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Neuraminidase: the specific enzyme of influenza virus 
and Vibrio cholerae 

Over  the  las t  years  it  h a s  become ev iden t  t h a t  N-ace ty l  neu ramin i c  acid and  diacetyl  neu ramin ic  
acid ( =  sialic acid) respect ive ly  are p resen t  in v a r y i n g  a m o u n t s  in m o s t  mucopro t e in s  and  in 
m a n y  glycolipids of a n i ma l  origin 1. The  biological in te res t  in t he  ace ty l a t ed  neu ramin ic  ac ids  
arises f rom the  facts  t h a t  (a) absorp t ion  of t he  inf luenza vi rus  par t ic le  to po ten t ia l  hos t  cells, 
(b) agg lu t ina t i on  of e ry t h rocy t e s  by  inf luenza v i rus  and  (c) the  compet i t ive  inhibi t ion  of v i rus  
h a e m a g g l u t i n a t i o n  by  mucop ro t e i n s  are i n t i m a t e l y  associa ted  wi th  the  neu ramin i c  acid con t en t  
of t he  cellular receptors  and  the i r  chemical  analogues ,  t he  soluble inh ib i to ry  mucopro te ins .  The  
inf luenza v i rus  part icle  has  e m b e d d e d  in its surface  an  e n z y m e  sp l i t t ing  off f rom soluble inh ib i tory  
mueopro t e in s  t he  t e rmina l  neu ramin ic  acid un i t s ;  t he  viral  e n z y m e  is imi t a t ed  in detai l  by  an  
exo -enzyme  p roduced  by  Vibrio cholerae (RDE) 1. The  molecular  s t r uc tu r e  ass igned  prev ious ly  2 
to n e u r a m i n i c  acid has  been s t rong ly  suppo r t ed  by  BLIX et al. ~ and  by  KUHN et al. 4. In  na tu r a l  
p roduc ts ,  neu ramin i c  acid is i nva r i ab ly  found  toge the r  wi th  o ther  sugars ,  ga lac tose  and /o r  
ga l ac to samine  be ing  the  mos t  regular  associates .  Concern ing  t he  l inkage of n e u r a m i n i c  acid in 
mucop ro t e in s  i t  was  recen t ly  es tab l i shed  t h a t  in bovine  s u b m a x i l l a r y  g land  mucopro t e in  (BSM) 
t he  po ten t i a l  ke to  g roup  of n e u r a m i n i c  acid is l inked in glycosidic fash ion  to its par tner ,  a lmos t  
cer ta in ly  a D-ga lac tosamine  res idue 5. W h e t h e r  th i s  glycosidic l inkage in BSM is med i a t ed  by  an  
O or N a t o m  has  still to be ascer ta ined .  
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The  u n c e r t a i n t y  a b o u t  t he  t rue  n a t u r e  of the  glycosidic a tom,  O or N, jo in ing neu ramin i c  
acid in BSM or o the r  mucop ro t e i n s  to its p a r t n e r  m a d e  it  desirable to t es t  the  ac t iv i ty  of t he  
v i rus  glycosidase and  of R D E  on a neu rami n i c  acid con ta in ing  c o m p o u n d  wi th  well defined 
glycosidic s t ruc tu re .  Neuramin- l ac tose  (N-L) confo rms  to th i s  r equ i rement .  This  compound ,  isolated 
f rom m a m m a r y  g lands  of ra t s  by  TRUCCO A N D  C A P U T T O  6, consis ts  of diacetyl  neu ramin ic  acid 
and  lactose. W i t h  t he  Somogyi  reagent ,  N-L  h a s  a reduc ing  va lue  cor responding  to 83 % of t h a t  
of an  equ iva len t  a m o u n t  of lactose, whereas  the  reduc t ion  equ iva l en t  of free sialic acid is only  
15 %. N-L  is a lmos t  comple te ly  hyd ro lysed  into its c o m p o n e n t s  in 3 m in  by  o . 5 N  sulfuric  acid 
a t  IOO ° C e. F r o m  these  d a t a  we m a y  conclude t h a t  t he  reduc ing  g roup  of neu ramin ic  acid is 
engaged  in an  O-glycosidic l inkage wi th  an  O H - g r o u p  of galactosyl ,  t h e  reduc ing  group of lactose 
fo rming  t he  reduc ing  end  of t he  molecule  (Fig. i). Only  a molecular  a r r a n g e m e n t  charac te r iz ing  
N-L  as a 2-deoxyglycos ide  will a ccoun t  for t he  g rea t  ease of acid hydro lys i s  ; a fu ranos ide  s t r uc tu r e  
can  be excluded.  The  h igh  reduc ing  power  of N-L  and  t he  res is tance  of its lactose mo ie ty  towards  
Saccharomyces ]ragilis f l -galactosidase indica tes  t h a t  n e u r a m i n i c  acid is l inked to the  galactose  
r a the r  t h a n  to the  glucose c o m p o n e n t  of lactose (Fig. i). 

Material. (I) H igh l y  purified inf luenza A v i rus  (WSM) in buffered saline (pH 6.5) of h a e m a g -  
g lu t in in  t i t re  2. IoS/ml (against  1% fowl e ry throcy tes )  and  of enzymic  t i t re  2.:2. ioS/ml. (2) Purified 
R D E  in o.o2 % CaCI 2 solut ion (2. lO 5 units/m1).  (3) Neuramin - l ac tose  con ta in ing  48.2 % lactose 
(an throne  method)  ind ica t ing  95 % pur i ty .  

Experimental. Assay  I:  I m g  N-L  in 25 #1 v i rus  solut ion (pH 6.5). Assay  I I :  I m g  N-L  in 
25 #1 R D E  solut ion (pH 6.o). Controls  : (a) 2 % lactose (in water)  ; (b) 4 % N - L  (in water)  ; (c) 2 % 
N-ace ty l  neu ramin i c  acid (in water)  ; (d) v i rus  solut ion and  (e) R D E  solution.  Volume of indiv idual  
control :  5 ° / ,1 .  Assays  a n d  cont ro ls  were kep t  a t  35 ° C a n d  samples  w i t h d r a w n  a t  in terva ls .  3.5 I d 
of each sample  was  appl ied to  W h a t m a n  No. i filter pape r  and  c h r o m a t o g r a p h e d  by  t h e  descending  
m e t h o d  (2o ° C). 
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TABLE I 

EFFECT OF VIRAL AND BACTERIAL NEURAMINIDASE ON NEURAMIN-LACTOSE 

R F values of controls and assays after various t imes of digestion. Chromatograms of set A were 
run in n-bu tano l /pyr id ine /water  (6:4:3 v/v), of set B first in n-butanol/glacial  acetic/water 
(4:1:5 v/v), then in n-bu tano l /pyr id ine /water  in the same direction. Lactose was located with 
aniline hydrogen phthalate ,  N-acetyl neuraminic acid with orcinol-trichloroacetic acid or with 

Ehrlich reagent, N-L with any of the three sprays. 

Reactant 
Set A Set B 

o h  2 h  1 6 h  2 h  

Neuramin-lactose (N-L) o.o 3 o.o 3 o.o 3 o.o6 
Lactose o.12 o.12 o.12 o.14 
N-acetyl neuraminic acid o.I5 o.15 o.15 0.20 
N-L + v i r u s  0.02 o.o2, o.12, o.15 o.12, o.15 o.o6, o.14, 0.20 
N-L + R D E  0.02 o.12, o.15 - -  
Virus and R D E  respectively o.o o.o o.o o.o 

As may  be seen from Table I both  the influenza virus enzyme and R D E  split N-L into its 
components ,  completely in 16 h, incompletely (about 2o%) in 2 h; the O-acetyl group is 
easily lost a non-enzymically. In  a prel iminary note, KDHN AND BROSSMER 7 reported the isolation 
from cow colostrum of crystalline O-acetyl lactaminic acid-lactose, hydrolyzable to i mole each 
of lactose, acetic acid and lactaminic by N / i o o  HC1 in the cold. The analysis and properties of 
lactaminic acid closely agree with those of N-acetyl neuraminic acid. The compound was found 
to be cleaved into lactose and lactaminie acid by influenza virus B and RDE.  However,  since 
the au thors  are still engaged in the elucidation of the s t ructure  of the compound,  they did not 
discuss the type of linkage joining the components  and split by the enzyme. 

We may  conclude from the present  data and previous results tha t  the viral enzynle and 
the vibrio enzyme split off the terminal  neuraminic acid unit  (in its mono- or diacetyl form) 
from neuraminyl-lactose,  from inhibitory mucoproteins  and probably  from inhibitory glycolipids. 
The linkage cleaved in neuraminyl- lactose is of the O-glycosidic type. We propose the name 
"neuramin idase"  for the enzyme and define its action as the hydrolyt ic  cleavage of the glycosidic 
bond joining the keto group of neuraminic  acid to D-galactose or D-galactosamine and possibly 
to other  sugars. 

The au thor  is greatly indebted to Dr. R. CAPUTTO, Oklahoma, U.S. for the prepara t ion of the 
sample of neuramin-lactose used in this investigation. 
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Note added in proo[ (31.12.56): The correctness of the proposed s t ructure  2 of N-acetyl neuraminic 
acid was recently conclusively proved by  its synthesis  from N-acetyl D-glucosamine and oxalo- 
acetic acid (W. J. CORNFORTH, M. E. DAINES AND A. GOTTSCHALK, J .  Chem. Soe., 1957, in press). 


