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ABSTRACT

Gangliosides that contain the disialosyl residue a-NeuSAc-(2—8)-a-NeuSAc-
(2—3)- can lactonize in the presence of traces of acid and this reaction has been
studied in detail on GD1b {B-Gal-(1-3)-8-GalNAc-(1—4)-[a-NeuSAc-(2—8)-a-
Neu5Ac-(2—3))--Gal-(1--4)-B-Glc-(1—1)-Cer}. Lactonization occurs rapidly at
a proton—ganglioside molar ratio of <1. At equilibrium, the ratio of GD1b to its
lactone is 3:7. The data suggest the possibility that a proton-driven lactonization of
gangliosides may occur in vivo.

INTRODUCTION

Gangliosides, glycosphingolipids characterized by the presence of sialic acid
residues, are components of the external layer of plasma membranes and are
abundant in the nervous system where they comprise about one fifth of the lipids
of the external layer' and where they possibly participate in the process of signal
transduction®. Gangliosides also occur as lactones® in small amounts in the brains
of rodents*’ and in relatively abundant quantities in some cerebral areas of aged
people®. Furthermore, small amounts of lactonized gangliosides have been found
in melanoma cells®. Since the pK, of ganglioside sialic acid is 2.2-2.5, the carboxyl
groups should be dissociated at physiological pH, thus providing the negative
charges possibly essential for binding cations’ and interacting with extra-membrane
ligands or intra-membrane components. Therefore, lactonization of gangliosides
may serve to modulate the biological functions. Moreover, lactonization makes the
oligosaccharide chain more rigid®-1!, which also may have important functional
implications?®.

We now report that slight modifications of the H* concentration modulates
the equilibrium between the disialoganglioside GD1b, and its lactone GD1b-L**
{B-Gal-(1-3)-B-GalNAc-(1—4)-[a-Neu5Ac-(2—8,1-9)-a-Neu5Ac-(2—3)}-B-Gal-
(1-4)-B-Gle-(1-1)-Cer}.
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EXPERIMENTAL

Solvents were redistilled before use. Kieselgel 60 plates (Merck) were used
for h.p.t.l.c. Gangliosides were extracted from calf brain*?, and GD1b was purified
(to 99% ) and characterized as described!3. The sodium salts of mixed gangliosides
and of purified GD1b were prepared by dialysis against 0.01M sodium hydroxide
and then against several changes of distilled water. [PH]-GD1b, labelled at C-6 of
the terminal galactose, was prepared by the galactose oxidase~sodium borotritide
procedure,

Formation of GD1b-L from GDIb. — Aliquots of a solution of GDIb (200
mg) in 2:1 chloroform-methanol (10 mL) were dried under high vacuum in glass
tubes and each residue was dissolved in freshly prepared, carbon-dioxide free,
bidistilled water, or 10-7-10-?m HCI (1 mL). The final concentrations of GDI1b
were in the range from 1075-1073M. Samples of GD1b (10-7-10-*M) were prepared
using [*H]-GD1b. The solutions were kept in sealed tubes at room temperature for
1 h to 14 days.

Reduction of GDIb-L. — Each of the above solutions was mixed with
aqueous sodium borohydride (1.75 mL, 60 mg/mL)!. After storage for 10 min at
room temperature, each solution was dialyzed, frozen, and lyophilized to give a
mixture of GD1b and the GD1b-L reduction product, GD1b-ol, Rgp,, 1.6 (t.1.c.;
chloroform—-methanol-aqueous 0.2% CaCl,, 50:42:11). In control experiments,
GD1b-ol was isolated and characterized'>-16,

Experiments on the total ganglioside mixture from calf brain. — The major
gangliosides in this mixture are GM1 {B-Gal-(1-3)-B8-GalNAc-(1—4)-]a-NeuSAc-
(2—3)]-B-Gal-(1—4)-8-Glc-(1—-1)-Cer}, GDla {a-NeuSAc-(2—3)-B-Gal-(1-3)-
B-GalNAc-(1—4)-[a-NeuS Ac-(2—3)]-8-Gal-(1—4)-B-Glc-(1->1)-Cer}, GD1b {g-
Gal-(1—-3)-B-GalNAc-(1—4)-|a-NeuSAc-(2—8)-a-NeuSAc-(2—3)}-B-Gal-(1—4)-
B-Gle-(1—1)-Cer}, GT1b {a-NeuSAc-(2—3)-8-Gal-(1—3)-B-GalNAc-(1—4)-[a-
Neu5Ac-(2—8)-a-NeudAc-(2—3)]-B-Gal-(1-—-4)-3-Gle-(1—1)-Cer}.

T.l.c. — The mixtures of GD1b and GD1b-ol were analyzed, using chloro-
form-methanoi-aqueous 0.2% CaCl, (50:42:11). The mixture of calf-brain
gangliosides, after lactonization and reduction, was analyzed by 2D-t.l.c., using
chloroform~methanol-aqueous 0.2% CaCl, (50:42:11) and chloroform—methanol-
aqueous 0.2% CaCl,~32% NH,OH (50:50:9:1.5) and detection with p-dimethyl-
aminobenzaldehyde!”. Quantification was effected by densitometry''® or, for
radioactive GD1b and GD1b-ol, by radiochromatography or liquid scintillation
counting'®.

Gangliosides and reduced gangliosides were routinely identified in t.l.c. by
comparison with standards and with GD1b-ol and GT1b-ol obtained chemically!3-1¢
by reduction of GD1b-L and GT1b-L'® {a-NeuS5Ac-(2—3)-B-Gal-(1—-3)-8-GalNAc-
(1—>4)-[a-NeuSAc-(2—8,1—9)-a-Neu5Ac-(2—3)|-8-Gal-(1—4)-8-Gle-(1—1)-Cer}
prepared according to the procedure of McCluer and Evans®®.

Colorimetric procedures. — Ganglioside-bound sialic acid was determined by
the resorcinol-HCI method?!-22.
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RESULTS AND DISCUSSION

In 1964, Kuhn and Muldner? suggested that gangliosides could be present in
the membrane as lactones, and Wiegandt* reported later that gangliosides that
contained the disialyl residue a-Neu5Ac-(2—8)-a-NeuSAc-(2—3)- could be ex-
pected to form lactones. Evans and McCluer? postulated the presence of a lactone
of GM3 ganglioside extracted from bovine adrenal glands, which is now known to
be a-NeuSAc-(2—3,1-2)-B-Gal-(1-»4)-B-Glc-(1-1)-Cer, and, more recently,
Gross et al.?, using a borohydride-reduction procedure, demonstrated indirectly
the existence of lactones involving the sialic acid carboxyl group in the mixture of
gangliosides obtained from rodent brain. Using the same procedure, Nores et al.
demonstrated the presence of the lactone of GM3 in melanoma cells. GD1b-L, the
monolactone of GD1b, has been isolated from rat and human brain and charac-
terized>10,

Few data are available on the possible role of ganglioside lactones; they are
not substrates of sialidase® and are highly immunogenic®.

For gangliosides, the extent of acid-catalyzed lactonization (1—2) greatly
depends on the stability of the lactone ring, which may be influenced by changes in
the secondary structure of the ganglioside following lactonization.

Lactonization in the presence of HCl was studied using a mixture of
gangliosides from calf brain and pure GD1b ganglioside. Since ganglioside lactones
are not stable under such laboratory procedures®'¢ as drying, dialysis, and lyophili-
zation, immediate reduction with sodium borohydride!11316 was effected in order
to give the stable nonulosamine-containing ganglioside.

When the total mixture of gangliosides from calf brain, which contains mainly
GM]1, GD1a, GD1b, and GT1b, was treated at room temperature for 1 day with
10~*m HCl and then reduced with sodium borohydride, 2D-t.1.c. revaled (Fig. 1b),
in comparison with the control (Fig. 1a), that the proportions of GM1 and GD1a
were unchanged and that those of GD1b and GT1b were decreased by ~70%; two
new spots (Fig. 1b, 5 and 6), corresponding to the a-nonulosamine-(2—8)-a-
NeuSAc-(2—3)-containing GD1b and GT1b, were identified by co-chromatog-
raphy with standards.

The lactonization process was studied in detail with GD1b. Fig. 2 shows the
behaviour of 0.001, 0.451, and 0.904mmM GD1b in 3.092-0.001mM HCI. Lactoniza-
tion occurred very rapidly during the first hour and then proceeded slowly. The
maximum rate of the lactonization reaction was achieved with an H*-GD1b ratio
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Fig. 1. 2D-T l.c. of the mixture of gangliosides from calf brain after storage of solutions for 24 h in (a)
water, and (b) mM HCI (2 mg/mL), followed by borohydride reduction: 1, GM1; 2, GD1a; 3, GDI1b; 4,
GTib; 5, GD1b-ol; 6, GT1b-ol.
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Fig. 2. Lactonization of GD1b in the presence of hydrochloric acid at room temperature,
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Fig. 3. Lactonization of GD1b after 24 h as a function of H* ganglioside ratio.

<1 (Fig. 3); the rate then decreased exponentially. At equilibrium, the molar ratio
of GD1b and GD1b-L was 3:7.

The data reported here suggst the possibility of lactonization of gangliosides
in vivo. The cytoplasmatic pH is regulated strictly, and the removal of acid from
the cytosol by Na*-H"* exchange or by proton-translocating ATP-ases occurs in
modulating cellular events. Thus, the lactonization of ganglioside molecules should
parallel the increase in [H*].

The stabilities of GM1 and GDla confirm the hypothesis that only
gangliosides which contain the disialosyl residue a-NeuSAc-(2—8)-a-NeuSAc-
(2—3)- can lactonize, and that this process involves only the terminal NeuSAc
residue.
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