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The similarity between the morphological, cultural, and other properties of cholera and non- 

cholera vibrios makes their differentiation difficult. Different groups of vibrios and closely 

related species were compared on the basis of their neuraminidase activity. High neurarnini- 

dase activity was found in cholera vibrios and in this respect they differed from noncholera 

vibrios and bacteria of the genera Pseudomonas and Comamonaso 

Among all the mic roo rgan i sms ,  Vibrio cholerae evidently possesses  the highest neuraminidase ac t iv-  
ity, and for this reason  it is used as a source  of the enzyme on a commerc ia l  scale.  The suggestion has 
been made that the formation of neuraminidase by Vibrio cholerae  takes place parallel  with the accumulation 
of type 2 toxins [7], including the factor  that increases  capi l lary permeabi l i ty  [8]. The wr i t e r s  consider  that 
these findings are  not accidental and that, consequently, neuraminidase plays an important  role in the patho-  
genesis  of cholera.  The action of the enzyme is probably directed toward destruction of mucoproteins,  
which are  ascr ibed  [2] an important  role,  for example, in the protect ion of the gas t ro- in tes t ina l  t rac t  f rom 
var ious  pathogenic agents and the t r ans fe r  of water or other compounds in the cells.  A frequent mani fes ta -  
tion of the action of neuraminidase on mucoproteins is its ability to change the surface of e ry throcy tes  so 
that they are  no longer agglutinated by myxoviruses .  According to Tikhonenko [5] the essence  of this 
p rocess  is that cell r ecep to r s  of e ry th rocy tes  on which myxovi ruses  are  adsorbed contain neuraminic (or 
sialic) acid, which is both an amino acid and a deoxy-sugar .  Neuraminic acid occupies a terminal  position 
in mucoprote ins  and is linked with the peptide part  of the molecule through a glucoside bond. Neuraminidase 
splits the glucoside bond so that the free neuraminic acid goes into solution and the surface propert ies ,  
including the charge of the erythrocyte ,  a re  sharply modified. 

The object of the present  investigation was to compare  neuraminidase activity of a number of different 
�9 vibr ios  and also of bacter ia  f rom which the agent of cholera  has frequently to be differentiated, i.e., to study 
a problem which has received no attention in the literature. In addition, an attempt was made to detect cor- 

relation between neuraminidase activity and other characteristics of vibrios. 

TABLE 1. Neuraminidase  Activity of 
Various Microorgan isms  

Specific activity (median 
and its confidence interval 

Group Microorganisms calculated for a 
probability of 0.99) 

! V. cholerae 
2 V, E1 Tor 
3 V. E1 Tot 
4 Noncholera 

vibrios 
6 Comamonas 
7 P, aeruginosa 

0,088 (0,037--0,177) 
0,064 (0,038--0,096) 
0,039 (0,026--0,062) 
0,022 (0,011--0,031) 

o,oo6 (o--o,1 i) 
0,010 (O,O04--O,OIS) 

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

For most  of the investigation eight s t ra ins  of V~ cholerae 
isolated f rom human sources  (group 1), nine s t rains  of Vibrio 
El Tor obtained from human sources  (group 2), 15 s t rains  of 
Vibrio El Tor  obtained from hydrobionts,  water,  and sewage 
(group 3), 12 s t ra ins  of noncholera vibrios (one s train of 
Heyberg ' s  type III, three s t ra ins  of type II, and the res t  of 
type I) including luminescent  (group 4), and four s t rains  of 
NAG-vibrios isolated from patients With cholera  or f rom 
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T A B L E  2. 
V. El  T o t  in W a t e r  

Change in N e u r a m i n i d a s e  A c t i v i t y  du r ing  Keep ing  of 

Strain No. Method of keeping Specific 
activity 

On semiliquid Martin's agar 
In water for 2 years 
On semiliquid Martin's agar - 
In water for 2 years 
On semiliquid Martin's agar 
In water for 2 years 
On semiliquid Martin's agar 
In water for 50 days 

840 
(from water) 

2O8 
(from water) 

2044 
(from man) 

7721 
(from man) 

0,062 
0,018 
0,052 
0,029 
0,068 
0,036 
0,052 
0,041 

T A B L E  3. D i s p e r s i o n  A n a l y s i s  of  B o u n d a r y  F u n c t i o n s  

Group of vtbrios F F r 

V. cholerae and V. E1 Tor from man 
The same from water, sewage, and hydmbionm 
V. cholerae and noneholera vibrios 
V. E1 Tot from man and V. E1 Tot from water, sewage, and 

hydrobionts . . . . . . . . . . . . . . . . . .  
V. El Tot from man and noncholera vibrios . . . . . . . . . .  
V. El Tor from water, sewage, and hydrobtonts and noncholera 

vibrios 

33,00 
16,70 

122,00 

99,0 
210,00 
84,00 

6,55 
5,42 
6,99 

5,18 
6,22 
3,24 

Note:  F )  Coef f i c i en t  c a l c u l a t e d  f r o m  the  e x p e r i m e n t a l  data ;  F T) 
va lue  of the  coe f f i c i en t  for  s i gn i f i c an t  l eve l  o f  p r o b a b i l i t y  0.99 [6]. 
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Fig .  1. R e s u l t s  of d i s c r i r a i -  
nant  a n a l y s i s  of v a r i o u s  
g r o u p s  of v i b r i o s .  A b s c i s s a ,  
v a l u e s  of b o u n d a r y  func t ions ;  
o r d i n a t e ,  f r equenc i e s ;  X l and 
X 2) a b s o l u t e  v a l u e s  of  bound-  
a r y  func t ions  for  c o m p a r e d  
g r o u p s  of  v i b r i o s ;  D g r o u p s  
I and 2; ID g r o u p s  1 and 3; 
III) g r o u p s  1 and 4; IV) 
g r o u p s  2 and 3; V) g r o u p s  
2 and 4; VI) g r o u p s  3 and 4. 

c a r r i e r s  (group  5) w e r e  u s e d . *  In add i t ion ,  e igh t  s t r a i n s  of  P s e u d o m o n a s  
a e r u g i n o s a  (g roup  6) and s e v e n  s t r a i n s  of  C o m a r a o n a s  (group 7) w e r e  used  
in the  i n v e s t i g a t i o n .  

A l l  s t r a i n s  w e r e  k e p t  in semiLiqu id  a g a r  under  m i n e r a l  o i l  a t  r o o m  
t e m p e r a t u r e .  The  c u l t u r e s  w e r e  s e e d e d  f r o m  s e m i l i q u i d  a g a r  on M a r t i n ' s  
b ro th ,  pH 7.6, and, a f t e r  i ncuba t ion  fo r  6-8  h at  37~C, on M a r t i n ' s  a l k a l i n e  
a g a r .  Next  day,  0.1 ra l  of the  c e l l  s u s p e n s i o n  (1.5 x 105) w a s  a d d e d  to 15 
ra l  l iqu id  m e d i u m  c o n s i s t i n g  of 3% pep tone  d i g e s t  and  0.5% NaC1 (pH 8.0) 
in 100- ra l  c o n i c a l  f l a s k s .  The  m i c r o o r g a n i s m s  w e r e  i ncuba t ed  for  8 h wi th  
c o n s t a n t  shak ing  a t  37~ The  d e g r e e  of  t u r b i d i t y  of the  c u l t u r e  was  then 
d e t e r m i n e d  ( F E K - n 5 7  n e p h e l o r a e t e r ,  No. 11 f i l t e r ) ;  an  op t i c a l  d e n s i t y  of 0.1 
w a s  t aken  a s  the  unit  of  t u r b i d i t y .  A f t e r  s e d i m e n t a t i o n  of the  c e i l s  by e e n -  

t r i f u g a t i o n  for  30 ra in  a t  3000 g, m e r t h i o l a t e  was  a d d e d  to the  s u p e r n a t a n t  
to a f ina l  c o n c e n t r a t i o n  of 1 : 104. Th i s  l i qu id  a s  such  w a s  u s e d  in the  i n -  
v e s t i g a t i o n  ( " e n z y m e " ) .  B e f o r e  the  e x p e r i m e n t  the  e n z y m e  w a s  d i lu t ed  

1 : 4 .  

S t r a i n s  of Coraa raonas  and P s e u d o r a o n a s  gave  no v i s i b l e  g rowth  on 
m e d i u m  with  3% pep tone  and 0.5% NaCI du r ing  a g i t a t i o n  for  8 h. F o r  th i s  
r e a s o n ,  t h e i r  c u l t i v a t i o n  was  con t inued  for  24 h. 

Ovoraucoid ,  p r e p a r e d  by the  f o r m u l a  of  O r l o v a  and Mekhedov  [3], w a s  
u sed  as  s u b s t r a t e  fo r  n e u r a r a i n i d a s e .  E x p e r i m e n t a l  s a m p l e s  c o n s i s t i n g  of 
0.5 ra l  s u b s t r a t e  (3.2 rng pro te in} ,  0.5 m l  e n z y m e ,  and 0.5 ra l  a c e t a t e  bu f fe r  
(0.4 M, pH 5.5) wi th  c a l c i u m  c h l o r i d e  ( f inal  c o n c e n t r a t i o n  3 • 10 -6 M) w e r e  
i n c u b a t e d  for  15 ra in  in a w a t e r  bath  at  37~ The  r e a c t i o n  w a s  s t opped  by 
the a d d i t i o n  of  0.5 ra l  s o d i u m  m e t a p e r i o d a t e  (0.2 M) in  p h o s p h o r i c  a c i d  
(9 M). S ia l i c  a c i d s  w e r e  d e t e r r a i n e d  by  the  t h i o b a r b i t u r a t e  m e t h o d  [9]. 

* T h e s e v i b r i o s  a r e  r e g a r d e d  a s  V i b r i o  E l  T o t  which  has  l o s t  i t s  a g g l u t i n -  
a b i l i t y  by the  c o r r e s p o n d i n g  O - a n t i s e r a .  
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Spectrophotometry was carried out against "zero" samples at 549 nm. Neuraminidase activity was express- 

od in ~M N-acetyl neuraminic acid (coefficient of molar extinction 5.7 • 104) per unit of cell turbidity (see 
above) per ml undiluted enzyme solution. 

EXPERIMENTAL RESULTS 

The results of the determination of neuraminidase activity in all species of bacteria investigated are 
given in Table I. Only the results relating to NAC-vibrios are excluded, for they were obtained by the study 
of a small number of strains and were not amenable to statistical analysis with the use of a median [i]. The 
specific activity of the strains of NAG-vibrios was 0.062, 0.152, 0.156, and 0.175. 

The following conclusion can be drawn from these results. By their neuraminidase activity the 
strains of V. cholerae, including NAG-vibrios, differ significantly from noneholera vibrios. The exceptions 
are some strains of V. El Tor from group 3, which resemble noncholera vibrios. Meanwhile, vibrios of 
groups 1-5 are easily distinguished from the microorganisms of groups 6 and 7, in which, because of slow 
growth on peptone water, even if neuraminidase could be detected this was not so in the first 24 h after 
seeding. 

Turning to the question of the vibrios from group 3, their relatively low neuraminidase level com- 
pared with other cholera vibrios is evidently connected with their acquisition of saprophytic properties 
through their prolonged existence outside their obligate host -man. This was confirmed by the decrease 
in neuraminidase activity in V. El Tor when kept in sterilized river water (Table 2). Keeping in water also 
affected other properties of the cholera vibrios and, in particular, their decarboxylase activity [4]. 

In the next experiments the neuraminidase activity of the vibrios was compared with the activity of 
other well-studied enzymes, namely alkaline phosphatase and deoxyribonuelease. The method of discrim- 
inant analysis [ 6], by means of which two objects can be compared with respect to several characteristics, 
was used for the comparison. The results of a study of four groups of vibrios in relation to three charac- 
teristics are shown as graphs (Fig, i). By this means some strains could be differentiated from others, 
which previously had been impossible on the basis of the same characteristics taken separately. At the 
same, time, this method also reflects to some extent the kinship between the vibrios (the shaded part on Fig. 
i). The fact that the difference between all four groups of vibrios is not fortuitous but highly significant is 
confirmed by the results of dispersion analysis of the boundary functions X I and X 2 (Table 3). 

To determine the absolute importance of neuraminidase activity when combined with two other 
characteristics for differentiation between vibrios, correlation analysis was used to compare the strains 
with each other in relation to activity of two enzymes: nearaminidase and deoxyribonuclease, deoxyri- 
bonuclease and alkaline phosphatase, and alkaline phosphatase and neuraminidase. The results showed 
that the same four groups of vibrios could not be differentiated by this method. Consequently, the results 
suggest that neuraminidase plays a special role in vibrio taxonomy. 

I. 

2. 

3. 
4. 

5. 

6. 
7, 
8. 
9. 

LITERATURE CITED 

I. P. Ashmarin and A. A. Vorob'ev, Statistical Methods in Microbiological Research [in Russian], 
Leningrad (1962). 
A. Gottschalk and A. Neuberger, in: Glycoproteins [Russian translation], Moscow (1969), p. 296. 
N. G. Orlova and L. N. Mekhedov, Vopr. Virusol., No. 3,341 (1970). 
N. Ya. Shimanyuk, A. E. Libinzon, K. G. Bichul',et al., Probl. osobo Opasnykh Infektsii, No. 6, 192 
(1970). 
T. I. Tildlonenko, in: Molecular Biology of Viruses [in Russian], Moscow (1971). 
D. A. Sepetliev, Statistical Methods in Scientific Medical Research [in Russian], Moscow (1968). 
W. Burrows, Ann. Rev. Microbiol., 222, 246 (1968). 
H. Kusama and J. Craig, Infect. and Immunol., i, 80 (1970). 
L. Warren~ J. Biol. Chem., 234, 1971 (1959). 

163 


