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When exogenous gangliosides are added to the growth medium of neuronal cell cultures they are inserted 
into their plasma membranes and are afterwards metabolized in the cytol)lasmie interior. The action of 
exogenous gangliosides brings important morphological and biochemical changes to neurons in culture. The 
present report shows that the treatment with exogenous gangliosides of a primary culture of chick neurons 
modified the distribution of fatty acids in phosphatidylinositol (PI), mainly that of arachidonic acid and the 
rally acids of the (n - 3) series without aff,:¢.*Jng the other phospholipids. The composition of neulral lipids 
did not change but their content was increased up to 2-34old depending upon the concentration of 
gangliosides. The change of the growth medium from one containing fetal calf serum to a chemically defined 
one reduced dramatically the cobtent of free fatty acids while the addition of gangliosides raised this content 
to normal revels. The increase in the amount of diacylglycerol (DG) confirmed the finding that gangliosidss 
stimulate phosphoinosRide degradation. Finally the fatty acid compositEon of DG suggests indirectly that this 
compound might be produced also by degradation of phosphatidylcholine and not only M PI. 

Introdnc|lott 

Gangllosides arc integral components of the 
plasma membrane (for review, see ReL 1) and ,are 
known to be involved in many biological func- 
tions of ~ervt' cells such as neurotransmission 
[2,4], probably via their interaction with calcium 
ions [51, the n',eeption of various neuromodulators 
[6,7], the recognition, the establishment and the 
maintenance of cell to cell contacts [8], and, fi- 
nally, cell proliferation and maturation [9,101. 

It has been shown that exogenous gangliosides 
can be inserted into the plasma membrane before 
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their intake into the cell [11-13]. The addition of 
g~.ngliosides to neurons in culture produces pro- 
found cY, anges in the cell morphology the most 
importam of which being sprouting of neurites 
[14,15]. This, however, is not accompanied by any 
remarkable variation in the overall content and 
metabolism of proteins and nucleic acids (Ferret, 
B. et aL, ur~published data). 

The effects produced by exogenous ganglio- 
sides must then be due to their action at a more 
specific level. In this respect it is noteworthy that 
exogenous gangliosidc~ can regulate protein phos- 
phorylation [I6,17] and stimulate the metabolism 
of phosphoinositides [18], notably of inositol tris- 
~hospb._a.te tIP3). This implies nn indirect role of 
gangliosides in the mobilization of intracellutar 
calcium ions considering the involvement of IP~ in 
such a mechanism [19]. 
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An increased metabolism of phosphoinositides 
led to the suspicion that gangliosides might also 
modify the content of DG, which is known to be 
an activator of protein kinase C [20]. Experiments 
were therefore undertaken in primary neuronal 
cell culture from chdck embryos cerebral hemi- 
spheres to determine the possible effect of exo- 
genous gangliosides upon the content and com- 
position of neutral iipids as weli as phospholipid. 

Materials and Methods 

Neuronal cultures from 8-day-old chick em- 
bryo's cerebral hemispheres were obtained follow- 
ing standard procedures [21] and grown, for three 
days, in 5 ml Dulbccco's modified Eagle's medium 
(DMEM, GIBCO) supplemented ~ t h  105 f~al 
calf serum (Flow). At the 3rd day in vitro 
Dulbecco's medium was substituted with 5 ml of a 
chemically defined medium without fetal calf 
serum (CDM:DMEM containing per liter 5 mg 
insulin, 16 mg putrcscin, 100 nag trensferrin, 10- ~2 
reel oestradiol, 2-10-  s reel progesterone and 2- 
10 -s mol sodium selenite), containing or not 10 -~ 
M or 10 -~ M of a mixture of gangiiosides tGM1 
19.8%, GD3 5 . 2 ~ ,  G D l a  39.6~, ~Jolb 14.6%, GTI b 
17.6%, Go~ 3.2%, Fidia). The CDM, with or 
without gangliosides was changed once more on 
the 5th day and the biochemical analyses were 
performed one day later. The concentration of the 
gangl/osides were in this study respectively above 
and below the critical miccllar concentratior~ 
111,22-25]. 

it has been shown that after 4 h of incubation 
of them cultures with 10 -~ M of single species of 
gangliosidcs (GMI , GTlb; Ref. 26) labelled vAth 
trit;.,n, on the ceramide portion [27] or with a 
mL~.ture of gangliosides sJmilar|v radioiabeil¢d 
(unpublished result,) about 96% of the radioactiv- 
ity remains in the medium and decreases slowly 
there after to 85% after 72 h of incubation as in 
the present experimental conditions with a negligi- 
bl~ deLt,mp,,sition of the sialoglycoconjugates. 

The cells were washed three times with a 0.147 
M NaC1 solution at 4°C, collected in the same 
solution ~n_d Lhe_~ e,~n_tfifuged (3000_. × g, lS re.in), 
The supernatant was discarded and total lipids 
were extracted from the pellet according to the 
procedure of Folch et al. [28]. Neutral lipids and 

phospholipids were separated by column chro- 
matography with silica gd 60 (230--400 mesh, 
Merck) as adsorbent (4 × 30 ram), Neutral lipids 
were ehted with chloroform (10 ml); phospholi- 
pids were recovered by elation with methanol (10 
ml) following a 15 ml wash wire acetone/methanol 
(9: 1, v/v). Neutral lipids were separated by thin- 
layer chromatography on silica gel 60 plates 
(Merck) developed in hexane/diethyl ether/acetic 
acid (70: 30: 1, by vol.). Phospholipids were sep- 
arated by thin-layer chromatop.raphy on silica gel 
L.IO plates (Whatman) impregnated with boric 
acid according to Leray et al. [29]. Fatty acid 
methyl esters from each individual lipid were pre- 
pared [30] and analysed using a Perkin-Elmer 
Sigma 1 gas chromatograph (bonded fused silica 
op¢,~ tubular column% 0.32 mm i.d.. × 50 m, Su- 
perox. Alltech Assoc.) and a Sigma 10 chart in- 
tegrator. The tipid amounts were estimated using 
heptadecanoate as an internal standard and the 
data are expressed as per cent molar concentra- 
tion. Proteins were determined according to Lowry 
et al. [31]. 

TABLE i 

DISTRIBUTION OF THE MAIN FA'tTY ACIDS IN PHOS- 
PHOLIPIDS OF CHICK NEURONS IN CULTURE 

Values expressed in mot~ are means of two representative 
culture experiments (three Petfi dishes each). Only the main 
fatty acids are listed. L sum of the fatty acids. Satd., saturated 
fatty acids, n.d., not detectable. Only the fatty acids whose 
levels are higher than 0.4~ are listcd~ 

Fauy acid PC PE PS 

14 : 0 4.4 1.6 2.4 
16:U 44.6 13,~ 18,3 
18: 0 5.8 17.2 29.4 
5" satd. 55.0 32.3 50.2 
16 : I ( n - 9) 7.6 5.2 6.0 
lb : 1 (n  - 9) 25.1 18.7 20.1 
20:3 ( n - 9 )  0.7 4.2 n.d. 

(n - 9) 33.4 28.2 27.2 
~'(n - 7 )  6.4 5.9 1.1 
18:2 (n - 6) 1.0 1.4 2.5 
2 0 : 4 ( n - 6 )  1.6 14.3 2.6 
22:4 in - 6 )  2.9 2.0 n.d. 
22: 5 ( n - 6) n.d. 0.7 n.d. 
E (n - 6 )  5.7 18.5 5.1 
~0-5 (n - 3 )  nd .  o.9 n.d. 
22:5 (n - 3) n .d  3.1 1.9 
22 :6(n  - 3 )  i.3 10.2 9.8 
T_ (a - 3 )  1.31 14.6 12.4 



Results 

The average protein concentrations were of 
0.784 mg/Petri dish for control and 0.792 and 
0.810 for 10 -g M and 10 -~ M treated neurons, 
respectively (average of 12 determinations out of 
four independent experiments, S.D. < 8~) indicat- 
ing that the treatment of the cultures with gang- 
lies±des had no effect on their protein content. 

Since no statistically significant modification 
was seen in the fatty acyl chain composition of 
phosphatidytcholine (PC), phosphatidylethanol- 
arrfine (PE) and phosphatidylserine (PS) as a func- 
tion of ganglioside concentrations, the fatty acid 
composition of these phospholipids is given only 
for control cultures (Table I). The data hence 
show that in neurons in culture PC and PS were 
the most saturated phospholipid species, palmitic 
acid being the most abundant in the former and 
stearic acid in the later phospholipids. While the 
most abundant polyunsaturated fatty acids in PE 
were those of the (n - 6) series (mainly 20: 4), the 
most abundant in PS were those of the ( n -  3) 
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series (mainly 22:6). Beside the saturated fatty 
acids, PC was also characterized by a high amount 
of non essential fatty acids (about 40~ of mono- 
enes of the n - 9 and n - 7 series). The quantita- 
tive distribution of these phospholipids was not 
modified by the ganglioside tr,mtment and re. 
mained for PC, PE and PS 53~,, 25% and 10% of 
total phospholipids, respec*ivdy. 

The main modification induced by fan@los±des 
upon the fatty acid composition of phosphatid- 
ylinositol (PI) was a progressive decrease in the 
proportion of saturated fatty acids compensated 
by an increase in the proportion of several polyun- 
saturated fatty acids (Table II). Palm±tic acid was 
the saturated fatty acid mostly affected by the 
ganglioside addition, 20:3 ( , - 9 )  was more 
abundant (+46%) at 10 -s  M ganglion±de con- 
centration, while more 20:4 (n - 6), 22 : 4 (n - 6) 
and 22:6 (n - 3) was found (+40%, ~ I00~ and 
+ 78%, respectively) at the lowest ganglioside con- 
centration. The higher increase in the proportien 
of polyunsaturated fatty acids in the Pl of neurons 
treated with 10 -~ M gangliosides compared to 

TABLE II 

EFFECT OF EXOGENOUS GANGLIOSIDF-S ON THE DIS~,q',IBUTION OF THE PHOSPHATIDYLINOSITOL ACYL 
CHAINS IN CULTURED CHICKEN NEURONS 

Values represent means +S.E of three experiments (three Petri dishes each). * P < 0.0S; * * P < 0.011 ***  P < 0.001 for differen¢¢~ 
due to the g.',nglioside treatment (Studcafs vtest). £, sum of the fatty acids. Satd., saturated fatty acids, n.d., ,mr detectable, Only the 
fatty acids whose le,¢els are higher than 0.4% are listed. 

Fatty acid Ganglioside concentration (M) 

0 l O - "  M 10 -~ M 

14;0 2.4+0.1 2,6:1:0.1 0.7±0.0 
16:0 18.7+0.7 14,2±0,6 * * 11.9+0.5 ** 
18:0 24] 4-1.2 25,9± 1.0 26.9±11 
X2 said. 45.2 :i: 2.1 42.8 4-1.9 39.7 4-1.4 
16: l (n - 9) 4.8±0.3 5.4+0.3 3.2 ±0,1 
18: I (n - 9) 21.1 ± 1.5 16.9 ±0.7 20.5 ±0.9 
20:3(n 9) S.2±0.3 5,2.t:0,2 7.5_+.0,3 ** 
E ( .  - 9 )  32.0+ 13 28.9 =1:0.9 32.7 + 1.2 
~" ( .  - 7 )  1.3:i:O,l 1.3 +0.1 1,4±0,1 
18:2 (n - 6 )  1 8520.1 1.1 :~0.1 1.7 +0.1 
18:3(o - 6 )  0.6:t:0.l n.d. n.d. 
20:4 ( n - 6 )  12,9+0,'~ 17.9-I-0.7 ** 1:5.0+0,6 
22:41a--6)  0.7+0.1 1.6+0.! ** 1.14-0,1 * 
5"_ ( ,  - 6 )  17.6+0.7 20.7:1:0.8 19.9 + 0.7 
22:5 ( .  - 3 )  0.4±0.1 1.4±0.1 i.3±0.1 
22:6(0 - 3 )  2.6+0. |  4.8 +0.2 ***  4.1 +0.1 **~ 
~ ( n  - 3 )  3.5"1-0.1 6.2 ±0.2 * * *  6.1 4-0.2 ** 
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i:ig. 1. Content of neutral lipids in neurons grown in CDM for 
t~rc¢ days and in the absence or presence of a mixture ~f 
gangtiosides. CF., cltolesterol esters; TG, triacylglycerois; FFA. 
free fatty acids; DG, diaeylglycerols. In the abscisse the con- 
centrations of of gangliosides. Values were obtained from two 

regresentative culture experiments (three Petri dishes each). 

10 -s M should be related to the physicochemical 
characteristics of the sialoglycolipids which below 
10 -7  M are more in a dispersed monomeric form 
than micellar [11]. This may facilitate thelr in- 
sertion into the membrane and consequently their 
metabolic action at the level of membrane de- 
ments, 

The concentration of the four neutral lipids 
detected in cultured cells in the absence or in the 
presence of gangliosides is shown in Fig. 1. The 
treatment by gangliosides at a concentration of 
10 -S M, increased 2-fold the amount of each lipid 

TABLE 111 

EFFECT OF EXOGENOUS GANGLIOSIDF_S ON THI~ 
DISTRIBUTION OF NEUTRAL LIPIDS WITH REFER- 
ENCE TO CONTROL NEURONS GROWN IN THE PRES- 
ENCE OF SERUM 

Neurons were either grown for 6 days with DMEM _:pple~ 
mented with 10% fetal calf serum or 3 days in DMEM with 
serum and 3 more days in CDM. Values are expressed in 
with reference to neurons grown with s.wum and were obtained 
from two represenlative culture experiments (three Petri dishes 
each). Abbreviations, see Fig. i.  

Neurons grown 
in DMEM/semm 

Neurons grown in CDM 
(gangliosidc concentration) 

0 tO - s  M lO =~ M 

CE 100 72 253 209 
]'G 1 ~  30 109 65 
FA 1 ~  45 149 108 
DG 100 34 148 75 

and ,  a t  10 - s  M,  a b o u t  3-fold.  T a b l e  II1 shows  tha t  

the  a d d i t i o n  o f  gangl ios idcs  at  b o t h  c o n c e n t r a -  

t ions  r~Jses b y  a f a c t o r  o f  th ree  the  a m o u n t  of  

neu t r a l  l ip ids  w h e n  c o m p a r e d  to  n e u r o n s  g r o w n  

solely in the  p r e sence  o f  C D M .  W h e n  expressed  in 

m o l a r  pe rcen t  ( T a b l e  IV a n d  V) a n d  regard less  of  

t he  gangl ios ide  t r e a t m e n t ,  the  free fa t ty  ac id  com-  

pos i t ion  was slightly affected. Cholesterol esters 
and triacylglycerols showed some changes, the 
proportion of stearic acid was increased in 

TABLE IV 

EFFECT OF F.XOGENOUS OANGL1OS1DES ON THE DISTRIBUTION OF FATTY ACIDS IN THE FREE FATTY ACID 
GROUP (FFA) AND IN CHOLESTEROL ESTERS (CE) OF CULTURED CHICKEN NEURONS 

Values are the means from two representative cultuce experiments (three Petri dishes each}. Only the main fatty acids are ]isled. 
sum of the fatty acids. Sat&, saturated fatty acids, n.d., not detectable. Only the fatty acids whose levels are higher thzn 0.4% are 
listed. 

Fatty acids FFA, ganglioside concentrations CE, gaaglioside concentrations 

0 10 .~  M 10 -~  M 0 10 . °  M 10 -~ 5,1 

14: 0 45.0 42.3 45.1 6,1 4,2 7.8 
16: 0 27,6 31A 29,5 22.0 24.6 21.6 
lie :0 7.4 7.5 7.2 6.7 12,6 9.0 
E satd. 80.8 821 82.7 35.5 44.6 40,4 
16 : 1 2,7 2.7 2.5 25.1 11.7 18.1 
18 : 1 13,7 13,1 12,5 23.7 22.5 27.7 
I¢ (n - 9} 16A 15.2 15.2 48.9 41.1 53,4 
18: 2 2.3 2,0 2.0 5.2 7.9 4,0 
1~ : 3 nA n.d. n.d, 1.3 n.d. n.d. 
Y: (n - E) 2.6 2.5 2.0 7.2 8.3 4.0 
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TABLE V 

~ r r ~  L ~,r EXGGENOU$ GANGLtOSIDES ON THE DISTRIBUTION OF ACY|. CHAINS IN DIACYLGLYCEROLS (DG) 
AND TRIACYLGLYCEROLS (TG) OF CULTURED CHICKEN NEURONS 

Values arc means for two culture experiments (thr~¢ Petfi dishes each). Satd,, saturaled fatty acids, n.d,, not detectable, Only the fatty 
acids whose levels are higher than 0.4~ are listed. 

Fatty acids DG, gangliosidc concentration TG, 8angliosid¢ concentration 
0 10 - s  M 1.0 ~5 M 0 l0  - s  M 10 - s  M 

14: 0 8.8 7.4 10.3 7.g 3.g 8.9 
16:0 38.2 36.7 34,1 32.5 36,0 33.7 
18:0 13.3 t8.2 13.7 7.6 10.8 7.9 
E sat& 60.5 66.3 60.4 48 ,~ S1.9 51.6 
16:1 10.8 11.4 12.0 15.8 13.9 14.4 
18:1 21.9 20,3 19.1 25.4 28.0 26.5 
Z; (n - 9) 34,0 29.5 34.8 41.7 44.8 43.6 
18 : 2 3.5 3.4 2.8 5.1 2.6 2.8 
18:3 1.5 n.d. n.d. 0.8 a.d. n.d. 
X ( n - 6) 5.0 3,4 3,1 6.6 2.8 2,8 

cholesterol esters and DG oi ly  at the lowest 
ganglioside concentra'tion, while that of linoleic 
acid increased in cholesterol esters and decreased 
in triacylglycerols. Also the amount of 16:1 de- 
creased in cholesterol eaters of cells treated with 
10 -s M gangliosides. 

Discmsion 

It has been shown that the addition of a mix- 
ture of gangliosides to chick neurons in culture 
has a powerful neufitogenic effect [15,31,32] 
accompanied by a stimulation of the metabolism 
of phosphoinosi.tides after incubation of the cells 
with radioactiw,' inositol [18], This observation led 
to the study of a possible effe:t of gangliosidcs 
upon the composition and distribution of the lipid 
moiety of membrane phosphollpids. Moreover, the 
increased synthefig of tP3 suggested that the DG 
part of PI might be affected as well by the treat- 
ment with g:ugliosides, hence r,::sult!.ng in a mod- 
ification of protein ldnase C at:tivity, and subse- 
quently, of protein phosphorylation. Therefore, 
the amount of '.~eutral hpid~ V~ been analysed 
after the growth of neurons in the presence or in 
the absence of a mixture of gangliosides. 

Tke results show that the addition of ganglio- 
sides had no effect on the amount and the distri- 
bution of phospholipids. The composition of fatty 
acids in the various phospholipids, instead, varies 

but only in PI where the proportion of saturated 
fatty acids decreased and polyunsaturated fat,y 
acids increased, notably arachidonic acid and the 
fatty acid of the (n - 3) series. 

The content of neutral lipids was also markedly 
affected by the treatment with the sialoglycolipids. 
The change of the cell growth medium from the 
DMEM containing 10% fetal calf serum to the 
CDM reduced significantly the content of neutrl[ 
lipids, The presence of gangliosides raised such a 
content to levels corresponding to those present in 
serum grown cells or even above (Table lII), It 
should be pointed out that the growth of cells in 
CDM slows down their development when com. 
pared to DMEM supplemented with serum. Un- 
der these circumstances the finding further con- 
firms the neurotrophic action of gangliosides, 

The fetal calf serum used contains free fatty 
acids (wit.h, notably, 7 to 9~ of 14: 0, unpublished 
observations) and the change to CDM growth 
mediu~n, (which doe~ r~ot contai~ free fatty acids), 
must affect the neuronal contempt in neutral lipids, 
Fhe large increase in cholesterol esters (Table IlI) 
might indicate an increased intraneuronal mobil- 
ity of free fatty acids if one refers to the cholesterol 
esters as fatty acid transporters, 

The composition of free fatty acids was not 
affected. The h i #  amount of 14:0 corresponded 
to that found in the fetal calf serum and in neu- 
ror, s grown in the presence of this serum. 
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The composition of fatty acids in DG, when 
compared to that of PI and PC, suggests that this 
activator of protein kinase C derived mainly from 
the hydroY, ysis of PC rather than PI (compare 
Tables I end II with Table V). It remains however 
to be determined whether the DG produced from 
PC participates to the activation of protein 
kinase(s) C as the one produced from PI. 

The present data confirm the hypothesis that 
the neuritogenic effect of exogenous gangliosides 
is mediated by a modification of the metabolism 
of PI. After treatment with gangliosides, the com- 
position of fatty acids in neutral lipids and phos- 
phc,lipids was not affected, however, the overall 
content of both neutral lipids and phospholipids 
approached that of neurons grown in 10% fetal 
c:df serum, further suggesting the protective role 
of these sialogtycotipids in the smxqval of neurons. 

Admowledgements 

The skillful technical aid of Ms. G. Outbier and 
Mr. A. Hubsch was greatly appreciated. We thank 
Ms. F. Brisach for her excellent secretarial help. 
Part of work was supported by a NATO grant to 
L. Freysz (No. 0080/87). 

References 

1 Ledeen. R.W. ~ad Yu, R.K. (1976) it~ Glycolipid Methodol- 
ogy (Witting, A., ed.). pp. 187-214, Ameri:',q O:J Che,'n/sts 
Snciety, Champaign. tL. 

2 _%eanerholm, L. (19~10) in Structure and Function of 
Gm'.g~'~o~;idc~ (Svcrmerholm, I., Ma,~dcl, P., Dreyfhs, V,. 
and Urban, P.F., cos.), pp. 533-544, Plenum Press, New 
York. 

3 Massarelli, g., Wong, 'LH., Hosth, S., Louis, J.C., Freysz, 
L. and Dr~yfiss~ H. (1982) Neurochem. Res. 7, 301 -316. 

4 Wierasko, A. and Sdfert, W. (1996) Brain Res. 371. 
305--3.~3. 

5 Raha~ann, H. (1983) Neurocbera. ]nl. 5, 539-54% 
6 Ando, S. (1983) NeuroC, l'tzm. Int. 5, 507-513. 
"~ Ben-y.F.xavis. E. ,rod Dawson, G. 0985) J Neurochem..'15, 

1740-1"/47. 
8 Yamakawa, T. and Nag, ai, Y. (1978) Trends Biochern. Sei. 

3, 12~,-131. 
9 H~ora~rL 81. (1981) Anau. Rev. Biochern. 5U, 733-764. 

l0 Dur~.qd. M., Gueroid, B., Lombard.Golly, D. and Dre:;[us, 

H. (1986) in Gangliosides and Neuronal P1asticily {Telta- 
manti, G., [.edeen, R W., Sandhoff, K. and Nagai, Y., eds,), 
pp. 295-307, Liviana Pres~. Padova. 

it  Teitamanti, G. and Masscrini, M. (1987) in Biomembranes 
and Receptor Mechanisms (Bertoli, E., Chapman, D., 
Cambria, A,, Scapagnini, V., eds.), pp. 224-260, Liviana 
Press, Padova. 

12 Facci, L., Leon, A., Toffano, G., Sonnino, S., Gi~idoai, R. 
and Teoamami. G. (1984) J. Neurochem. 42, 299-305. 

]3 Chigomo, V., Piuo, M., Cardace, G., Acquotti. D., Kirslmer, 
G.. Sormino, S.. Ghidoni, R. and Tettamanti, G. 0985) 
Glycoconjugate J. 2, 279-291. 

14 Ledeen, R.W. (1984) J. Neurosci. 12, L47-159. 
15 Mass~relli, R., Ferret, B., Gorio, A., Durand, M. and 

Dreyfus, H, 0985) [hi. J, Dcv. Ncurosci. 3, 341-348. 
16 Chan, K.F.J. (1987) J. Biochem. 262, 5248-5255. 
17 KreaUer, D., Kim, J.Y.H-, Goldenring,, J.R., Rasmussen, 

H., Ukomadu, C., De Lorenzo, ILL and Yu, R.K. (1987) J. 
Biol. Chem. 262, !633-1637. 

18 Ferret, B., Massarelli, g., Freysz, L. and Dreyfus, H. (1987) 
C.R. Aead. Sci. Paris 304, 97-99. 

19 Michell, R~H. (1982) Cell Calcium 3, 285-289. 
20 Nishizuka, Y. (1994)Science 225, 1365-1370. 
21 Pet~ann, B., Louis, J.C. and Sensenbrennet. M. 0979) 

Nature 281,378-380. 
22 Formisano, S., Johnson, M.L., Lee. G., Aloj, S.M. and 

Edelhoeh, H. (1979) Bioehemislry 18, 1119-1t24. 
23 Ukich-Bott, B. and Wiegandl, H. 0984) J. Lipid Res. 25, 

1233-1245. 
24 Schw~r~aann" G., Ho/fmann-Bleihauer, P., SchubL.~rt, J., 

Sandhoff, K. and Marsh, D. (1983) Biochemisuy 22. 
5041-5048. 

25 Corti, M., Dt, Giorgio, V., Ghidoni, R., Sonnino, S. and 
Tettamanti, G. (1980) Chem. Phys. Lipid,~ 26, 225-238. 

26 Dreyfus, H., Lomb:'rd-Gdly, D., Aglea-Sbachnig, M., 
Guerold, B., Durand, M., Massarelli, R. and Ledeen, R. 
0986) in F-~h.~,,,¢~ Of Lipid Metabolism. I1 (Freysz, L, 
Dreyfus, H., Massardli, R. and Gatt, S., eds.), pp. 577-590, 
Plenum Fress, New York. 

27 Ghidoni, R.. ',;onni, o, S., Massertni, M., Orianoo, P. ann 
Tettamanti, G. {1981) J. Lipid ITcs. 22, 1286-1295. 

28 Folch, J., Lees, M. ~,~nd Sloane-Slanley, G.H. (1957) J, Biol. 
Chem. 226, 487-509. 

29 Leray, C., Peilet~er, X., Hempoen~iager, S. aud Caze0a~e, 
J.P. (1987,) J. Chromatogr. 420, 411-416, 

36 Munison, W.R. and S,nitil, LM. (1964) J. Lipid Res. 5, 
600-698. 

3~ ~.13'~ty, ('~.H., I~.t~,:~tZbl~U~:~t, N.J., F,,c, A.L. and R~mdall, 
P,3. (1951) L Biol. Chem. 193. 265-275. 

32 Dreyfus, It., Ferret, B., Harth, ft., Gorio, A., Freysz, L. and 
Ma~sarellL R. {1984~ ~n Gaaglioside Structure, Function 
and Biol*.~edical Potev.Iial, pp. 513-524, Plea,~m Press, New 
York. 


