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Abstract

Automaled multiple development chromatography has been utilized to enhance separation of gangliosides on
silica-gel precoated high-performance TLC plates. Three-fold chromatography of a complex mixture of neolacto-
seTies menosialogangliosides in the solvent chloroform—methanol-water (120:85:14, v/v, 2 mM CaCl,) resulted in
a ca. three-fold increase in separation distance of e.g. a2-3 and a2-6 sialylatcd ganglioside isomers compared to
conventional single chromatography in the standard solvent chloroform-methanol-water {120:85:20, v/v, 2 mM
CaCl,). An extremely heterogenous murine disialopanglioside mixture was developed three times in chloroform—
methanol-watcr (120:85:16, v/v, 2 mM CaCl,] leading to a more than two-fold increase in separation distance.
Chloroform-methanol-water (120:85:22, viv, 2 mM CaCl,) was the solvent of choice for multiple chromatography
of ganglio-series polvsialogangliosides from embryonic chicken brain.

1. Introduction

Gangliosides are membrane-bound  glyco-
sphingolipids (GSLs)', containing one or more

' Abbreviations used: AMD, automated multiple develop-
ment; NeuSAc, N-acetylneuraminic acid |33). The designa-
tion of the following alycosphingolipids fullows the TUPAC-
[UB recommendations [34] and the nomenclature of Sven-
nerholm [35]. Lactesyleeramide or LacCer, GalM-4GleBl-
1Cer; gangliotetraosylceramide or GgQse,Cer, Gal1-3Gal-
NAcBL-4Gall1 4Gk 1-1Cer; lacto-N-neoletraosylceramide
or  oLeOse,Cer,  GalB1-4GleNAcBL-3GalB1-4GleNAch 1 -
3GalB1-4GieR1-1Cer; Gy, LI'NewSAcLacCer, G, or
Gy,,. 1I'NeuSAe-GgOse Cer; G, TV NeuSAc, II*Neu-
SAc-GgOse,Cer, Gy, [P(NeuSAC),-GaOse Cer; G,
IV'NeuSAc, IFP(NeuSAc),GpOse,Cer; Gg,,. Vi(Nen-
SAc),. 11 {NeuSAc),-GgOse,Cer: Gg,.. IvNeuSac,
I (NeuSAc),-GgOse,Cer; G, IV{NeuSAc),, IF(Neu-
3Ac),-Gplse,Cer; Gy, IV'(NeuSAc),, I1NNeuSAc),-
GaOse Cer,

sialic acid residues. Their structures and func-
tions have been widely reviewed [1-3]. Due to
their localization in the outer leaflet of the ccll
membrane they act as receptors for toxins,
bacteria [4], viruses |5] and other ligands and are
assumed to modulate a variety of biological
functions [6,7] including cell-cell recognition
phenemena and the development of antitumor
immunity [8].

Analytical and preparative high-performance
thin-layer chromatography (HPTLC) are widely
uscd for separation and identification as well as
for isolation and purification of individual GSIs
[9]. One-dimensional TLC is the simplest and
still commonly used method for analysis of
ganglioside mixtures, This method has been
continuously optimized with emphasis on the
minor compenents of the total ganglioside mix-
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tures. The combination of two comsceutive un-
idirectional runs in different solvent systems led
to impraved separation of mulisialogangliosides
[10]. Two-dimensional TLC has been developed
specifically for the recognition of alkali-labile
gangliosides [11]. Furthermore, the technique of
short-bed continuons development thin layer
chromatography of GSLs has been utilized to
enhance GSL. separation [12]. Increased sepa-
ration by TLC can be achieved by decreasing
solvent strength, the basic theory for short-bed
continnous [13] and programmed multiple de-
velopment 1'LC [14].

In this study an improved method for the
separation of gangliosides on HPTLC plates hy
automatad multiple development is described,
that permits high-resolution separation of com-
plex pangliaside mixtures. The thearetical goal
of increasing the scparation of the different
bands by decreasing the solvent strength was
achieved hy three consecutive runs in the same
solvent but with lower polarity than that which is
optimal for separation hy conventional single
HPTI.C. A preliminary report of some results
has been published [15].

2. Experimental
2.1, Ganglinsides

Human leukocytes enriched with granulocytes
were prepared from buffy coats as described
previously [16] and were kindly provided by
Prof. Dr. H. Tschesche (Institute of Biochemis-
try, University of Bielefeld, Bielelcld, Ger-
many). Gangliosides were isolated and purified
by standard procedures [2] as described in refs.
17 and 18.

Gangliosides from murine lymphoma YAC-1
cclls were isolated as recently published [19].
Whole gangliosides were separated into mono-
and disialoganglioside fractions by gradicnt
anion-exchange chromatography as  described
previously [20].

Bruins from 16 days old chicken cmbryos were
disintegrated and extracted with chloraform (C)/
mcthanol (M) (2:1), (1:1) and (1:2) {v/v). The

combined extracts were evaporated, dissolved in
water and dialysed against water. The dialysate
was freeze-dricd and neutral GSLs and gan-
gliosides were scparated by amon-cxchange
chromatography on a DEAE-Sepharase CLOB
column in the acetate form [20]. Finally, gan-
ghiosides were taken up in C/M (85:15), applied
to an latrobeads RS8060 (Macherev-Nagel,
Diiren, Germany) column and purified by step-
wise clution with C/M (4:1}, (3:1), {2:1), (1:1),
(2:3) and (1:2) (v/v).

A mixture of reference pgangliosides from
human brain was purchased from Supelco (Belle-
fonte, PA, USA), Purified bovine brain G, and
Gy, were from Dr. Pallmann GmbH (Munich,
Germany}.

2.2, Analvtical and preparative thin fayer
chromatography

Silica-gel precoated high-performance  thin
layer chromatography plates (HPTLC plates,
10 x 10 cm, thickness 0.24 mm, Merck, Darm-
stadt, Germany) were used for analytical and
preparative purposes. Conventional single chro-
matography of gangliosides was periformed for 35
min in the solvent C-M-w (120:85:20, v/v, 2
mM CaCl,) and visualized by resorcinal [21].

Preparative GSL amounts were applied to the
HPTLC plates with an automated sample applier
Linomat 1V ({CAMAG, Muttenz, Switzerland).
GSLs were visualized with primulin (Aldrich-
Chemie, Steinbeim, Germany) 0.001% (w/v) in
acetone—H,O {8:2) [22]. Zones containing GSLs
were Jocalized under UV light, scraped off and
the silica gel was transferred to small columns
with sintered glass plugs. Gangliosides were
freed from primulin by stepwise gradient elution
with isopropanol-hexane—water from 55:42:3 to
35:10:35 (v/v) according to Levery et al. [23].

2.3. The automated multiple developinent
{fAMD) systemn

‘The AMD equipment (CAMAG, Muttenz,
Switzerland) consisted of a development unit, a
control unit and a vacuum pump. Details of the
development unit are described in Fig. 1.
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Fig. 1. Flow dhagram of the AMD developing unit. Develop-
ment chamber (1}, solvent reservoir bottles (2}, motor driven
valve {2), gradicnt mixcr {4), wash botile (). gas phasc
reservoir (6), vacuum pump (7). waste collection bottle (8).

2.4, AMD chromaiography of gangliosides

Gangliosides were separated on HPTLC plates
by three-fold antomated multiple development.
Monosialogangliosides of human granutocytcs
were chromatogeaphed in C-M-W (120:85:14,
viv., 2 mM CaCl,). Distalogangliosides from
murine YAC-1 lymphoma cells were separated in
C-M-W (120:85:16, v/v, 2 mM (C:zCl,) and
polysialogangliosides of embryonic chicken hrain
were developed in C- MW (12(k85:22, v/v, 2
mA  CaCl,), each three times in the same
solvent mixture, All runs were performed for 53
min each with intermediate vacuum  drving
periads of 1 min.

3. Results and discussion
3.1, AMD chromatography of gangliosides

High-performance thin layer chromatography
is one of the major techniques for analysis of
GSLs and its ease and reproducibility make it an
ideal method for analvtical and preparative pur-
poscs [24]. Iowever, several complex ganglio-
side mixlures have been described. that could
not be separated by conventional one-step chro-
mategraphy on HPTLC plates. The aim of this
work was 0 improve in some cascs the un-
satisfactory separations of individual gangliosides
in complex mixturcs considering analytical as
well as preparative HPTLC.

An incrcased resolution of bands was achieved
by three cunsecutive runs in a solvent with
reduced polarity compared with the aptimal

scparation of the compounds in question by
conventional single-step HPTLC. Three-fold
chromatography was performed by auwtomated
multiple development as described in the Ex-
perimental section. The thre¢ compound solvent
C-M-W (120:85:20, v/v, 2 mM CaCl,) was the
basic solvent due to its high resolution power
and its wide applicability in ganglioside sepa-
ration. A lower polarity, oblained by decrcasing
the water content, led to improved scparation of
complex mono- and disialoganglioside mixtures
whereas increased polarity gave cxecllent sepa-
ration of polysialogangliosides as demonstrated
in the following sections.

32 AMD chromatogruphy of human
pramdocytes pangliosides

Monosialogangliosides II°NeuSAc-LacCer
(Gus), 1V NeuSAc-nLeOse,Cer, IV®NeuSAc-
nleDse,Cer, und VI*NeuSAc-nLeOse,Cer are
the main gangliosides in bhuman granulocyies.
The fractions with higher R, values of pan-
glioside pairs are characierized by the presence
of C,,.; and ta somc extent by C,,, fatty acids in
their ceramide portions, whereas C,,., fatty acids
are characteristic for the [ractions showing lower
R, valies [17.25}. The structures of the main
gangliosides from human granulocytes are listed
in Table 1. As shown in Fig. 2A, single chroma-
tography in the conventional solvent C-M-W
(120:85:20, v/v, with 2 mM CaCl.) led to a set
of eight tightly spaced bands. Threc-fold de-
velopment in C-M~W (120:85:14, v/v, 2 mM

Table 1
Structurcs of gangliosides from human granulocvies

NoS Fauwy acid Struciure

{ 24:1, 22:00 I NeudAc-LacCer {Uyy,)
2 16:0) H 'MeuSAc-LacCer {G,,,)
3 24:1, 22:0 IV'NeuSAc-nl cOse, Cer
4 160 TV NeuSAc-nLetse, Cer
s 2911 LY *NeuSAe nLeOse ,Cer
6 16:0 IV*NeuSAc-nLeOse, Cer
7 241 VI'NeuSAc-nLeOsc,Cer
] 16:0 VI’NeuSAz-nLeOse Ler

" According to Fig. 2.
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A B

‘] 'Neu5Ac-Lac

B :1vPNeusAc-nLcd

sIV®Neu5Ac-nLc4

’ VI®Neu5Ac-nLc6

Fig. 2. AMD clhromatography of human granulocytes gan-
gliosides. Gangliosides (1§ wg) woere chrumalographed in
C-M-W {120:85:20, v/v, 2 mM CaCl,} (A) and scparated by
three-fold automated multiple  development in C-M-W
(2R304, v/v, 2 mM CaClyy (B). Gangliosides were
visualized by resorcinol. Structures of gangliosides are listed
in Table 1. Lac, Tactesyloeramide, nled, nLctse Cer; nLeb,
nLeOse Cer.

CaCl,) resulted in a ca. three-fold increase in
scparation distance of the four GSL pairs (Fig.
2B). Enhanced resolution of ¢.g. hands 4 and 5,
corresponding to 1V'NcuSAc-nLcOse, Cer {C,.
fatty zod) and 1V*NeuSAc-nLeOse,Cer (C,,
fatty acid), now permits feasible and more effi-
cicnt preparative HPTLC of these former closcly
spaccd GSLs [24]. Moreover, the unidentified
gangliosides designated X, Y and Z. will now
become aceessible tor structural characterization
by combination of AMD separation and prepara-
tive HPTLC. Since neolacto-series pangliosides
from human granulocytes (and [rom cclls of
other species) were found to bind e.g. to in-
fluenza and Sendai virus [17.26] as well as to a
variety of miceoorganisms [4] the described im-
proved high-resolution  separation would ¢.g.
facilitate the specific detection of microorganis-
m-=ganglioside interactions on the HPPLC plate
and furthermore enables the isolation of these

himpurtant receptor molecules by preparative
HPTLC in an effective, casy and convenient way
[24].

3.3, AMD chromatography of
disialogangliosides from murine lymphoma
YAC-1 cells

‘The resorcinol stained chromatogram ol the
disialoganglioside fraction from YAC-1 cells
showed a continuum of pootly scpurated bands
alter conventional HPTL.C as demenstrated in

GMmia

GD1a

Gp1p
GT1p

ab

Tig. 3. AMD chromatography of disialogangliosides tram
murine Iymphoma ¥YAC-1 cells. Human brain gangliosides
{10 pg} (lane a, references) and 3 pg disislogangliosides
fiom YAC 1 (lane b} were chromategraphed in C-M-W
{120:85:20, wiv, 2 mM CaCh) (A) and separated by
threciold  automaled muliple development in C-M-W
(1208516 viv, 2 mM CaCl) (B). GUangliosides were
visualized by resoranol, The positions of human brain
gangliosides are marked in the margin. D, disialoganglioside
[raction.
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Fiz. 3A (lane b). Improved separation of this
highly complex mixture, consisting of several
different yet unknown components, which
chromutograph between reference G, and
G- was obtained by three-fold chromatog-
taphy in C-M-W {12(0:835:16, v/v, 2 mM CaCl,)
as demonstrated in Fig. 3B (lane b). This mix-
ture will now also become accessible [or structur-
al characterization by combined AMD separa-
tion and preparative HPTLC.

3.4. AMD chromatography of
polysialogungliosides from embryonic chicken
brain

Conventional chromatography of gangliosides
with more than three sialic acids results in poor
resolution due to their very slow migration rates.
For example, single HPTLC of polysialogun-
glinsides, isolated from cmbryonic chicken
brains, gave insufficient rcsolution in C-M-W
(120:85:20, v/v, 2 mM CaCl,} as shown in Fig,
4. A special advantage of the AMD technique is
the excellent separation of highly polar gan-
gliosides, moving more slowly than Go,,. which
was achieved by three-fold chromatography in
C-M-W (120:85:22, v/v, 2 mM CaCl,) as dem-

GM1a-

Gpita- .
Gp1b-
GTib- = ® ®aP

e R e e e

bc

Fig. 4. Thin layer chromarography of embtyonic chicken
brain ganglivsides. Human brain pangliosides (3 pg) (lanc a),
104 g gangliosides of Iatrobeads C-M (1:1) eluate (lane b}
and 3 pg gangliosides of Tatrobeads C-M (2:3) elnate from
embryoiic chicken brains {lanc ¢) were chromatographed in
C-M-W (120:85:20, v/v, 2 mM Calll,) and stained wiik
resurcinul. The positions of human brain gangliosides are
marked in the margin. P, polvsialogangliosides.

Bake

Grib- ;
Gaw b }P

abcde f gh

Fig. 5. AMD chromatography of individual polysialogan-
ghiosides from embryonic chicken brains. Gangliosides were
chromatographed thres-fold in C-M-—W (120:85:22, v/v, with
2 mM Call)) and stained with resorcinal: (lane a) 1 pg G
from bovine brain (reference), (lane b) 1 pg Gy, from
bovine brain (reference). (lanc ¢} 10 ug of embryonic
chicken Drain ganglicsides, C-M (2:3) larobeads eluare.
Individual polysialogangliosides from embrvonic chicken
brains isolated by preparative HPTLC were applied o
follews: 1 ug Gy, (lane d, [}, 1 ug Gy, (lanc e, 1), 1 pg
G (lane £ 1103, 1 pg G, (lane g, IV), 0.25 pg G,,,. (lane
h, V). Structures of polysialogaugliosides are listed in Table
2. P, polysialoganglingides, S, start,

onstrated in Fig. 5 (lane c¢). Five fractions of
individual polysialogangliosides, corresponding
10 Grp(l), G, Gy (1), Gy (TV) and
Gy (V) (Fig, 5. lanes d-h), were isolated by
preparalive HPTLC after AMD  separition,
Their structures are listed in Table 2. The
presented data show that the combination of
AMD chromatography and preparative HPTLC
18 successful for the isolation of individual poly-
sialogungliosides from complex GSL mixtures
like those of e.g. fishes |27,28] and embryonic
brains [29,30]. The technique described offers a

Tahle 2
Structures of polysialogangliosides from embryonic chicken
brain

No  Symbol  Structure

I G l‘f'jNeuﬁAC,"E(NeuiAu)z-Ggﬂse‘lCer
i | G, IV’ (NeuSAc), II° (Neu3Ac),-GaOse ,Cer

III Go.. IVjNeuSAu.II"‘(r-:lnuSAc),-('ig()sc.‘,Cer
v Cipy, IV (Neu3Ac), 11 (NeuSAc),-GgOse, Cer
v Gy, IV (MeusAc), 11 (NeuSAc),-GeOse,Cer

* According to Fip. 5.



#0 . Mithing ¢+ J. Chromalogr, B 657 (1994} 75-81

convenient approach to analyze panglioside ex-
pression with particular referenee to the minor
components within the rotal ganglioside mixture,
components that might be relevant for cell prolil-
eration and differentiation proccsses e.g. during
brain development and aging [31} ar in ncuronal
degeneration occurring for instance in Alzheim-
er’s discase [32].

4, Conclusions

This study describes the applicability of AMD
chromatography for the analytical detection and
preparative isolation of individual gangliosides in
complex mixtures. Examples arc given for high-
resolution separation of mono-, di- and poly-
sialoganglicside fractions. The initial choice of
chromatographic solvent should be one which is
Icss polar than that which is optimal for the
separation of the compounds in question by
conventional single TLC. As demonstrated in
this study, this generally implicates the prepara-
tion of a less polar solvent mixture by reducing
the amount of the most polar component, i.e.
water, in the chloroform-methanal-water mix-
ture, The HPTLC plate can he developed mulri-
ple times, with intermediate drying periods, ta
achieve a higher resolution, f.e. enhanced sepa-
ration, than can be obtained by single chroma-
tography. The examples given should serve as a
starting point for further applications,
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