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ABSTRACT The molar ratios of N-acetyl neuraminic acid, 
hexose, hexosamine, and sphingosine have been determined for 
the abnormal ganglioside in Tay-Sachs disease that was pre- 
viously detected as a fast-moving band in thin-layer chro- 
matography, and in two abnormal fast-moving bands of ganglio- 
sides from the cortex and white matter of the brain in cases of 
gargoylism and Niemann-Pick’s disease. The fastest-moving 
ganglioside band in these two conditions contains neither hexos- 
amine nor glucose. 
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SEPARATION OF THE various gangliosides containing h-- 
acetyl neuraminic acid (NANA) has been greatly as- 
sisted by the use of thin-layer chromatography. A band 
specific for Tay-Sachs disease has been described by 
Miildner, Wherrett, and Cumings (1) and by Sven- 
nerholm (2) ; it is a fast-moving band obtained from lipid 
extracts of the cerebral cortex and also from the white 
matter of infants affected with this disease. Wherrett and 
Cumings (3) found that more than 80% of the total 
NANA present in the cortex was in this band. 

A number of workers have determined the relative 
molar proportions of NANA, hexosamine, hexose (glu- 
cose and galactose), and sphingosine in both this Tay- 
Sachs band and in one with slightly lower R, in the 
chromatogram of the gangliosides of the normal cerebral 
cortex. 

In  gargoylism and in Niemann-Pick’s disease there 
are in addition to the normal bands two faster-moving 
fractions, as has already been demonstrated in Niemann- 

Abbreviation: NANA, N-acetyl neuraminic acid. 

Pick’s disease (4). These features are illustrated in 
Figs. 1 and 2 for Tay-Sachs disease, gargoylism, and 
Niemann-Pick’s disease. The three bands investigated 
here are arbitrarily indicated by the letters A, B, and C .  
Band C corresponds to GMz of Svennerholm (2, 5), or 
Go of Kuhn and Wiegandt ( 6 ) .  

We report here the relative molar amounts of the 
component parts of these three ganglioside bands, which 
from the figures can be seen to be present in both white 
matter and cortex. 

MATERIALS AND METHODS 

Samples of fresh, unfixed brain from two cases each of 
Tay-Sachs disease, Niemann-Pick’s disease with cerebral 
lesions, and gargoylism were obtained at  biopsy or 
autopsy. The white matter and the cerebral cortex were 
in every case at  once separated and from each portion 
a lipid extract was prepared as previously described 
[Wherrett and Cumings (3)]. The lipid was subjected to 
thin-layer chromatography on Silica Gel G (Merck) 
with the apparatus of Stahl (Camlab, Ltd., Cambridge) 
(1). The solvent mixtures used were: chloroform- 
methanol-10% aqueous ammonia 60 :35 :8 (v/v/v) (1) 
as well as chloroform-methanol-3.5 M NH40H 55 : 40 : 10 
(v/v/v) (7). The various bands were made visible by 
means of the resorcinol spray of Svennerholm (8). The 
bands shown as A, B, and C (Figs. 1, 2) amongst the 
faster-moving gangliosides are those that stained purple ; 
other bands visible in the photograph in these regions 
were yellow and appear not to contain NANA. 

Each original lipid extract was then chromatographed 
on single plates and the position of each band was deter- 
mined by spraying with water or with bromothymol 
blue (10 mg/100 ml of 9 M NH40H) and outlining with 
the point of a needle. When water was used the plates 
were subsequently dried in a stream of air. The gel con- 
taining each band was removed separately from ap- 
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\Volfc and Lowden (12), and the identity of the hexose 
present was established by rising anthronc and qlucose 
oxidase in the manner they describe. 

RESULTS ,4ND DISCUSSIOS 

Molar ratios calculated for the various bands arc re- 
corded in Table 1. In preliminary experiments on the 
fast band i n  the nornial cortex [GJll of Svennerholin 
(3, 5)] results similar to those of other workers were 
obtained. Our results in the abnorinal band in Tay- 
Sachs disease are alniost identical with thosc of other 
workers. It should be noted that care should be taken not 
to reniove and examine thc lowest quarter of band C, 
for the normal fast band inay slightly overlap the ab- 
normal fast band i n  Tay-Sachs disease, and hexose ratios 
of 2.3-3.05 were obtained i n  the lowest portion becarisc 
of the consequent admixture. 

Several workers (1 3-17) have confirined Svcnncr- 
holm's analyses (2, 5) of the ganglioside i n  the fast- 
moving hand in Tay-Sachs disease and have shown that 
equiinolar amounts of glucose and galactose arc present. 
\Yhercas most of these workers have used thin-layer 
chromatography, some [Makita and Yainakawa (17)] 
have obtained similar results with column chroinatog- 
raphy. All the earlier results relatinc to the Tay-Sachs 
band [GlI2 of Svennerholni (2, 5 ) ]  were obtained on 
extracts of cerebral cortex; the present work shows its 
presence in white matter as well. I t  might be noted that 
some compounds not containing N.4N:I have also been 
described in Tay-Sachs disease (17). 

There are fewer reports of the presence of faster-lliov- 

of bands A and R demonstrated that virtually no hexos- 
ainine was present in  either; no glucose, only galactose 
was detected in the hexoses. S \ r e n ~ e r h o h  (18) denion- 
strated a fast and faint small band (G3iR) in normal white 
matter but not in the cortex. An abnormal pattern in 

F ~ ~ .  1. Thin-layer chromatographic pattrrns of lipid CStl';lCtS 

(from left to riqht) of normal cortex, white mattrr, and cortex from 
a case of 'ray-Sachs disccase. Developing solvent: chloroform- 
methanol-3.5 M NllrOl-I 55:40: 10 (v/v/v). Detected by rrsor- 

stained purple (?j:\N;\ prrsrnt). 

proximately 7,'Rths of the plate and the remainder of the 
gel on the plate was sprayed with the resorcinol spray to 
inake Sllre that each band removed did correspond to 
binds A, R, and C. Brornothymol blue was removed by 
stirring and washing the gel with 10 nil of acetone, al- 
lowing the gel to scttlc for 5 min, and washing twice 
inore with acetone. Gangliosides were then extracted 

cinol spray of Svrnnrrholm (8) .  Only C .  of the fast-movinq bands, ilia bands (sllch as A and B, in  Other diseascs* The ana1ysis 

T.\BI,E l MOLAR DISTRIRUTIONS I N  RANDS .\, R. AND C 
(FIGS. 1 AND 2)  

froin the gel with pure inethanol (7), the inethanol wash- 
ings were pooled, taken to dryness at 6OoC, and rechro- 

Hexos- Spliin- 
SAN.4 amine f Irsosr corinr 

(as base) 
inatographed for final purification. The dried prcpara- 

tion. Each compound was pure, as judged by chroniatoq- 

'Tay-Sachs d i s e ~ e  

Nicmann-Pick's discase 

tions were white and could be stored without deteriora- Hand C 0.98 0.95 2 .1  1 

raphy with both solvent systems. Rand B 0 . 9  0.07 1.95' 1 
Portions of each sample so prepared were analyzed Rand h 1 . 0  0.1 2.5'1 1 

hexosainine [Rondle and Morgan (9)], hexose [Roe Rand :\ 1 .05 0.05 2.4'1 1 
by the methods indicated : NANA [Svennerholin (8) 1, 

(lo)], sphingosine [Lariter and Trains (1 l)] .  Hexose 
was also determined aftcr separation of hesosaniine 
froin hexoses on a Dowex-XR column as described by 
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FIG. 2. ‘l’hin-layer chromatoqraphic pattern, from left to riqht, of lipid extracts from: 
( a )  cerebral white matter from a case of gayoylism, ( h )  cerebral cortex from samc case of gar- 
goylism, ( c )  ccrrbral cortex from another cilse of gawoylism, ( d )  normal cerebral cortex, (c) 
cerebral cortex from a cIm of Niemann-Pick‘s diseze. Development and detection ns in Fiq. 1. 
Onlv .\ and R, of the fast-movinq bands, stained purple. 

h’iernann-Pick‘s disease was recorded by one of u s  
earlier (4); Jatzkewitz, Pilz, and Sandhoff (19) record 
an increase, for this disease, in the amounts of “Tay- 
Sachs qanK1ioside” present (3). Ledeen and coworkers 
(16, 20) have reported two fast-moving bands in a case 
of garqoylism, but they examined whole brain extract 
only. ’They found no hexosamine in the fastest-mwinq 
band Ga (our A), althouqh they also discussed a band 
which miqrated at  the same rate as the Tay-Sachs band 
(our C) and which contained hexosamine. Molar ratios 
were not given for the fastest-movinq band. 

I t  is of considerable interest that these abnormal fast 
bands are practically devoid of hexosamine. Althouqh 
Svennerholin (18) demonstrated in extracts of norriial 
white matter a faint fast band (GY3) containinq a very 
small amount of hexosamine, he did not find it in the 

normal cerebral cortex. The absence of glucose from 
band A is also noteworthy. These fast bands (A and R) 
appear to represent new gaqlioside compounds con- 
taininq NANA, sphinqosine, and galactose in molar 
ratios of approximately 1 : 1 : 2. This ganglioside has been 
found by 11s in four diseases; apart from the two men- 
tioned here it has been seen in globoid body diffuse 
sclerosis (Krabbe‘s disease) and in a form of amaurotic 
family idiocy similar to Tay-Sachs disease but occurrinq 
in older children, some of whom had visceral as well as 
cerebral manifestations. 

.4mong the formulae that have been suggested for 
gangliosides are two by Klenk (21) in one of which 
hexose was present instead of an hexosamine. The gan- 
glioside demonstrated here could be the one without the 
hexosamine. Whether in the diseases in which this gan- 
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glioside is present an abnormal ganglioside is synthesized 
or whether the normal metabolic processes are shifted 
in such a way as to increase the concentration of a gan- 
glioside normally present at the expense of other gan- 
gliosides is not at present known. 

We suggest that the nomenclature used by Svenner- 
holm be employed in regard to these fast bands. The three 
bands A, B, and C would then be named GM4, GH3, and 
GMZ. 
Manuscript received 76 August 7965; accepted 17 December 1965. 
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