19

Journal of Chromatography, 232 (1982) 19—27
Biomediccl Applications
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROMBIO. 1368

RAPID SEPARATION OF GANGLIOSIDES BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY

SAMAR K. KUNDU* and DEBORAH DUNN SCOTT

Department of Medicine, Baylor College of Medicine, 1200 Moursund Avenue, Houston,
TX 77030 (US.A.)

(Received March 17th, 1982)

SUMMARY

We have developed a high-performance liquid chromatographic (HPLC) procedure for the
rapid separation of individual ganglioside components on a 5-um porous silica gel column
using a mixture of isopropanol—hexane—water with increasing water content and decreasing
hexane content. Total ganglioside mixtures were first fractionated on DEAE-silica gel
according to the number of sialic acid residues. Each fraction was then separated into
individual ganglioside components by HPLC. Total elution time was less than 2 h. This
procedure has been applied for the separation of major ganglioside components of human
erythrocytes and beef brain and is highly reproducible.

INTRODUCTION

In recent years, high-performance liquid chromatography (HPLC) has been
used as an analytical tool for the quantitation of glycolipids from animal
tissues or cells [I—11]. All these procedures involved derivatization to intro-
duce an aromatic chromophore for detection in the standard ultraviolet
detector system. Unfortunately, it has not been possible to regenerate the
native glycolipids from derivatized components. Thus the available methods
could not be utilized for isolation of intact glycolipids. Gangliosides have been
separated without derivatization using HPLC with a chloroform--methanol—
hydrochloric acid system, equipped with moving-wire flame ionization detector
[12]. Due to the non-availability of this type of the detector system and the
danger of using hydrochlori¢ acid to isolate labile gangliosides, this solvent
system does not seem to be appropriate. Recently, Watanabe and Arao [13]
have used a mixture of isopropanol—hexane—water as a solvent system and
were able to separate. underivatized neutral glycosphingolipids (GSLs) from
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human erythrocytes. In this present paper, we report a HPLC procedure for
purification of underivatized ganglioside components from human erhythro-
cytes and beef brain using isopropanol—hexane—water as a solvent system as
described {13]. The procedure is highly reproducible and the separation can
be achieved in a much shorter time in comparison to the conventional column
chromatographic procedures [14—20].

EXPERIMENTAL

The gangliosides from human erythrocytes and beef brain were isolated as
described previously [21, 22]. The erythrocyte ganglioside mixtures were
further fractionated on DEAE-silica gel into mono and disialo species [19]. The
beef brain ganglioside mixtures were similarly separated into mono-, di-, tri-
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Fig. 1. Elution profile of the monosialoganglioside fraction of human erythrocytes separated
by BPLC as monitored by TLC. HPLC column: Zorbax SIL (5 pm, 25 em X 4.6 mm );
sample applied, 500 ug. The column was eluted with a linear gradient of a mixture of iso-
propanol—hexane—water from a ratio of 55:42:3 to 55:25:20 during a period of 2 h.
Fractions of 1 ml of effluent were collected and aliquots of 200 ul were spotted after
evaporation and redissolving in 20 ul of chloroform—methanol—2.5 N ammonium hydroxide
(50:50:10) on a precoated silica gel 60 plate. Lane 1 contains total monosialoganglioside
fraction and lanes 2—11 contain eluted fractions. Solvent system: chloroform—methanol—
water (55:25:10) containing 0.02% (w/v) CaCl, - 2H,O. All bands were purple after
detection by resorcinol spray [26]. The faint band in lane 1 above Gy, contained non-
ganglioside impurities indicated by a bracket and was yellow in color. The dotted line
indicates the concentration of water in the elution mixture. Faint ganglioside bands eluting
in water concentrations between 10—15% were visible (data not shown).
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and tetrasialo species [19]. For purification of individual ganglioside com-
ponents of human erythrocytes by HPL.C, mono- and disialoganglioside frac-
tions were separately used. Similarly, for purification of individual ganglioside
components of beef brain, monc-, di-, and trisialoganglioside fractions were
separately employed. Total beef brain ganglioside mixtures were also used for
purification of individual ganglioside components by HPLC. Standard ganglio-
sides used in this study have been described previously [23, 24].

High-performance liquid chromatography

The apparatus included Altex Model 100 A pumps and a Model 420 micro-
processor (Altex Scientific, Berkeley, CA, U.S.A.). A Zorbax Sil column (5
um, 25 cm X 4.6 mm I1.D., DuPont, Wilmington, DE, U.S.A.) was used and
separation was carried out by programmed gradient elution. A linear gradient
of isopropanol—hexane—water from 55:42:3 (solvent A) to §5:25:20 (solvent
B) was used during a period of 2 h. The column was equilibrated with solvent
A prior to injection of sample and after use the column was regenerated with
the initial solvent for 15 min. The flow-rate was adjusted to 0.5 ml/min and the

i 2 3 42 5 -8 2 & 9

Fig. 2. TLC of purified monosialogangliosides of human erythrocytes separated by HPLC.
Lane 1 contains standard mixtures of Gy, Gan., SPG and beef brain gangliosides. Lane 2
contains total monosialoganglioside fraction. Lane 9 ccntains total disialoganglioside
fraction of human erythrocytes. L.anes 3—8 are purified monosialogangliosides of human
erythrocytes. Lane 3 was identified as Gyy,; lane 4 as SPG; lane 5 as Gy, ; lane 7 as SNH-1
containing C,, and C,, fatty acid and lane 8 as SNH-2 containing C,, fatty acid [27]; lane 6
was not identified. Solvent system and spray reagent as in Fig. 1.
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ganglioside sample {(up to 500 ug) dissolved in 50 ul of isopropanol—hexane—
water (55:30:15) by mild sonication was injected and gradient elution started.
Fractions of 1 ml .were collected by a fraction collector. The elution profile of
gangliosides was monitored by thin-layer chromatography (TLC).

Thin-leyer chromatography

TLC was performed on precoated silica gel 60 plates (E. Merck, Darmstadt,
G.F.R.) with chloroformm—methanol—water (55:45:1Q) containing 0.02% (w/v)
CaCl; - 2H,0 (solvent 1) or chloroform—methanol—2.5 N ammonium
hydroxide (60:40:9) (solvent 2) as solvent systems [25]. Gangliosides were
revealed by spraying the plate with resorcinol reagent [26] and heating the
plate at 100°C for 10 min. Fractions were pooled after TL.C examination.

RESULTS*

The elution profile of the monosialoganglioside fraction from human erythro-
cytes by the HPLC procedure is presented in Fig. 1. The elution was complete
in approximately 1 h and gangliosides were eluted in a water concentra-
tion of between 5 and 9%. The three gangliosides viz. Gyy; (lane 2), Gyp; (lane
3) and sialosylparagloboside (SPG, lane 4) that comprise more than 90%
of the monosialoganglioside fraction were well separated. For the isolation of
other minor ganglioside components, the partially purified fractions in lanes 5,
6, 7 and 8 were separately reloaded on the HPLC column and eluted exactly
under identical conditions as described for the total mixture but fractions of
250 pl of eluate were collected. After TLC examination, the pure fractions
were pooled. Fig. 2 shows a thin-layer chromatogram of purified monosialo-
gangliosides from human erhythrocytes (Gpg; not shown). The purity of each
ganglioside component was established by running duplicate TLC plates in
solvent systems 1 and 2.

* Abbreviations of the ganglio series gangliosides are according to the nomenclature of
Svennerholm [29]. Gay, = NeuAc(e2-3)Gal(81-4)Gle-Cer; Gy, = GalNAc(g1-4)[NeuAc-
(«2-3)]Gal(81-4)Gle-Cer; Gy, = Gal(81-3)GalNAc(81-4)[NeuAc(a2-3)]Gal(81-4)Glc-Cer;
Gp, = NeuAc(c2-8)NeuAc(a2-3)Gal(81-4)Gle-Cer; Gp,» = NeuAc(a2-3)Gal(81-3)GalNAc-
(21-4)[NeuAc(a2-3)]Gal(s1-4)GleCer; Gp,p = Gal(g1-3)GalNAc(81-4)[NeuAc(a2-8)Neu-
Ac(=2-3)]1Gal(1-4)Glc-Cer; G, 2= NeuAc(a2-8)NeuAc(e2-3)Gal(81-3)GalNAc(81-4)[NeuAc-
{«2-31]1Gal(g1-4)Gle-Cer; Gr,p,= NeuAc(e2-3)Gal(81-3)GaiNAc(81-4)[NeuAc(a2-8)NeuAc-
(22-3)]1Gal(81-4)Glc-Cer; SPG (sialosylparagloboside) = NeuAc(«2-3)Gal(81-4)GlcNAc(£1-3)-
Gal(381-4)Gle-Cer; DPG (disialosylparagloboside) = NeuAc(a2-8)NeuAc{a2-3)Gal(81-4)Glc-
NAe(81-3)Gal(81-4)Gle-Cer; SNH (sialosylnorhexaosylceramide)= NeuAc(a2-3)Gal(g1-4)Gle-
NAc(£1-3)Gal(i-4)GlcNAc(81-3)Gal(g1-4)Gle-Cer; DPGC (disialosylpentaglycosylceramide)

NeuAc(az\s)
= Gal(81-3)GalNAc(1-3)Gal(1-4)Gal(g1-4)GlecCer; DL10LC (disialosyllacto-N-

NeuAc(a2—3)
NeuAc(a2-3)Gal(1-2)GlcNAc(B1_ 6)
isooctaosylceramide) = 3) Gal(p1-4)GleNAc{1-3)-
NeuAc(x2-3)Gal(81-4)GlcNAc(B1——

Gal(p1-4)Gle-Cer; where Gal = D-galactose; Gle = D-glucose; GalNAc = N-acetyl-D-galac-
tosamine; GlcNac = N-Acetyl-D-glucosamine; NeuAc = N-acetylneuraminie acid; Cer(ce-
ramide) = N-acylsphingosine.
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Fig. 3. Elution profile of the disialoganglioside fraction of human erythrocytes separated
by HPLC as monitored by TLC. Solvent system: chiloroform—methanol—2.5 N ammonium
hydroxide (60:40:9). All bands were purple after detection by resorcinol spray. Lane 1
confains total disialoganglioside fraction and lanes 2—9 contain eluted fractions. Faint
ganglioside bands eluting in water concentrations between 10—16% were visible (data not
shown). Other details as in Fig. 1.
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Fig. 4. TLC of purified disialogangliosides of human erythrocytes separated by HPLC. Lane
1 contain beef brain ganglioside mizture. Lane 2 contains monosialoganglioside fraction of
human erythrocyies. Lane 3 contains disialoganglioside fraction of human erythracytes.
Lane 4—8 are purified disialogangliosides of human erythrocytes. Lane 4 was identified as
Gp,; lane 5 as Gp,,; lane 6 as disialosylparagloboside; Iane 7 was identified as a new ganglio-
side that has disialosylpentagilycosylceramide structure [28]. Ganglioside Gp,, which
runs in between bands 7 and 8 is not shown. Solvent system and spray reagent as in Fig. 3.
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The elution pattern of the disialoganglioside fraction from human erythro-
cytes which comprises about 15% of the total ganglioside [19, 22] is presented
in Fig. 3. The majority of the gangliosides were eluted off the column in 1 h
15 min in a water concentration of between 7 and 10%. Ganglioside Gp; (lane
2, two bands and lane 3) was obtained in sufficient purity but for purification
of other gangliosides, lanes 4, 5, 6, 7 and 8 were pooled together and reloaded
on the HPLC column as described for monosialoganglioside fraction. The
ganglioside fraction in lane 9 was separately reloaded as above. The disialo-
gangliosides of human erythrocytes purified by HPLC procedure are presented
in Fig. 4 (Gp,p not shown). The purity of each ganglioside was checked by
running duplicate TLC plates in both solvent systems.

For HPLC purification of individual ganglioside components from beef
brain, mono-, di- and trisialoganglioside fractions were employed. Excellent
separation of Gas, Gym- and Gy, gangliosides was achieved from the mono-
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Fig. 5. Elution profile of the total beef brain ganglioside mixture separated by HPLC as
monitored by TLC. Solvent system: chloroform—methanol—water (55:45:10) containing
0.02% (w/v) CaCl. - 2H_G. All bands were purple by resorcinol spray. Lane 1 contains total
beef brain ganglioside mixture and lanes 2—11 contain eluted fractions. Faint ganglioside
bands eluting in water concentrations of between 14—20% were visible (data not shown).
Other details as in Fig. 1.
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Fig. 6. TLC of purified gangliosides of heef brain separated by HPLC. Lane 1 contains total
beef brain ganglioside mixture. Lanes 2—8 are purified gangliosides of beef brain. Lane 2
was identified as Gp,; lane 8 as Gpy,; lane 4 as Gyy,; lane 5 as Gp,;; lane 6 as Gp,,; lane 7

as Gp,p and lane 8 as Gt,,. Attempts were not made to isolate other minor gangliosides.
Solvent system and spray ragent as in Fig. 5.

sialoganglioside fraction. The elution was complete in 1 h and gangliosides
were eluted in a water concentration of between 5 and 7.6%. From the
disialoganglioside fraction, Gps;, Gpia and Gp,, were well separated in a
water concentration of between 10 and 11.5%. The major gangliosides of beef
brain were also purified by the HPLC procedure with the total ganglioside
mixture. The elution profile of the gangliosides from tctal beef brain ganglio-
side mixture is shown in Fig. 5. The elution was complete within 1 h 30 min
and gangliosides were eluted in a water concentration of between 5 and 12%.
Excellent separation of Gps (lane 2), Ga. (lane 3), Gy (lane 4) and Gps
(lane 5) gangliosides was achieved. The other major gangliosides viz. Gp,a (lane
7), Gp:p (lane 9) and Gy;p (lane 11) were also obtained in pure forms
although the gangliosides in lanes 6, 8 and 10 were not homogeneous. These
fractions were separated into pure components by reloading the partially
purified fractions on to the HPLC column and eluting under identical con-
ditions as described for the total mixture but fractions of 250 ul were
collected. The gangliosides purified from total beef brain ganglioside mixture
are shown in Fig. 6. The purity of each ganglioside component was established
by running duplicate TLC plates in both solvent systems.

DISCUSSION

For the purification of gangliosides, silica gel column chromatographic
procedures have been most frequently used [14—20]. Because of the com-
plexity of these compounds, gradient elution and repeated chromatographic
separation are often needed to purify the ganglioside components. Preparative
TLC procedures commonly used in many cases [15], are not feasible for larger
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amounts of gangliosides. A major disadvantage of the preparative TLC
procedure is due to the poor recovery of the gangliosides from the silica gel
scrapings. In recent years, HPLC procedures which utilize silica gel of con-
trolled pore diameter have been found to be extremely useful for the quantita-
tive separation of derivatized (aromatic chromophore) neutral GSLs [1—11].
More recently, Watanabe and Arao [13] have been able to separate underi-
vatized neutral GSLs containing mono to dodecasaccharides on HPLC using
a mixture of isopropanol—hexane—water as an eluting solvent. An advantage of
this solvent system is its non-toxicity and better resolution power compared to
the conventionally employed chloroform—methanol—water system. We have
shown in this report that complex gangliosides from human erythrocytes and
beef brain can be separated in pure forms using HPLC on a silica gel column
and similar solvent mixtures as was employed by Watanabe and Arao [183]. The
separation pattern of ganglioside components is highly reproducible because
the gradient elution solvent could be strictly controlled with the HPLC system.
Moreover, the gangliosides could be separated in a matter of hours compared to
a few days in conventional column chromatography. We have used from
50—500 pg of gangliosides in our system and have been able to reproduce the
results. We have been able to regenerate the same column without loss of any
resolving power even after 50 applications. We plan te exploit this procedure
on a much larger scale utilizing a preparative silica gel column. Therefore, this
HPLC procedure provides a highly efficient method for purification of
individual ganglioside components on micro or macro scale in many other
tisues or cells.
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