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A high degree of rank cor re la t ion  between the synthesis of cholera  exotoxin and neuraminidase 
by cholera  vibrios (Vibrio cholerae  569 B) was demonst ra ted  by experiments  in v i t ro jand the  
appearance of these biologically active substances was shown to depend on the phase of devel- 
opment of the microbia l  population. It is suggested that they act cooperat ively during the de- 
velopment of cholera.  
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The view is held that the loss of fluid and electrolytes  in cholera  is due to the action of cholera  exotoxin, 
or  cholerogen (CG) [9]. Besides exotoxin, cholera  vibrios also produce considerable amounts of neutramini-  
dase (NA) [4], an enzyme which plays an important  role in the development of the disease [1]. 

The dynamics of CG and NA synthesis  was investigated during cultivation of Vibrio cholerae 569 B in a 
liquid nutrient medium. 

EXPERIMENTAL METHOD 

A suspension of a 24-h culture of V. cholerae 569 B was added to two 3-1iter flasks each containing 300 
ml of 5% peptone water so that the final concentration of vibrios was 1 �9 l0 s (flask A) and 1 �9 107 (flask B) bac- 
terial cells/ml respectively. The original number of living bacterial cells was determined by the serial dilu- 
tion method and the concentrations of CG and NA were determined in supernatants of samples [4] obtained from 
each flask. The contents of the flasks were grown with constant shaking for 9 h at 28~ and every 1.5 h 10-ml 
samples were taken for determination of the number of living bacterial cells and of their content of CG and NA. 

Biological activity of CG was determined in albino mice [i0] and expressed as active units of action 
(AA units [2]), assuming that a twofold change in the CG concentration is accompanied by a change of 50 mg in 
the quantity of edema fluid. Neuraminidase activity was determined from the ability of the supernatant to pre- 
vent agglutination of guinea pig red cells by influenza virus [5] and expressed in RD units (reciprocals of dilu- 
tions) or by Warren's method [15], using ovomucin as the substrate. Both methods of determination of NA ac- 
tivity gave almost identical results. 

Production of GC and NA was estimated from the value of Kendall's general and special rank correla- 
tion coefficients [8], accepting the fact, established previously, that CG and NA are different substances [ii]. 
The number of generations of the microbial population was calculated by the usual method [3]. 

EXPERIMENTAL RESULTS 

The dynamics of changes in the concentrat ion of bacter ia l  cells and of CG and NA is shown in Fig. 1, 
f rom which ~ it will be seen that with an increase  in the t ime of cultivation all the corresponding indices rose.  
This is confirmed by the high rank cor re la t ion  (Table 1). It must, however,  be emphasized that s tat is t ical ly 
significant special  rank corre la t ion  was found only for  NA and CG activity, i.e., cor re la t ion  calculated with the 
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Fig. 1. Dynamics of cholerogenic (1) and neuraminidase (2) activity of supernatants 
obtained after  cultivating V. cholerae  569 B (3) with a seeding dose of (0.2 • 0.04) �9 
108 (a) and (12 • 1.5) �9 10 ~ (b) microbial  cells.  Ordinate, left: CG)cholerogen ac -  
tivity (in AA units); N) log of number o f  microbial  cells in 1 ml; right, neuramini -  
dase activity (in RD units �9 1000); absc issa ,  t ime of testing samples (in h). 

TABLE 1 .  Kendall 's  General and Special 
Rank Correla t ion Coefficient (T) between 
Biological (CG) and Neuraminidase  (NA) 
Activity of Supernatants and Concentra-  
tions of Living Bacter ial  Cells (N) in Them 

Characteristics Rank correlation coefficient (M ~ m) 
of supernata nts 
compared g ~  special 

exclusion of the third factor ,  the concentrat ion of mmrobia l  
cells. In fact, although cholerogenic activity precedes  neuram-  
inidase, excluding the two or  three pai rs  of values that are  
ra ther  wide of the mark,  thereaf ter  there was an almost  func- 
tional relationship which could be expressed  in the s ta tement  
that on average 80 RD units for  f lask A and 30 RD units for 
flask B are  equivalent to 1 AA unit. 

Correlat ion between cholerogenic activity and growth of 
the microbial  population was somewhat different. For  instance, 
with a l a rge r  seeding dose, af ter  1.5 h (the f i rs t  sampling time) 

CG--NA I -~-0,96_ 0,21 ~0,68___ 0,21 
CG-N I q-0,93--. 0,21 -}-0,36_+ 0,21 
NA--N -j-0,94_+0,21 +0,46_+0,21 the supernatant contained a large quantity of CG: The weight of 

edema fluid in the limbs of the albino mice (P) was 186 mg 
(CG was virtually absent from the supernatant obtained immediately after seeding the nutrient medium, P = 
14 rag). The concentration of the microbial population rose during this time from 1.2 �9 109 to 1.9 �9 109 vibrios 
(0.7 generation). Meanwhile, with a smaller seeding dose (flask B) the concentration of CG remained unchanged 
during the same time interval (P = 6 and 11 rag), although the concentration of cholera vibrios rose from 2.0 �9 
107 to 49 �9 107 (4.6 generations). Over the next 1.5 h the microbial population rose only to 2 �9 109 (2 generations), 
whereas the CG concentration increased sharply (P = 197 rag). These observations are in agreement with data 
in the literature [14] indicating the "explosive" appearance of CG in the culture medium once a certain mini- 
mal concentration of cholera vibrios was reached (in this experiment 2 �9 109). 

It can be concluded from these experiments that cholera vibrios (V. cholerae strain 569 B), when culti- 
vated in vitro, once they reach a certain concentration begin to secrete CG and NA particularly intensively 
into the surrounding medium. Considering that by this time reproduction of the cholera vibrios has slowed 
down considerably, this feature of CG production must be regarded as a "self-acquired" character [7], by 
means of which, and through hypersecretion in the small intestine, they can create conditions for the virtually 
unlimited growth of the microbial population in vivo. Neuraminidase, which destroys the protective mucin of 
the mucous membrane of the small intestine and increases the content of monosialogangliosides in cell mem- 
branes of the mucous membrane, which are receptors for CG fixation [12], considerably increases the chances 
of direct contact between CG and the brush border of the mucous membrane of the small intestine. Such con- 

tact is the first stage of action of CG [13]. 

These hypotheses are in agreement with the results of an investigation [6] in which the cholerogenie ac- 
tion of nontoxigenic strains of V__~. cholerae was demonstrated on infantile rabbits as models in which the vibrios 
were injected simultaneously with NA, which by itself had no pathogenic action on the intestine of the young 

rabbits. 
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H E T E R O G E N E T I C  A N T I G E N S  OF T H E  A B 0  T Y P E  

ON H U M A N  C E L L  C U L T U R E S  
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The charac te r  of interaction between different s t rains  of Escher ich ia  coli serotype 026 and cells 
of continuous cultures of human strains  HeLa, Tg-33, and RH was studied in vitro. The phenom- 
enon of cytopathogenic action (CPA) of uropathogenic s t ra ins  of E. coli containing heterogenetic  
type O(H) and B antigens on human cell s t rains  with the corresponding isoantigens was detected 
af ter  interaction for 6 h. The number of dead cells in these cul tures was 1.5-3 times g rea te r  
than their  number in control  cultures to which E. eoli cells not containing heterogenetic  antigens 
or  containing d i ss imi la r  heterogenet ic  antigens of the human AB0 type were added. It is postu-  
lated that this phenomenon plays an important  role in the development of chronic forms of col i -  
baci l lary  pyelonephrit is .  

KEY WORDS: human cell cultures;  Escher ich ia  coli; heterogenetic antigens. 

In recent  years  human cell cul tures have been used on an increasingly wide scale to determine the viru-  
lence of mic roorgan i sms .  A par t icu lar ly  sensit ive model for this purpose is the use of continuous cultures of 
human cells by means of which the virulence of severa l  enteropathogenic [2, 8, 14] and uropathogenic [11] 
s t ra ins  of Escher ich ia  eoli has been revealed. These f reshly isolated s t ra ins ,  by cont ras t  with reference 
s t ra ins ,  as a rule had a cytopathogenic action (CPA) and they were often found to be capable of intracellular  
reproduction. Many features  of this interact ion still r emain  unstudied. Nevertheless ,  the attention of immunol-  
ogists and microbiologis ts  is increasingly being drawn to the hypothesis that heterogenetic antigens of m ic ro -  
organisms,  s imi la r  to antigens of human cells,  play an essential  role in the formation both of their  virulence 
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