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ABSTRACT It has been demonstrated that glycolipids of the globo-and ganglioseries accumulate in
brains with Gy,-gangliosidosis and Tay-Sachs disease (T-S dis. ), although they are not detected in
differentiated normal brains and cannot be explained by representative glycosidase deficiencies. The
present study was undertaken to elucidate the metabolic mechanism responsible for the glycolipid
accumulation in brains with these two diseases, in comparison with control human brains at different
stages of differentiation. A simple method for glycosyltransferase assay using ion-exchange chromato-
graphy was developed and employed for this purpose.

1 The activity of globotriaosylceramied (Gb, Cer) synthase was hardly detectable in unaffected
embryo brains, and seemed to be a rate-limiting enzyme of the synthesis of globoseries. However,
enzyme activity was detected in infants, and showed significant levels in the two diseases (3 in 4 cases
of Gy,-gangliosidosis and all 3 cases of T-S dis. ). Globotetraosylceramide (Gb,Cer) synthase activity
was low in the fetal stage and gradually increased in the normal infant. The brains with Gy:-gang-
liosidosis and T-S dis. showed similar activity as that of the infant. These results endorsed the
synthetic occurrence of globoseries glycolipids in the brains of the two diseases.

2) In the normal brains, activity of gangliotriaosylceramide (Gg;Cer) synthase was detected only
in the early fetal period, while that of gangliotetraosylceramide (Gg,Cer) synthase was very difficult to

Abbreviations and glycolipid structures.
Gms—Gal(B1-4)Gle-Cer; Gu—GalNAc(81-4)Gal(B1-4)Glc-Cer;

' (a2-3) ] (a2-3)
NeuAc NeuAc
Gmi—Gal(p1-3)GalNAc(B1-4)Gal(B1-4)Glc-Cer;
| (a2-3)
NeuAc

Gps—Gal(p1-4)Glc-Cer;
| (@2-3)
. NeuAc(a2-8)NeuAc
Gar—GalNAc(F1-4)Gal(B1-4)Glc-Cer ;
Ga—Gal(B1-3)GalNAc(81-4)Gal (B1-4)Glc-Cer ;
LacCer—Gal(g1-4)Glc-Cer; GbsCer-Gal(al-4)Gal(B81-4)Glc-Cer ;
Gb,Cer—GalNAc(81-3)Gal(a1-4)Gal(81-4)Glc-Cer;
Gal, galctose; Glc, glucose; GalNAcg, N-acetylgalactosamine; NeuAc, N-acetylneuraminic acid ;
Cer; ceramide; C/M/W, chloroform/methanol/water; AcONH,, ammonium acetate.
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detect in developing infant brains. All Gy,-gangliosidosis brains showed higher levels of the two
enzyme activities, expressing early embryonic level. The accumulation of Gg.,Cer in the Gy,-gang-
liosidosis brains seemed to be caused not only by catabolic B-galactosidase deficiency, but also by a
higher level of Gg,Cer synthase and sialidase which forms Gg,Cer from Gui-

3) Activities of Gys, Gy: and Gy: synthases showed high levels in unaffected embryonic stage and
decreased thereafter except for Gus synthase; In many cases of the two gangliosidoses, higher levels
of these enzymes were detected when compared to those of age-matched controls. On the other hand,
although Gp; synthase was much less active in developing infant brains and T-S brains, the enzyme was
significantly elevated in all the G, -gangliosidosis brains of the two subtypes, being characteristic of the

diseased brains.
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Table 1 Nowmenclature of GM2-gangliosidosis.
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Common name

Clinical symptoms

Enzyme defect

mental and motor deterioration

muscle weakness

B-N-acetylhexosaminidase A

gangliosidosis

Tay-Scachs disease hyperacusis (B-Hex A)
macrocephaly
cherry red spot

Juvenile Gy,- similar to Tay-Sachs disease [-Hex A

(onset and progression more slowly)

(partial defect)

E

Bl-varriant similar to Tay-Sachs disease

B-Hex A
(catalytically defect against Gy, and
4MU GlcNAc-6-sulfate)

AB-varriant similar to Tay-Sachs disease

B-Hex A
activator protein

Sandhoff disease similar to Tay-Sachs disease

B-Hex A and B
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LREE LT
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INRERME R E L., ZALORIISET—T0C
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Table 2 Clinical and enzymatic findings on four cases of Gu-gangliosidosis.

Type I Type 11
Case 1 Case 2 Case 3 Case 4
Clinical symptoms
Onset age 3M 5M 12M 16M
Age at death 4Y3M 2Y9M 8Y3M 11Y2M
* Abnormal facies (+) + (= (=)
Cherry red spots +) (- () (=)
Hepatosplenomegaly (++) (+) (=) (=)
Bone involvement +++) (+++)—=(++) (+) +)
Vacuolated lymphocytes (+++) (++ -+ (+>
B-Galactosidase activity® Control range®®
in Leukocytes
4-MU» 2 3 6 7.7 120-—265
Gw® 0 0 0.03 0.48 25—54

? Activities are expressed as nmo//mg protein/hour.
© 4-MU : 4-methylumbelliferyl-g-D-galactopyranoside substrate.

o) GMl

: Gm; ganglioside substrate.
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Sialidase
A-Galactosidase

: g-Hexosaminidase A

Fig. 1 Glycolipid Synthesis and Glycolysis Pathway.
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BERIERE (50 xI) 13, LacCer, 50 nmol ; UDP-
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250nmol ; # = AT MY v A (pH6.8), 2.5
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3.5cm, 1mi, LAFA-25% 3 2)iEmL, 6ml o
KB g 3 ml @ isopropanol (i-propanol) THEE#
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Fig. 2 Elution Profile of Gu; Synthase Reaction on
DEAE-Sephadex A-25.
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Fig. 3 Enzyme Activities of Ganglioside Synthesis.
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1 Gg,Cer SREBERBE R IENEL, Gg,Cer &M
BEEL—EDLNAERL, KENTOZS07 7
wiy 7 ) A RERERBEEE ST . Gui-gang-
liosidosis 4D Gg,Cer (G,, ) E &L f-galactosidase
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Gba Cer
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d 6 6 d a & ]
zZ zZ 2 2 H z ﬂ z N H
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g H
3
£ — = (}H , F]H
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synthase M —
g d a d I_I |"I d ¢
.z Z zZ =2 ﬂ zZ 2
GgaCer
(Gat) I
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g g o g H
2=z 2z 1ol lmam =]

N.D.: not detected

Fig. 4 Enzyme Activities of Neutral Glycolipid Synthesis.
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Jigkd, X vEECoEENAE RO BT
SDEHEE B 5. AR CHEY LB, BA A
THRECRE Lt v 79 A+ F (RIGEW) &ElE
WRIBBEYE 2B X v 58, BETLHET
H5HH, BREERAYE 2L ik, PHEERED
ERRIEOWERIC S EHTH 7. EDOERBEER
ISR TS AERPOEINEIZ 0% TR E B, E
OERRE SRBEREEOBBICHBTEL0THS.
42 Gy, -gangliosidosis

Gu:-gangliosidosis I & & I B = B§ L, B-
galactosidase IEEDORIBRE LEBEROHELEE L O

Case Normal Gui-gangliosidosis
Fetal [nfant type I type 11
Y 4y 8y 11y
Enzyme 1SW 2w 8M M | 3y sY Mo HVRIA
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: el _
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Hrﬂﬂﬂ alllonl ol
SAase®
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2} 4-MU-Gal : 4-methylumbelliferyl-
B -D-galactopyranoside.
bl 4-MU-NeuAc : 4-methylumbeiliferyl-
a-D-neuraminic acid.
c) Gua: Gma ganglioside.

Fig. 5 Glycosidase Level in Gy,-gangliosidosis Brain.

B ¥ FLiRE SR
Normal Tay-Sachs disease
Case
Fetal Infant
Y 2y 3y
Enzyme 15W M Iy sy M 1M oM
B-HexA @
(4-mu-
GlcNAc) . . .
a aa
— s N e | 1M z z =z
£ | g-HexB
g’ (4-Mu-
% GlcNAc)
£
SAase
(4-MU- Ly m
NeuAc) ”‘l
SAase ©
(Gm3) 104
=
o O o[

N.D.: not detected

a} 4-MU-GIcNAc : 4-methylumbelliferyl-
B-D-N-Acetylglucosamine

b} 4-MU-NeuAc: 4-methylumbelliferyl-
a-D-neuraminic acid

c} Gms : Gz ganglioside

Fig. 6 Glycosidase Level in Tay-Sachs Brain.
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