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p repara t ions  of purified neuraminidases  of influenza vi rus  and of cells of the chorioallantoic 
membrane of chick embryos  were investigated by zonal e lectrophoresis .  The enzyme of 
s t ra ins  A2 (Singapore/57) and A2 (Alma-Ata 397/67) of influenza vi rus  was shown to be e lec-  
t rophoret ical ly less  heterogeneous than that of s t rains  A2 (Alma-Ata 454/65) and A2 (USSR 
0467/69). Components s imi lar  to cel lular  neuraminidase in e lectrophoret ic  mobility are con- 
stantly present  in the v i rus  neuraminidase.  Vi rus -spec i f ic  neuraminidase can by differen-  
tiated serological ly  in the zones of the paper after e lec t rophores is .  

According to one repor t  the neuraminidase of influenza vi rus  (strain V-LD, isolated by disintegration 
of the v i ruses  with sodium dodecylsulfate, has low elect rophoret ic  mobility and pos se s se s  a certain immu-  
nological affinity for the neuraminidase of the host cell [3]; the la t ter  can be separated by ultracentrifugation 
in a sucrose  density gradient [4]. 

This paper  descr ibes  the resul ts  of a comparat ive investigation of the e lectrophoret ic  mobility of neu- 
raminidases  obtained f rom different s t rains  of influenza vi rus  and chorioallantoic cells of chick embryos  
(CACE) as a widely used medium for the maintenance of this virus.  The specificity of the var ious  zones 
after e lec t rophores is  of the neuraminidase f rom the v i rus  and CACE cells was determined serologically.  

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

Exper iments  were  car r ied  out with local  s t ra ins  A2 (Alma-Ata 397/57), A2 (Alma-Ata 454/65),  and 
A2 (Alma-Ata 770/64) and reference  s t ra insA2 (Singapore 1/57) and A2 (USSR 0467/69) of influenza virus. 
The re fe rence  s t rains  were obtained f rom the museum of the D. I. Ivanovskii Institute of Virology, Academy 
of Medical Sciences of the USSR. Before extraction of the neuraminidase,  all the s t rains  were  subcultured 
more  than 20 t imes in CACE and their neuraminidase activity on ovomucoid, pH 6.3, was 24 • 1.9, 8.7 • 1.3, 
16.8 :L 2.5, 18 • 2.1, and 10.0 • 0.8 units • 10-3/AE respect ively.  The CACE were taken f rom norma l lydeve l -  
oping 12-day chick embryos .  

Soluble neuraminidase was isolated f rom CACE cells and from influenza virus  purified and concen- 
t rated in the usual way by the methods descr ibed previously.  

E lec t rophores is  on paper  and subsequent t reatment  of the paper  were car r ied  out as follows. The 
enzyme was applied in a quantity of 20 • 10 -3 units to a strip of e lec t rophores is  paper  (mark M), 4.5 cm 
wide, soaked in T r i s - b o r i c  ac id-versene  buffer, pH 8.9 [3], near  the cathode, and the paper was placed in 
an e lec t r ic  field (in the cell of a type ]~FA-1 apparatus). E lec t rophores is  continued for 3 h with a constant 
voltage gradient  of 10 V/cm. In a medium of alkaline react ion created by the buffer solution the proteins  
have a negative charge, and in the e lectr ic  field they migrate  along the f i l ter  paper  toward the anode. 
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Fig. 1. Localization of neuraminidase activity on paper  
str ip after  e lec t rophores is  of neuraminidase prepara t ions  
f rom influenza vi rus  A2 [Singapore (I), A2-397 (II), A2-454 
(III), A2-0467 (IV), AO-770 (V), and also f rom normal  CACE 
cells (VI)]. Origin at the cathode. Ordinate on the left, 
optical density at 280 nm, on the right, neuraminidase act iv-  
ity as a percentage of total activity (columns) ; abscissa,  
Nos. of zones of paper  af ter  e lec t rophores is .  

Af ter  the end of e lec t rophores is  the paper  was cut into 16 equal t r ansve r se  s t r ips  (zones). Each zone of the 
paper  was cut up with sc i s so r s ,  covered with 5 ml 0.15 M NaC1, and kept for  30 min at 37~ The eluates 
were  then tested for  the presence  of protein (from their  absorption at 280 nm) and for neuraminidase ac t iv-  
ity. To 0.1 ml of the original solution of the enzyme or  1 ml of the eluates f rom the zones of the paper,  
1 ml (5 mg) of ovomucoid dissolved in 0.1 M phosphate buffer, pH 5.5, was added, and the quantity of sialic 
acids l iberated was determined after  1 h (37~ The quantity of enzyme which, under standard conditions, 
splits 1 /~mole neuraminic acid f rom the substrate  per  minute was taken as the unit of enzyme. 

Antineuraminidase s e r a  were  obtained by immunizing rabbits  (2.0-2.5 kg) with purif ied prepara t ions  
of neuraminidase.  F r o m  one to three units of enzyme was introduced beneath the conjunctiva of the upper 
lid of the left and right eyes a l ternate ly  [2] for 3 days. The cycle of immunization was repeated three t imes 
at intervals  of 2 days. Seven days after the last  injection the cycle of immunization was again repeated with 
the same intervals .  Nine days af ter  the last injection the animal was exsanguinated and the t i ter  of ant ineur-  
aminidase antibodies determined by the inhibition of enzyme activity test. Fo r  this purpose 0.1 ml of the 
immune serum (control-normal  serum), t reated with periodate (to remove nonspecific inhibitors),was added 
to an equal volume of a solution of neuraminidase containing 13-20 x 10 -3 enzyme unit, the mixture was in- 
cubated for 30 rain at 37~ after which 0.2 ml (1 mg) of ovomucoid was added, and i h la ter  (37~ a test 
for sialic acids was car r ied  out by the usual method. The t i ter  of antineuraminidase s e r a  was 1:160-1:320. 

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

The localization of neuraminidase activity in the enzyme prepara t ions  tested by zonal e lec t rophores is  
is shown in Fig. 1. The charac te r  of e lect rophoret ic  mobility of the neuraminidase differed considerably 
among the five s t ra ins  of influenza virus.  Strain differences were  seen near  the cathode and in the neutral  
zone (zones f rom Nos. 1 to 9). The zones of activity for two enzyme prepara t ions  (Fig. 1: T and II) were  
confluent, suggesting homogeneity of the protein whereas  the zones of localization of enzyme activity of the 
other three s t ra ins  formed three or  four (Fig. 1: HI-V) fractions.  
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TABLE 1. N e u t r a l i z a t i o n  of Act iv i ty  of N e u r a m i n i d a s e s  f r o m  
Dif ferent  Zones  a f t e r  E l e c t r o p h o r e s i s  

Soruce of neura- 
minidase 

�9 

z~ 

~x 

-Zo 

Neuraminidase activity in the pres- 
ence of serum 

normal immune sera againstenzyme 
cellular 

Strain A2-454 

Strain AO-770 

CACE cells 

1--2 
3 
5 
8 

1 
5 

7--9 
13 

1--2 
8~10 

o~.~ 

3,61 
2,82 
4,00 
9,10 

1,07 
9,62 
8,25 
0,60 

5,02 
3,00 

12,02 

10-1 
10-1 
i0-2 
lO-1 

10-i 
10-2 
10-i 
10-1 

I0-i 
10-i 
lO-i 

3,48 
2,72 
4,00 
9,07 

1,00 
9.71 
8,I8 
0,58 

5,07 
3,12 

11,99 

0,28 
1,79 
4,52 
7,86 

0,06 
9,70 
6,49 
0,005 

A2-454 

0,67 
9,48 
7,81 
0,57 

1,35 
2,97 

11,97 

I AO-770 

1,36 
2,80 
3,68 
8,98 

1,70 
2,81 

10,24 

N e u r a m i n i d a s e  of the CACE ce l l s  a lso  was  he t e r oge ne ous  but,  un l ike  the in f luenza  v i r u s  enzyme ,  
mos t  of i t s  ac t iv i ty  was  loca ted  in the anodic  p a r t  a f ter  e l e c t r o p h o r e s i s  (zone No. 13; Fig.  1: VI). 

The p r e p a r a t i o n s  of n e u r a m i n i d a s e  both f rom in f luenza  v i r u s  and f r o m  CACE ce i l s  con ta ined  c o m -  
ponen t s  with iden t i ca l  e l e c t r o p h o r e t i c  mobi l i t i e s .  In o r d e r  to d i f f e ren t i a t e  them,  e lua tes  f r o m  the zones  
of p a p e r  a f t e r  e l e c t r o p h o r e s i s  of the e n z y m e s  f rom in f luenza  v i r u s e s  AO-770 and A2-454 w e r e  inves t iga ted  
in  the n e u t r a l i z a t i o n  tes t  with v i r u s  and c e l l u l a r  a n t i n e u r a m i n i d a s e  se ra .  These  s e r a  w e r e  t r ea t ed  in  the 
u sua l  way with p o t a s s i u m  pe r ioda t e ,  d i a lysed  aga ins t  0.15 M NaC1 (4~ and heated at 56~ (30 min) .  In 
the con t ro l  test ,  n o r m a l  r abb i t  s e r u m  t r ea t ed  in the s a m e  way was  used.  The e x p e r i m e n t s  were  repea ted  
th ree  t i m e s .  The r e s u l t s  of one of them (Table  1) show that the v i r u s - s p e c i f i c  e n z y m e  of s t r a i n s  A2-454 
and AO-770 i s  loca ted  in  zone No. 5 a f t e r  e l e c t r o r e s i s ,  and i t s  ac t iv i ty  is  comple te ly  s u p p r e s s e d  in the 
p r e s e n c e  of homologous  s e r u m .  The e n z y m e  loca ted  in  zones  Nos. 1 and 2 a f t e r  e l e c t r o p h o r e s i s  is  i m m u n o -  
log ica l ly  i den t i c a l  with c e l l u l a r  n e u r a m i n i d a s e .  F o r  example ,  c o m p a r e d  with 3.6 • 10 -3 e n z y m e  uni t  of 
strain A2-454, after treatment with antiserum against cellular neuraminidase only 0.28 x i0 -3 unit of activ- 
ity remained. 

The eluate of neuraminidase from zone No. 13 (strain AO-770) likewise was neutralized by cellular 
antineuraminidase serum. It must be emphasized that eluates from zones Nos. 1 and 2 of the paper after 
electrophoresis of cellular neuraminidase were partially inactivated by the virus antineuraminidase sera. 
In all probability the primary antigen of virus neuraminidase, with which the rabbits were immunized, was 
not completely purified from neuraminidase of the CACE cells. 

Heterogeneity of the enzyme from three strains of influenza virus and the host cell was thus demon- 
strated by zonal electrophoresis. The electrophoretie mobility of the neuraminidase from strains A2 
(Singapore 1/57) and A2 (Alma-Ata 397/57) were shown to differ from that of the neuraminidase of strains 
A2 (Alma-Ata 454/65) and A2 (USSR 0467/69). The enzymes of the last two strains were similar in their 
electrophoretic mobilities. These results probably reflect variation of the antigenic properties of A2 in- 
fluenza virus neuraminidase during the years of its circulation in population groups [5]. 

Neuraminidase of the CACE cells, by contrast to the enzyme of the strains of influenza virus tested, 
is bound with a component migrating rapidly in an electric field. However, components with equal elec- 
trophoretic mobility are found in preparations of both cellular and virus neuraminidase. What is not clear 
is whether cellular neuraminidase participates in the activation of virus infection. According to the writers' 
preliminary findings, antiserum against cellular neuraminidase facilitates the viropexis of, for example, 
influenza virus AO (Alma-Ata 770/64). The neuraminidase of this strain has an electrophoretic mobility 
identical with that of strain A2 (Alma-Ata 454/65), but their enzymes in zone No. 5 after electrophoresis 
(Table i; Fig. i: III and V) clearly exhibit serological specificity. 

In a previous investigation [i], using histoautoradiographic methods the writers demonstrated viro- 
pexis of the above AO virus (Alma-Ata 770/64) in the respiratory tract of albino mice. The pathogentic 
role of the neuraminidases of influenza virus and of the host cell must evidently be represented rather 
more widely than has hitherto been considered. 
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