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SUMMARY 

A glycopeptide fragment, undetectable in normal cells, was isolated from 
cultured skin fibroblasts obtained from patients with four lysosomal storage 
disorders. The glycopeptide isolated from GMl-gangliosidosis Type I (~-galacto- 
sidase deficiency) cells contained Gal, Man and GIcN_Ac in the ratio 1.8:2.8:4.0; 
in OM2-gangliosidosis Type II (Sandhoff's disease:[3-N__-acetylhexosaminidase 
deficiency) cells the ratio was Man:GlcN__Ac, 2.7:4.0; in mannosidosis (a-manno- 
sidase deficiency) cells, the ratio was 3.4:1.0 and in fucosidosis (a-fuco- 
sidase deficiency) cells the ratio was Fuc:GlcN_Ac, 1.0:i.0. A scheme for glyco- 
protein catabolism can be envisioned in which sugars are sequentially removed 
and these four disorders are caused by enzyme deficiencies at different 
locations in the pathway. The relative homogeneity of the storage material 
confirms that the same oligosaccharide unit is common to most of the glyco- 
proteins synthesized by the cell. 

IN TROD UC TIC N 

In G M 1 -  and G M 2 - g a n g l i o s i d o s i s  (1, 2) g lyco l i p id  s to rage  is main ly  c o n -  

f ined to the brain ,  a l t hough  s to rage  of  a s i a l o - G M 2  and g l o b o s i d e  can  be 

d e m o n s t r a t e d  in l iver  (3) and f i b rob l a s t s  (4) from pa t i en t s  with the Sandhoff  

va r ian t  Of G M 2 - g a n g l i o s i d o s i s .  In f u c o s i d o s i s  there is minimal  s to rage  of  

f u c o g l y c o l i p i d s  in bra in ,  m a s s i v e  a c c u m u l a t i o n  in l iver  (5) but  no g lyco l i p id  

a c c u m u l a t i o n  in cu l tu red  f i b rob l a s t s  (4). Suzuki  et  al  (6) and MacBrinn et a l  (7) 

reported the existence of "keratan sulfate-like" material in GMl-gangliosidosis 

liver, and we have identified this material (8) as an octaglycopeptide corres- 

ponding to the desulfated linkage region of skeletal keratan sulfate (9) or blood 

group glycoprotein (10). Wolfe et al recently characterized two oligosaccha- 

rides in liver from patients with GMl-gangliosidosis; GaI-GIcN_Ac-Man[Gal- 

GIcN Ac-Man]Man-GIcN_Ac and suggested that their origin was the erythrocyte 
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MN glycoprotein (Ii). We have isolated a similar oligosaccharid e from the 

brain of GMl-gangliosidosis Type I and II patients and a related oligosaccharide 

fragment from Sandhoffbrain (12), recently elegantly characterized by Wolfe 

et al (13) as GlcN_Ac-Man[GlcN.Ac-Man]Man-GlcN. Ac. Ockerman (14) reported 

the storage of a mannosaccharide in brain of a patient with mannosidosis and 

material in the urine has been characterized as Man-Man-GlcNAc (15) Man-Man- 

Man-GlcN_Ac (16) and, in our laboratory, as Man-Man[Man]Man-GlcN_Ac (17). 

Recent work in this laboratory (12) indicated that the major storage material in 

fucosidosis brain was an oligosaccharide with the structure; Fuc-Gal-GlcNAc- 

Man[Fuc-Gal-GlcN_Ae-Man]-Man-GlcNAc together with a Fuc-GlcN_Ac disaccha- 

ride. Since all these oligosaccharides were structurally related, it seemed to 

suggest considerable structural similarity amongst human glycoproteins which 

are actively metabolized, unless one major glycoprotein, say the MN-antigen, 

is the primary source. 

To investigate the origin of the storage material in these inborn errors of 

glycoprotein catabolism, skin fibroblasts from each type of patient were previously 

assayed to ensure that they manifested the appropriate enzyme defect and cul- 

tured in the presence of appropriate labelled sugars to detect endogenous syn- 

thesis. The storage material was characterized and compared to that isolated 

from the patient's tissues and urine. 

MATERIALS AND METHODS 

Biopsy s p e c i m e n s  or cu l tu red  c e l l s  were  o b t a i n e d  from Dr. R. Ma ta lon ,  
U n i v e r s i t y  of Chicago;  Dr. L S. O 'Br ien ,  UCSD, La Tolla; Dr. I . M .  Opi tz ,  
U n i v e r s i t y  of W i s c o n s i n ,  Mad i son ;  Dr. I . W .  Spranger ,  U n i v e r s i t y  of M a i n z ,  
Germany; Dr. W. Zeman, Indiana University, Indianapolis and Dr. M. Buhler, 
Basle Kinderspital, Switzerland. Fibroblasts were cultured according to the 
method of Matalon and Dorfman (18) in which the modified Eagle's medium is 
supplemented with fetal calf serum (10%) and calf serum (10%), and lysosomal 
hydrolase activities assayed with synthetic substrates (4). 

Confluent monolayer cultures (108 cells) were harvested mechanically, 
suspended in distilled water (i,5 ml) and sonicated as described previously (4). Cell 
debris was removed by centrifugation at 600g for twenty minutes. The extracts 
were fractionated on Bio-Gel P-10 (170 x I cm diam.), the carbohydrate-positive 
low-molecular weight fraction concentrated and re-fractionated on Bio-Gel P-2 
(170 x 1 cm d i a m . ) .  This ma te r i a l  was  a pp l i e d  t o W h a t m a n  3MM f i l te r  paper  
and  s u b j e c t e d  to e x h a u s t i v e  chromatography  in  n - b u t a n o l - a c e t i c  a c i d - w a t e r  

(12: 3: S) to remove s a l t s ,  pep t i de s  and  o l i g o s a c c h a r i d e s .  The g l y c o p e p t i d e  
f r ac t ion  was  e l u t e d  with wa te r  from a s t r ip  cu t  a round  the or ig in  (19) and  
a s s a y e d  for both  amino  a c i d  and  ca rbohydra t e  c o n t e n t  (19,20) .  In some c a s e s ,  
the m o l e c u l a r  we igh t  was  d e t e r m i n e d  by  gel  f i l t r a t i o n  a c c o r d i ng  to the procedure  
of Bhat t i  and  Clamp (21). 
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Fig. i. 
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BioGel P-10 column fractionation of soluble extracts cultured 
from patients with inborn errors of complex carbohydrate 
catabolism. The abnormal storage material is found in 
Fraction IV (110-150 ml). 

RESULTS 

The hydrolytic activity of cell extracts toward a variety of synthetic glyco- 

sides which are structurally related to naturally occurring complex carbohydrates 

is shown in Table I. Each extract exhibited the enzymic defect corresponding 

to that found in the patient's tissues. Soluble storage material isolated from 

approximately 108 cells was chromatographed on Bio-Gel P-10 and divided into 

four fractions on the basis of molecular weight (Fig. I). Analysis of the low 

molecular weight fraction (110-150 ml) following Bio-Gel P-2 and paper chroma- 

tographic purification, is given in Table If. This shows that the material from 

GMl-gangliosidosis Type I, GM2-gangliosidosis Type II (Sandhoff's disease) 

(2 strains) fucosidosis (4 strains) and mannosidosis fibroblasts and a distinctive 

composition. A similar fractionation carried out on normal human skin fibroblasts 

together with those from patients with Hurler's disease, cystic fibrosis, GM2- 

gangliosidosis Type I (Tay-Sachs disease) and GMl-gangliosidosis Type II 

(juvenile form) failed to reveal the presence of any carbohydrate other than 

glucose in the low molecular weight fraction, i.e. , there was no oligosaccharide 

or glycopeptide material in these cells• 

Our results indicate that the storage material in each case was remarkably 

homogeneous. The most complex glycopeptide was stored in GMl-gangliosidosis 

Type I fibroblasts (containing Man: Gal and GIcNAc in the ratio 2.8: I. 8: 4.0). 

Removal of galactose from this material would yield a glycopeptide analogous to 
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that stored in GM2-gangliosidosis Type II fibroblasts (containing Man and 

GIcNAc in the ratio 2.7: 4.0). Similarly, removal of three GIcNAc residues would 

yield a glycopeptide with a composition similar to that stored in mannosidosis 

fibroblasts (containing Man and GIcNAc in the ratio 3: i). In fucosidosis 

fibroblasts, the Fuc-GlcNAc glycopeptide is essentially free from any mannose 

or galactose. Because of limitations on the amount of material available, 

structural studies and sequential enzymic digestion was not possible. However, 

by analogy to material stored in solid tissue from such patients (12) one may 

envision a sequential catabolic scheme. Thus far we have been unable to 

separate the carbohydrate and amino acid moieties in the storage material and 

since asparagine is always a major amino acid, it is presumed that the linkage 

between carbohydrate and amino acid involves GIcNAc and Asn. 

DISCUSSION 

The s tudy of human skin f i b rob la s t s  has  been  ex t remely  rewarding in 

e l u c i d a t i n g  the b i o c h e m i c a l  abnormal i t i e s  r e s p o n s i b l e  for a number of l y s o s o m a l  

s torage  d i so rde r s .  These include the g lycogen  s torage  d i s e a s e s ,  the mucopo ly -  

s a c c h a r i d o s e s ,  for example  Hur te r ' s  d i s e a s e  (22) and the s p h i n g o l i p i d o s e s  (1,4). 

Although cul tured  human skin  f i b rob l a s t s  l ack  the a b i l i t y  to s y n t h e s i z e  the g ly -  

c o s p h i n g o l i p i d s  ( gang l i o s ide s  and su l fa t ide)  c h a r a c t e r i s t i c  of nervous t i s s u e  or 

the blood group an t i gens ,  the enzymes  r e s p o n s i b l e  for the i r  c a t a b o l i s m  can be 

d e t e c t e d  and d e f i c i e n c i e s  r ead i ly  d iagnosed .  This has  proved e s p e c i a l l y  a d v a n -  

t ageous  for prenatal diagnosis of these rapidly fatal disorders. Despite our 

failure to demonstrate GMI, GM2 or H-antigen accumulation in appropriate 

fibroblasts (4), the fact that the enzyme in question was deficient suggested that 

it might be possible to demonstrate the storage of material derived from impaired 

glycoprotein catabolism, since glycoproteins and glycolipids share common 

sugars and glycosidic linkages and fibroblasts synthesize a wide variety of 

glycoproteins (}ncluding the lysosomal hydrolases themselves). 

The results of our studies on fibroblasts cultured from patients with GMI- 

gangliosidosis Type I (generalized gangliosidosis), GM2-gangliosidosis Type II 

(Sandhoff's disease), fucosidosis and mannosidosis suggest that fibroblast glyco- 

proteins contain oligosaccharide units of the [Neu_NAc-Gal-Glc__NAc-Man] 2 or 
3- 

Man-GlcNAc-GlcNAc-Asn type (23, 24) and that the oligosaccharide units are 

catabolized by the sequential action of exo-glycosidases. The storage material 
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in GMl-gangliosidosis cultured cells appears similar to that of an oligosaccharide 

isolated by Wolfe et al. from GMl-gangliosidosis liver (Gal [~(i--# 4)GIc_NAc [3(I--~ 2) 

Man ~(l--e3) [Gal [3(l--)4)GlcNic [~(l-e2)Man~(l,--9 6)Man ~(l-e 4)GIe_NAc (ll) 

and the material stored in Sandhoff and mannosidosis fibroblasts is derived from 

this structure by the loss of terminal galactose and GIcNAc residues respectively. 

Fucosidosis fibroblasts are an exception in that only a Fue ~(l--) 6) GIcNAc 

glycopeptide was stored whereas in brain it was possible to isolate this material 

together with oligosaccharides of the Fuc-Gal-GlcNAc-Man type (12). A second 

important difference involves the ability of cultured cells to hydrolyze the 

Glc_NAc-Asn linkage with sufficient facility to produce an oligosaccharide rather 

than a glycopeptide storage product. We could only demonstrate a low level of 

N-acetylglucosaminylasparaginase activity in vitro, and the evidence suggests 

that this enzyme is not active in fibroblasts in vivo. 
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