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Very mild alkMi t r ea tmen t  of bovine  sa l ivary  mucopro te in  resul ted  in t h e  relea_se of 
d ia lysable  b o u n d  sialic acid. On t r e a t m e n t  with ion-exchange  resins a semi-crysta l l ine  
single c o m p o u n d  was isola ted from the  dialy~ate.  The  c o m p o u n d  was  identif ied as  
6-a-D-s iLlc~yranosyl -N-acetylgalac tosamine  b y  e l e m e n t a r y  anaIysis,  t he  chemical  
propert ies  ot its components ,  its suscept ib i l i ty  to  a -neuraminidase ,  its oxygen  con- 
sumpt ion  on per iodaf ion and  its  convers ion b y  alkali  to  s i a ly l - subs t i tu ted  chromogens .  
The yield was 44 %- The near  coincidence be tween  to ta l  sialic acid of bovine  sa l iva ry  
mucopro te in  and oxidizable N-ace ty lga lac tosamine  suggests  the  isola ted d isacchar ide  
to be the main,  if no t  the only,  pros thet ic  group of this mucopro te in .  

I N T R O D U C T I O N  

I t  is now flrmh" es tab l i shed  tha t  all mucopro te ins  inhibi t ing influenza virus haemag-  
g lu t ina t lon  conta in  siaiic acid (for nomenc la tu re  see BLlX, GOTTSCHALK A N D  K L E N K 1 ) .  

In fact,  the  presence of sialic acid in the  molecule  is an essential  fac tor  endowing  a 
mucopro te in  wi th  biological ac t iv i ty ,  as shown b y  the loss of a c t i v i t y  u p o n  remova l  
of sialic acid b y  the  specific enzyme  neuraminidase  (for review s e e  G f ) T T S G H A L K ~ ) .  

The molecular  s*~rncture of N-ace ty lneuramin ic  acid, a wide ly  d i s t r i bu ted  species of  
static acid, was  first suggested a and  then  p roven  b y  synthes is  t to  be  t ha t  of an  aldol  
condensa t ion  p roduc t  of py ruv ic  acid and  N-ace ty lhexosamine .  The sterie conf igura-  
t ion of the  hexosamine  f ragment  of n0uraminic  acid was  recen t ly  elucidatedB,% 
Vig. I depicts  the configurat ion of the  crystal l ine f l -D-N-aeetylncuraminic  acid. 

BLIX and coworkers~, s were the  first to  isolate in crystal l ine s ta te  sialic acid ~rLd 
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" T h i s  p a p e r  is p u b l i s h e d  a s p a r t  of  a t r i t ) u  tt; ITOIII h i s  s c i e n t i f i c  c o l l e a g u e s  t o  P r o f .  I ) r .  E .  BERGII~R, 
D t r e c t o r  o i  t h e  Viru,~ L a b o r a t o r y ,  C h i l d r e n ' s  l I o s p i t a l ,  B a s l e  ( S w i t ~ . e r h m d )  o n  t h e  o c c a s i o n  o f  
h i s  l . o t h  i n r t h d a v .  
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I)-galactosamine f rom bovine  sa l iva ry  mucopro t e in  (BSM) and  to recognize them as 
t he  main  c a r b o h y d r a t e  componen t s  of this  mr~coprotein, as d is t inc t  f rom the  small 
a m o u n t s  of c a r b o h y d r a t e  of the  s e r u m - m u c o p r o t e i n  type .  F u r t h e r  inves t iga t ions  
on this  virus  haemagglu t in in  inh ib i to ry  m u c o p r o t e i n  have  shown t h a t  dependen t  
on the  p rocedure  of i ts p r epa ra t i on  th,~ values  for hexosamine  and sialic acid 
v a r y  f rom IO to 17 % and f rom I6 to 28 % respect ively.  Of the to ta l  hexo~arnine 
86 to  92 % is r ep resen ted  by  galac tosamine ,  the  r emainder  b y  glucosamine.  All 
hexosamine  residues are N-ace ty la ted .  The  o the r  sugars present  are  galactose (0. 7 °5), 
fucose (0.7 go) and  t races  of mannose  9,t°. On mild acid t r e a t m e n t  the reducing sialic 
acid,  and  sialic acid only ,  was released f rom the  non-reducing  BS3I indica t ing  t e rmina l  
pos i t ion  a nd  engagemen t  in a glycosidic l inkage of the  acid u. W h e n  BSM was digested 
wi th  the  r ecep to r -des t roy ing  e n z y m e  (RDE)  of Vibrio ct, olerae, up to 7 ° °h of the 
t o t a l  sialic acid was l ibera ted,  thus  charac te r iz ing  the  enzyme  as glycosidase or  keto-  
sidase to-in. Subsequen t ly  the  e n z y m e  was shown to be :in O-glycosidase and t e rmed  
" n e u r a m i n i d a s e  "'~a. F ina l ly  it  was recognized as an a-gtycosidase e, l.t 

W h e n  BSM was gen t ly  h e a t e d  v¢ith mild alkali, pape r  pa r t i t i on  c h r o m a t o g r a p h y  
r evea led  the  presence in the reac t ion  mix tu re  of a c o m p o u n d  split  by  ~_eurmninidase 
in to  sialic acid and  a ch romogen  (in the  di rect  Ehr l ich reaction) der ived  f rom N-ace tvL  
ga l ac tosamine  (NA(;al)  b y  loss of water  1~. Cont inued  work on the  alkal ine b reakdown 
p ro duc t s  of BSM has resul ted  in the  isolat ion and  purif icat ion of an undcg raded  
d isaechar ide  consis t ing of sialic acid and  NAGal.  "[his d isacchar ide  is the main 
p ros the t i c  g roup  of BSM. The  isolat ion and  pur i f ica t ion procedures ,  the  proper t ies  of 
the  d isacehar ide ,  its molecular  s t ruc tu re ,  its suscept ib i I i ty  to neuramin idase  and its 
convers ion  to  s i a ly l - subs t i tu ted  chromogens  in the  direct  Ehr l ich  reac t ion  will be 
desc l ibed  in this paper .  These  deta i led  dat : ,  ~tuce~itated r e in t e rp re t a t i on  of some of 
t B e  ear l ier  findingst~. 

EXPE~eX~tEX r~L 

Materials 

Crystal l ine  2-ace tamido-2-deoxy-D-galac tose  (N-acety lgalac tosamine)  wa_s pre- 
pa red  f rom syn the t i c  ga lac tosamine  hydroch lo r ide  ( [a]~  + 94 °) bv. t r e a t m e n t  wi th  
si lver ace t a t e  and  acet ic  anhyd r i de  as descr ibed by  \VurrEt~: :al~,-q-, 82 ° (water) ;  
m,p .  I63  q 6 4  °. 

Crysta l l ine  N-ace ty lneu ramin ic  acid was p repared  according to CORNFORTH, 
FIRTH AND GOTTSCHALK ~, 

The  o t h e r  sugars  used were s t a n d a r d  preparatiou.~ exhib i t ing  a single spot  on 
paper  c h r o m a t o g r a p h y .  

Crys ta l l ine  pyr ro le -a -ca rboxy l i c  acid was ob ta ined  by the  m e t h o d  of ODDO ~7. 
Analys is :  F o u n d :  C 54.o7; H 4-73; N I2.9~. Calcd. for C~HsO.,N " C 54.o5; H 4-54; 
N 1261.  

Chromogens  i and  l l I  were p repared  from N-ace ty lga lac tosamine  according 
t o  l{UHN ANI) KR(~GER TM. 

Bovine  sa l iva ry  m u c o p r o t e i n  (BSM). Fresh bovine  sa l ivary  glands were washed,  
freed f rom fat  and  connec t ive  tissue, pu t  fl~rough a coarse mea t -mincer  and e x t r a c t e d  
wi th  an  equal  vo lume t;f wa te r  once  a t  2 ° for 9 h and  then four  t imes a t  2 ~ for  24 h. 
T h e  first e x t r a c t  was discarded.  The o the r  ex t r ac t s  were processed according to  

Relevelzces p. . ~  ~ .  
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C1:r<x~xl~ .XXD l~%'E 1D, t w o  f u r t h e r  s t e p s  b e i n g  a d d e d .  I m m e d l a t e l y  b e f o r e  f r a c t i o n a t i o n  
w i t h  m e t h a n o l  t i le  so lu t i on  w a s  p a s s e d  t h r o u g h  a Sei tz  f i l ter  p a d  ( t t o r m a n - E k w i p  
g r a d e  I )3) ,  a n d  s u b s e q u e n t  to  t h e  f ina l  d i a lys i s  t h e  s o l u t i o n  wa~ c e n t r i f u g e d  a t  3 o o o  
r e v . / m i n  for  3o ra in  a t  o °, t h e  s u p e r n a t a n t  b e i n g  t h e n  u sed  d i r e c t l y  or  s t o r e d  a t  - -  2o °. 

Sialic. ac id  f r o m  BS?~I w a s  o b t a i n e d  b y  h e a t i n g  t h e  m u c o p r o t e i n  w i t h  o.:t 2V 
H eSOa fo r  I h a t  8o °, f o l l owed  b y  n e u t r a l i z a t i o n  of  t h e  m i x t u r e  to  p H  6.5 w i t h  
B a ( O H ) 2 ,  d i a lys i s  a n d  r e m o v a l  o f  c a t i o n s  f r o m  t h e  c o n c e n t r a t e d  d i a l y s a t e  b y  m e a n s  
of D o w e x  5o (see be low) .  T h e  e f t luen t  f r o m  t h e  c o l u m n  w a s  t r e a t e d  a c c o r d i n g  to  
CORNFORTH, ~2IRTH AND Go' iTSCHALK 4. 

I n f l u e n z a  )3, v i ru s  (Lee  S t r a in )  w a s  pu r i f i ed  b y  p r o c e d u r e  3 as  d e s c r i b e d  b y  
GOTTSCHALK AND PERRY a°. 

R e c e p t o r - d e s t l ' o y i n g  e n z w n e  ( R D E )  of l~ibrio aholeraa w a s  p r e p a r e d  a c c o r d i n g  
to  ADA AND FRENCH ~t a n d  k i n d l y  s u p p l i e d  b y  t h e m .  

I o n  e x c h a n g e  res ins  w e r e  u s e d  in c o l u m n s  of a p p r o p r i a t e  size.  D o w e x  5 o -  x 4 
( 5 o - x o o  mesh )  w a s  p r e p a r e d  a n d  r e g e n e r a t e d  a c c o r d i n g  t o  BoAsZL D o w e x  I - . x z  
( 5 o ~ i o o  mesh)  w a s  c o n v e r t e d  to  t h e  f o r m a t e  f o r m  b y  t h e  p r c c e d u r e  of  SVE.~NERHOL-~t 2n. 

C r y s t a l ! i n e  N - a c e t y i - D - g l u c o s a m i n e - a n i l i d e  w a s  k i n d l y  d o n a t e d  b y  P r o f e s s o r  
F.  \VEY(;.x,',I), Munich .  

_.l l ct tmd~ 

Sialic ac id  w a s  d e t e r m i n e d  b y  BIAL'S o r c ino  t. rno.thod in t h e  m o d i f i c a t i o n  b y  
S\'E.X.~XRHOLM ~* u s i n g  N - a c e t y l n e u r a m i n i c  ac id  ( N A N A )  as  s t m t d a r d .  All s ia l ic  a c i d  
v a l u e s  q u o t e d  a r e  e x p r e s s e d  as  N A N A .  F o r  t h e  d e t e r m i n a t i o n  of  s ia l ic  ac id  b o u n d  in  
t h e  d i s a c c h a r i d e s  a s o l u t i o n  of the  l a t t e r  w a s  h e a t e d  a t  p H  I - Z  for  45 ra in  a t  80 ° a n d  
t h e  sial ic  ac id  a d s o r b e d  to  I ) o w e x  I - f o r m a t e  u s i n g  o. 3 N f o r m i c  a c i d  for  s u b s e q u e n t  
e tu t ion .  A u t h e n t i c  N A N A  t r e a t e d  in t h e  s a m e  w a y  w a s  u s e d  as  s t a n d a r d .  

H e x o s a m i n e  d e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t  a c c o r d i n g  t o  RONDLE AND MORGAN ~ 
on the  v a c u u m - d r i e d  ac id  h y d r o l y s a t e  of  t h e  t e s t  m a t e r i a l .  U n l e s s  o t h e r w i s e  s t a t e d  
all  h e x o s a m i n e  v a l u e s  r e fe r  t o  t h e  f r ee  base .  I n  o r d e r  to  l i b e r a t e  h e x o s a m i n e  f r o m  
B S M ,  t h e  l a t t e r  w a s  h y d r o l y s e d  w i t h  9 N HCI  fo r  x8 h a t  IOO °. I t  w a s  f o u n d  t h a t  
h y d r o l y s i s  fo r  m o r e  t h a n  x8 h d~ ~ n o t  i n c r e a s e  t h e  h e x o s a m i n e  v a l u e s  : 75, 85 a n d  92 % 
r e s p e c t i v e l y  of  t he  m a x i m u m  v a l u e  b e i n g  o b t a i n e d  a f t e r  3, 6 a n d  9 h h y d r o l y s i s .  A 
c o r r e c t i o n  f a c t o r  o f  I .O5 was  a p p l i e d  to  t h e  h e x o s a m i n e  v a l u e  o b t a i n e d  to  a l low f o r  
d e s t r u c t i o n  of  N - a c e t y l g a l % c t o s a m i n e  a n d / o r  g a l a c t o s a m i n e ,  b a s e d  o a  t h e  r e c o v e r y  
of h e x o s a m i n e  a f t e r  t r e a t m e n t  of  N - a c e t y l g a l a c t o s a m i n e  w i t h  ', N HC1 a t  IOO ~ fo r  
15 h. I n  t h e  c a s e  of  the  d i s a c c h a r i d e  t h e  h e x o s a m i n e  d e t e r m i n a t i o n  w a s  p r e c e d e d  b y  
t r e a t m e n t  w i t h  N HC1 fo r  4 h a t  r o e  °. A s  s t a n d a r d  in th i s  d e t e r m i n a t i o n  N - a e e t y l -  
g a l a c t o s a m i n e  s i m i l a r l y  t r e a t e d  w a s  used .  O n  s e v e r a l  o c c a s i o n s  t h e  h e x o s a m i n e  
p r e s e n t  in t he  h y d r o l y s a t e  w a s  i s o l a t e d  a c c o r d i n g  to  BOAS e~ p r i o r  to  t h e  d e t e r m i n a t i o n ;  
th i s  p r e c a u t i o n  h a d  no  s ign i f i can t  e f fec t  on  t h e  r e su l t .  

G lyco l i c  ac id  w a s  d e t e r m i n e d  a c c o r d i n g  to  KLEXl~ AN. ~, UHLESBRUGK ~6. 
P e r i o d a t e  o x i d a t i o n s  w e r e  c a r r i e d  o u t  w i t h  a t h r e e f o l d  exces s  of  p e r i o d a t e  in  

t h e  d a r k  ; o .ox  ,~f K I O  a s o l u t i o n s  w e r e  used .  T h e  d i s a c c h a r i d e  w a s  o x i d i z e d  a t  p H  4-5" 
a n d  7 ° for  spec i f ied  t i m e s .  T h e  exces s  p e r i o d a t e  w a s  r e d u c e d  to  i o d a t e  a t  n e u t r a l  p H  
us ing  an  a q u e o u s  " q u e n c h i n g "  so lu t i on ,  a n d  t h e  exces s  of  s t a n d a r d  s o d i u m  a r s e n i t e  
w a s  b a c k - t i t r a t e d  w i t h  s t a n d a r d  iod ine  a s  d e s c r i b e d  b y  JAcKsor~ZL B S M  w a s  o x i d i z e d  
a t  p H  4-5 u n d e r  spec i f ied  c o n d i t i o n s ,  t h e  e xce s s  p e r i o d a t e  r e d u c e d  b y  e t h y l e n e  g lyco l ,  

lCe[erences p. 39 t.  
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a n d  t h e  m i x t u r e  d i a l y s e d  e x h a : l s t i v e l y  a g a i n s t  w a t e r .  In  a s t ax tdard  e x p e r i m e n t  excess  
of  p e r i o d a t e  w a s  a s c e r t a i n e d  b y  b a c k - t i t r a t i , , n  a t  the  enet ,;f t h e  o x i d a t i o n  pe r iod .  

D r y  m a t t e r :  a n  a l i quo t  o f  t he  m u c o l w o t e i n  s , l u t i o n  was  d r i ed  a t  92° a n d  we ighed .  
P a p e r  p a r t  iti<m c h r o m a t o g r a p h y  w a s  c a r r i e d  o u t  as  d e s c r i b e d  b y  GO'rTSCH.XL K"', ~ .  

U n l e s s  spec i f ied  o t h e r w i s e  the  s o l v e n t  u sed  wa.~ * ~ - t m t a n o l - p y r i d i n e - w a t e r  (6 :4 :3 ,  ;-/v).  

Pre#araliot~ o/6-e~-I)-si~dyl-N-ase@lgalaclosumi~c a~td si~dvl-std;stitetted cl~vomogcns 

T h r e e  t m n d r e d  mi  of 0.6 '7[, I{S.~I s o l u t i o n  wa~ a d j u s t e d  to  p H  8 w i t h  s a t u r a t e d  
a q u e o u s  B e ( O H ) ~  so lu t i on  a n d  q u i c k l y  b r o u g h t  to  ,So' in a bo i l ing  w a t e r  I),tt|~. A f t e r  
a d d i t i o n  of sol id  B a ( O H ) = - 8 H . , ( )  t o  a f inal  c o n c e n t r a t i o n  e l  o .o r  N ,  t h e  m i x t u r e  wxs  
t r a n s f e r r e d  to  a n  80 ° w a t e r  b a t h  a n d  k e p t  t h e r e  for  15 hilt1, t he  p H  be ing  r e a d j u s t e d  

, t o  xo.5 a t  s h o r t  i n t e r v a l s  ( b e c a u s e  of l i b e r a t i o n  <ff ace t i c  ~tcid f r o m  O - a c e t y l  g roupn) .  
A f t e r . c o o l i n g  in ice t h e  m i x t u r e  w a s  n e u t r a l i z e d  to  p H G .  5 w i t h  N H. ,SO,  a n d  d i a l v s e d  
a g a i n s t  t e n  v o l u m e s  of  d i s t i l l ed  w a t e r  fur 60 h a t  o - z  ~ w i th  o c c a s i o n a l  s ' / i rr ing.  T h e  
d i a l y s a t e  w a s  t h e n  c o n c e n t r a t e d  iJ~ r a v e 0  a t  3 6 '  to  a v o l m n e  of a b o u t  3o ml  a n d  the  
c o n c e n t r a t e  a p p l i e d  to  a D o w e x  50 ( H  ,~ i o t a )  c o l u m n .  T h e  c o l u m n  w a s  r i n s e d  w i t h  
w a t e r  f r o m  a r e s e r v o i r  a n d  the  ac id ic  p o r t i o n  e l  t h e  e f f luen t  co l l ec ted .  A .~mall a l i q u o t  
o f  t h i s  e f f luen t  a n d  of the  o r ig ina l  l tSM s o h l t i o n  were  ~malysed  for sialic ac id .  T h e  
s ia l ic  a c i d  v a l u e s  of  3o0 m l  of  t h e  I-ISM s o l u t i o n  a n d  of the  t o t a l  el ' f luent  were. f o u n d  
t o  b e  383 m g  a n d  Z4.5 m g  r e s p e c t i v e l y ,  i .s .  d u r i n g  t h e  :tb(~ve a l k a l i n e  t r e a t m e n t  of  
B S M  9 % e l  t h e  t o t a l  s ial ic  ac id  was  r e n d e r e d  d i a l y s a b l e  0 to t  a l l o w i n g  for  loss d u e  to  
e q u i l i b r i u m  a c r o s s  t h e  m e m b r a n e } .  

T h e  e f f luen t  w a s  p u t  on a l ) o w e x  i - f o r m a t e  c o l u m n  w h i c h  was  wa.M~ed w i t h  w a t e r  
u n t i l  t h e  d i r e c t  E h r l i c h  r e a c t i o n  of the  e f I l uen t  ( free c h r o m o g e n  l) b e c a m e  n e g a t i v e .  
G r a d i e n t  e l u t i o n  w i t h  f o r m i c  ac id  (o.o5 to  0. 4 N)  w a s  e f fee ted ,  t h e  o r c i n o l - p o s i t i v e  
e l u a t e  c o l l e c t e d  in e i g h t e e n  t o o  m l  f r ac t i ons ,  a n d  a c o n c e n t r a t e d  s a m p l e  of  e a c h  
f r a c t i o n  w a s  c h r o m a t o g r a p h e d .  T h e  f i rs t  t e n  f r ac t ions ,  g iv ing  a n  o rc ino l  r e a c t i o n  
a n d  i n d i r e c t  E h r l i c h  r e a c t i o n  a n d  d i r ec t  E h r l i c h  r e a c t i o n  on  h e a t i n g  o n l y  a n d  r u n n i n g  
o n  t h e  c h r o m a t o g r a m  as  a s ingle  c o m p o u n d ,  no t  c o i n c i d e n t  w i t h  f ree  N A N A ,  were  
p o o l e d  a n d  l yoph i l i z ed .  T h i s  p o o l  is r e f e r r e d  to  as  f r a c t i o n  I .  T h e  l y o p h i l i z e d  m a t e r i a l  
w a s  s n o w - w h i t e  a n d  w e i g h e d  25 mg.  

T h e  r e s i d u a l  f r a c t i o n s  w e r e  a lso  p o o l e d  a n d  l y o p h i l i z e d  a n d  are, r e [e r ,~d  io  ~.~ 
f r a c t i o n  I I .  T h e  y i e ld  w a s  a b o u t  -'2 rag.  T h e  c h r o m ~ t o g r a m  of  t h i s  f r a c t i o n  r e v e a l e d  
t h r e e  i n d i v i d u a l  s p o t s  r e a c t i n g  b o t h  w i t h  d i r ec t  Eh r l i ch  r e a g e n t  in t h e  co ld  a n d  w i t h  
o r e i n o l  r e a g e n t .  In  a d d i t i o n  the  oreinc, l r e a g e n t  s h o w e d  a w e a k  s p o t  c o r r e s p o n d i n g  to  
t h a t  g i v e n  b y  f r a c t i o n  1. 

T h e  who le  p r o c e d u r e  m a y  be  r e p e a t e d  m a n y  t ime~ w i t h  t h e  s a m e  BSM so lu t i on  
w i t h o u t  m u c h  decreas~e in y i e ld  of  f r a c t i o n s  I a i ld  [ I. As it  is d i f f icul t  t o  a v o i d  i n f e c t i o n  
of t h e  s o l u t i o n  o v e r  a l onge r  pe r i od ,  it is n o t  a d v i s a b l e  to r e p e a t  t h e  p r o c e d u r e  m o r e  
t h a n  4 or  5 t ime s .  

RFSL'I_'FS 

A. Identifieatio~ el [raetio~ I as 6-e~-D-sialoi~yr,tj~osyl-N-ace~ylgalastosami~w 

x. Elementa~'y analysis and ge~eml properties. T h e  s n o w - w h i t e  m a t e r i a l  w a s  
c r y s t a l l i n e  in a p p e a r a n c e .  A n a l y s i s  of  f r a c t i o n  I ( b y  M i c r o a n M y t i c a l  L a b o r a t o r y ,  
C . S . I . R . O . ) :  F o u n d :  C, 44 .57;  H .  6 .06:  N,  5.32. C a l c u l a t e d  for  Cz9H.~Oa.~N2 : C, 
44.5~-; H ,  6.~-9; N ,  5-47- I t  d i s s o l v e d  r e a d i l y  in w a t e r  y i t f ld iag in 1 %  c o n c e n t r a t i o n  

lite[erenc.es p. 3 9 t .  
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a solut ion of p H  about  2. E v e n  when kep t  in  vacuo a t  o °, the  c o m p o u n d  slowly 
degraded  f rom the  reducing end. 

The m a t e r i ~  s t rong ly  reduced Benedic t ' s  reagent ,  The r a t e  of reduc t ion  coincided 
w~th t ha t  of N-ace ty tga lac tosa ,n ine  (NAGal), I t  was no ted  t h a t  the  rate  of r educ t ion  
of NAGal  is much  higher  t han  t h a t  of N-ace ty tg lucosamine  (NAG). T h u s  wi th  equi-  
molar  a m o u n t s  of NAGal  and  the  mate r i a l  the  reduc t ion  of Benedic t ' s  reagent  was 
a l r eady  v e r y  marked  a f te r  2o and  3 ° see respect ively ,  whereas  unde r  tim same con- 
di t ions  NAG requi red  more  t h a n  2 rain for  the  same colour  change.  

2. Identifi .catio~ o / s i a l i c  aaid. T w e n t y  mg of the mater ia l  was hea t ed  in 2 ml  of 
~o Oo (w/v) B a ( O H ) e . 8 H , O  at  xoo ° for 8 h, the  m i x t u r e  acidified a t  o ° wi th  N HeSO 4 
to p H  3 and  e x t r a c t e d  wi th  ether .  W h e n  the e the r  e x t r a c t  was c h r o m a t o g r a p h e d  
on paper ,  spraying  with' d i rect  Ehr l ich  reagent  revea led  two purple  spots  a t  Rp  o.58 
and o.78 coinc!ding respec t ive ly  in R e  value,  co lour  shade and  s tab i l i ty  wi th  au then t i c  
pyr ro le-2-carboxyl ic  acid and  wi th  the  c o m p o u n d  fo rmed  f rom NAGal  upon  s imilar  
alkaline t r e a tme n t .  The  same two c o m p o u n d s  were prev ious ly  ob ta ined  b y  a lkal ine  
t r e a t m e n t  of BSM ~. W h e n  sialic acid was released f rom the  mate r i a l  b y  hydro lys i s  
(pH 2.. 80% 45 rain) and  absorbed  to  and  e lu ted  from Dowex  ~-Iormate,  alkal ine 
t r e a t m e n t  of the  eluate,  as above,  resul ted in e the r - ex t r ac t ab l e  ma te r i a l  which, on 
c h r o m a t o g r a p h y ,  d i sp layed  only  the  spot  coinciding with pyr ro le -z -ca rboxy l i c  acid. 
W h e n  the Dowex x ¢luatc was tes ted  in the  orcinol  react ion,  t he  i so-amyl  alcohol 
ex t r a c t  had  an ~bsorp t ion  m a x i m u m  at  575 m/z ident ical  wi th  t h a t  of a u t h e n t i c  
NANA similar ly t r ea t ed .  

F~SM is known  to con ta in  N-ace ty l -O-d iace ty lneuramin ic  acid and  N-glycolyl -  
neuraminic  acid, the l a t t e r  possibly also being O-aeetylated2% All O-ace ty l  g roups  
will be r emoved  f rom BSM by  the  alkali t r e a t m e n t  used in the  d e t a c h m e n t  of  the  
pros the t ic  group.  On analysis  of the  isolated sialic acid f rom the  I3SM prepa ra t ion ,  
a glycolic acid con t en t  of 3.4 % was found,  i.e. I4.5 °,o of the  total  sialic acid is N- 
glycoly-lneuraminic acid. The  effect on the  e l e m e n t a r y  analysis  of r ep lacemen t  of 
N-ace ty l  by  N-glycolyt  in 14. 5 °o of the  sialie acid residues falls wi thin  the  l imi ts  
of the  error.  When  the isolated sialic acid was c h r o m a t o g r a p h e d  in n - b u t a n o l - ~ -  
p ropano l -o . I  N HC1 ( I :2 : I ,  v,iv} and  sp rayed  with resorc ino l - t r ich lorace t ie  acid s°, 
a purple  spot  at  RF 0.44 (coinciding with NANA s t a n d a r d  I and  a v e r y  faint  spot  a t  
R v  0.33 (N-glycoly lneuraminic  acid) were observed.  

3- Character izat ion o / t h e  a , d n o  sugar.  2-5 mg of the  mate r i a l  dissolved in 0.8 ml 
water  (final pH  2) was hea t ed  at  8o ° for 4o rain, the  solut ion c o n c e n t r a t e d  and  chro-  
ma tog ra phc d  on paper .  Ind i rec t  Ehr l ich  spray  disclosed purple  spots  a t  RF 0.12, 
coinciding with NANA s t anda rd ,  and  at  RF 0.34, coinciding with NAGal  s t a n d a r d ;  
no spot cor responded  to .NAG s t anda r d  at  R~, 0.38. There  was, however ,  a weak purp le  
spot  at  R F  0.44 due most  p robab ly  to  N-ace ty l - tMosamine  known to have this R p  
value in the  solvent  sys tem used ax. 

IO .,.rig of the  mater ia l  was t r e a t ed  with .V HC1 at xoo ° for 4 h, and  the  fi l tered 
e.olution appl ied to Dowex 5 ° (H + form). The  eluate,  c o n c e n t r a t e d  and  c h r o m a t o -  
graplmd, showed a single spot  a t  R v  o.17 (D-galactosamine-HC1 s t a n d a r d  Re  o. l  7, 
u -g lucosamine- l ICl  s t anda r d  RF o.zo) when sp r ayed  witl t  n i nhyd r in  or the  E L s o s -  
3IoRt;.~.x reageuts  a~. "When the  e luate  was ana lysed  for hexosamine ,  the  resul t ing 
coloured solution exhib i ted  m a x i m u m  absorp t ion  at  530 mt~ as do s imilar ly  t r e a t ed  
2-deoxy-z-aminohexoses .  Oxida t ion  of the  e lu ted  mater ia l  with n inhydr in  fol lowed 

Refe,'ences p..?,9~r. 
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b y  c h r o m a t o g r a p h y  resul ted  in a single spot  coinciding in RF value and  eolour shade 
(aniline h y d r o g e n  ph t ha l a t e  spray)  wi th  au then t i c  lvxose  {lyxose s t a n d a r d  RF o.42, 
arabinose  s t a n d a r d  R~ 0.35). 

4. lCalio o/¢o~¢tpo~e,~ts i~ the ,~atarial. The  sialic acid con ten t  of 2.z mg  of the  
ma te r i a l  was fo tmd to  be 1.3o mg (as NANA), Since t4.5 ",~ of the  to ta l  sialic acid is 
N-g lyco ly l -neuramin ic  acid, and  .~ince thi.~ species in the orcinot r~actiott has a 30 % 
higher  mola r  a b s o r b a n c y  t han  NANA aa, the  r ecove ry  of sialic acid was 95 01, of the  
t heo ry ,  

The  hexosarnine  con t en t  of ~.8 mg of the  mater ia l  was found to be o.SO rag, 
i.e. 8o % of the  theory .  

Th'erefore the ra t io  hexosamine/s ia t ic  acid ~:.- o.$4. 
5- Enzymic  hyd~'olysis o/tt~e co~npou~t,t. 8. 7 mg of tim mater ia l  was dissolved in 

0.8 ml water ,  the  p H  ad jus t ed  to 6. 5 and  o.~ ml t aken  as control .  The  residual  was 
digested wi th  40,000 uni t s  R D E  (e 7 t~g d r y  weight)  at  35 :~ for 6 h. Control  and  assay 
were t r e a t e d  wi th  Dowex  50 (H + form!, concen t r a t ed  to half the i r  or iginal  volume~ 
and  c h r o m a t o g r a p h e d .  The  resutts  are shown in Fig. z under  A and  AE. Af ter  r emova t  
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Fig .  "-'. Chr~m~atographic  de~n,mstra t i~ ,n  of c lea~ 'age bv tt-neuraminidas,,.  (.ff s t a i r !  N A S a l  be fo re  
a n d  a f t e r  , dka l i  t r e a t m e n t .  A .-  s i a l v l - N A t ; a l :  I~ = alkal i - t r~-ahrd sialy't-NAGal~: A~: a n d  BE 
A a n d  B a f t e r  t r e a t m e n t  wi th  n e u r a ' m i n i d a s e ;  '(." ~ r e f e r e n c e  snh.~tances .  S p o t s  sh~,wn:  9D g i v e s  
r ed ( l iMl -p t t rp l eco lour  w i t h  i n d i r e c t  E h r l i c h  reag='ntu; Q gtwes a re¢Adish-l)urplu c o l o u r  w i t h  E h r | i c h  
s p r a y  in t h e  ¢<>1<1: :. give.~ a r~,dtlish c~ lour  ~ ' i th ~rc in~l  spr~ty. C-" n o t  regularl~-" u~%serve(I. So lve r t t :  

~z~butan~d--pyridine- w a t e r ,  ¢~:t:3 v/v ,  b Jet." va lue  acc ,~rdlng t o  ClgU~IPTON ~L. 
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of  t he  a n ions  b y  D o w e x  I t he  r ech roma_ tog raphed  a s s a y  g av e  o n l y  t h e  spo t s  col 're- 
s p o n d i n g  to  N - a c e t y t h e x o s a m i n e s .  

6. l~erio,tate oxidation o~ the ~,aleriaI. 4.2 tug of  t h e  m a t e r i a l  a n d  2.1 m g  of N A G a l  
r e s p e c t i v e l y  were  o x i d i z e d  a t - p H  4.5 w i t h  excess  K I O ,  a t  7 ° a n d  the  [ 0 -  4 eonsa tmpt ion  
d e t e r m i n e d  a t  va r i ous  in ter ; ,a ls .  The  r e su l t s  are  s h o w n  in f i g .  3- 

"u 

E o 
~ c s  

~ E 2 j  

0 
o 4o ~'o ,~o i ;o  

T ime o f  o x i d a t i o n ( r a i n )  

Fig. 3- Consumption of periodate by sialy l -NAGal and by N:kGal. ( 'ondttlons: o.oi .1I KU.) v 7 °. 
O = sialyl-NAGal, X = NAGal. 

-O---------- 

/x 

/ 

7. Conversion o/ the material by alkali to sialyl-substituted d~romogens amt  their 
ej~zymic cleavage. 2 mg  of  t he  m a t e r i a l  was  d i s so lved  in I.O ml  of  o . i  N NaaCOs  
s o l u t i o n  a n d  h e a t e d  for  5 ra in  a t  8o °. A f t e r  r e m o v a l  of  t h e  c a t i o n s  h a l f  of  t h e  s o l u t i o n  
(S) was t r e a t e d  w i th  R D E  ( Io ,ooo  uni t s )  a t  p H  6.5 a n d  35 ° fo r  4 h, t h e  c a t i o n s  a g a i n  
r e m o v e d  a n d  t he  r e su l t i ng  m i x t u r e ,  t o g e t h e r  w i t h  the  o t h e r  h a l f  of  S, c h r o m a t e -  
g r a p h e d .  T h e  resu l t s  a re  seen  in Fig.  2 u n d e r  B a n d  B r .  T h e  s p o t  a t  R~- o.66,  w h i c h  
was n o t  seen in all e x p e r i m e n t s ,  c o i n c i d e d  w i t h  a c h r o m o g e n  s o m e t i m e s  o b s e r v e d  
w h e n  N A G a l  was h e a t e d  in d i l u t e  a lka l i ;  i t  was  d e s i g n a t e d  as c h r o m o g e n  I I  b y  
KUI-IN AND txRi-'TGER TM. 

In  o r de r  to  c o r r e l a t e  t he  free  c h r o m o g e n s  I ,  I I  an d  I l I  to  t h e i r  r e s p e c t i v e  b o u n d  
c h r o m o g e n ~ ,  in a s imi la r  e x p e r i m e n t  t he  zones  c o r r e s p o n d i n g  to  t h e  b o u n d  e h r o m o g e n s  
(Rp 0.09 a n d  o.21) w e r e  e l u t e d  f rom t h e  c h r o m a t o g r a m .  T h e  e lua te s ,  a f t e r  c o n c e n -  
t r a t i o n ,  were  a p p r o p r i a t e l y  t r e a t e d  w i t h  I ; tDE a n d  t h e n  r e c h r o m a t o g r a p h e d .  T h e  
r e su l t ing  spo t  of f ree  e h r o m o g e n  I c o r r e s p o n d e d  to  t h e  b o u n d  e h r o m o g e n  a t  RF  o-o9 
a n d  t h a t  of  f ree  c h r o n , o g e n  I l l  t o  the  b o u n d  c h r o m o g e n  a, ~ /~F o .2 I .  T h e  s a m e  r e su l t s  
were  o b t a i n e d  w h e n  t he  b o u n d  c h r o m o g e n s  were  t r e a t e d  w i th  i n f l u en za  B v i rus  
(Lee s t ra in) .  

W h e n  f r a c t i o n  I I  was c l l r o m a t o g r a p h e d  b e f o r e  a n d  a f t e r  R D E  " , r ea tment ,  t h e  
s ame  p i c tu r e  w i th  r ega rd  to  b o u n d  a n d  free c h r o m o g e n s  wa-.. o b t a i n e d  as  t h a t  de-  
s c r ibed  ahe ; ' e  for  f r ac t ion  i a f t e r  a lka l i  t r e a t m e u t ,  a n d  a f t e r  a lka l i  t r e a t m e n t  fo l lowed  
b y  d iges t ion  w i t h  R D E .  

B. Hcxosami~e ~tnalysis o / t IS , ] I  be/ore and a/let periodat~ oxidation 

Ana lys i s  of BSM fo r  h e x o s a m i n e  a n d  sialic ac id  g av e  m e a n  v a l u e s  of 14.8 :t: o.51 
a n d  22. 4 ~ o.z6 r e s p e c t i v e l y .  Ti le  r a t i o  of g a l ac to sam i l t e  to  g l u e o s a m i n e  was  f o u n d  
to  be  6 :1 ,  as  assessed  c h r o m a t o g r a p h i c a l l y .  

F o r  the  p e r i o d a t e  e x p e r i m e n t s  f r e sh ly  p r e p a r e d  B S M  so lu t ions ,  n o t  p r e v i o u s l y  
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frozen, were used. in  aiiquots of this material  ~he dry weight, siatic acid content  and 
hexosamine content  were determined. About 5 mg BSM (I.O ml of solution) was 
oxidized with  periodate and subsequently analysed for h~:xosamine. In two experi- 
ments  dried BSM, obtained by lyophilizing the above BSM solution, was homogenized 
with  water  and the reconst i tuted BSM solution centrifuged at zooo rev./min for 
xo min to remove insoluble mater ia  I. l .yophilized I~S.X[ is less soluble and almost 
devoid of inhibi tory capaci ty (Lee indicator) indicati,~g patrtiat denaturat ion.  The 
results including the conditions of oxidation arc shown in Table i and Fig. 4- 

T . \  t~1.I': I 

~I*' | ; I"~cT I )1:  p b ' . R I I ) i ) A T E  OXII ; , :~. ' I ' |~*N ()1: I']~.'~T ( I N  ~I'IIE H I£N t )b4 ) .~ I IN I -  REC()'k'I,~R'¢ 

CtJndRto*~ : ~[ oxid:~tioPl 

'C H.~tvs 

l ' r~fdt , :wt , ;  j i ~ ¢ o f , ~  . . . . . .  d i : e t f ~ q , l l  ~;,decY,,sto|hte¢~'i ,  t i t t ' l*  

I 2  7 53  - 'r 54 -~ 
vz  t-,  5-'- ~' 5 5 - "  
2 o  7 5 ° . 7  ,57 d '  
2{) t{~ 43 , - '  '"4 .'~ 
2 0  24  3 S . 0  i I .3 
a o  2. t 37,,~ 7 2 . b  
2 0  0 0  2~). d 5 2 . ( ~  

20 ! -' -' 7d~* " A4--~ 
2 0  I 7 25.1 " "  87 .  4 

* T i l e  g l u c o s a n f i n e  in  FkqM i.q n o t  t ) x k l i z e d  I s e e  t e x t ) .  
" "  t n  t h i s  e x p e r i m e n t  p a r t l y  d e n a t l , r e d  t~SM w a s  u s e d  (nee  t e x t ) ,  

Chromatographic analysis of hexosamines isolated from BSx[ before and after 
periodate oxidat ion revealed a considerable decrease in galactosamine concentration 
after  oxidat ion,  but no appreciable difference in glueosa,.fine concentration. 

By  submit t ing  3.2 mg of aniline-N-acetyi-D-glucosaminide (anilide) to periodate 
oxidat ion followed by reduction of excess periodato, acid hydrolysis and the Rondle- 
Morgan procedure, it was ascertained tha t  tile oxidation products of N-acetyl- 
hexosaminides do not produce a colour with Ehrlich's reagent. 

Analyses of oxidized BSM for sialic acid and hexosam,_'nc, before ar, d after 
dialysis, did not  show significant vari,,tions, indicating no loss of these substances 
during dialysis. 

C. Yieht  o] s ialyl-NA Cal anal o/sialyl-substilut~',t chromogens 

In  the experiment  detai led under "'Preparation", of the total sialic acid (383 mg 
as NANA) of the BSI~I t rea ted  9 °.o was rendered dialysable, i.e. 34-5 rag. In fraction I, 
consisting of z5 mg analysed sialyl-NAGal, an equivalent of 15.I m g =  43.8 °,o of 
the dialysable sialic acid was cecovered. In fraction II,  comprising sialyl-chromogen I, 
sialyl-chromogen I I I ,  sialyl-NAGal and sialyl-chromogen II  in older of decreasing 
concentrat ion,  2 2  nag of mater ia l  was collected. Assuming an ~verage molecular 
weight of 494 {sialyl-chrorr ~gen I) for the const i tuents  of this fraction, a further I3.8 
mg ----- 40 % of the dlt, lysable sialic acid was recovered. Total  recovery of dialysabLe 
sialic acid as sialy!-NAGal and its cortversion products  amounted  to 8z %. I t  is note- 
wor thy  tha t  sialyl-NAG,'d is a weaker acid than the skflyl-ehrcmogens and  tha t  the  

geler~nces p. 39 z. 
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disacchar idc  is not  an inhib i tor  of haemagg lu t ina t i0n  b y  h e a t - i n a c t i v a t e d  v i rus  
(PRS a nd  Lee strains).  

D. ] ' i d d  o] ~-acetvlhex¢,samin.c I t em  -\L4 N A  

A solut ion con ta in ing  28 mg N A N A  and  hav ing  a final Ba(OH)9. co lment ra t ion  
of o .or  N was hea t ed  at  80" for 15 rain, cooled and  neu t ra l i zed  wi th  di lu te  HnSO 4. 
After  r emov ing  and  washing the  prec ip i ta te ,  t he  pooled s u p c r n a t a n t s  were concen-  
t r a t e d  in vaa'uo to  a ~mall volume.  The  N-ace ty lhexosamine  c o n t e n t  of the  concen-  
t ra te ,  as assessed by  the  semi -q lmnt i t a t ive  c h r o m a t o g r a p h i c  method" ,  was found  to  
be o.I  5 rag, expressed as NAG_ Since N - a c e t y l m a n n o s a m i n e  is known to be t he  
N-ace ty lhexosamine  por t ion  oi sialie acid and  to  give in the indi rec t  Ehr l i ch  r eac t ion  
on ly  55 % of the  colour in t ens i ty  of NAG ~, the  r e cove ry  indica tes  t ha t ,  u n d e r  the  
Mkaline condi t ions  of BSM t r e a t m e n t ,  not  more  than  1.5 % of the  sialic ac id  could 
be t r ans fo rmed  to  N- ace t y l hexosam i ne  or ch romogen  der ived  f rom it. 

I?ISCUSSION 

The  d a t a  p resen ted  leax-e l i t t le  doub t  t h a t  the  c o m p o u n d  isola ted from BSM b y  
gent le  alkali  t r e a t m e n t ,  purified and  col lected in f rac t ion I consists  of sialic ac id  
(85,5 % N-ace tyh leu ramin ic  acid and  x4. 5 % N-g lyco ty lneuramin ie  acid) and  N-ace ty l -  
ga lac tosamine  in the  ra t io  I :r. This  is ev idenced  by  the  e l e m e n t a r y  analys is  of the  
semi-c~,s ta l l ine  c o m p o u n d  and by  the following results.  (I) The  specific e n z y m e  
neu ramin idase  spli ts  t he  c o m p o u n d  into two c o m p o n e n t s ;  t he  one is c h r o m a t o -  
graphica l ty  indis t inguishable  f rom a u t h e n t i c  NANA,  the  o the r  is c h r o m a t o g r a p h i c a l l y  
ident ica l  wi th  NAGal.  (z) The  acidic c o m p o n e n t  is split  off f rom the c o m p o u n d  a t  
pH  z.o at  80" in 45 rain; it is abso rbed  to and  e lu ted  f rom Dowex I ( formate  form) 
under  the  same condi t ions  as NANA prepared  from BSM and  it  forms wi th  Bial ' s  

Ite#rep~crs p. 39~. 
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orcir~ol r eagen t  a reddish-purp le  cotour  exhih i t ing  an ab.~orption m a x i m u m  at  tile 
same wave l eng th  (575 m~) a s  NANA. (3) On prolonged alkali t r e a t m e n t  the  acidic 
c o m p o n e n t  is c o n v e r t e d  to pyrrole-z~carboxyl ic  acid a,~ is NANA. (4) Ox~ hea t ing  at  
zoo ° wi th  N HCI, known to dcco:npose  sialic acM, the  neut ra l  c o m p o n e n t  is recovered  
as hexosarn ine-HCl  as shown by  its adsorp t ion  to  l )owex 50 (H+forrn) and  by  the  
adsorp t ion  m a x i m u m  at 530 mix of the  co]oured subs tance  formed ~vb_e~_ the: e tuate  
f rom the  I )owex  5o co lumn is s u b m i t t e d  to the Elson-31organ react ion.  I t s  i den t i t y  
as ga lac tosamine  is ind ica ted  by  the  ch roma tog raph i c  coincidence of the  neutral  
c o m p o n e n t ,  released enzymi ca l l y  or oa  mild acid hydro lys i s  (pH 2), with  au then t i c  
NAGal  in a so lvent  separa t ing  NAGat,  N-acety lg lucosamin~ and  N-ace ty l ta losamine .  
A p p a r e n t l y  a ve ry  small c o n t r i b u t i o n  to  the neu t ra l  c o m p o n e n t  is made  by  N-acetyl -  
t a losamine .  F u r t h e r  ev idence  for the vis-position of the OH-groups  a t  C- 3 and  C- 4 
of t he  hexosamine  c u m p o n e n t  is its chromatogra t )h ic  coincidence with au then t i c  
l>ga lac tosmnine  and  its ox i da t i on  with n inhydr in  to lvx{)se. 

In  the  isolated c o m p o u n d  sialic acid is l inked a-keto~idical ly to N-ace ty lga lac tos-  
amine  to form a reducing disacchar ide,  a.~ proved  by:  Ill ~L-neuraminidase splits the  
c o m p o u n d  in to  its c o m p o n e n t s ;  (z) the n , :es  o[ reduct ion of Benedic t ' s  reagent  by  
the  c o m p o u n d  and by  NAGal  are a lmost  the  same:  (3) the: same chromogens  are 
ob t a ine d  fluln free NAGal  t i e a t ed  wi th  mild alkali and from tile c o m p o u n d  t r ea t ed  
wi th  mild alkali followed by  ncuramin idasc  actium; {41 the ease of hydrolysis .  

Concerning the  ca rbon  a t o m  of NAGal  iuvoived in the  glycosidic l inkage wi th  
sialic acid the  evidence  p resen ted  is compa t ib le  on ly  with subs t i tu t ion  at  C-6, T h e  
c o m p o u n d ,  on  mild alkali  t r e a t m e n t ,  readi ly  form.~ a chromogei t  (for the  Ehr l ich  
react ion)  wi th  the  sialic acid still a t t a c h e d  to it in a neuramin idase  suscept ible  l inkage. 
N-Ace ty lg lucosamine  s u b s t i t u t e d  at  C- 4 does not  p roduce  a eh romogen  upon alkali  
t r e a t m e n t .  A 3 - subs t i t u t ed  N-ace ty lg lucosamine  [orms a chromogen ,  bu t  in doing 
so e l iminates  the  subs t i t uen t  (fl-elimination). F u r t h e r m o r e  the  coxLsamption wi thiu  

H IM~N~C 

l'*) q H  2 H 

~ e  

cgoM \ o ~  ~HA¢ 
H+OH 
H-I- OH 
H q -  OH 

S • Z H 

- o/°" o o. 

Siai,tt ~E Siolyl 
E = N~Ul" llmlnfd(15 ~: 

F i g .  5 .  ( i o n v e r s i o l t  b y  a l k n l i  o f  h - e l - t ) - , M a l y I - N A ( ; a i  t o  s i a l v l - s u b s t i t u t o d  e t u ' ( m a o g c n s  I a n d  I I I .  
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4 ° rain of 4 moles periodate per mole compound clearly indicates t ha t  2 moles 
periodate are consumed by  the NAGal moie ty  of the compound,  since ketosidical ly 
bound NANA has been shown to consume 2 moles periodate per mole 34. The con- 
sumpt ion  of 2 moles periodate by the  NAGat residue in its a ldehyde form excludes 
subst i tu t ion a t  C- 4 and C- 5, As subst i tu t ion at  C-3 is excluded tor the  reason given 
above, subs t i tu t ion  at  C-6 is the only  s t ructure  left which will provide three vicinal 
OH-groups (at C-3, C- 4 and  C-5) as required for the consumpt ion  of 2 moles pcriodatc,  

On the evidence presented the compound  isolated in fract ion I is defined as 
6-~-D-sialopyranosyl-N-acetylgalaetosamine. The conversion by mild alkali of this 
d~saccharide to the s ia lyl-subst i tu ted chromogens I and  I I I  anti their  i den t i ty  wi th  
the s ia lyl-subst i tuted chromogens collected in ~raction II  leaves no doubt  on the  origin 
of the main const i tuents  of fraction I I  (see Fig. 5)- The format ion  of these 6-subst i tu ted  
chromogens is in analogy to the result of alkali t r e a tmen t  of 6-8-D-galactosyl-N- 
acetyl.glucosamine z*. 

The question then  arises whether  sialyl-2qAGal as such is the prosthet ic  group 
or ra ther  the repeating uni t  of an oligo- or polysaccharide. Obviously s t ruc tures  like 
s ia ly l -NAGal -s ia ly l -NAGal  or s i0bd-s ia ly l -NAGaI-NAGal  are incompatible  wi th  the  
exper imental  data .  However,  a branched s t ruc ture  in which siaiyl (9 ~ 6) NAGal 
residues are joined through x --->3 linkag¢~ between the NAGal ~'~sidues" 

NAGal (I --~3) NAGal (I--->3) NAGal 

~ialvl sialx-I sialyl 

would not contradict  the results discussed so far, since by alkali t r e a tmen t  such an  
oligosaccharide would, by  the mechanism of fl-elimination, break down from t h e  
reducing end to s ia lyl -subst i tu ted chromogens and  sialyl-NAGal. The results of a 
detai led s t u d y  of the effect of periodate oxida t ion  of BSM on the  recovery of in tac t  
hexosamine are incomw,  L~ble with this type  of s t ructuJc Obviously in such a s t ruc ture  
only the terminal  NAG uni t  is oxidizable by  perioa~t¢; therefore for a chain wi th  2, 
3, or 4 repeating units  the recovery of galaetosamine af ter  oxidat ion would be 50, 
66 and  75 % respective!y, with the ratio sialyl-NAGal/sialyl-chromogens decreasing 
with  increasing chain length.  Against  tha t  only  12.6 % galac tosamine  is recovered 
af ter  17 h oxidat ion of pa r t l y  dena tured  BSM and 17. 4 % galactosamine af ter  pro- 
longed oxidat ion of nat ive  BSM, i.a. up to 87.4 % of the total  galaetosamine is 
oxidized. Loss of hexosamine due to overoxidat ion would have  to be preceded by  
cleavage of the linkage involving its potent ia l  reducing group. This event  can be 
excluded from the non-dialysabi l i ty  of a n y  sialic acid of oxidized BSM. 

In BSM sialic acid and  galaetosamine are in eqmmolar  proport ion,  and  most  
likely all sialie acid is bound to NAGal as indicated by the  recovery of s ialyl-NAGal 
a n d  its anhydro  derivatives in 84 O,/o yield (referred to t ha t  por t ion  of to t a l  sialic acid 
rendered dialysable by  alkali) and  by  the similar rec,~Tery of these sialyl compounds  
on repeated alkali t r ea tmen t  of BSM. The up.oxidized fraction of NAGal ( t2 .6%)  
m a y  be unoxidizable either because of lack of a-glycol groupings or because of in- 
accessibility to the oxidizing agent.  The observat ion t h a t  af ter  rapid oxidat ion of 
the first 6o-65 % galactosamine the oxidat ion rate considerably decreases (sec Fig. 4) 

"Thts strtlct,lre ~t.as suggested to us by Dr. J. %V. CORNIrORTn, London. in the early stages 
o[ the work. 
.Rejuvenates p. 39 I. 
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taken together with the finding ta that a-neuraminidase action on i ~ {  ceases after 
removal of 64 % of the total sialic acid would suggest a minor fraction of the prosthetic 
groups to be inaccessible to periodate ions. 

The isolated disaccharide is the simplest substrate for neuraminidase prepared 
so far. As wi th  most  c~rbohydrases acting on oIigo:~-~ccharides, the specificity of 
neuramiztidase is directed mainly towards the glycosyl (neuraminyl) moiety  and only 
to a lesser degree towards the partner in the glycosidic linkage z. Thus sialyl-NAGal,  
the sialyl-chromogans and sialyl-iactose are readily cleaved by ~-neuraminidase. 

Though the presence of some sialy|-N-acetylta]osamine in fraction I is merely 
suggested on chromatographic evidence, its formation from sialyl-N-acetylgalactos- 
amine by epimerization under alkaline conditions would be in agreement with the 
ease of epimerizatiort o[ N-acetylglucosamine under similar conditions ~. 

N O T E  2XDDED I.N P R O O F  

For  the preparation of the disaccharidc the use of Zeokarb  215 (4(r-Ioo mesh) 
seems to be preferable to Dowex 5 o. 

(Received April znt. 1959) 
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