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1. Sirfiidosis 

Presently,  six different  inborn  diseases can be 
def ined as siatidosis. The  semiotogy o f  mucolipid¢sis  
I i  (LCell disease) is well known:  the occurrence  o f  
numerous  cy toplasmic  i~clusions Ln cul tured f ibre-  
blasts, the increase o f  the activ_:ty o f  several lysosomal  
hydrolases (except /3-#ucosidase  and acid pP.osphatase) 
in extracellular fluids contras t ing wi th  a decrease o f  
",he same activities in cul tured fibroblasts are the mos t  
significant e lements  o f  diagnosis [1--3] _ An elevated 
excre~'on o f  ur inary sialyl-oligosaccharides has been 
obs~ "eed [4 ,5 ] ,  wi th  a total  lack o f  a-neuraminidase  
act~ 5.ty in leukocytes ,  while the o ther  hydro!ase 
activities are normal  [6 ] .  This defect  o f  a-neuramini-  
dase activity has been also found  in cul tured fibroblasts 
[7 ,8 ] ,  bu t  was no t  characteris t ic ,  in this case~ o f  a 
p r i m a ~  defect ,  since the o ther  hydrolases  were Mso 
defective.  This p r imary  defect  in 0~-neuraminidase is 
in good agreement  wi th  m a n y  other  observat ions 
which  have been made  en  mucolipidosis  tI  such as an 
increase o~ electron~gativi ty o f  secreted hydrolases  
compared  to  intracellular or  normal  p lasma hydrolases  
[9 ] ,  and failure o f  their uptab:e b y  different  types o f  
cells [10] .  Recogni t ion markets  o f  secreted glyco- 
prote ins ,  including acidic hydrolases ,  have been 
identified for  different  types  o f  tissues as galactose,  
N-acetylglucosamine or mannose  [ 1 1 - 1 3 ] ,  and an 
ct-neuraminidase deficiency might  explain the abnormal  

Abbreviations: Na, _N-acetylneuramJnic acid; Gal, galactose; 
Man, mannose; GNAc, N-acetylglucosamine; fl-ende-GlcNase, 
/3-endo-_N-acetylglucosamirddase 

exocytos is  o f  hydrolases  in [CD fibroblasts  by  masking 
the recogni t ion marker .  

Mucolipidosis I I i  can be  considered as an a t tenua ted  
fo rm o f  mucol ipidosis  H. A part ial  defect  o f  l e u k o c y t e  
a-neurarninidase act ivi ty (15% o f  the normal  value) 
and a mode ra t e  excre t ion  o f  urLnary st~yl-oligo- 
sacchafides ( lO--20-fo ld  the normal  level) were also 
character ized [14 ,15] .  

Other  k n o w n  muco!ipidosis  present  quite different  
pathogenesis.  Mucolipidosis I is character ized b y  a 
p ro found ly  diminished act ivi ty o fa -neu ramin idase  
and abnormal  accumula t ion  o f  sialic acid-containing 
c o m p o u n d s  in cul tured  fibr0blasts [8 ] .  Nevertheless,  
the hydrolase  act ivi ty abnormali t ies  found  in muco-  
lipidosis I[ and t[[ are here  no t  present .  St ructures  o f  
sialyl-oligosaccharides accumulat ing ha urine have 
been described [16] and are identical  to those o f  
mucoiipidosis  H. 

Mucolipidosis W. (provisionally named  by the  
in/tiM o f  the pa t ien t )  is very sh'nflar to  mucot ipidosis  
I, wi th  addit ional  renal Lnsufficiency [17 ] .  An_ accu- 
mula t ion  o f  ur inary sialyl-oHgosacchafides and a to ta l  
lack o f  l eukocyte  a-neuramirfidase act ivi ty have 
been observed [4 ,5 ] .  

Patients  De P. [ ! 8 ]  and N. (Gu~zA,  Fedef ico,  
Carlemagno,  Michalski and Strecker)  are adolescent  
and adults,  wi thout  aignifieant syrnptomg,  excep t  
cherry-red macular  spot  a~M m¢~derate neurological  
troubles.  In  these two  "new" types  o f  mucoliptdosis  
(which are p robab ly  a t t enua ted  forms  o f  mucoHpidosis  
I),  a massive excre t ion  o f  uf ina~,  sialyl-oligosaechafides 
has b~en observed and an ~x-neuraminidase deficiency 
was conf i rmed  for  the two  pat ients  De P. [5 ,15] .  
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T a b l e  1 
~ - N e u r a m i a / d a s e  acfi-- i ty a in  l e u k o c y t e s  ( n m o l / h / m g  p r o t e / n )  

S u b s t r a t e  
c~-AcNeu-(2-~6) - - R  c~-AcNeu- (2-~3) - -R  

1_ C o n c e n t r a f i o ~  o f  s u b s t r ~ t e  

N o r r n ~  s u b j e c t s  

2 0  n m o l / 2 0 0  u !  

0 . 1 2 8 - - 0 A 8 8  
( 0 . 3 3 0 ;  V. = 30 )  

n .d .  b 

Si~M'dosis A 
M L P  H ca se  n o .  1 0 . 0 0  n .d .  

c a se  n o .  2 0 . 0 2 0  n .d .  
b ILP  IH 0 . 0 4 5  n .d .  

S ia l idos is  B 
M L P  W. 0 . 0 0 6  n .d .  
M L P  D e  P. b r o t h e r  0 . 0 3 6  n .d .  

s i s te r  0 . 0 4 5  n .d .  

2. C o n c e n t r a t i o n  o f  s u b s t r a t e  4 0 0  n m o l / 2 0 0  ~ I  3 2 0  r m l o l / 2 0 0  u l  

Nor rna l  s u b j e c t s  1 3 . 7 7 - - 2 9 . 6 0  8 . 0 0 - 1 2 . 9 0  
( 1 9 . 6 0 ; n  = 12)  ( 1 2 A 0 ; n  = 12) 

S iMidos is  A 
M L P  H ca se  n o .  3 2.~)0 1 .60  

c a s e  n o .  4 0.,32 2 .45  

$ i~l idos is  B 
M L P  W. O.BO 9 . $ 2  
M L P  I c a s e  n o .  i O. 00 IO.SO 

a Al l  t h e  o t h e r  h y d r o l a s e  ac t iv / f fes  a re  q o r m a l  o r  s l o w l y  i n c r e a s e d ,  e x c e p t  
3 -ga l ae t o s i da se  (15% o f  t h e  n o r m a l  v a l u e  f o r  M L P  ease  n o .  1) 

b n . d .  n o t  d e t e r m / r m d  

T a b l e  2 
~ - N e u r a m h f i d a s e  ac f i v /W ~ c u l t u r e d  f i b r e  b l a s t s  ( n r a o l / h f m g  p r o t e i n )  

S u b s t r a t e  
c~_-AcNeu-(2~6)--R a -AcNeu- (2 - -~3 ) - -R  

C o n c e n t r a t / o n  o f  s u b s t r a t e  20  n m o l ] 2 0 0  t~l 4 0  n i n o n / 2 0 0  t~l 

C o n t r o l  I 0 . 4 3 6  0 . 3 3 9  

C o n t r o l  2 0 . 8 3 5  0 . 6 6 8  

S/a l /dos /s  B a 

M L P  D e  P.  ( b r o t h e r )  0 . 0 2 0  0 . 2 6 7  
M L P  ! ( e a se  n o .  2 )  0 . 0 0  0 . 5 0 7  

a AU t h e  other,  h y d r o l a s e  acfiv/-des a.re n o r m a l  o r  s l o w l y  i n c r e a s e d  

2 1  
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From a b i o c h e r ~ c ~  point  o f  view, these six types 
o f  sialidos:,s c~n  be: divided into two classes: sialidos]s 
type A, (mucotipidosis lI  and IH) with an o ~ - n e u r -  

aminidase defect,  a moderate  excret ion o f  urinary 
sialyl-o!igosaccharides (!0--20-f~-ld the normal  value 
for mucolipidosis ~H and 40--120-fo ld  for  mueolip~- 
dosis ll) and a leakage o f  lysosomal hydrolases into 
extracellular fluids; ~ i d o s i s  type  B, (mucol ip]dn~s 
I, W. De P. and N.) with an a-neuraminidase defect  
mad massive excret ion o f  urinary sialyl-otigosaccharides 
(500--1000-fold  the norm~d value), but  wi thout  
lysosomal hydrolase e×oc~,tosis. On the other hand, it 
is interesting to note  [5] that  the acc, :mulated 
compounds  show a ratio o~'a-(2-->6) to a-(2-~3)-sialyl 
linkages o f  I for siai~dosis A and o f  10--30 for 
siaiidosis 13. 

2. E~azymafie studies 

All the above facts can be explained by  the hypo-  
thesis that sia!idosis A is due to a defect o f  bo th  

c~-(2-~3) and ~-(2-~6) neuraminidase activities, while 
siai~dos~s B is o n l y  characterized b y  the sLr~gle defect 
o f  c~-(2~6) neuraminidase activity. 

In order to verify this hypothesis ,  we determined 
the ce-neuram~nidase activities using as natura! 
substrates two si~yl-oligosaccharides isolated f rom 
the urine o f  the patients. Af ter  reduct ion with 
tr~tiated potassium borohydr~de, their formulae were 
as follows: 

c~-AcNeu-(2-->6)-~-GM-(!-+4)--/~-G',cNAc-(1-~2)-0~- 

Man-(l~3)-#-Man-(l-~4)-GlcNAcqtol-l-SH and 

t~-AcNeu-(2-~3)--B-Ga!-(1--,'4)--B-GlcNAc-(I~2)--c~- 
Man-(1-->3)--~3-Man-(1--~4) -G!cNAc-i tol -  [ -~ H. 

The neuraminidase activity was determined according 
to the procedure described [6]. The results we 
obtained (tables I and 2) confirm the hypothes~s o f  a 
specific defect  ofo~-(2~6) neurarninidase in the case o f  
sial~dosis B. 

~ 2 , ~  

2,,6/~:Z,3 = 1 

IJ~A2,3 

ece,2p - _ . ~ . , d C ~ - ~ . . ~ _ G a  | 

Ga!  J 

SeALeCOS~ TYP~ A S|AL|~¢S TY~:~ B 

L~NzY~~3~A 

Fig. 1. Catabolism of ~ycoprotehas and packa~ng ot tysosoma! hydrolases in sialidosis A and ~. 
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3. D i scus s ion  

I t  has  b e e n  r e c e n t l y  s h o w n  t h a t  p l a s m a  h y d r o l a s e s  
a re  n o r m a l l y  s i M y l a t e d  ( e x c e p t  fo r  ~ -g lucos idase ,  B- 
x y l o s i d a s e  a n d  ac id  p h o s p h a t a s e )  in  c o n t r a s t  t o  l iver  
h y d r o l a s e s  [ 1 9 ] .  I t  ha s  b e e n  a lso  s h o w n  t h a t  t h e  re lease  
o f  o n l y  t w o  s ia ly l  res idues  o n  the  twe lve  p r e s e n t  in  

ce ru l eop la smkn  was  su f f i c i en t  t o  r esu l t  in e n d o c y t o s i s  
o f  t he  g l y c o p r o t e i n  [11 ] .  I n  v i ew o f  t hese  fac t s ,  w e  
p r o p o s e  a s c h e m e  ( r i g A )  w h i c h  m i g h t  e x p l a i n  t h e  d i g  
f e r en t i a l  e t i o l o g y  o f  t h e  t w o  t y p e s  o f  s ia l idos is .  T h e  
b r o k e n  l ine  ( - I k ~ ) i n d i c a t e s  t h e  f a i lu re  o f  h y d r o l a s e  

p a c k a g i n g  w h i c h  characterizes s ia l idos is  A .  In  t h e  case  
o f  s ia l idos is  B, a s ingle  d e f e c t  o f  ~-(2-+6)  neu ram~nidase  

a c t i v i t y  a l lows  a n o r m a l  u p t a k e  o f  i y s o s o m a l  h y d r o -  
lases.  T h e  m o d e r a t e  e x c r e t i o n  o f  s i a ly t -oHgosaccha r ides  

ha the case of  sialidos~s A is probably due to the 
s l acken ing  o f  g ! y c o p r o t e i n  e n d o c y t o s i s  ( d o t t e d  l ine ,  
rigA). 

I t  has  b e e n  also f o u n d  t h a t  d e s i M y l a t i o n  o f  ICD-  
e x c r e t e d / % h e x o s a m i n i d a s e  w i t h  Clos tr id ium :7er- 
fi, ingens n e u r a m i n i d a s e  d i d  n o t  e n h a n c e  e n z y m e  
u p t a k e  b y / ~ - h e x o s a m i n i d a s e - d e f i c i e n t ,  n o a - [ C D  cel ls  
[ 2 0 ] .  H o w e v e r ,  U l l r i eh  a n d  y o n  F i g u r a  [ 2 l l  f o u n d  
t h a t  e n d o c y t o s i s  o f  a -  a n d / ~ - N - a c e t y l g l u c o s a m i n i d a s e  
b y  h u m a n  sk in  f i b r o b l a s t s  was  i n h i b i t e d  b y  D - m a n n o s e  

and L-fucose and that of/Lglucuronidase by maanose. 
These  fac t s  d o  n o t  c o n f i r m  t h e  h y p g t h e s i s  o f  a 
m a s M n g  o f  r e c n g n i t i b n  m a r k e r s  d u e  to  a p r i m a r y  
d e f e c t  in  ce-neuraminidase ,  s ince  g ! y c o p r o t e i n s ,  a n d  
p r o b a b l y  h y d r o l a s e s ,  possess  th is  c o m m o n  t e r m i n a l  

s t r u c t u r e :  

~ - A c N e u - ( 2 ~ 3 / 6 ) - - ~ - G a l - ( l o 4 ) - - / ~ - G l c N A c - ( 1 - ~ 2 / 4 /  
6 ) - -~ -Man-~R.  

T h e  d e s i a l y l a t i o n  o f  e x c r e t e d  h y d r o l a s e s  c o u l d  no t  
r e s to re  the i r  endocy t0s~s ,  in  t he  case o f  c u l t u r e d  
f i b r o b l a s t s .  

A c k a o w l ~ g e m e n t s  

T h i ~ o r k  was  s u p p o r t e d  b y  t h e  C e n t r e  N a t i o n a l  
de  la  R e c h e r c h e  Se i en f i f i que  ( L a b o r a t o i r e  Associ~  
N o .  217 :  B~oiog/e p h y s i c o - c h i m i q u e  e t  m o l ~ c u l a i r e  des  
g luc ides  Hbres e t  con jugu6s ) ,  b y  t h e  I n s t i t u t  N a t i o n a !  
d e  ta San t~  e t  de  [a R e c h e r c h e  MddieMe (U.  t 2 4 :  

Uni t6  de  R e c h e r c h e s  u l t r a s t r u c t u r a l e s  e t  b i o c h i m i q u e s  
su r  les ceHules n o r m a l e s  e t  canc6reuses ) ,  t h e  F o n d a -  
t i o n  p o u r  la  R e c h e r c h e  M~dica le  F ranqa i se  a n d  t h e  
C o m m i s s a r i a t  ~ t 'Ene rg i e  A t o m i q u e .  We are  i n d e b t e d  
t o  Ors  J .  P.  F a r r i a u x ,  P .  D u r a n d ,  P .  M a r o t e a u x ,  
M. P o i s s o n n i e r  and  D.  F o n t a n  fo r  s u p p l y i n g  b io log i ca l  
m a t e r i a l .  We a re  gra*,;ful to  P r o f e s s o r  J .  M o n t r e u i l  f o r  
i n t e r e s t  a n d  encourag~:ment .  . 
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