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Abstract A liquid-liquid partition chromatographic tech-
nique was applied to separate amphiphilic glycolipids. A
two-phase solvent system composed of n-butanol-tbutyl
methyl ether-acetonitrile-water at a volume ratio of 3:1:1:5
was found to be suitable for separating the gangliosides
from total lipids extracted from rat brain by liquid-liquid
partition chromatographic systems, namely centrifugal parti-
tion chromatography (CPC) and high-speed counter-current
chromatography.Bl GM1 could be separated rapidly by
using the upper phase as stationary phase for both systems.
Moreover, various kinds of gangliosides (GM1, GDla,
GD1b, GT1b) could be separated individually by using the
lower phase as stationary phase by CPC. The sample can be
recovered without loss by these systems.—Kato, T. and K.
Hatanaka. Purification of gangliosides by liquid-liquid parti-
tion chromatography. J. Lipid Res. 2008. 49: 2474-2478.
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Gangliosides are acidic glycolipids widely distributed in
most vertebrate tissues and body fluids, and are particu-
larly abundant in the nervous system. Ganglioside is a
sphingoglycolipid that contains one or more sialic acid res-
idues (N-acetylneuraminic acid, N-glycolylneuraminic acid)
linked to an oligosaccharide chain. In recent years, their
various roles in biological functions, such as cell-cell inter-
action, cell proliferation and differentiation, cell-substrate
interaction, carcinogenesis, bacteria or virus infection, im-
mune response, and inflammation, have been reported (1).

Isolation and purification of gangliosides from complex
lipid mixtures are generally accomplished by preparative
TLC (2), HPLC using anion-exchange columns such as
DEAE-Sephadex (3, 4), Q-Sepharose (5) and MonoQ (6),
or by using a strong anion exchanger cartridge (InertSep
SAX) (7).
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In this research, we employed centrifugal partition chro-
matography (CPC) to separate and purify pseudo-glycolipids
that were obtained by the saccharide primer method (8).
CPC and high-speed counter-current chromatography
(HSCCC) are both liquid-liquid partition chromatographic
techniques that have been widely used for separation and
purification of natural products (9—-13). The difference
between CPC and HSCCC is the component (rotor and
tubing, respectively), in which liquid-liquid partition is per-
formed (11). It is thought that because mixing conditions
for these systems are not identical, amphiphilic com-
pounds such as glycolipids may be separated differently.
These liquid-liquid partition chromatographic techniques
have advantages over chromatographic techniques such as
normal column chromatography and HPLC using solid
support. Because irreversible adsorption does not occur,
simple rinsing of the instrument allows full recovery of
noneluted compounds. Moreover, pretreatment of samples
is unnecessary and purification can be accomplished in a
short time. Significantly, liquid-liquid partition chromato-
graphic techniques do not require expensive solid support.

In this paper, we describe the successful separation and
purification of gangliosides (from complex lipid mixtures
extracted from rat brain) by two liquid-liquid partition
chromatographic systems, CPC and HSCCC.

MATERIALS AND METHODS

Materials

All organic solvents were of analytical grade and were pur-
chased from Nacalai Tesque, Kyoto, Japan. Rat brain tissue (Rock-
land) was purchased from Funakoshi, Tokyo, Japan. The strong
anion exchanger cartridge (InertSep SAX) was purchased from
GL Science, Tokyo, Japan.

Apparatus

CPC was performed using the CPC240 (Sensyu Scientific, To-
kyo, Japan). Total rotor volume of this model is 240 ml, and num-
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ber of cells is 2,136 (11). HSCCC was performed by using Easy-
PREP320 (Kutuwa Sangyo, Hiroshima, Japan, http://www.kutuwa.
com). Total column volume of this model is approximately 320 ml.
Polytetrafluoroethylene tubing (1.6 mm inner diameter, 0.4 mm
thick) was used as separation column. Centrifugal concentrator
used was a Tomy CC-105 system with TU-105 low temperature trap,
and GCD-051X (Tomy Seiko Co., Ltd., Tokyo, Japan).

Lipid extraction from tissue

Ten pieces of rat brain tissue were homogenized with 100 ml of
chloroform-methanol (2:1,v/v). After sonication for 30 min, the
extract was transferred into a new tube. The lipids from the re-
maining pellet were extracted again with 100 ml of chloroform-2-
propanol-HyO (7:11:2, v/v/v). The first and the second extracts
were mixed and evaporated. The resulting pellet was dissolved in
12 ml of chloroform-methanol (2:1,v/v). Crude lipid extract (1 ml)
was dried up and dissolved in the 5 ml solvent [upper phase-lower
phase (1:1, v/v)] used for separation procedure, respectively, and
the total amounts were injected into CPC or HSCCC.

Column procedures

Separation of acidic glycolipids from total lipids extracted from
rat brain was performed as described previously (7). The SAX
cartridge (500 mg) was placed in the extraction manifold appa-
ratus (Waters, Milford, MA) and washed under vacuum (under
10 kPa) with 10 ml of methanol and 10 ml of distilled water. The
anion exchange resin was conditioned by washing with 10 ml of
0.8 M ammonium acetate solution to convert to acetate ion form
and then washed with 10 ml of distilled water. After equilibration
with 10 ml of chloroform-methanol-HyO (5:10:1, v/v/v), a collec-
tion rack with receiving tubes was placed in the extraction manifold
apparatus. The lipid extract was diluted with chloroform-methanol-
HyO (5:10:1, v/v/v) and applied to the cartridge column under
vacuum. Then 10 ml of chloroform-methanol-HoO (5:10:1, v/v/v)
was pulled through for washing. The cartridge column was then
eluted with 10 ml of chloroform-methanol-4.0 M ammonium ace-

tate (5:10:1, v/v/v) and the eluate (acidic glycolipids) was saved.
Eluates were evaporated by centrifugal concentrator.

Separation procedure by CPC

CPC was performed with a two-phase solvent system composed
of n-butanol-tbutyl methyl ether-acetonitrile-water (3:1:1:5, v/v/
v/v) for the separation of gangliosides. The solvent mixture was
thoroughly equilibrated in a separatory funnel at room tem-
perature and was separated into two phases before use. The col-
umn (rotor) was filled with upper/lower stationary phase, and
the lower/upper mobile phase was pumped into the inlet of
the column at a flow rate of 4 ml/min. The apparatus was rotated
at 1,200 rpm. After equilibration, the sample solution was applied
through the injection valve. The eluent was collected in glass
tubes with a fraction collector, and each fraction was subjected
to high-performance TLC (HPTLC) analysis.

Separation procedure by HSCCC

The separation was performed according to the standard pro-
cedure used for HSCCC (14). A two-phase solvent system used for
separation consisted of n-butanol-tbutyl methyl ether-acetonitrile-
water (3:1:1:5, v/v/v/v). The entire column was filled with the
upper stationary phase. Then the column was rotated at 800 rpm,
and the lower mobile phase was pumped into the inlet of the col-
umn at a flow rate of 2.0 ml/min. After equilibration, the sample
solution was applied through the injection valve. The eluent was
collected in glass tubes with a fraction collector, and each fraction
was subjected to HPTLC analysis. After normal elution, the rota-
tion of the column was stopped, and the column contents were
collected by pumping the upper stationary phase into the column.

HPTLC
Amphiphilic glycolipids and pseudo-glycolipids synthesized by
using cells were analyzed on an HPTLC plate (Merck, Darmstadt,

Germany). The developing solvent used was chloroform-methanol-
0.25% aqueous KCI (5:4:1, v/v/v). The separated glycolipids

TABLE 1. Selection of two-phase solvent system

Ko
Two-phase Solvent System Gangliosides Acid Neutral Alkali
mol/mol
BuOH-tBME-ACN-HoO (2:2:1:5) GM1 >100 1.9 1.26
GDla 5.7 <0.01 <0.01
GDI1b 16 <0.01 <0.01
GT1b 1.3 <0.01 <0.01
BuOH-tBME-ACN-H,O (3:1:1:5) GM1 20 5.8 5.3
GDla 3.5 0.23 0.21
GD1b 6.9 0.13 0.11
GT1b 2.2 0.04 <0.01
(BME-ACN-H,O (2:2:3) GM1 0.79 <0.01 <0.01
GDla 0.065 <0.01 <0.01
GD1b <0.01 <0.01 <0.01
GT1b <0.01 <0.01 <0.01
BuOH-EtOH-H,O (4:1:5) GM1 28
GDla 3.3
GD1b 8.8
GT1b 3.2

Ky, partition coefficient. The solvent mixture was thoroughly equilibrated in a separatory funnel by repeated
vigorous shaking and degassing several times, and the two solvent phases were separated. Then 5 ml each of the
upper and lower phases was transferred into new tubes, sample solutions (5 pl lipid extract, described in Materials
and Methods) were added, and the mixture was shaken vigorously. After the two solvents were separated, samples
dissolved in the upper and lower phases were analyzed by high-performance TLC. Acid: 1% acetic acid was added to
the lower phase; alkali: 1% NH,OH was added to the lower phase.
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were detected by spraying with resorcinol reagent and heating at
120°C (15, 16).

RESULTS AND DISCUSSION

Selection of two-phase solvent system

Crude lipid extract (12 ml) was prepared from 10 sam-
ples of rat brain tissue. The major brain gangliosides are
GD1la, GD1b, GT1b, and GM1. To find a suitable two-
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Fig. 1. Elution profile of gangliosides extracted from rat brain sep-
arated by centrifugal partition chromatography (CPC). A: Non-
treated. B: Treated by strong anion exchanger (SAX) cartridge
column. Solvent system: n-butanol-tbutyl methyl ether-acetonitrile-
water (3:1:1:5,v/v/v/V); stationary phase: upper phase; mobile phase:
lower phase; flow rate: 4.0 ml/min; revolution speed: 1,200 rpm;
fraction volume: 10 ml. For high-performance TLC (HPTLC)
analysis, 50 pl of the fractionated fraction was dried, and then
the dried pellets were dissolved in 5 pl chloroform-methanol
(2:1, v/v) and applied to the HPTLC plate.
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phase solvent system for separation of gangliosides, the
partition coefficient (Ky,;) of each ganglioside involved
in the crude lipid extract was measured by using various
types of two-phase solvent systems. The results are summa-
rized in Table 1. A two-phase solvent system consisting of
n-butanol-tbutyl methyl ether-acetonitrile-water (3:1:1:5,
v/v/v/v) seemed to be suitable for separation of each
ganglioside, because the Ky, values of the four types of
gangliosides were not the same. When an acid (acetic acid)
was added, gangliosides became more soluble in the upper
organic phase. On the other hand, gangliosides became
more soluble in the lower aqueous phase when a base
(NH,OH) was added. However, adding neither an acid
nor a base was effective for separation of gangliosides.
Chloroform-methanol-water (5:6:4, v/v/v), which can sep-
arate neutral pseudo-glycolipids (8), and n-hexane-ethyl
acetate-methanol-water (1:1:1:1, v/v/v/v) were tried in var-
ious modes for the selection of solvents.

Separation by CPC (lower aqueous phase mobile)

Gangliosides in lipid extracted from rat brain were sepa-
rated by CPC using a two-phase solvent system composed
of n-butanol-tbutyl methyl ether-acetonitrile-water (3:1:1:5,
v/v/v/v) (Fig. 1). The column was filled with the upper
stationary phase, and the lower phase was used as the mo-
bile phase. At first, nontreated lipid extract was tried for
separation by CPC. However, the gangliosides were barely
separated (Fig. 1A). The impurity (for example, simple lipid,
phospholipid, neutral sphingoglycolipid) may have an in-
hibitory effect on the separation of gangliosides. There-
fore, the lipid extract was purified first by SAX cartridge

GM1
GD1a

GD1b
GT1b

Fig. 2. Elution profile of gangliosides extracted from rat brain
after separation by high-speed counter-current chromatography.
Solvent system: n-butanol-+butyl methyl ether-acetonitrile-water
(3:1:1:5, v/v/v/v); stationary phase: upper phase; mobile phase: lower
phase; flow rate: 2.0 ml/min; revolution speed: 1,000 rpm; fraction
volume: 8 ml. For HPTLC analysis, 50 wl of the fractionated frac-
tion was dried, and then the dried pellets were dissolved in 5 pl
chloroform-methanol (2:1, v/v) and applied to the HPTLC plate.
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Fig. 3. Elution profile of gangliosides extracted from rat brain separated by CPC. Solvent system: n-butanol-+butyl methyl ether-acetonitrile-
water (3:1:1:5, v/v/v/v); stationary phase: lower phase; mobile phase: upper phase; flow rate: 4.0 ml/min; revolution speed: 1,200 rpm;
fraction volume: 10 ml. After complete injection, gangliosides were eluted first by the mobile phase in ascending mode (fractions 1-75),
then by the stationary phase in descending mode (fractions 76—100). For HPTLC analysis, 50 pl of the fractionated fraction was dried, and
then the dried pellets were dissolved in 5 pl chloroform-methanol (2:1, v/v) and applied to the HPTLC plate.

column before separation by CPC. As shown in Fig. 1B,
GM1 was clearly separated from other gangliosides. The
difference between untreated and treated extracts may
be due to emulsification of two-phase solvent caused by
the neutral compounds, which could be removed by SAX
cartridge column treatment.

Separation by HSCCC

Gangliosides in lipid extracted from rat brain were sepa-
rated by HSCCC using the same two-phase solvent system.
Because the suitable K values for HSCCC are less than 1,
the lower phase was used as the mobile phase. The gan-
glioside, lipid extract purified by SAX cartridge column,
was separated by HSCCC as shown in Fig. 2. The results
showed that this two-phase solvent system (mobile phase:
lower phase) was particularly effective for the separation
of GM1 by HSCCC, or by CPC as described above.

Separation by CPC (upper organic phase mobile)
Gangliosides were separated from nontreated lipid ex-
tract by CPC using a two-phase solvent system composed
of n-butanol-tbutyl methyl ether-acetonitrile-water (3:1:1:5,
v/v/v/v). Neutral lipids (simple lipid, phospholipid, neu-
tral glycosphingolipid) were dissolved in the upper phase
more quickly than the lower phase and are more soluble in
the upper phase than gangliosides. Hence, gangliosides
were separated from the lipid extract without SAX purifi-
cation by CPC using the upper phase as the mobile phase.
Gangliosides GM1 (fraction number 22—-25 in Fig. 3),
GDla and GD1b (fraction number 36-59 and 45-60, re-
spectively in Fig. 3), and GT1b (fraction number 78-83
in Fig. 3) were separated. In this mode, because the neu-

tral lipids are removed first, gangliosides may be separated
without the influence of the neutral lipids. It is known that
minor gangliosides otherwise exist in rat brain (4). Al-
though the spot of ganglioside GQ is detected by HPTLC
under one of GT1b, the spot detected at the fraction num-
ber 77 is considered to be ganglioside GQ. Gangliosides
were separated more effectively by CPC under this condi-
tion than previously described (8).

Our new procedure using CPC or HSCCC is particularly
suitable for the purification of gangliosides. Significantly,
various types of gangliosides (GM1, GDla, GD1b, GT1b)
were separated individually according to their behavior in
CPC by using a two-phase solvent system composed of -
butanol-tbutyl methyl ether-acetonitrile-water (3:1:1:5, v/v/
v/v). These techniques allow scaling-up of this procedure
for application to industrial production of gangliosides. i
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