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Summary The technique of short bed-continuous develop-
ment chromatography has been utilized to increase the separa-
tion of glycosphingolipids on high performance thin-layer chro-
matography plates. The theoretical goal of increasing separation
of bands by decreasing solvent strength was achieved within a
practical time span as a result of the high solvent velocities in
the short bed tank. Examples are given for increased separation
of short and long chain neutral glycolipids, acetylated neutral
glycolipids, and gangliosides. —Young, W. W, Jr., and C. A,
Borgman. Short bed-continuous development thin-layer chroma-
tography of glycosphingolipids. J. Lipid Res. 1986. 27: 120-124.

Supplementary key words gangliosides ¢ neutral glycolipids « TLC-
immunoblotting

Abbreviations: ceramide dihexoside (CDH), Gal 8 1 — 4 GlcCer;
gangliotriaosylceramide (GgOsesCer; asialo GM2), GalNAc 8 1 — ¢
Gal 8 1 — 4 GlcCer; globoside, GalNAc §1 — 3Galal — 4 Gal 8
1 — 4 GlcCer; Forssman glycolipid, GalNAc o 1 — 3 GalNAc 8 1
—3Galal —~ 4Gal 81 - 4 GlcCer; N-glycolylhematoside (GM3),
NeuNGc e 2 — 3 Gal B 1 — 4 GlcCer; GMI, Gal 81 — 3 GalNAc g
1 - 4 [NeuNAc @ 2 — 3] Gal 8 1 —~ 4 GlcCer; GMib, NeuNAc o
2—~3Galf1—~3GaNAcB1 — 4Gal 81 - 4 GlCer; GT,
NeuNAcax 2 - 3Galf1 — 3GalNAc§ 1 — 4 [NeuNAc a2 — 8
NeuNAc a 2 — 3] Gal 81 — 4 GlcCer. TLC, thin-layer chromatog-
raphy; CD-HPTLC, continuous development high performance thin-
layer chromatography.

! Address for reprint requests: Dr. William W. Young, Jr., Department
of Pathology, Box 214, University of Virginia Medical Center,
Charlottesville, VA 22908.

Cell surface glycosphingolipids have been implicated as
antigens (1), mediators of cell growth control (2, 3), and
as receptors for toxins (4, 5) and microbes (6-8). Thin-
layer chromatography is one of the major techniques used
for the analysis and purification of glycosphingolipids. In
recent years high performance thin-layer chromatography
(HPTLC) plates have been widely used because of in-
creased band resolution as compared to conventional
plates. However, HPTLC plates have the disadvantage
that the bands, although clearly resolved, may be very
closely spaced. Thus, scraping of individual bands from
HPTLC plates may be difficult.

As described in detail by Perry (9), the separation by
TLC of any two components can be increased in almost
all cases by decreasing the solvent strength, which for
practical purposes is equivalent to decreasing solvent
polarity. The limitation of this theory is that a decrease of
solvent strength is accompanied by an exponential de-
crease in Ry (9). This difficulty can be overcome by the
high solvent velocities achieved by continuous develop-
ment in a short bed chamber. The inverse relationship
between solvent velocity and bed length is illustrated else-
where (10). The present report described the use of con-
tinuous development (CD-HPTLC) for increasing the
separation of several types of glycosphingolipids.

MATERIALS AND METHODS

Materials

The short bed-continuous development chamber was
obtained from Regis Chemical Co. (Morton Grove, IL).
Glass-backed and aluminum-backed HPTLC plates were
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obtained from E. Merck (Federal Republic of Germany).
Enhance spray was obtained from New England Nuclear
(Boston, MA).

Glycolipid standards were purified from the following
sources using established procedures (11): ceramide di-
hexoside (CDH) and globoside from human erythrocytes,
N-glycolyl hematoside (GM3) from horse erythrocytes,
gangliotriaosylceramide (GgOsesCer) from guinea pig
erythrocytes, gangliosides GM1 and GT from bovine
brain, and Forssman ceramide pentasaccharide from
sheep erythrocytes. The neutral glycolipids from human
meconium were partially purified by Iatrobead chroma-
tography as previously described (12). Mouse L5178Y
lymphoma cells were metabolically labeled with [*H]galac-
tose, and the glycolipids were purified as previously de-
scribed (13).

Methods

Continuous development HPTLC was performed by
applying samples at the origin, 1.5 cm from the bottom of
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Fig. 1. Comparison of gangliotriaosylceramide bands separated by
conventional versus CD-HPTLC. Lymphoma cells were metabolically
labeled with [*H]galactose and extracted, and the lower phase glycolipids
were purified by the acetylation procedure. Aliquots (5,000 cpm) were
chromatographed on glass-backed HPTLC plates as follows: lane 1,
regular chamber using solvent A; lane 2, continuous development
chamber (plate at position 4) using solvent B. After spraying the plates
with Enhance spray, fluorography was performed by exposing the plates
to X-ray film at —70°C for 2 days (lane 1) or 3 days (lane 2). F, solvent
front; O, origin. CDH, ceramide dihexoside. Ry of glycolipid standards:
lane 1, CDH 0.42, GgOse;Cer (from guinea pig erythrocytes) 0.26, and
globoside 0.19; lane 2, CDH 1.0, GgOse;Cer 0.65, and globoside 0.29.

the plate. The short bed-continuous development tank
was filled with either 50 ml of solvent B or D or 30 ml of
solvent F (see below). Plates were placed in position 4
(next to the most horizontal position) for solvents B and
D and position 3 for solvent F; see Fig. 1 of ref. 10 which
shows the plate positions. In CD-HPTLC the solvent
reached the top of the tank in about 10-15 min, and de-
velopment was allowed to continue for the times indicated
below. For conventional HPTLC, plates were removed
from tanks when the solvent reached the top of the plate
(8.5 cm bed length). Solvents and development times: A,

chloroform-methanol-water (C-M-W) 62:30:6 (v/v), 30

min; B, C-M-W 75:18:2.5, 2.5 hr; C, C-M-0.25% CaCl,
in water 60:40:9, 37 min; D, C-M-0.25% CaCl, 62.5:30:6,
2 hr; E, C-M-W 55:40:11, 47 min; and F, C-M-W
60:35:8, 45 min.

Antibody staining of TLC plates was performed as pre-
viously described (12) based on the method of Magnani et
al. (14). Briefly, aliquots of human meconium neutral
glycolipids were applied to aluminum-backed HPTLC
plates and chromatographed as described in Fig. 3. After
drying, the sheets were dipped in hexane containing
0.05% polyisobutylmethacrylate (Polysciences, Warring-
ton, PA), blocked with 5% bovine serum albumin in
phosphate-buffered saline, and then incubated in succes-
sion with anti-Lewis a antibody CF4C4 and iodinated
staphylococcal protein A. After washing and drying, the
sheets were exposed at —-70°C for 1-2 hr to Kodak
XAR-5 film utilizing an intensifying screen.

RESULTS

Neutral glycolipids

Gangliotriaosylceramide (asialo GM2), the major
neutral glycolipid of mouse L5178Y lymphoma cells, is
present in the cells in three forms separable by HPTLC
(13). The fastest migrating form was found previously to
contain mainly C24 fatty acids, the middle band C16 fatty
acid, and the slowest band C16 alpha-hydroxy fatty acid
(15, 16). Although the three bands were clearly resolved by
conventional HPTLC (Fig. 1, lane 1), the bands were too
closely spaced (5 mm between bands a and c) to allow
them to be scraped separately in order to quantitate in-
corporation of radiolabeled precursors into individual
bands. However, chromatography in a continuous develop-
ment chamber resulted in a threefold increase in separa-
tion of the three bands (Fig. 1, lane 2), thus making scrap-
ing of separate bands a straightforward process. Even
though chromatography proceeded for 2.5 hr, the bands
were nearly as sharp as those obtained by conventional
HPTLC.

Gangliosides

Mouse L5178Y lymphoma cells contain a major ganglio-
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side that was previously identified as GM1b (13). Chro-
matography in a conventional tank produced a set of four
bands (Fig. 2, lane 1), which were too tightly spaced to
permit individual bands to be scraped separately. In con-
trast, continuous development increased band separation
threefold (Fig. 2, lane 2) and made the scraping of each
band feasible.

Acetylated neutral glycolipids

The following example was chosen to illustrate the im-
proved separation of acetylated glycolipids that is possible
using CD-HPTLC. Acetylated gangliotriaosylceramide
and acetylated globoside co-migrate when chromato-
graphed in a conventional tank using the solvent dichloro-
ethane-acetone 55:45 (v/v). Initial attempts with CD-
HPTLC utilized less polar mixtures of dichloroethane
and acetone. The optimal conditions of dichloroethane-
acetone 80:20 for 3 hr, bed length 6.2 cm produced a
separation of bands of only 3 mm. However, diluting the

2.0T

Fig. 2. Comparison of ganglioside GM1b bands separated by conven-
tional versus CD-HPTLC. Lymphoma cells were metabolically labeled
with [*H]galactose and extracted, and upper phase lipids were purified
on Bond Elut C18 reverse phase columns. Aliquots (10,000 cpm) were
chromatographed on glass-backed HPTLC plates as follows: lane 1,
regular chamber using solvent C; lane 2, continuous development
chamber (plate at position 4) using solvent D. Fluorography was per-
formed as described in Fig. 1, using an exposure time of 3 days at
-70°C for both lanes 1 and 2. Rf of ganglioside standards: lane 1,
N-glycolyl hematoside (GM3) 0.33, GM1 0.19, and GT 0.01; lane 2,
GM3 1.0, GM1 0.77, and GT 0.04.

solvent with hexane produced a dramatic increase in band
separation. Continuous development in the solvent di-
chloroethane-acetone-hexane 20:30:50 for 1.5 hr sepa-
rated the bands by 1.5 cm (bed length 5.8 cm, acetylated
GgOsesCer Ry 0.81, acetylated globoside Ry 0.55).

TLC-immunostaining

The technique developed by Magnani et al. (14) for
staining glycolipids on TLC plates with monoclonal anti-
bodies has been of great value in identifying new glyco-
lipid species, many of which are highly complex structures
(17). The following example was chosen to indicate the
increased resolution of TLC-immunostaining that can be
achieved using CD-HPTLC. Human meconium contains
several glycolipids that bear the Lewis a human blood
group determinant (Gal 8 1 — 3[Fuc @ 1 — 4] GIcNAc)
as we described previously (12). By conventional HPTLC
these reactive species appear as two bands, a faster band
that co-migrates with authentic Lewis a ceramide penta-
saccharide and a broad slower band (Fig. 3, lane 1). CD-
HPTLC in solvent F not only increased the separation
between the two main bands but also separated the slower
main band into two components (Fig. 3, lane 2). An alter-
native solvent for separating complex glycolipids consists
of n-propanol-water 80:20, which produced excellent
separation in the GM1 to GT area when plates were run
in position 3 for 1.5-2 hr (data not shown).

DISCUSSION

The short bed-continuous development HPTLC method
should be of use for the analysis and preparative isolation
of glycosphingolipids. One of the drawbacks to conven-
tional HPTLC analysis is the difficulty of separating com-
plex glycolipids in chloroform-methanol systems (reviewed
in ref. 18). For example, type 3 chain blood group H and
A reactive glycolipids were not recognized within mix-
tures of type 2 chain species until a monoclonal antibody
reactive with type 3 chain structures became available
(19). Several approaches have been taken to improve the
separation of these complex glycolipids: 7) some poorly
resolved glycolipids can be well separated after acetylation;
2) certain glycolipid mixtures can be separated on borate-
impregnated plates (20); and 3) a conventional plate can
be developed multiple times with intermediate drying to
achieve greater separation than that possible by a single
development (21). Continuous development using a short
bed tank accomplishes the same goal of the latter approach
but in a much more efficient fashion. The high solvent
velocities that can be achieved using the short bed system
make it possible to achieve the theoretical goal of increas-
ing separation of bands by decreasing solvent strength (9).

The several examples listed in this report should serve
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Fig. 3. Comparison of blood group Lewis a reactive glycolipids
separated by conventional versus CD-HPTLC and visualized by TLC-
immunostaining. Meconium neutral glycolipids were chromatographed
on aluminum-backed HPTLC plates as follows: lane 1, regular chamber
using solvent E; lane 2, continuous development chamber (plate at
position 3) using solvent F. TLC-immunostaining was performed as
described in Materials and Methods. Glycolipid standards: a, Forssman;
b, GMI ganglioside; and ¢, GT ganglioside. The dark area at the front
of the chromatogram in lane 1 and the dark line below the front in lane 2
represent nonspecific staining.

as starting points for determining ideal CD-HPTLC
conditions for a given application. The initial choice of
solvent should be one that is less polar than that which is
optimal for separation of the compounds in question by
conventional HPTLC. Generally this means preparing a
less polar mixture of the standard components (such as
chloroform, methanol, and water); only with dichloro-
ethane-acetone systems used for acetylated glycolipids
did we find the technique of dilution with hexane to be of
practical use (see Results).

For analytical purposes the shortest bed lengths (i.e.,
the most vertical plate positions) may be preferred be-
cause highest solvent velocities can be achieved with mini-
mal diffusion of bands. However, for preparative purposes,
a longer bed length will be required to obtain the neces-
sary distance between bands (Fig. 1 and 2). In such
preparative cases the radioautographic intensity of CD-

HPTLC bands in general will be less than that obtained
by conventional HPTLC, due in part to continuous de-

velopment separation of species that are superimposed in
conventional HPTLC. B
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