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The Prote in -Po lysacchar ide  Linkages  in S o m e  
Proteog lycans  1 

Acid mucopolysacchar ides  are usual ly  l inked to pro-  
te ins  in pro te in-polysacchar ide  complexes.  The l inkages 
be tween  the  ca rbohydra t e  and  the  pro te in  moiet ies  in 
some of these  complexes  have  recen t ly  been  s tudied  
(MUIR 2, ANDERSON et  al. 3, GREGORY et  al. ~) and found  
similar, in some regards,  to those observed in submaxi l l a ry  
mucins  (TANAKA et  al. s, CARUI3ELLI et  aL e, HARBON 
et  al. 7). 

In  previous  papers  s,~ we s tudied  the  pro te in-polysac-  
char ide  linkage p resen t  in a p ro te in -po lysacchar ide  com- 
p lex  (PP-L) isolated in our l abora to ry  1~ f rom pig epi- 
physea l  plate,  and we observed t h a t  serine was the  amino 
acid which  linked, by  its hydroxyl ,  the  c a r b o h y d r a t e  to 
the  p ro te in  mo ie ty  of the  complex.  In  ano the r  pape r  n ,  
in which  a ke ra tosu lpha tepep t ide  f rom bovine cornea was 
s tudied,  we observed  t h a t  aspar t ic  acid was involved in 
the  linkage as in ova lbumin  12. 

In  the  p resen t  note  we briefly collected our  resul ts  on 
pro te in -po lysacehar ide  l inkages in some pro teog lycans  
which  are a t  p resen t  the  object  of our research:  a kera to-  
su lpha te -pep t ide  isolated f rom t rachea l  cart i lage of a 50- 
year-old man,  a s imilar  f rac t ion isolated f rom the  urine 
of pa t i en t s  wi th  Morquio-Ullr ich disease, a p ro teog lycan  
p repared  by  papa in  digest ion f rom dog submaxi l l a ry  
gland, and ano the r  one isolated f rom h u m a n  submaxi l l a ry  
gland collected by  au topsy  24 h af ter  death .  

The p repa ra t ion  and composi t ion  of these  proteo-  
gtycans will be repor ted  in detai l  in a more  extens ive  
paper .  The ca rbohydra t e  moie ty  of the  compound  isolated 
f rom h u m a n  t rachea l  cart i lage was main ly  composed  of 
kera tosu lphate ,  and  conta ined  chondro i t in  su lpha te  C as 
minor  componen t ,  the  pro te in  moie ty  was 9% of the  to ta l  
and  conta ined  m a n y  amino acids, w i th  a prevalence  of 
serine, threonine,  g lu tamic  acid and  proline. 

The fract ion isolated f rom the  urine of pa t i en t s  wi th  
Morquio-Ullr ich disease was composed of ke ra tosu lpha te  
and chondro i t in  su lpha te  in an equimolar  ratio,  and  con- 
t a ined  abou t  3% protein .  

The pro teoglycan  prepared  f rom dog submaxi l l a ry  
g land 13, conta ined  80% ca rbohydra t e  and 20% protein ,  
while t h a t  f rom h u m a n  submaxi l la ry  muc in  con ta ined  
abou t  18% protein.  

The s tudy  of the  pro te in-polysacchar ide  l inkage in 
these  p ro teog lycans  was carried out  according to the  sug- 
gest ion of ANDERSON et  al.3: the  p roduc t  was dissolved 
in 0.5 N N a O H  and  ma in ta ined  under  cont inuous  s t i rr ing 
for 48 h at  room t e m p e r a t u r e ;  in some cases hydrogena-  
t ion  in the  presence of Adams  ca ta lys t  was associated 
wi th  the  alkali t r e a t m e n t .  Before and  af ter  the  t r e a t m e n t ,  
the  amino acids were de te rmined  by  a Sp inco -Beckman  
Analyzer  af ter  hydrolys is  of the  p roduc t  for 24 h a t  
100~ under  n i t rogen  wi th  a large vo lume (1:2500) of 
6 N HC1. 

In  all the  pro teoglycans  s tudied,  a s t rong  decrease of 
th reon ine  and serine (Table) was observed af ter  the  alkali 
t r e a t m e n t .  This decrease m a y  be expla ined according to 
ANDERSON et al.a and CARUBELLI et  al.e, assuming t h a t  
these  amino acids are l inked by  the i r  hyd roxy l s  to the  
c a r b o h y d r a t e  mo ie ty  of the  molecule. In  th is  s i tua t ion  the  
influence of a near  electrophil ic  group increases the  
mobi l i ty  of the p ro ton  in the  a-posi t ion and faci l i ta tes  the  
nucleophil ic a t t a ck  of the  alkali, wi th  the  p roduc t ion  of 
an uns tab le  carboanion  and a consequen t  fo rmat ion  of e- 
aminoacryl ic  acid f rom serine and ~-aminocrotonic  acid 
f rom threonine.  Cata lyt ic  hyd rogena t i on  associa ted wi th  
the  alkali t r e a t m e n t  produced  fo rmat ion  of alanine and  
e -aminobu ty r i c  acid. 

In  conclusion,  our  resul ts  show t h a t  in all the  pro teo-  
glycans  s tud ied  in the  p resen t  paper ,  serine and  th reon ine  
are connec ted  wi th  the  p ro te in -po lysacchar ide  l inkage b y  
l inks which  involve the  hydroxy l s  of these  h y d r o x y a m i n o  
acids. 

Content of threonine and serine before and after the alkali treatment 
of proteoglycans (% values) 

Proteoglycans Threonine Serine 
isolated from 

before after before after 

1. Urine 0.44 0.18 0.51 0.24 
(Morquio-Ullrich) (-- 59%) (-- 53~ 

2. Human tracheal 1.15 0.36 1.03 0.46 
cartilage (-- 68%) (-- 55%) 

3. Dog sub- 4.15 0.81 2.12 1.08 
maxillary gland (-- 80 %) (-- 49 % ) 

4. Human sub- 3.12 0.98 1.48 0.78 
maxillary gland (-- 68 %) (-- 47 %) 

Riassunto. ~ s ta to  s tud ia to  il legame prote ina-pol i sac-  
caride di alcuni  proteogl icani  p repa ra t i  da  ur ina  di  
pazient i  con ma la t t i a  di Morquio-Ullr ich,  da  car t i lagine 
t racheale  umana ,  e da ghiandole  so t tomasce l la r i  di cane e 
di uomo. In  t u t t i  quest i  complessi ,  la serina e la t r eon ina  
legano, med i an t e  il loro ossidrile, la pa r t e  glucidica alla 
pa r t e  pro te ica  della macromolecola .  
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