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Summary 

Thermotropie behaviour of human Tay-Sachs ganglioside and of mixed 
bovine brain gangliosides, before and after interaction with peanut lectin, 
serotonin and daunomycin, was investigated. Interaction of mixed brain 
gangliosides with peanut lectin or serotonin causes a decrease in the enthalpy 
of melting, whereas interaction of this lectin with Tay-Sachs ganglioside does not 
influence the enthalpy of melting. Serotonin causes a small increase in the 
enthalpy of melting of the Tay-Sachs ganglioside. 

Introduction 

Gangliosides have been recognized as important constituents of cell surfaces, 
since their role as receptors for numerous biologically-active agents, including 
hormones [1,2], cholera toxin [3], interferon [4] and lectins [5,6], has 
become apparent. 

In an attempt to evaluate the role of the sugar-bearing lipids in the mem- 
brane structure and the mechanism of the interaction with various substances, 
several physicochemical studies were undertaken. 

By employing fluorescence polarization [7] it was shown that lipid disper- 
sions containing brain gangliosides have greater microviscosity than those of 
pure lipids. From EPtt measurements it was also concluded that glycosphingo- 
lipids have the capacity to increase rigidity in fluid bilayer membranes [8] and 
that sugar chains of gangliosides have a tendency to undergo cooperative inter- 
actions among themselves, probably due to hydrogen bonding [9]. 

Interaction of lectins with cells results in their agglutination [10], and a 
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similar effect is exhibited by lectins on glycolipid-containing liposomes [5,6, 
11,12]. Cholera toxin [13] and serotonin [14], interacting With ganglioside- 
containing liposomes, modify the properties of the lipid dispersions, leading to 
an increase in the permeability to glucose. 

In spite of these studies little is known about the organization of gangliosides 
in membranes, and on how interaction with various exogenous ligands can 
influence this organization. Preliminary reports on the thermotropic behaviour 
of ox brain cerebrosides [15] and bovine brain gangliosides [16] have been 
described. In an attempt to clarify these questions, we have undertaken a study 
of the interaction of gangliosides (mixed bovine brain gangliosides and human 
Tay-Sachs-GM2) with a galactose-specific lectin from peanut, a brain-active 
hormone-serotonin, and an anti-tumor drug-daunomycin, by employing differ- 
ential scanning calorimetry. The results reported in this paper show that certain 
agents interacting with gangliosides can modify their structural integrity, as 
revealed by differential scanning calorimetry. 

Materials and Methods 

GM2 ganglioside was isolated from brains of Tay-Sachs patients by chloro- 
form-methanol extraction and chromatography procedures previously 
described [17]. Mixed gangliosides were isolated from calf brain by chloro- 
form-methanol extraction followed by alkaline methanolysis, phase partition, 
DEAE-Sephadex and silicic acid chromatography. Ganglioside preparations 
were dialyzed exhaustively against water to remove salts before being lyophil- 
ized and were found to be devoid of any impurities. The individual gangliosides 
(Gzl, GDIh, GDIa, GD3, GMI and GM2 ) were identified by TLC. Ganglioside 
concentration was determined by the resorcinol method [18]. Peanut-lectin 
was prepared by affinity chromatography on Sepharose-e-aminocaproyl-~- 
galactopyranosylamine as described [19]. Concentrated solutions of lectin 
(about 6 mg/ml) were prepared by dissolving the protein in a solution of 1.5 • 
10-IM NaCI in 10-2M Tris-HCl buffer, (pH 7.3). 5-Hydroxytryptamine 
(serotonin) oxalate salt was purchased from Sigma, (St. Louis, MO). Serotonin 
solution at a concentration of approx. 10 -I M was prepared by dissolving the 
material in 1.5 • 10 -I M NaCl in 10 -2 M Tris buffer and titrated with NaOH to 
pH 7.3. This solution was kept frozen and used within one day of the prepara- 
tion. Daunomycin was purchased from Specia (Paris) and was used in its 
mannitol-free form dissolved in 1.5.10 -I M NaCl in 10-2M Tris-HCl buffer 
(pH 7.3). D-Galactose was obtained from Pfanstiehl, Illinois, U.S.A. It was 
dissolved in 1.5 • 10 -I M NaCl + 10 -2 M Tris-HCl buffer. 1.3--2.0 mg ganglio- 
sides were weighed directly into aluminum pans. Salt solution (about 10 rag) or 
salt + interacting substance were added, the pans were sealed hermetically and 
left for incubation at 37°C for 3 h. 

The calorimetric measurements were performed on a Du Pont 990 differ° 
ential scanning calorimeter with a cell base If. The calibrated mode was used, 
sensitivity of 0.02 mcal/s per inch and heating rate of 5 ° C/min. 
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Results 

Fig. 1. presents the thermograms of GM2-ganglioside alone and in the 
presence of  either lectin or serotonin. As can be seen in Fig. 1 (1A, ganglioside 
alone), the transition is very broad and spans from about  10°C to about  55°C 
while the peak is composed of  at least three peaks. The total enthalpy of 
melting is 3.0 mcal/mg. Addition of peanut agglutinin at ganglioside: agglutinin 
molar ratio of  700 • 1 (assuming a molecular weight of  50 000 for the sugar- 
binding site) had a very small effect  on the shape of  the thermogram (Fig. 1B) 
and did not  influence the enthalpy of  melting which is 3.1 mcal/mg. Ratios 
lower than 5 0 0 : 1  (ganglioside : lectin) could not  be used due to limited 
solubility of  the lectin. 

Serotonin has some effect  on the shape of  the thermogram, the height of  the 
peak appearing around 31°C increases due to interaction and the total enthalpy 
of  melting increases by about  20% to 3.6 mcal/mg. 

In Fig. 2 are presented thermograms of  bovine brain gangliosides alone and 
interacting with peanut  agglutinin and galactose + agglutinin. As seen from 
Fig. 2A, also in this case as for the ganglioside GM2 the range of melting is very 
wide (about  40°C), the melting peak is also a superposition of  several peaks, 
bu t  they are less distinguished as in the previous case. The enthalpy of melting 
is 2.5 mcal/mg. 

Interaction with peanut  agglutinin (presented at a molar ratio of  650 : 1) 
(Fig. 2B) causes a decrease in the enthalpy of  melting by about  40%. The 
enthalpy of  melting for the experiment,  presented in the figure, is 1.4 mcal/mg. 
If the competitive sugar D-galactose is added to the reaction mixture (at a 
molar ratio of  1 : 2 ganglioside: D-galactose) before the agglutinin, no decrease 
in the enthalpy of  melting is detected (Fig. 2C). The enthalpy is 2.3 mcal/mg. 

The influence of  serotonin on the thermograms of  mixed bovine brain 
gangliosides was studied. The experiments were performed at molar ratios of  
ganglioside : serotonin from 4 : 1 to 1 : 2. Above the ratio of 1.5 : 1 a decrease 
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Fig.  1. The di f ferent ia l  scann ing  c a l o r i m e t r y  t h e r m o g r a m s  of  gang l ios ide -GM2 a lone  and  a f t e r  i n t e r a c t i o n  
wi th  p e a n u t  agg lu t in in  lec t in  or  s e r o t o n i n .  A, 1.5 rag  GM2;  B, 1.8 m g  G M 2  + 70 #g  agg lu t in in ;  C, 1.3 m g  

o . . . 
GM2 + 0 .78  p m o l  s e r o t o n i n .  Heat ing  rate 5 C / r a m  sens t t lv l ty  0 .02  m c a l / s  per inch.  

Fig.  2. T h e  d i f f e r en t i a l  s c a n n i n g  c a l o r i m e t r y  t h e r m o g r a m s  o f  m i x e d  b o v i n e  b r a in  gangl ios ides  a lone  and  

after  in terac t ion  w i t h  p e a n u t  lec t in  or  ga lac tose .  A,  1.4 m g  gangl ios ides ;  B, 1.4 m g  gangl ios ides  + 63 ~zg 
o . agg lu t in in ;  C, 1.6 m g  gangl ios ides  + 200  ~g ga lac tose  + 63 #g agg lu t in in .  H e a t i n g  ra te  5 C / r a m ;  sens i t iv i ty  

0 .02  m c a l / s  per  inch .  
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Fig.  3.  The  d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  t h e r m o g r a m s  o f  m i x e d  b o v i n e  b r a i n  gang l ios ides  a l o n e  a n d  
a f t e r  i n t e r a c t i o n  w i t h  s e r o t o n i n .  A,  1 .4  m g  gang l ios ides ;  B, 1.1 m g  gang l ios ides  + 0 . 8 7  ~ m o l  s e r o t o n i n .  
Heating r a t e  5 ° C / r a i n ;  sens i t iv i ty  0 . 0 2  m c a l / s  p e r  i n c h .  

in the enthalpy of  melting was found. The decrease amounted to 40--50% and 
did not  change any further with the increase in the ratio of  serotonin to 
gangliosides. A representative thermogram obtained at a ratio of ganglioside : 
serotonin 1 : 1.5 is presented in Fig. 3B. 

We have previously shown [20] that  daunomycin influences the thermo- 
grams of  synthetic phospholipids, and it was of  interest to see whether this 
drug has an effect  on the melting properties of  gangliosides. Mixed brain 
gangliosides were employed and the interaction was investigated at the ganglio- 
side : drug molar ratios from 8 : I to 1 : 1, but  even at a ratio of  1 : 1 no 
changes in the enthalpy of  melting or the melting profile were detected.  

Discussion 

The thermotropic behaviour of  gangliosides is very complex. Curatolo et al. 
[16] have shown that bovine brain gangliosides exhibit  broad, reversible endo- 
thermic transition between 10 and 60°C with maxima at 15°C and 39°C. By 
employing very pure samples of  brain gangliosides and a very sensitive instru- 
ment,  we were able to obtain much bigger reversible endothermic transition in 
the range of  10--55°C. The enthalpy of  melting of  the mixed gangliosides was 
calculated and it is 2.4 mcal/mg. The maxima in the thermograms were much 
less pronounced than in the case of  Curatolo et al. [16].  

We have also investigated the thermotropic  behaviour of  a pure Tay-Sachs 
ganglioside (GM2 } of  human origin. Here, as in the previous case, the thermo- 
gram is very broad, but  at least three separate reversible maxima can be seen. 
The enthalpy of  melting is 3.0 mcal/mg which is higher than in the case of  
mixed brain gangliosides. 

Curatolo et al. [16] claimed that the phase transition in gangliosides is asso- 
ciated with a hydrocarbon chain rearrangement. The results presented here 
would suggest that  oligosaccharide chains in gangliosides are also undergoing 
some reversible transformation (first and subsequent  heating runs, as obtained 
by differential scanning calorimetry, are similar), and this process is also an 
endothermic one. Our conclusion is in keeping with the data of  Sharom and 
Grant [9],  who have shown that the ganglioside oligosaccharide chains undergo 
cooperative interaction among themselves. 

However,  at present, even in the case of  the GM2 thermograms, we cannot  
assign the different regions of  melting to any particular part  of  the molecule. 
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We have investigated the interaction of the gangliosides with different 
biologically-important reagents: the lectin PNA, the hormone serotonin, and 
the antitumor drug daunomycin. In these studies we have been using pure 
gangliosides rather than using them in mixtures with lipids as in liposomes, due 
to the possibility that gangliosides in membranes probably cluster in small 
'microenvironments', and pure gangliosides can provide a model for such 
regions. Since the enthalpy of melting of the gangliosides is low, it would be 
impossible to study directly the influence of the interaction with the various 
ligands on the thermotropic behaviour of these glycosphingolipids in mixtures 
with lipids by analyzing their melting profiles. 

In Fig. 1, we have presented the thermograms of GM2 interacting with 
peanut agglutinin, and with serotonin. No influence of peanut agglutinin on 
the enthalpy of melting of GM2 was found. This result suggests that as GM2 
does not possess a terminal galactose residue which would be recognized by 
peanut agglutinin, no interaction occurs between the two components. Interac- 
tion with serotonin caused a small increase in the enthalpy of melting of the 
GM2 ganglioside. According to Woolley and Gommi [ 1 ], GM2 is not regarded as 
the receptor for serotonin. This hormone at physiological pH values is posi- 
tively charged [21], and gangliosides bear negative charge, so nonspecific 
electrostatic interaction is likely to occur, decreasing the repulsion between the 
charged head groups, stabilizing the structure and causing a small increase in 
the enthalpy of melting. 

The interaction with mixed bovine brain gangliosides gives different pictures 
{Figs. 2 and 3). The preparation of bovine mixed brain gangliosides used con- 
tains predominantly GM1 and GDlb, both of which possess a terminal 
disaccharide residue {Gal{~l-3} GalNAc) that was shown to be a specific 
binding site for peanut agglutinin [19]. PNA interacting with the gangliosides 
causes a decrease in the enthalpy of melting. It was shown that hydrophobic 
polypeptides [22] or hydrophobic proteins [23] penetrate the hydrocarbon 
layers of phospholipids, fluidizing them, as expressed by a decrease in the 
enthalpy of melting. Peanut agglutinin is quite a hydrophilic protein [19] and 
its degree of penetration into the ganglioside hydrophobic layer is probably 
limited. The disorganizing effect may be due to the modification in the head 
group region but this interaction may also influence the cooperativity of inter- 
action between the hydrocarbon chains. 

Incubation with serotonin decreases the enthalpy of melting. The interaction 
seems to be specific, nonelectrostatic, in as much as another positively-charged 
substance investigated, daunomycin, has no effect on the thermotropic proper- 
ties of these gangliosides. The interaction with serotonin probably involves only 
the head groups as it is less likely that this small charged hormone penetrates 
the hydrocarbon region. The interaction has a destabilizing effect, since the 
cooperativity of the gangiiosides themselves decreases as indicated by the 
decrease in the enthalpy of melting. This destabilizing action of serotonin is in 
agreement with the report by Maggio et al. [14], who showed that interaction 
of serotonin with liposomes-containing gangliosides enhances the release of 
glucose. 

In conclusion, we have shown that peanut lectin or serotonin modify the 
thermotropic properties of bovine brain gangliosides by a specific interaction as 
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the attachment occurs via specific recognition sites. Interation with serotonin 
can change the microenvironment and block binding of other materials or any 
processes requiring the more rigid structures as induced by the intact ganglio- 
sides. 

Acknowledgements 

This research was supported in part by Volkswagen Foundation (Grant No. 
11-2711) and by Israel Cancer Research Fund (New York). B.S. holds the 
Bertram Blank Career Development Chair. We would like to thank Professor 
I.R. Miller for his interest and helpful discussions. 

References 

1 Woolley, D.W. and Gommi, B.W. (1965) Proc. Natl. Acad. Sci. U.S.A. 53 ,959- -963  
2 Mullin, B.R., Fishman, P.H., Lee, G., Aloj, S.M., Ledley, F.D., Winand, R.J., Kohn, L.D. and Brady, 

R.O. (1976) Proc. Natl. Aead. Sci. U.S.A. 73, 842--846 
3 Cuatreeasas, P. (1973) Biochemistry 12, 3558--3566 
4 Besaneon, F., Ankel, H. and Basu, S. (1976) Nature 259, 576--578 
5 S~trolia0 A., Bachhawat, B.K. and Podder, S.K.  (1975) Nature 257, 802--804 
6 Redwood,  W.R. and Polefka, T.G. (1976) Biochim. Biophys. Acta 455, 631--643 
7 Feinstein, M.B., Fernandez, S.M. and Shaafi, R.I. (1975) Biochim. Biophys. Acta 413 , 354 - -370  
8 Sharom, F.J. and Grant, Ch.W.M. (1977) J. Supramol. Struct. 6 , 2 4 9 - - 2 5 8  
9 Sharom, F.J. and Grant, Ch.W.M. (1978) Biochim. Biophys. Acta 507, 280--293 

10 Lis, H. and Sharon, N. (1973) Ann. Rev. Biochem. 42, 541--572 
11 Curatolo, W.J., Shipley, G.G., Small, D.M., Sears, B. and Nettringer, L.J. (1977) J. Am. Chem. Soe. 

99, 6771--6772 
12 Curatolo, W., Yau, A.O., Small, D.M. and Sears, B. (1978) Biochemistry 17, 5740--5744 
13 Ohsawa, T., Nagai, Y. and Wiegandt, H. (1977) Jap. J. Exp. Med. 47, 221--222 
14 Maggio, B., Mestrallet, M.G., Cumax, F.A. and Capntto,  R. (1977) Biochem. Biophys. Res. Commun. 

77, 1265--1272 
15 Clowes, A.W., Cherry, R.J. and Chapman, D. (1971) Biochim. Biophys. Aeta 249, 301--317 
16 Curatolo, W., Small, D.M. and Shipley, G.G. (1977) Biochim. Biophys. Acta 468, 11--20 
17 Ledeen0 R.W., Yu, R.K. and Eng, L.F. (1973) J. Neuroehem. 21, 829--839 
18 Sailer, A. and Feldman, N. (1971) Exp. Physiol. Biochem. 4, 47--67 
19 Lotan, R., Skutelsky,  E., Danon, D. and Sharon, N. (1975) J. Biol. Chem. 250, 8518--8523 
20 Goldman, R., Facchinett i ,  T., Bach, D., Raz, A. and Shinitzky,  M. (1978) Biochim. Biophys. Acta 

512, 254--269 
21 (1969) Data for Biochemical Research (Dawson, R.M.C., Elliott ,  D.C., Elliott ,  W.H. and Jones, K.M., 

eds.), Clarendon PresS, Oxford 
22 Bach, D. and Miller, I.R. (1976) Bioehim. Biophys. Acta 433, 13--19 
23 Papahadjopoulos,  D., Jaeobson, K., Poste, G. and Shepherd, G. (1975) Biochim. Biophys. Acta 394, 

504--519 


