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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 Gysj-gangliosidosis Type I (B-galacto-
sidase deficiency) cells contained Gal, Man and GlcNAc in the ratio 1. 8:2. 8:4.0;
in Gpyy2-gangliosidosis Type II (Sandhoff's disease:p-N-acetylhexosaminidase
deficiency) cells the ratio was Man:GlcNAc, 2.7:4.0; in mannosidosis (e-manno-
sidase deficiency) cells, the ratio was 3.4:1.0 and in fucosidosis (e~fuco-
sidase deficiency) cells the ratio was Fuc:GlcNAc, 1.0:1.0. 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.

INTRODUCTION

In G- and GMz—gangliosidOSis (1, 2) glycolipid storage is mainly con-
fined to the brain, although storage of asialo—GM2 and globoside can be
demonstrated in liver (3) and fibroblasts (4) from patients with the Sandhoff
variant of GMz—gangliosidosis. In fucosidosis there is minimal storage of
fucoglycolipids in brain, massive accumulation in liver (5) but no glycolipid
accumulation in cultured fibroblasts (4). Suzuki et al (6) and MacBrinn et al (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; Gal-GlcN_Ac—Man[Gal»—
Glc&Ac—Man]Ma n-GlcNAc and suggested that their origin was the erythrocyte
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MN glycoprotein (11). We have isolated a similar oligosaccharide from the
brain of GMl
fragment from Sandhoff brain (12), recently elegantly characterized by Wolfe

et al (13) as GchiAc-Man[GlcNﬂAc—Man]Man—Glcl&Ac. Ockerman (14) reported

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

~gangliosidosis Type 1 and II patients and a related oligosaccharide

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

Man-~-GlcNAc (16) and, in our laboratory, as Man-Man|{Man]Man-GleNAc (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-GlcNAc-Man]-Man~GlcNAc together with a Fuc-GlcNAc 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 specimens or cultured cells were obtained from Dr. R. Matalon,
University of Chicago; Dr. J.S. O'Brien, UCSD, 1a Jolla; Dr. 7. M. Opitz,
University of Wisconsin, Madison; Dr. J.W. Spranger, University of Mainz,
Germany; Dr. W. Zeman, Indiana University, Indianapolis and Dr. M. Buhler,
Basle Kinderspital, Switzerland. Tibroblasts were cultured according to the
method of Matalon and Dorfman (18) in which the modified Fagle'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 (1.5 ml) and sonicated as described previously (4).
debris was removed by centrifugation at 600g for twenty minutes. The extracts

were fractionated on Bio-Gel P-10 (170 x 1 cm diam.), the carbohydrate-positive

low-molecular weight fraction concentrated and re-fractionated on Bio-Gel P-2
(170 x 1 cm diam.). This material was applied to Whatman 3MM filter paper
and subjected to exhaustive chromatography in n-butanol-acetic acid-water
(12: 3:5) to remove salts, peptides and oligosaccharides. The glycopeptide
fraction was eluted with water from a strip cut around the origin (19) and
assayed for both amino acid and carbohydrate content (19,20). In some cases,
the molecular weight was determined by gel filtration according to the procedure
of Bhatti and Clamp (21).
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Fig. 1. 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. 1). Analysis of the low
molecular weight fraction (110-150 ml) following Bio-Gel P~2 and paper chroma-
tographic purification, is given in Table II. This shows that the material from
GMl—gangliosidosis Type I, GMZ—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, G, -

M2

gangliosidosis Type I (Tay-Sachs disease) and G, . ~-gangliosidosis Type 11

(juvenile form) failed to reveal the presence of arll\glcarbohydrate 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 GlcNAc in the ratio 2. 8:1.8:4.0).

Removal of galactose from this material would yvield a glycopeptide analogous to

810



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 63, No. 3, 1975

~ urejuod o1 sysdreue Aq umoys epijdedoo41h e o) pepuodseiios YoTym QQTf 3O Iybrom IRINOITOW B 9ARHB UOTIRII] T0D)

8seprsodony-o TetMed e usseidal Aew pue opridadond1hH oyNoTDH-ONJ 84l jO SSOT yonuw pPelols wioj artusAn( ayj woll sTieDd

Teo160ToyIRd pue feUlIOU 19U UT @leipAyoqien xa]dwoo sefowr [*( UeY} SSO] SUTRIUOD UOTIORI] 1YbJom IeINQaTOW -MOT STYT

aTqeloelap Jou = AN

‘S§70°870:870:0°T:0°T:0°T°0 "10 "€ OFIRI 8y} UT YT ey 18§ 41D N[O Usy:oyNoTD UR

Tse9lelsqns [e1oIMe Sursn palensuowsp ATBUIOUTAUOD 8 10U PINOO STY} Ybnoys usse Aousioijep

- s3sR1Iq0IqY

080 170 §8°1 v 0 26°0 S9°1 09°1 $8°1T sTTe0 woﬂ\mmﬁosi
Tei0L
an an an an anN an aN AN oyNheN
0°T 0°1 0°1 0°1 0°1 07 0% 0"y 2¢NOTOD
1L 1L aL IL 1°0 1L 1L 8°1T asojoRTEeD
e S0 1% a7, 1°0 LT 81 8'C ssouue
IL A8 0°1 8°0 80 1% a5 iL asoong
oT3el JeToW
("*5°W) e (*z"W) (*s°g) (s ("Z°N) (*g-qQ) ("3 0)
#SISOPTSOUURIN | + (@TTU8AN() (eTriuejur a3e7) 9SeIsIJ s, j30ypueyg 1 ad4g, 5
stsopisoong sTsoprsoong 1I edAL sTsopIs Tebng

sTsoprsorfbuen-2isn

~or16uen Ny

AHAVYDOIYWNOYHD HAdvd IALLYYYdIdd ANY Z-d 139018 NO NOILYNOILLOYIITY
A8 dIMOTTOL 0T-d TID0IE NO AHIVIDOLYWOUHD A QIIVIOS] WSITOEYIYD NIZIONIODATD 40 SHOWYT
NYOENT HLIM SLNILLYd WOYI TINIVIEO SISYTE0¥EId NINS dIYNITND WOYd «NOIIOWYI AAIIdAIODATD *II EgeAn

811



Vol. 63, No. 3, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

that stored in GMz—gangliosidosis Type 11 fibroblasts (containing Man and
GlcNAc in the ratio 2.7: 4, 0). Similarly, removal of three GlcNAc residues would
yield a glycopeptide with a composition similar to that stored in mannosidosis
fibroblasts (containing Man and GlcNAc in the ratio 3:1). 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
gsince asparagine is always a major amino acid, it is pre.sumed that the linkage

between carbohydrate and amino acid involves GlcNAc and Asn.
DISCUSSION

The study of human skin fibroblasts has been extremely rewarding in
elucidating the biochemical abnormalities responsible for a number of lysosomal
storage disorders. These include the glycogen storage diseases, the mucopoly-
saccharidoses, for example Hurler's disease (22) and the sphingolipidoses (1, 4).
Although cultured human skin fibroblasts lack the ability to synthesize the gly-
cosphingolipids (gangliosides and sulfatide) characteristic of nervous tissue or
the blood group antigens, the enzymes responsible for their catabolism can be
detected and deficiencies readily diagnosed. This has proved especially advan-
tageous for prenatal diagnosis of these rapidly fatal disorders. Despite our

failure to demonstrate G G or H-antigen accumulation in appropriate

fibroblasts (4), the fact 1‘;[1211: thl\e/lzenzyme 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 (including the lysosomal hydrolases themselves).

The results of our studies on fibroblasts cultured from patients with GMl—
gangliosidosis Type I (generalized gangliosidosis), GMz—gangliosidosis Type II
(Sandhoff's disease), fucosidosis and mannosidosis suggest that fibroblast glyco-
proteins contain oligosaccharide units of the [NeuEAc—Gal—GlcEAc—Man]z or -
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 B(1-+ 4)GlcNAc B(1— 2)
Man a(1— 3) [Gal p(1—=4)GlcNAc B(1-»2)Man a(l—» 6)Man p(l— 4)GlcNAc (11)
and the material stored in Sandhoff and mannosidosis fibroblasts is derived from
this structure by the loss of terminal galactose and GlcNAc residues respectively.
Fucosidosis fibroblasts are an exception in that only a Fuc e(l— 6) GleNAc
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
GlcNAc-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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