
560 S~ORT COMMUNICATIONS VOL. 20 (1956) 

d. Va l .A la .  Try .Arg. P a r  hydrolyse  to ta le  acide, (Val, Ala, Arg) on t  6t6 ob tenus  en quan t i t6s  
6quimol6culaires.  La  presence de Try  a dt~ d6celde sp~cif iquement  sur  le pept ide  entier2; pa r  la 
m d t h o d e  d ' E D M A N  4, il a 6t6 possible de d6tacher  success ivement  : Val, Ala et Try.  L ' a rg in ine  libre 
a dtd re t rouvde ~ la fin de l 'op6ration.  

Scission de la leucine C-terminale. I1 es t  in t6ressant  de noter  que, apr~s t r a i t e m e n t  du lysozyme  
par  la t ryps ine  dans  les condi t ions  r~alis~es ici, on t rouve,  c o m m e  acides amin6s  ~ l '6 tat  libre, 
u n i q u e m e n t  de la lysine, de l 'arginine et  de la leucine en quan t i t6s  inf~rieures ~ une  mol6cule 
pour  une  mol6cule de lysozyme.  La  lysine ainsi lib6r6e est  5 v i d e m m e n t  la lysine N- te rmina le ;  
l ' a rg in ine  ne  peu t  proveni r  que  d ' une  liaison L y s . A r g  ou Arg.  Arg;  q u a n t  A la leucine, elle ne 
peu t  reprSsenter  que  la leucine C-terminale  s,~. I1 en r6sulte que l 'acide amin6  pr6c6dant  imm6dia te -  
m e n t  la leucine es t  soit  la lysine, soit  l 'arginine.  
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Re~u le 7 ma r s  1956 

The linkage of $ialic acid in mucoprotein 

I t  h a s  been es tab l i shed  t h a t  sialic acid I and  N-acety l  neu ramin ic  acid 2 respect ively  are componen t s  
of m a n y  mucopro te ins  and  t h a t  2-carboxypyrro le  isolated 8 f rom the  alkali hyd ro lysa t e  of these  
mucopro te ins  is der ived f rom neu ramin ic  acid 4. The  s t ruc tu re  shown  below was recent ly  ass igned 5 
to N-acetyl  neu ramin ic  acid (I) on t he  basis  of t he  analyt ica l  d a t a  avai lable  and  is suppor t ed  

C H O H  I~H, 

I 
C H N H "  Ac C = O ~--- py ranose  form 

I I 
(CHOH)3 COOH 

I 
C H z O H  

by  the  isolat ion of 2 -carboxypyrro le  f rom a K n o r r - t y p e  condensa t ion  of D-glucosamine wi th  
py ruv ic  acid. The  charac ter i s t ic  fea tures  of I, (i) t h e  aldol t ype  of l inkage be tween N-acety l  
hexosamine  and  py ruv ic  acid provid ing  favourable  condi t ions  for t he  product ion  of 2-carboxy- 
pyrrole  upon  alkali t r e a t m e n t  and  (ii) t he  presence of an  a-keto  acid grouping  yielding readi ly 
to decarboxy la t ion  b y  minera l  acid wi th  t he  fo rma t ion  of a subs t i t u t ed  2-deoxy aldose, account  
for m o s t  of i ts  chemical  propert ies.  Sialic acid ha s  an  addi t ional  O-acetyl  group which  is easily 
spli t  off e a t t ached  to  one of t he  C a t o m s  4, 6, 7, 8 or 9- 

H u m a n  ur ine  mucopro t e in  2 (UM) and  bovine  submax i l l a ry  g land  mucopro te in  7 (BSM) are 
known  to  con ta in  4 % I and  z7 % sialic acid respect ively.  W h e n  acted upon  b y  t he  inf luenza 
v i rus  e n z y m e  or by  t he  receptor  des t roy ing  e n z y m e  (RDE) of vibrlo cholerae, these  mucopro te ins  
release a dialysable  subs t ance  engaging  in t he  s a m e  chemical  reac t ions  as do t he  ace ty la ted  
neu ramin ic  acids s. The  subs t ance  l iberated f rom UM was  identified as 12. These  observa t ions  
would sugges t  t h a t  mono-  and  diacetyl  neu ramin ic  acid respect ively  occupy  t e rmina l  posi t ions 
in the  mucopro te in  molecule.  For  UM it is known  t h a t  neu ramin ic  acid is located in t he  carbo- 
hydra t e -p ros the t i c  group s. 

B o t h  neuramin ic  acids h a v e  s t rong  reducing  power in ana logy  to t h a t  of 2-ketogluconic  acid. 
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I t  was  therefore  surpr is ing  to find t h a t  a 2 % solut ion of BSM did no t  reduce Bened ic t ' s  reagent .  
When ,  however ,  N a O H  was s u b s t i t u t e d  for Na2CO s, as in Fehl ing ' s  solution,  reduc t ion  took  place. 
T h u s  90 m g  BSM, when  s u b m i t t e d  to the  q u a n t i t a t i v e  procedure  of F e h l i n g - L e h m a n n - M a q u e n n e -  
Schoorl TM (the t e m p e r a t u r e  wi th in  the  t ube  kep t  for 2 rain a t  lOO% h a d  a reduc ing  power  corre- 
spond ing  to  3-5 m g  glucose, which  is equ iva len t  I to 5.8 m g  sialic acid. Th i s  f inding ind ica ted  
t he  m a s k i n g  of t he  reduc ing  g roup  of sialic acid wi th in  t he  BSM molecule  by  an  a lkal i -sensi t ive  
glycosidic link. To ob ta in  fu r the r  in format ion  the  following expe r imen t s  us ing  mi ld  acid as 
hydro lys ing  agen t  were carr ied ou t :  

(a) Identification o/ sialic acid: 90 m g  BSM were dissolved in 3.5 ml  water ,  hea t ed  a t  80 ° 
for I h a t  p H  Lo (ad jus ted  wi th  N H2SO4), cooled and  cen t r i fuged  (io,ooo × g, 3 ° min ,  4°). 
The  clear s u p e r n a t a n t ,  a f ter  r emova l  of HzSO 4 as b a r i u m  salt,  reduced Bened ic t ' s  reagent ,  gave  
Bial ' s  orcinol reac t ion  wi th  violet  colour, a direct  Ehr l ich  reac t ion  on hea t ing  (purp le ; ) .  max .  = 
565 rap) and  a d ipheny l ami ne  react ion (blue; 2 max .  = 532 rap), as descr ibed for sialic acid 7. 
W h e n  t he  s u p e r n a t a n t  was  hea t ed  wi th  Ba(OH)2 (o .5N final conc., 7 h, ioo°),  cooled and  acidified, 
a subs t ance  was  ext rac t ib le  wi th  e the r  which  ch romatograph ica l ly  and  spec t ropho tomet r i ca l ly  
(2 max .  = 256 mp,  p h o s p h a t e  buffer, p H  7.0) p roved  to be ident ical  wi th  2-carboxypyrro le .  In  
addi t ion  to sialic acid or I t he  s u p e r n a t a n t  con ta ined  2o % of the  res idual  mucopro t e in  as deter-  
m ined  by  weight .  C h r o m a t o g r a p h y  of t he  concen t ra ted  s u p e r n a t a n t  us ing  W h a t m a n  No. i pape r  
and  b u t a n o l / p y r i d i n e / H s O  (6:4:3) as so lven t  did no t  reveal  t he  presence  of a n y  of t he  c o m p o n e n t  
suga r s  of BSM t h o u g h  by  t he  t echn ique  applied a hydro lys i s  of even  lO% of the  po lysacchar ide  
of BSM would  h a v e  been de tec ted  it. 

(b) Quantitation of liberated sialic acid: 9 0  m g  BSM t rea ted  as unde r  (a). The  reduc ing  power  
(Feh l ing-Lehmann-Maquenne-Schoor l )  of t h e  supe rna t an t ,  a f ter  neu t ra l iza t ion  wi th  N NaOH,  
corresponded to 7.3 ° + o. x 5 m g  glucose, equ iva len t  to an  average  of x r .9 m g  sialic acid, i.e. a b o u t  
78 % of the  sialic acid con t en t  of t he  original BSM t ak i ng  into accoun t  t he  reduc ing  power  of t h e  
residual  BSM presen t  in t he  s u p e r n a t a n t  (see above).  I t  was  a s s u m e d  t h a t  t he  22 % sialic acid 
still b o u n d  was  un i fo rmly  d i s t r ibu ted  be tween  t he  BSM of t he  s u p e r n a t a n t  and  t h a t  of t he  
s ed imen t  as indica ted  by  t h e  posi t ive direct  Ehr l ich  react ion of t he  sed iment .  

(c) Effect o] R D E  pretveatment el BSM" 200 m g  BSM, dissolved in 20 ml  o . o i %  CaC12 
solution,  were diges ted for 6 h wi th  0.25 ml  R D E  solut ion (2- xo 5 units)  a t  37 ° and  p H  7.0. After  
e x h a u s t i v e  dialysis  t he  res idual  m i x t u r e  was  freeze-dried and  an  a l iquot  t r ea t ed  as unde r  (b). 
R e d u c i n g  power,  referred to 90 m g  freeze-dried mater ia l :  4.0 m g  (as glucose) cor responding  to 
6-5 m g  sialic acid, i.e. a b o u t  42 % of t h e  total .  T he  low yield of sialic acid af ter  p r e t r e a t m e n t  
of BSM wi th  R D E  is in a g r e e m e n t  wi th  an  e x p e r i m e n t  in which  Lo  g BSM, dissolved in xoo ml  
o.oI % CaC11 solution,  was  diges ted for 24 h wi th  1.o ml  R D E  solut ion (IO- re  s uni ts)  a t  37 ° and  
p H  7.0. Th i s  t r e a t m e n t  resul ted  in t he  release of 64 % of t he  sialic acid as de t e rmined  colori- 
met r ica l ly  by  t h e  direct  Ehr l i ch  react ion.  

The  resu l t s  would  indicate  t h a t  t he  reduc ing  group of sialic acid wi th in  the  BSM molecule  
is engaged  in an  acid- and  alkali-labile glycosidic l inkage. If in BSM, as is t he  case in UM, the  
ace ty l a t ed  neu ramin i c  acid is located in t he  ca rbohyd ra t e  pros the t ic  group,  t h e n  i ts  glycosidic 
p a r t n e r  m u s t  be  p r e d o m i n a n t l y  ga lac tosamine ,  as  is ev iden t  f rom the  low non -amino  suga r  (2.2 %) 
a n d  g lucosamine  (0.8 %) con t en t  of BSM lx and  i ts  h igh  ga l ac tosamine  va lue  (9.2%). Avai lable  
evidence does no t  allow one to decide w h e t h e r  t he  glycoside is of t he  O- or of t he  N- type .  However ,  
an  O-glycosidic l inkage of t he  no rma l  t ype  as in m e t h o x y  neu ramin i c  acid 6 m a y  be  excluded 
because  of i ts  alkali  s tabi l i ty .  T he  viral  e n z y m e  and  R D E  m a y  now be classified as glycosidases;  
the i r  specifici ty r e q u i r e m e n t s  b a r e  y e t  to be  es tabl ished.  
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