
R E D U C T I O N  O F  B I O L O G I C A L  A C T I V I T Y  

O F  C H O L E R A  V I B R I O  C U L T U R E  F I L T R A T E S  

BY N E U R A M I N I D A S E  I N H I B I T O R S  

K. V. D u r  i k h i n  UDC 576.851.315.097.29.095.18.577.152.321.042.2 

With edema of the albino mouse paw as experimental  model the action of neuraminidase in- 
hibitors on the cholerogenic effect of cholera  vibrio culture f i l t rates  (CVCF) was studied. 
Addition of inhibitors to CVCF was found to depress  their biological activity. Since purified 
neuraminidase prepara t ions  f rom cholera  vibrios had no cholerogenie action it was postulated 
that the region of the cholerogen responsible for fixation on cell membranes  is chemically 
s imi lar  to the active center of neuraminidase.  
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The  very  great  loss of fluid and electrolytes  in cholera is due to the action of an enterotoxin (choler- 
ogen) [12]. Cholerogen can also be obtained on liquid nutrient media if certain s t rains  of Vibrio cholerae 
are  grown on them. In that case ce l l - f ree  fi l trates contains not only cholerogen, but also other biologically 
active substances ,  including a large quantity of neuraminidase [6]. The biological role  of this enzyme has 
not been finally explained, although it is supposed that the change in permeabi l i ty  of the cell membranes  is 
the resu l t  of its activity [2]. 

Changes in the biological activity of cholera  vibrio culture f i l trates (CVCF) under the influence of 
neuraminidase inhibitors were studied. 

EXPERIMENTAL METHOD 

The CVCF were obtained by culturing V. cholerae 569 B on 5% peptone water  in the usual way [6]. 
The CVCF contained free "intestinal units" [10] and 256 "blueing doses" [11] in 1 ml and possessed  neur-  
aminidase activity to the extent of hydrolyzing 1.65 mmoles free sialic acids during incubation for 30 min 
at 37~ [9]*. The biological activity of the CVCF was modified by synthetic tnhibitors (derivatives of 
arabino-octonic  acid [8]), two preparat ions  of which (A and B) were generously provided by A. Ya. Khorlin 
and I. M. Pr ivalova,  to whom the author is grateful.  To determine the action of the inhibitor a sample of 
the neces sa ry  weight was dissolved in a diluted (1 : 4) buffered physiological solution (pH 7.2) of CVCF. The 
resul t ing solution was incubated for 30 min at 37~ and injected in a dose of 0.05 ml into the left foot pad 
of BALB/c  mice.  The same dose of CVCF but without inhibitor was injected at the same time into the r ight 
foot pad. The biological activity of the native CVCF and a mixture of it with neuramintdase inhibitors was 
compared with respec t  to the individual difference in size of the edema recorded  48 h after injection of 
CVCF [13]. The original method of record ing  the size of the edema, based on direct  measurement  of the 
limb volume, was replaced by weighing of the hind limbs amputated s t r ic t ly  through the ankle joint [3]. Sig- 
nificance of the difference was es t imated by the cr i ter ion of signs [1]. 

*Neuraminidase activity of CVCF per  se and on the addition of inhibitors was determined by I. M. Pr iva -  

lova. 
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TABLE 1. Effect  of Synthetic Neuramin idase  
Inhibi tors  on Abil i ty of CVCF to Produce Edema 
of the Limbs in Albino Mice 
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E X P E R I M E N T A L  R E S U L T S  

The r e su l t s  of t h ree  s e r i e s  of expe r imen t s  a r e  given in Table 1 and they show that addition of the in- 
hibi tors  in concentra t ions  of 20 m g / m l  and above s ignif icant ly  (P _< 0.05) reduced  the biological  act ivi ty  of 
CVCF. This was mani fes ted  by the fact  that in each individual animal  the weight of the left  l imb into which 
a mix ture  of inhibitor and CVCF was injected, as a rule ,  was s m a l l e r  than that  of the r ight  l imb,  into which 
only the native CVCF was injected. 

In a spec ia l  expe r imen t  on 50 albino mice a l inear  re la t ionship  was found between the weight of the 
l imbs  and the logar i thm of the injected dose of CVCF both when the other  l imb r e m a i n e d  intact and when a 
constant  dose of CVCF was injected into the other l imb (Fig. 1). Admit tedly,  a re la t ionship  of this type was 
obse rved  only when the weight of the l imbs  was inc reased  by the action of CVCF to not l ess  than 150-170 
rag. Because  of this ru le  it was poss ib le  by s imple  t r ans fo rma t ions  of the l inear  r e g r e s s i o n  equation to ob- 
tain an equation for  de termining  the res idua l  biological  act iv i ty  of the CVCF (X) in percent :  

P standard m p e_xpt 
10g X ~ 2 -- 0,301 K ' 

where  Ps tandard  is the mean  weight  of the l imbs  a f t e r  injection of native CVCF and Pexpt the mean weight 
of the l imb  af ter  addition of the inhibitor to the CVCF; K the change in weight of the l imb in r e sponse  to a 
twofold change in the CVCF concentrat ion (the coefficient  of l inear  r e g r e s s i o n  was 68 nag for injection of 
CVCF into both l imbs  and 48 mg for its injection into one l imb).  Despite the cons iderable  dec rease  in b io-  
logigal act iv i ty  of the CVCF, it was not comple te ly  inhibited in the doses tes ted .  

Synthetic neuramtn idase  inhibitors thus cons iderably  reduce  the biological  act iv i ty  of CVCF. How- 
eve r ,  this effect  is evidently not s imply  the r e s u l t  of inhibition of neuramin ldase  act ivi ty  by CVCF, for  in 
vUxo a concentrat ion of inhibitor of only 5 rng/ml  would be sufficient  for  this purpose ,  i .e . ,  a concentrat ion 
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Fig. 1. Size of edema of mouse limb as a function of 
dose of CVCF injected: 1) different doses of CVCF 
injected into right limb; 2) nothing injected into left 
limb; 3) different doses of CVCF injected into right 
limb; 4) constant dose of CVCF injected into left limb. 
Abscissa, dose of CVCF ( - log  2 of dilutions); ordinate, 
weight of edema fluid (in rag). 

which for pract ical  purposes did not change the biological activity of the CVCF. Furthermore,  highly pur-  
ified commercial  preparations of cholera vibrio neuraminidase, generously provided by I. M. Privalova and 
Yu. V. Ezepehuk, caused an increase in the weight of the limbs of only 10-12 rag. All these results  agree 
with data in the l i terature [14] in showing that the cholerogenic action of CVCF is not due to neuraminidase 
activity. 

The experimental results  indicate the ability of neuraminidase inhibitors to create a biologically in- 
active complex with cholerogen. The mechanism of inhibition of the biological action of CVCF is not yet 
clear.  Inactivation of the cholerogen possibly is not Connected with any special feature of the chemical 
s tructure of the inhibitors whereby they can block the active center of neuraminidase [8]. However, the 
possibility of their specific action cannot be ruled out, if stereochemical similari ty between the s tructure 
of the active center of neuraminidase and the region of cholerogen responsible for fixation of the lat ter  to 
cell membranes is accepted. Such an assumption is not contrary to data in the l i terature.  For instance, 
cholera vibrio neuraminidase is known to be adsorbed on erythrocytes [2]. Purified cholerogen and its 
natural toxoid, cholerogenotd, possess the same property [15]. Moreover, it has been postulated that the 
fixation of cholerogen and cholerogenoid on cell membranes takes place through binding with gangliosides 
[15], substances with stalic acids in their composition [7]. A similar mechanism of adsorption has been 
demonstrated for tetanus toxin [5]. The possibility cannot be ruled out that purified cholerogen also pos- 
sesses neuraminidase activity, as has been shown for the vascular permeabili ty factor of Corynebacterium 
diphtheriae [4]. 

The e~perimental resul ts  and an analysis of the l i terature  thus suggest a possible chemical similari ty 
in structure of the region of cholerogen responsible for its fixation on cell membranes and the active center 
of neuraminidase. 
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