepara t ions  was determined by the ligated segment of rabbit  intest ine method [2] and the 
skin tes t  [1]. 

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

Elution prof i les  of the original  prepara t ion  (A) and res idue  (t3) are  i l lus t ra ted in Fig. 1. 

As Fig. 1 shows, the prepara t ions  were  separa ted  into two fract ions:  1) with high molecular  weight (over 
1.5" 105 daltons) and 2) of low molecular  weight (under 5.104 daltons). A more  or less  well defined plateau was 
present  between the fract ions.  On gel - f i l t ra t ion  of the res idue  an inc rease  in the yield of function 1 was ob- 
se rved  compared  with the corresponding fract ion after  gel f i l t rat ion of the original prepara t ion .  
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Combined r e s u l t s  for  the toxici ty of the p repa ra t ion  r e l a t ive  to prote in  a r e  given in Table  1 (obtained by 
the i igated segment  of rabb i t  intest ine method). A d iar rheagenic  effect  was found to be given by the original  
p repa ra t ion ,  the res idue ,  and f rac t ion  1, whereas  the plateau and f rac t ion  2 were  inactive. F rac t ion  1 was a 
par t ia l ly  purif ied p repa ra t ion  of enterotoxin containing a smal l  quantity of ca rbohydra tes  (hexoses),  indicating 
contaminat ion evidently with a smal l  amount of O-ant igen (cell wall endotoxin). In the cou r se  of purif icat ion of 
the or iginal  p r epa ra t ion  an inc rease  in its d ia r rheagenic  act ivi ty was observed:  by 20.9 t imes  in the f i r s t  s tage 
of purif icat ion and by 262 t imes  in the s econd  stage.  On calculat ion of the act ivi ty of the p repa ra t ion  allowing 
for the yie ld  and the prote in  concentra t ion,  it was shown that  the specif ic  act ivi ty  at the f i r s t  s tage of pur i f ica-  
t ion was inc reased  by 16.6 t imes ,  and at the second stage by 56.5 t imes ,  The yield of the act ive p repara t ion  
at  the f i r s t  s tage was 63% and at  the second s tage about 100%, or 62% compared  with the yield of the original 
p repara t ion .  

The d ia r rheagenic  effect  of the p repa ra t ions  obtained in these  expe r imen t s  appeared  a f t e r  18-20 h, a 
c h a r a c t e r i s t i c  f ea tu re  of the the rmotab i l e  entero toxin  of E. coli  [3]. 

The vascu la r  permeabi l i~-  fac tor  (PF activity) was studied in r abb i t s  weighing 1.5-2 kg. The d i ame te r  
of  the blue patch and its intensity,  and a lso  induration of the skin were  taken into considerat ion.  An inc rease  
in P F  act ivi ty was found in the c o u r s e  of purif icat ion:  A zone of deep blue colora t ion 8 m m  in d iamete r  was 
produced by injection Qf 3000 ng of the or iginal  p repara t ion ,  1000 ng of res idue ,  and 30 ng of f rac t ion  1. In- 
durat ion of the s a m e  extent was produced by injection of 400 ng of the original  p repara t ion ,  50 ng of res idue ,  
and 6 ng of f rac t ion  1. However ,  unlike the r e su l t s  of the expe r imen t s  with a l igated segment  of rabb i t  in tes-  
t ine, f rac t ion  2 and the plateau r eac t ed  in the skin tes t .  The i r  act ivi ty  was much less  than that of f rac t ion  1 
and was roughly equal to the act ivi ty  of the res idue .  After  heating of the enterotoxin p repara t ions  to t00~ for  
45 min the i r  toxic act ivi ty  was cons iderab ly  reduced.  

A the rmolab i l e  enterotoxin was thus isolated f rom the cul ture  medium of E. coli  O15by salt  f ract ionat ion 
and ge l - ch roma tog raphy .  In the p r o c e s s  of purif icat ion the toxic act ivi ty  of the p repa ra t ion  was increased:  
accord ing  to r e su l t s  obtained by the l igated segment  of rabb i t  intestine method by about 60 t imes ,  and according 
to the skin t e s t  by 66-100 t i m es .  F rac t ions  obtained by gel ch romatography  (fraction 2 and the plateau) which 
had no d ia r rheagenic  effect  were  found to be act ive in the skin tes t ,  i .e. ,  they contained vascu la r  pe rmeab i l i ty  
factor .  

The re  a r e  two poss ib le  explanations of this resu l t :  1) Vascular  pe rmeabi l i ty  factor  and d ia r rheagenic  
factor  a r e  poss ib ly  two different  subs tances  (or prote in  molecules) ;  2) the possibi l i ty  l ikewise cannot be ruled 
out that  the skin t es t  is a m o r e  sens i t ive  method of detecting toxici ty of the enterotoxin than the l igated seg-  
ment  of rabb i t  intest ine method. 

The product ion of a purif ied col ienterotoxin can be followed by a study of the pathogenesis  of coli  d i a r -  
r hea  and an invest igat ion of antigenic re la t ionsh ips  between col ienterotoxin and the enterotoxins  of other en- 
t e robac t e r i a .  
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