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Abstract

Automated 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-
series monosialogangliosides in the solvent chloroform-methanol-water (120 :85:14, viv, 2 mM CaCI,) 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, vlv, 2 ruM
CaCl,) . An extremely heterogenous marine disialoganglioside mixture was developed three times in chloroform-
methanol-water (120 :85:16, vlv, 2 mM CaCh) 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 polysialogangliosides from embryonic chicken brain .
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sphingolipids (GSLs)', containing one or more

' Abbreviations used : AMD, automated multiple develop-
ment ; Neu5Ac, N-acetylneuraminic acid [33J . The designa-
tion of the following glycosphiugolipids follows the rUPAC-
IUB recommendations [34] and the nomenclature of Svcn-
nerholm [35] . Lactosylceramide or LacCer, Galfl-4Glc81-
ICer; gangliolctraosylceramide or GgOse,Cer . Gall3l-3Ga1-
NAcBI-4Ga181-4GIcIl-lCer ; Iacto-N-neotetraosylceramide
or nT.e(he,Cer, Ga181-4G1cNAcBl-3Ga181-4GteNAcBI-
3GaI81-4Gld31-lCer; GM„ 11'Neu5Ac-Laccer : t1M , or
GM , p , II'NeuSAc-Ggose,Ccr ; G,,,, . IV'Ncu5Ac, II'Ncu-
SAc-GgOse,Cer. G m„„ r1'(Ncu5Ac),-GgOsc,Cer; GT] ,
lV'Neu5Ac, Il'(Ncu5Ae),GgOse,Cer ; Gms , lV'(Neu-
5Ac),, 11'(NeuSAc)iGgose,Cer ; G,,,,, IV'NeuSAc,
1f'(Neu5Ac),-Ggfse,Cer ; G_,, IV'(Neu5Ac)„ II'(Neu-
5Ac),-GgOse,Cer; IV'(Neu5Ac)„ II'(Neu5Ac)_
GgOse,Cer .
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sialic acid residues . Their structures and func-
tions have been widely reviewed 11-3] . Due to
their localization in the outer leaflet of the cell
membrane they act as receptors for toxins,
bacteria [4], viruses 151 and other ligands and are
assumed to modulate a variety of biological
functions [6,7] including cell-cell recognition
phenomena and the development of antitumor
immunity [8] .

Analytical and preparative high-performance
thin-layer chromatography (IIPTLC) are widely
used for separation and identification as well as
for isolation and purification of individual GSfs
[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 components of the total ganglioside mix-

1 . Introduction

Gangliosides are membrane-bound glyco-
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Lures. The combination of two consecutive un-
idirectional runs in different solvent systems led
to improved separation of multisialogangliosides
[10] . Two-dimensional TLC has been developed
specifically for the recognition of alkali-labile
gangliosides [1'1] . Furthermore, the technique of
short-bed continuous development thin layer
chromatography of GSLs has been utilized to
enhance GSL separation [12] . Increased sepa-
ration by '1LC can be achieved by decreasing
solvent strength, the basic theory for short-bed
continuous [13] and programmed multiple de-
velopment 1'LC [14] .
In this study an improved method for the

separation of gangliosides on HPTLC plates by
automated multiple development is described .
that permits high-resolution separation of com-
plex ganglioside mixtures . The theoretical goal
of increasing the separation of the different
hands by decreasing the solvent strength was
achieved by three consecutive runs in the same
solvent but with lower polarity than that which is
optimal for separation by conventional single
IIPTLC. A preliminary report of some results
has been published [15] .

2. Experimental

2. ) . Gangliosides

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, Bielefeld, Ger-
many) . Gangliosides were isolated and purified
by standard procedures [2] as described in refs .
17 and 18 .
Gangliosides from murine lymphoma YAC-1

cells were isolated as recently published [19] .
Whole gangliosides were separated into mono-
and disialoganglioside fractions by gradient
anion-exchange chromatography as described
previously [20] .

Brains from 16 days old chicken embryos were
disintegrated and extracted with chloroform (C)/
methanol (M) (2:1), (1 :1) and (1 :2) (vlv). The
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combined extracts were evaporated, dissolved in
water and dialysed against water . The dialysate
was freeze-dried and neutral GSLs and gan-
gliosides were separated by anion-exchange
chromatography on a DEAE-Sepharose CL6B
column in the acetate form [20] . Finally, gan-
gliosides were taken up in C/M (85 :15), applied
to an latrobeads RS8060 (Macherey-Nagel,
Ddren .. Germany) column and purified by step-
wise clution with CIM (4 :1), (3 :1), (2 :1), (1 :1),
(2 :3) and (1:2) (viv) .

A mixture of reference gangliosides from
human brain was purchased from Supelco (Belle-
fonte, PA, USA) . Purified bovine brain G, I_, b and
Ge1v were from Dr. Pallmann GmhH (Munich,
Germany) .

2.2 . Analytical and preparative thin layer
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 performed for 35

min in the solvent C-M-W (120:85 :20, v/v, 2

mM CaC12 ) and visualized by resorcinol [2'1] .
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-
Chcmic, Steinheim, Germany) 0 .001% (w/v) in
acetone-H 2O (8:2) [22] . Zones containing GSLs
were localized 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 elation
with isopropanol-hexane-water from 55 :42:3 to
55 :10:35 (viv) according to Levcry et al . [23] .

2.3. The automated multiple development
(AMD) system

'1 he 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 diagram of the AMD developing unit . Develop-
ment chamber (1), solvent reservoir bottles (2), motor driven
valve (3), gradient mixer (4), wash bottle (5) . gas phase
reservoir (6), vacuum pump (7), waste collection bottle (s)-

2.4 . AMD chromatography of gangliosides

Gangliosides were separated on HPTLC plates
by three-fold automated multiple development .
Monosialogangliosides of human granulocytes
were chromatographed in C-M-W (120:85 :14,
v/v. 2 mM CaCL,) . Disialogangliosides from
murine YAC-1 lymphoma cells were separated in
C-M-W (120 :85 :16. v/v, 2 mM CaCI,) and
polysialogangliosides of embryonic chicken brain
were developed in C-M-W (120:85:22, v/v, 2
mM CaC1 2 ), each three times in the same
solvent mixture . All runs were performed for 55
min each with intermediate vacuum drying
periods of 10 min .

3- Results and discussion

3. 1 . AM D chromatography of gangliosides

I-ligh-perforinance thin layer chromatography
is one of the major techniques for analysis of
GSLs and its ease and reproducibility make it an
ideal method for analytical and preparative pur-
poses 1241 . However, several complex ganglio-
side mixtures have been described, that could
not he separated by conventional one-step chro-
matography on IIPTLC plates . The aim of this
work was to improve in some cases the un-
satisfactory separations of individual gangliosides
in complex mixtures considering analytical as
well as preparative HPTLC .

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

l. Miuhing i T. Chromntogr. R 657 (1994) 75 81
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separation of the compounds in question by
conventional single-step HPTLC . Three-fold
chromatography was performed by automated
multiple development as described in the Ex-
perimental section . The three compound solvent
C M-W (120:8520, v; v, 2 mM CaCl 2 ) was the
basic solvent due to its high resolution power
and its wide applicability in ganglioside sepa-
ration . A lower polarity, obtained by decreasing
the water content, led to improved separation of
complex mono- and disialogang]ioside mixtures
whereas increased polarity gave excellent sepa-
ration of polysialogangliosides as demonstrated
in the following sections .

3.2. AML) chromatography of human
granulocytes gangliosides

Monosialo_eangliosides II'Neu5Ac-LacCer
(G"), IV`Neu5Ac-nLcOse,Cer, IV 6Neu5Ac-
nLcOse,Cer, and Vl'Ncu5Ac-aLeOsc 6('cr are
the main gangliosides in human granulocytes .
The fractions with higher R r values of ean-
glioside pairs arc characterized by the presence
of C, 4 . 1 and to some extent by C 22 : c fatty acids in
their ccramide portions, whereas C 16 . 0, fatty acids
are characteristic for the fractions showing lower
R, values [17,251 . The structures of the main
gangliosides from human granulocytes are listed
in Table 1 . As shown in Hg . 2A, single chroma-
tography in the conventional solvent C-M-W
(120:85 :20, vlv, with 2 mM CaC1 2 ) led to a set
of eight tightly spaced bands . Three-fold de-
velopment in C-M--W (120 :85:14, vlv, 2 mM

Table I
Structures of gangliosides trom human granulocytes

' According to Fig . 2 .

No Fatty acid Structure

L 24 :1, 22:0 it 'fvea3Ac-Lac(.er((-iM,)
16 :0 tt'Ncu5Ac-LacCcr(GM,)
24 :1, 22 :0 tV'Neu5Ac-nl .cOne .Cer
16 :0 IV'Neu5Ac-nLcOse,Cer
24 :1 LV °Neu5Ac-IlLeOse,Cer

6 16 :0 1V °Neu5Ac-nLcOsc,Cer
7 24 :1 VI'NeuSAc-nLcOsc,Ccr
8 16 :0 Vl'Ncu5 .Ac-nLcOse,Cer
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Neu5Ac-Lac .

Fig . 2 . AMD chromatograpliv of human granulocytes gan-
gliosides . Gangliosides (15 gg) were chrumatugraphed in
C-M-W (120:85:20 . vlv, 2 mM CaCI,) (A) and separated by
three-fold automated multiple development in C-M-W
(121')8514, vlv, 2 mM CaCl,) (B) . Gangliosides were
visualized by resorcinol . Structures of gangliosides are lisled
in Table I . Lac, lactusylceramide ; n1A4, nLcose,(er ; nLc6,
nLcOse„ Cer .

CaCl2) resulted in a ca . three-fold increase in
separation distance of the four GSL pairs (Fig .

2B) . Enhanced resolution of e .g. hands 4 and 5,

corresponding to lV'Ncu5Ac-nLcOse,Cer (C, 6

fatty acid) and IV 6Ncu5Ac nLcOse„ Cer (C 2,
fatty acid), now permits feasible and more effi-
cient preparative HP'l'LU of these former closely
spaced GSLs [241 . Moreover, the unidentified

gangliosides designated X, Y and Z . will now
become accessible for structural characterization
by combination of AMD separation and prepara-
tive HPTLC . Since neolacto-series gangliosides
from human granulocytes (and from cells of
other species) were found to hind e .g . to in-

fluenza and Sendai virus [17,26] as well as to a
variety of microorganisms [4] the described im-
proved high-resolution separation would e .g .
facilitate the specific detection of microorganis-
m-ganglioside interactions on the HPTLC plate

and furthermore enables the isolation of these

L Muthing i .1 . Chrumatogr. B 657 (1994) 75-a1

important receptor molecules by preparative
HPTLC in an effective, easy and convenient way

[L4] •

3.3. AM!) chromatography of
disiulogungliosides from murine lymphoma
YAC-1 cells

the resorcinol stained chromatogram of the
disialoganglioside fraction from YAC-1 cells
showed a continuum of poorly separated bands
after conventional HPTLC as demonstrated in

Fig . 3 . AMD chromatography of disialogangliosidcs from
marine Ivmphoma YAC-I cells . Human brain gangliosides
(10 gg) (lane a, references) and 5 gg disiulogangliosides
Loot YAC1 (lane b) were chromatographed in C-M-W
(120 ;85 ;20. v/v, 2 mM CaCI,) (A) and separated by
threefold automated multiple development in C-M-W
(120-8576_ v!v, 2 m .M CaCl,) (B) . Ualiglinsides were
visualized by resorunol . The positions of human brain
gangliosides are marked in the margin . D . disialoganglioside
fraction .



Fig . 3A (lane b) . improved separation of this
highly complex mixture, consisting of several
different yet unknown components, which
ehromatograph between reference G1-,,, and
GTIb , was obtained by three-fold chromatog-
raphy in C-M-W (120 :8.5 :16, v/v, 2 mM CaC1,)
as demonstrated in Fig . 3B (lane b) . This mix-
ture will now also become accessible for structur-
al characterization by combined AMD separa-
tion and preparative HPTLC .

3.4 . AM!) chromatography of
polysialogangliosides 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 polysialogan-
gliosides, isolated front embryonic chicken
brains, gave insufficient resolution in C-M-W
(120 :85:20, v/v, 2 mM CaClz) 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 GTIb , which
was achieved by three-fold chromatography in
C-M-W (120 :85 :22, v I v, 2 mM CaCI,) as dem-

Fig. 4 . Thin layer chromatography of embryonic chicken
brain gangliosides . Human brain gangliusiJes (5 µg) (lane a).
11) p.g gangliosides of latrobcads C-M (1 :1) eluate (lane b)
and 5 µg gangliosides of latrubeads C-M (23) eluale from
embryonic chicken brains (lane c) were chromatographed in
C-M-W (1'20 :85 :20, vlv . 2 mM CaCI,) and stained with
resurcinol . Ibe positions of human brain gangliosides arc
marked in the margin . P, polysialogangliosides .

J. Mtlrhing I J. Chromarogr . B 657 (1994) 75-81

Fig. 5. AMD chromatography of individual polysialogan-
gliosides from embryonic chicken brains . Gangliosides were
chromatographed three-fold in C-M-W (120 :85 :22 . viv, with
2 mAt CoaC1,) and stained with resorcinol : (lane a) 1 peg G ., ., s
from bovine brain (reference), (lane h) I jig G o ,,, from
bovine brain (reference), (lane c) 10 µg of embryonic
chicken brain gangliosides, C'M (2 :3) latrobeads eluate .
Individual polysialogangliosides from embryonic chicken
brains isolated by preparative HPTLC were applied as
follows : I µg C m ,,, (lane d . 1), 1 µg G o,,, (lane e, Il), 1 pg
Ge,, (lane 1, 111), 1 pg. CU,_. (lane g, IV), 0 .25 µg Go„ (lane
h, V) . Structures of polvsialogang]iosides are listed in Table
2. P. polysialnganglinsidcs, S, start,

onstrated in Fig . 5 (lane c) . Five fractions of
individual polysialogangliosides, corresponding
to GT1b(I), Go1y(II) , G Q,Af1I), G p ,.(IV) and
G H1c (V) (Fig . 5, lanes d-h), were isolated by
preparative HPTLC after AMD separation .
Their structures are listed in Table 2 . The
presented data show that the combination of
AMD chromatography and preparative HPTLC
is successful for the isolation of individual poly-
sialogangliosides from complex GSL mixtures
like those of e .g. fishes [27,28] and embryonic
brains [29,30] . The technique described offers a

Table 2
Structures of polysialogangliosides from embryonic chicken
brain

" According to Fig . 5 .
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No ." Symbol Structure

I 1VNeu5Ac,ji'(Neu5Ac)zGgOse„Cer
II IV'(NeuSAc), .II 3 (NeuSAc),-GgOse,Cer
III Go . ,. IV'NeuSAc,ll'(Neu5Ac),-CigOsc„C:er
IV IV'(NeuSAc)„IF F(Neu5Ac),-Ggose,Cer
V GIV'(Neu.SAc), ,Il'(Neu5Ac),-GgOse,Cer
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convenient approach to analyze ganglioside ex-
pression with particular reference to the minor
components within the total ganglioside mixture,
components that might he relevant for cell prolif-
eration and differentiation processes e,g . during
brain development and aging [31] or in neuronal
degeneration occurring for instance in Alzheim-
er's disease [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-
sialoganglioside fractions . The initial choice of
chromatographic solvent should be one which is
less 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-methanol-water mix-
ture. The HPTLC plate can he developed multi-
ple times, with intermediate drying periods, to
achieve a higher resolution, i .e. enhanced sepa-
ration. than can he obtained by single chroma-
tography . The examples given should serve as a
starting point for further applications .

Acknowledgements

l express my warmest thanks to Prof . Dr .-Ing .
J. Lehmann for his generous support and Dr. F .
Unland and Dipl . Biol. J . WeiBer for help with
ganglioside separations . The expert technical
assistance of Mrs . H. Doedens is also gratefully
acknowledged. Furthermore I thank Dr . 11 .
Ziehr (GBF, Braunschweig) for critical reading
of the manuscript . This work was financed by a
grant from the Deutsche Forschungsgemcin-
schaft (Mu &15!1-1) .

J. Mhihing I J. Chrcmalogr . R 657 (1094) 75-81

References

[1] S : L Hakomnri, Chem. phys- lipids, 42 (1986) 209.
[2] R .M. Ledeen and R.K. Yu. Methods EnzymoL . 83

(1982) 139 .
[3] C .L.M. Stults, C . C . Sweeley and B .A. Macher. Meth-

ads EnzymoL . 179 (1989) 167 .
[41 K.A. Karlsson, Armu. Rev . Biochem ., 58 (1989) 309 .
151 J .C . Paulsnn, in P.M. Conn (Editor), The Receptors ..

Academic Press, Orlando, 1985, Vol . II . p . 131 .
[6] l' . Igarashi, H . Nojid, N . Hanai and S .-1 . Hakomori .

Methods Enzymul . . 179 (1989) 521 .
[7] C .B . Zcllcr and AB . Marchase, Am . l . Physiol., 262

(1992) C1341 .
18] E.V. Dvatlovitskaya and L.D . Bergelson, Biochms .

Biophys . Acts . 9U7 (1987) 125 .
[9] S-K. Kundu, Methods Enzymol ., 72 (1981) 185 .

[10] H. Rosner, Anal . Biocltern . . 1119 (19811) 437 .
[l1] S . Sonnino . R. Ghidoni, V. Chigorno, M. Masserini and

G- Tettamanti . Anal Biochem- . 128 (1983) 104,
[12] W.W. Young. Jr . and C .A. Borginan, Methods En-

zymol., 138 (1987) 125 .
113] J .A . Perry, J- C,ftramalogr ., 165 (1979) 117 .
[14] J .A . Perry, K .W. Haag and L .l . Glunz, J . Chrornnwgr.

Sci ., 11 (1973) 447 .
[15] J . Muthing, Glvcoconjugate l ., 10 (1993) 337 .
[IN] S. Engelhrecht . E. Pieper . H. Macanuey, W . Rauten-

berg. H.R. Wenzel and If . Tschesche . Hoppe Seyler's 7 .
PhyrioL Chemie, 363 (1982) 305-

[171 J . Muthing, F. Unland, D . Heilmanu, M. Orlich . F .-G,
Haniseh . J . Peter-Katatinic, V Knhuper, H . Tschesche,
S. Kelnr . R . Schauer and J. Lehmann, Vlyeocureiugale
J ., 111 (1993) 120 .

[181 J . Muthing and U . Neumann, Biomed. Chrumatogr ., 7
(1993) 158 .

[191 J . Muthing, J . Peter-Katalinie, F.-G . Hanisch and U .
Neumann, Chcuconjugate J ., 8 (1991) 414 .

[201 J . Miithing, H . Hgge, 11 . Kniep and P .F . Muhlradt, Fur .
J. Biochem ., 163 (1987) 407 .

[211 L . Svennerholm, Biochirn . Biophys . Ana, 4 (1957) 604 .
[221 V.P. Skipski, Methods EnzymoL, 35 (1975) 396.
[231 S .B. I every, F . U . Nudelman, M F .K. Salyan and S-1 .

Iakomori, Biochemistry, 28 (1989) 7772-
[24] J- Muthing and D . Heiunana. Anal. Biocheru ., 208

(1993) 121 .
[251 M.N . Fukuda, A . Dell, J . F . Oaten, P. Wti, .LC :_ Klnck

and M. Fukuda . J . Viol . Chem., 260 (1985) 1067 .
[261 Y- Suzuki, Y . Nagao, H . Kalo . M. Matsumoto, K .

Nerome. K. Nakajima and E . Nobusawa, 1 . Biol.
Chem., 261 (1936) 17057 .

[27] P. Fredman . R. Nnrcn . J .-E . Mlnsson and L. Svenncr-
holm, Biochim . Biophys- Acra, 713 (1982) 410 .

[281 T. Tanaka, Y Arai and Y Kishimoto, J. Neurochem .,
52 (1989) 1931 .

[29] H . Rosner, H . Rahmann, G. Rein, ., R . Schauer ; J .
Peter-Katalinic and fl . Egge, Blob . Chem . Jdoppe Seyler .
366 (1985) 1177-



J. Muthing l J. Chromatogr. B 657 (1994) 75-81

	

Rl

[30] S . Sonrano, R, Bassi, V. Chigorno and G . Tettamanti, J .

	

[33] G. Reuter and R . Schauer, Glycuconjugate J ., 5 (1988)
Neurochem ., 54 (1990) 1653 .

	

133.
[31] 1. Kracun, H, R2 sncr, V Drnnvsek, Z . Vukelic, C .

	

[34] IUPAC-IUB Commission on biochemical nomenclature,
O,sovic, M, Trbojevic-Cepe and M, Kubat, Neurochem .

	

Fur, J . Biochem ., 79 (1977) 11 .
Int., 20 (1992) 421 .

	

[35] L . Svennerhu]tn, J. Neurochem., 10 (1963) 613 .
[32] 1 . Kracun, S . Kalanj, 1 . Talan-Hranilovic and C .

Cosovic, Neurochem lnt-, 20 (1992) 433 .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7

