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YAC-1 cells were propagated in bioreactors in 11 and 7.51 volumes. The cells were metabolically labelled with
p-[1-'*C]galactose and p-[1-'*C]glucosamine. The ganglioside fraction, purified by DEAE-Sepharose and silica
gel column chromatography, showed on thin layer chromatography four major bands with mobilities between
Gy and Gpy,. Gangliosides, obtained by further purification steps including high performance liquid
chromatography on silica gel 60 columns with a gradient system of isopropanol:hexane: water, and preparative
high performance TLC were characterized by (1) immunostaining of corresponding asialogangliosides obtained
by mild acid hydrolysis and neuraminidase treatment and (2) fast atom bombardment mass spectrometry of
native and permethylated samples and methylation analysis of G,,,, ganglioside. As well as small amounts of
Gy, and Gy, the major gangliosides found in the complex mixture were Gy, , and GalNAc-Gyy;. The structural
heterogeneity of these gangliosides was cased by (a) substitution of the ceramide moiety by fatty acids of different
chain length and degree of unsaturation (C,g,9, Cy4.0, Cp4.;) and (b) N-substitution of the sialic acid moieties
with either acetyl or glycolyl groups. Disialogangliosides were detected only in low amounts and will be the subject
of further investigation. A polyclonal chicken antiserum was raised against IVNeuAc-GgOse,Cer. The antiserum
was highly specific for gangliosides (IVNeuAc and TVNeuGc) and asialogangliosides with a GgOse Cer backbone.
No cross-reaction with Gy, or GgOse,Cer was observed.
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Abbreviations: FAB-MS, fast atom bombardment mass spectrometry; GSL(s), glycosphingolipid(s); HPLC, high
performance liquid chromatography, HPTLC, high performance thin layer chromatography; NK, natural killer;
SIM, selective ion monitoring; TIC, total ion current. NeuAc, N -acetylneuraminic acid; NeuGce, N-
glycolylneuraminic acid. The designation of the following glycosphingolipids follows the TUB-IUPAC
recommendations. GgOse,Cer or gangliotriaosylceramide or asialo Gy,, GalNAcf1-4Galf1-4GleCer; GgOse,Cer
or gangliotetraosylceramide or asialo Gy, Galfl-3GalNAcB1-4GalB1-4GlcCer; GgOsesCer or gangliopenta-
osylceramide, GalNAcB1-4Galf1-3GalNAcp1-4Galp1-4GlcCer; II*NeuAc-GgOse,Cer or Gy,; IV3NeuAc-
GgOse,Cer or Gyyy,; IV NeuAc-GgOsesCer or GalNAc-Gyyyp; IV NeuAc, I1°NeuAc-GgOse,Cer or Gp,,;
I’ (NeuAc),-GgOse,Cer or G, ,,; IV3(NeuAc),-GgOse,Cer or Gy, .; IV®NeuAc,III*NeuAc-GgOse, Cer or Gy
IV¥NeuAc,II*(NeuAc),-GgOse,Cer or Gyyy; Vibrio cholerae and Arthrobacter ureafaciens neuraminidase (EC
3.2.1.18).

Glycosphingolipids (GSLs) are ubiquitous components of
the outer surface of animal cell membranes [1]. Structures
and functions of GSLs have been widely reviewed [2, 3]. In
recent years reports have appeared on the structural
characterization of GSLs, in particular, gangliosides of
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immunocompetent cells and target cells. The neutral GSLs
and gangliosides of immune cells have been analysed by
others and by us with the aim of detecting GSLs which
might be specifically expressed by thymocytes [4], natural
killer (NK) cells [ 5], macrophages [6, 7], T lymphocytes [§]
and related subpopulations [9, 107 as well as by lymphoid
tumour cell lines {11-13].
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The T cell lymphoma YAC-1, a Moloney virus-induced
lymphoma of A/Sn origin, is known to be highly sensitive
to NK cell mediated lysis and is the most commonly used
target cell for mouse NK celis. YAC-1 lymphoma variants
with different NK sensitivity have been shown by Yogeeswaran
et al. [14] to express different ganglioside patterns, and the
neutral GSL GgOse,Cer (asialo Gy, ) has been discussed
as the putative ‘NK target structure’. Certain higher
gangiioside homologues (than Gy, [14]) of the original
YAC-1 cell line and several subclones showed a positive
correlation with NK sensitivity, indicating the involvement
of gangliosides in the recognizing process of NK cells and
the targets, the YAC-1 cell line and its subclones. These
results were confirmed in a recent report by Bergelson et
al. [15], pointing out that target cell-associated gangliosides
may function as target structures for NK cells. Furthermore,
it is known that gangliosides shed by YAC-1 cells have
inhibitory activity on mitogen- and antigen-induced
lymphoproliferation [16]. The failure of a structural
characterization of the gangliosides from this important cell
line led us to a detailed structural analysis of YAC-I
gangliosides [17]. We could demonstrate that the ganglio-
sides of the ‘G ,-pathway’ IVNeuAc/NeuGe-GgOse,Cer
(Guip) and IVNeuAc/NeuGe-GgOsesCer (GalNAc-Gyyp,)
were the main gangliosides expressed by YAC-1 cells.

Materials and methods
Animals

Female CBA/J inbred mice 6-8 weeks of age were purchased
from GI. Bomholtgard Ltd (Ry, Denmark).

Cells and culture conditions; metabolic labelling of cells

The cultivation of Concanavalin A (Con A) stimulated T
lymphocytes from CBA/J spleens was carried out exactly
as previously described [8].

YAC-1,a T cell lymphoma, induced by inoculation of the
Moloney virus into newborn A/Sn mice [18], was a kind
gift from B. Schwinzer (Medical High School Hannover,
Germany). The cell line is available through the American
Type Culture Collection (ATCC, Bethesda, MD, USA)
designated as TIB 160. The cells were cultured in RPMI
1640 medium, supplemented with 10% (by vol) heat-
inactivated foetal calf serum (Boehringer, Germany), in a
humidified atmosphere of 7.5% CO, in air at 37°C. Larger
amounts of cells were propagated in bioreactors in 11 and
7.5 1 volumes [19] by repeated batch cultivation.

ConA stimulated T lymphocytes and YAC-1 cells were
labelled with D[1-'*C]glucosamine hydrochloride and
D-[1-'*C]galactose as previously described [8]. After
centrifugation at 225 x g for 10 min, the cells were washed
twice with Dulbecco’s phosphate-buffered saline (D-PBS).
Finally, the cells were suspended in chloroform:methanol,
2:1 by vol, and stored at —20°C.

Isolation of YAC-1 gangliosides

1.0 x 10'! YAC-1 cells were mixed with 1.2 x 10® radio-
actively labelled cells, suspended in chloroform:methanol,
2:1 by vol, and sonicated for 5 min. After centrifugation,
the sediment was subsequently extracted with chloroform:
methanol, 1:1 by vol, and chloroform:methanol, 1:2 by vol.
The combined extracts were evaporated, dissolved in water
and dialysed against distilled water. The dialysate was freeze
dried, the GSL extract taken up in chloroform:methanol:
water, 30:60:8 by vol [20], and applied to 100 ml
DEAE-Sepharose CL-6B (Pharmacia Fine Chemicals,
Germany) in the acetate form. The gangliosides were eluted
from the column with 0.15M ammonium acetate in
methanol. Alternatively, DEAE-Sepharose bound ganglio-
sides were eluted with an acetate gradient system as
previously described [§8]. After evaporation and desalting
by Sep-Pak™C,  cartridges (Millipore, Germany [21]),
gangliosides were further purified by Iatrobeads 6RS-8060
chromatography (Iatron Laboratories, Inc., Japan [22]) and
high performance liquid chromatography (HPLC, details
see below). The final purification step was performed by
high performance thin layer chromatography (HPTLC, see
below).

Reference gangliosides of mouse and human brain

Gangliosides of CBA/J brains were isolated and purified by
standard procedures [20-23]. A mixture of reference
gangliosides from human brain was purchased from
Supelco, Inc. (Bellefonte, PA, USA).

Preparation of asialogangliosides

Gangliosides (10 pg) were hydrolysed with 1 ml 1 M acetic
acid for 45 min at 100°C. After neutralization by adding
1.67ml 0.6 M NaOH in methanol, the sample was partitioned
according to the method of Folch et al. [23]. The lower
phase, containing the asialogangliosides, was washed twice
with Folch’s theoretical upper phase and dried in a stream
of N,.

High performance liquid chromatography (HPLC)

HPLC was carried out on a LiChrosorb Si 60 500-16 column
with an average particle size of 5 pm (Merck, Germany) by
use of a Varian 5060 liquid chromatograph equipped with
a Jasco Uvidec 100-111 variable wavelength detector (Japan
Spectroscopic Co., Tokyo, Japan). Underivatized ganglio-
sides were separated by preparative HPLC using a method
originally described by Watanabe and Arao [24] and
modified as follows: flow rate 1.5 ml min~*; linear gradient
from 55% 2-propanol, 42% hexane, 3% water to 55%
2-propanol, 25% hexane, 20% water (600 min). The UV
response was monitored at 215 nm. Fractions were collected
every 6 min (9 ml volumes). Radioactivity was determined
in a Packard Minaxi Tri-Carb 4000 liquid scintillation
spectrometer (Packard Inst. Co., Downers Grove, IL, USA)
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in aliquots of each fraction after evaporation of the organic
solvents. The final purification was done by preparative
HPTLC.

Analytical and preparative thin layer chromatography

High performance thin layer chromatography plates
(HPTLC plates, size 10 cm x 10 cm, thickness 0.24 mm,
Merck, Germany) were used for analytical and preparative
purposes. Two solvent systems were used for the separation
of gangliosides (all ratios are by vol): I, chloroform:metha-
nol:water, 120:85:20, containing 2 mM CaCl,; I1, chloroform:
methanol:2.5 N NH,OH, 120:70:16. Neutral GSLs were
separated in III, chloroform:methanol:water, 120:70:17,
containing 2 mMm CaCl,. Gangliosides were visualized by
resorcinol [25]. Radioactive GSLs were located by auto-
radiography on Hyperfilm™-*H (Amersham Buchler, Ger-
many). Preparative amounts of GSLs were applied to the
HPTLC plates with an automatic sample applier Linomat
IV (Camag, Germany). Zones containing GSL were scraped
off, and the silica gel was extracted as described in a
preceding paper [8].

Detection of gangliosides of the Gyy,-type on HPTLC
plates by immunostaining after neuraminidase treatment

The method for the detection of terminally sialylated
gangliosides with the GgOse,Cer backbone (Gyiy, Gpi,)
has been recently described by Miithing and Mihlradt [26].

For the analysis of gangliosides with the GgOse;Cer core,
plates were incubated with 50 mU/ml A. ureafaciens
neuraminidase (Boehringer, Mannheim, Germany) for 24 h
at 30°C in the presence of 0.5 mg mi~! sodium taurodeo-
xycholate in 0.1 M sodium acetate (pH 4.8) as described by
Hirabayashi et al. [27]. The monoclonal anti-GgOse,Cer
antibody 2D4 (TIB 185, American Type Culture Collection,
Bethesda, MD, USA [29]) which cross-reacts with GgOse Cer
[8, 26, 28] was used for the enzyme immunostaining
procedure, which has been published recently by Miithing
and Ziehr [30].

Preparation of antisera against YAC-1 gangliosides

Specific pathogen free chickens (VALO, Lohmann, Cuxhaven,
Germany) were hatched and thereafter raised in isolators
under filtered negative air pressure. At the age of 12 weeks
the animals were immunized according to the method of
Kasai et al. [31]. Two chickens were injected each with
approximately 100 pg of the gangliosides 6 and 8, adsorbed
to 1 mg of methylated bovine serum albumin (Serva,
Germany), respectively (see Table 2). The preparations were
emulsified with equal parts of complete Freund’s adjuvant
(Difco, Detroit, M1, USA) in a final volume of 1 ml and
administered at multiple intramuscular sites. Preimmune
sera were collected just before immunization. After 4 weeks,
the chickens were boostered and exsanguinated 14 days
later.

Miithing, Peter-Katalini¢, Hanisch and Neumann

Immunostaining of gangliosides with chicken
anti-ganglioside antisera on HPTLC plates

Gangliosides were chromatographed on HPTLC plates. The
silica gel was fixed and the immunostaining procedure was
carried out as described previously [26]. Chicken anti-
ganglioside antisera were diluted 1:200 and alkaline
phosphatase labelled anti-chicken IgG (Dianova, Hamburg,
Germany) used at 1:1000 dilution.

Mass spectrometric analysis of purified gangliosides

Fast atom bombardment mass spectrometry (FAB-MS) was
performed on a ZAB HF mass spectrometer (VG Analytical,
Manchester, UK) essentially as described earlier [32]. The
native gangliosides were dissolved in methanol:2N hydro-
chloric acid, 2:1 by vol, and analysed by negative ion
FAB-MS in thioglycerol as a matrix. The permethylation
was carried out as described by Ciucanu and Kerek [33].
The permethylated gangliosides were separated from
reagents by exhaustive extraction with chloroform and
chromatographed on a 1cm x 20cm Sephadex LH-20
column using methanol:chloroform, 1:1 by vol, as eluent.
The permethylated ganglioside samples were analysed by
positive ion FAB-MS in thioglycerol as a matrix. The atom
gun was operated at 9 kV.

Methylation analysis

The purified permethylated gangliosides were acetolysed,
reduced and acetylated as previously described [34]. Total
ion current (TIC) and selective ion monitoring (SIM)
profiles were acquired.

Results

Metabolically labelled gangliosides from stimulated T
lymphocytes and YAC-1 cells

Previous investigations [8] have shown the considerable
heterogeneity of gangliosides from Con A stimulated splenic
T lymphocytes. The main components found in T cells were
Guip (NeuAc and NeuGe), IVNeuAc/Ge-GgOsesCer and
two disialogangliosides of the Gy, type [8, 9, 26]. The
reference gangliosides from T cells are listed in Table 1.
Comparing metabolically labelled gangliosides from YAC-1
T lymphoma cells and stimulated T cells, we found high
conformity in the monosialoganglioside range of both cell
types (see Fig. 1, fractions I-IV).

Detection of Gyi-type gangliosides in the whole
ganglioside fraction of YAC-1 T lymphoma cells

The expression of terminally sialylated gangliosides with the
GgOse,Cer backbone (=Gyqp) in YAC-1 cells was proved
by specific desialylation of terminally sialylated GgOse,Cer
with V.cholerae neuraminidase and immunostaining with
anti-GgOse,Cer antibodies on HPTLC plates [26]. Three
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Table 1. Structures of gangliosides from mouse T-lymphocytes.?

Ganglioside Fatty acid Structure
Sraction component
I Crus 1V3NeuAc-GgOse, Cer®
1I Cisio 1V3NeuAc-GgOse,Cer®
Cra0Cray  IVNeuGe-GgOse,Cer®
Caai0 Couis IVNeuAc-GgOsesCer®
il Cis.0 IVNeuGe-GgOse, Cer®
Cis:0 IVNeuAc-GgOseCer®
Chao IVNeuGe-GgOsesCer®
v Cie:0 IV NeuGe-GgOseCer®
v Chai0 Cos.y  IVNeuAcIlINeuAc-GgOse, Cer®
VI Cis0 IVNeuAg,J1INeuAc-GgOse, Cer®

* Data drawn from Miithing er al. [8, 26] and Miithing and Ziehr [30].
"Gy, type gangliosides, detectable by imrounostain with the anti-
GgOse,Cer antibody after Vibrio cholerae neuraminidase treatment [26].
¢ Gangliosides with the GgOseCer backbone, detectable by immunostain
with the cross-reacting anti-GgOse,Cer antibody after Arthrobacter
ureafaciens neuraminidase treatment [30].

Gy1p-bands are detectable in the whole ganglioside fraction
of YAC-1 cells (Fig. 2, lane a, fractions I, IT and III). These
gangliosides chromatograph identically compared to the
well characterized Gy 4,-type gangliosides of T cells (Fig. 2,
lane b, fractions I, II and III, see Table 1). Whereas two
disialogangliosides of the Gy, type with C,, and C fatty
acids are principal components of T cells, YAC-1 cells are
completely lacking these GSLs (see Fig. 2, fractions V and
VI, Table 1).
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Figure 1. Autoradiography of gangliosides from metabolically
labelled YAC-1 T lymphoma cells (lane a) and Con A-stimulated T
cells (lane b). **C-Labelled gangliosides (3000 cpm) were applied
and chromatographed in chloroform:methanol:water, 120:85:20
by vol, with 2 mM CaCl,. Exposure time 190 h. The positions of
human brain gangliosides are marked. T cell gangliosides of bands
1 to VI are enumerated in Table 1.
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Figure 2. Detection of Gy, type gangliosides in the whole
ganglioside fraction of YAC-1 T lymphoma cells. Gangliosides of
1.8 x 10° YAC-1 cells (lane a) and 4.5 x 10° Con A stimulated T
cells (lane b) were chromatographed as described in Fig. 1. After
chromatography the silica gel was fixed (see the Materials and
methods section) and the plate was overlayed with V.cholerae
neuraminidase (2.5 mU ml ™%, 2 h at room temperature). GgOse,Cer
bands were detected by immunostaining with specific antibodies.
The positions of human brain gangliosides are marked. T cell
gangliosides of bands I to VI are enumerated in Table 1.

Detection of GalN Ac-Gy,, in the whole ganglioside
fraction of YAC-1 cells

Prior neuraminidase treatment is also necessary for the
binding of the monoclonal antibody 2D4 to gangliosides
with the GgOse;Cer backbone. The cleavage of N-
glycolylneuraminic acid from the GgOse;Cer core has been
demonstrated to be a critical step using the neuraminidase
from A. ureafaciens under standard conditions [9] but, after
increase of enzyme concentration, incubation temperature
and time, complete removal of NeuGc was achieved as
described by Miithing and Ziehr [30]. This technique was
then applied to the identification of all gangliosides with
the GgOse;Cer backbone. Three GalNAc-Gy,, positive
bands were detected in the whole ganglioside fraction of
YAC-1 cells (not shown, published in [30]), chromato-
graphing in fractions I, III and IV (cf Figs 1, 2).

Structural characterization of YAC-1 gangliosides

The structural mapping of the monosialganglioside fraction
isolated from the YAC-1 ganglioside mixture was carried
out by combining immunological and spectroscopic data.
The HPTLC separation of the intact gangliosides and their
corresponding asialogangliosides obtained after acid and
neuraminidase treatment was followed by immunostaining
of the asialogangliosides with specific antibodies as
described.

FAB-MS

The direct evidence about structural parameters of all native
gangliosides was obtained by negative ion FAB-MS as
described previously [8, 32]. The mapping data are
summarized in Table 2.
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Table 2. Main monosialogangliosides form YAC-1 cells.?

Miithing, Peter-Katalini¢, Hanisch and Neumann

Ganglioside  No. [M—1Jof [M+H]"/[M+ Nal®™ Major fatty Symbol Structure References
fraction native of permethylated acid
gangliosides  gangliosides component
I 1 1628 1910/1932 24:0 Guie IVNeuAcGgOse,Cer® 8, 11, 35,
1626 1908/1930 24:1 36, 38
I 2 1516 n.d. 16:0 Gure IVNeuAc-GgOse,Cer®
3 1644 1940/1962 24:0 G IVNeuGe-GgOse,Cer® 8, 35, 37
1642 1938/1960 24:1
4 1831 n.d. 24:0 GalNAc-Gy,, IVNeuAc-GgOse Cer®
1829 24:1
11 5 1532 nd. 16:0 Gy IVNeuGe-GgQOse,Cer® 8,37
6 1719 2043/2065 16:0 GalNAc-Gyyp  TVNeuAc-GgOse Cer® 8, 35, 38
7 1847 nd. 24:0 GalNAc-Gyy,  IVNeuGe-GgOsesCer® 8,37
1845 24:1
v 8 1735 2073/2095 16:0 GalNAc-Gyy, IVNeuGe-GgOsesCer® 8, 35, 37

2 n.d. = not determined.

® Gy type gangliosides, detectable by immunostain with the anti-GgOse,Cer antibody after Vibrio cholerae neuraminidase treatment [26].
¢ GalNAc-Gy,, type gangliosides, detectable by immunostaining with the cross-reacting anti-GgOse;Cer antibody after Arthrobacter ureafaciens

neuraminidase treatment [30].

These results revealed that the structural variations of
monosialogangliosides arise from the variation in the
carbohydrate backbone chain length and the types of sialic
acid and fatty acid in the ceramide portion present. The
HPTLC separation of the ganglioside species with the same
carbohydrate core and ceramide portions, but different sialic

m=- —1VNeuAc-6g5

—
¥ S IVNeuGc-Ggs

a b c

Figure 3. Resorcinol stain of IVNeuAc- and IVNeuGe-GgOseCer
isolated from YAC-1 cells. 5 ug YAC-1 gangliosides (lane a) and
approximately 0.5 pg each IVNeuAc-GgOsesCer, Cy4,, fatty acid
(lane b, ganglioside 6 of fraction IIT) and I'VNeuGe-GgOse Cer,
Ci6.o fatty acid (lane c, ganglioside 8 of fraction IV) were
chromatographed as described in Fig. 1. Gangliosides were
detected with resorcinol. YAC-1 gangliosides of bands I to IV are
enumerated in Table 2. Gg5 = GgOsesCer.

acids, like gangliosides 6 and 8 of the YAC-1 fractions IIT
and IV (see Table 2) can, however, be achieved (Fig. 3). The
gangliosides IVNeuAc-GgOse,Cer (1), IVNeuGe-GgOse,Cer
(3), IVNeuAc-GgOsesCer (6), and IVNeuGe-GgOsesCer
(8) were postulated to be structurally homogeneous in their
respective carbohydrate and lipid portion, based on data
from negative ion FAB-MS concerning the molecular ions
M — 11" as well as sequence relevant fragments [36]
(Table 2). The sole structural difference between the
gangliosides 1 and 3 and the gangliosides 6 and 8 was located
in sialic acid moiety (4 (amu) = 16 for NeuAc versus
NeuGc).

The gangliosides 1, 3, 6 and 8 were further characterized
by positive ion FAB-MS on their permethylated derivatives.
In positive ion FAB-MS of permethylated IVNeuAc-
GgOse,Cer (1) the molecular ion [M + H]* for NeuAcHex
NAcHex3Cery4,0/24.; appeared at m/z = 1910/1908. The
ion at m/z = 825 was indicative for the trisaccharide
fragment ion [NeuAcHexHexNAc]* (Fig. 4(a), Fig. 5). The
ceramide ions were not detected. The GC/MS analysis of
partially methylated alditol acetates derived from the
ganglioside 1 revealed in its TIC profile the presence of
3- and 4-substituted galactose, as expected for Gy, type
ganglioside (Rp = 8.69 and 8.51 min). 3-Substituted N-
acetylgalactosamine at Rp = 11.75 min was characterized
by ions at m/z = 158, 230, 274 and 318 obtained by SIM
acquisition. The permethylated compound 3 would be
expected to show in its FAB mass spectrum the specific
terminal trisaccharide ion for [NeuGcHexHexNAc]™ at
m/z = 855 as reported for its homologue with fatty acid 16:0
[38].

The FAB-MS spectra of compounds 6 and 8 showed a
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Figure 5. Fragmentation patterns of permethylated gangliosides
1, 3, 6 and 8 isolated from YAC-1 cells (see Table 2).

high degree of homology in the carbohydrate and lipid part.
The molecular ions were shifted by 30 amu due to the
occurrence of NeuAc and NeuGec (Fig. 4b, ¢). The molecular
ion [M + Na]™ of ganglioside 6 appeared at m/z = 2065
(Fig. 4(b)), accounting for NeuAcHexNAc,Hex,Cer, ;..
The terminal [HexNAc]™ was represented by the ion at
m/z = 260 and the corresponding terminal tetrasaccharide
[HexNAc[NeuAc]HexHexNAc]™ by m/z = 1070. Both
ions produce the same daughter ion at m/z = 228 after
climinating the substituents bound to position 3 of the
HexNAc. The ceramide ion was at m/z = 548. A minor
ganglioside component NeuGcHexHexNAcHex,Cer (16:0)
would account for the presence of the [NeuGe]* ion at

Figure 4. Positive ion FAB-MS of permethylated YAC-1 ganglio-
sides IVNeuAc-GgOse,Cer with C,, fatty acid (ganglioside 1 of
fraction I) (a), IVNeuAc-GgOseCer (ganglioside 6 of fraction III)
(b) and IVNeuGc-GgOsesCer (ganglioside 8 of fraction IV) (c)
with C,, fatty acid, respectively. The numbered YAC-1 ganglio-
sides are listed in Table 2. In FAB-MS depicted in part (b) the
matrix background has been subtracted. * = impurities from
solvents.



420

m/z = 406 — 374, beside the corresponding molecular ion
[M + Na]* atm/z = 1850, both of low intensity. [IVNeuGec-
GgOseCer (8) was identified on the basis of the molecular
ion MH™ at m/z = 2073, with palmitic acid in the ceramide
part and specific ions for terminal [HexNAc] ™ at m/z = 260
and [HexNAc[NeuGc]HexHexNAc]™ at m/z = 1100
(—228). As well as the ceramide ion at m/z = 548, a
sphingosine characteristic ion appeared at m/z = 278 giving
indirect information about the fatty acid substitution in the
lipid part. The ion at m/z = 1201 could possibly arise from
the unusual cleavage of the glycosidic linkage at the HexNAc
unit derived from the ceramide end of the molecule. The
undermethylation, probably due to the steric crowding in
the outer galactose area, gave rise to the heterogeneity in
the tetrasaccharide ion as well as in the molecular ion area,
as documented by sequences differing in 14 mass units.

IINeuAc-GgOse,;Cer and IINeuGe-GgOse;Cer (Gy, ),
each substituted with C,,.¢ 24,1 and Cyg,, fatty acids were
identified by FAB-MS (data not shown) and found in low
amounts among YAC-1 gangliosides, chromatographing
beyond band I (see Fig. 1, lane a). Gy, occurred in trace
amounts and was detected with a modification of the highly
sensitive cholera toxin-immunostaining procedure as des-
cribed by Nakamura et al. [37] (data not shown) indicating
the low expression of the G, pathway as well as the
predominant Gy, pathway of YAC-1 cells. Gy,,, which
has been found in normal murine T lymphocytes [9] (see
Fig. 2, lane b, fractions V and VI, and Table 1), was not
detectable in YAC-1 cells.

Preparation of antibodies against YAC-1 gangliosides
IVNeuAc- and IVNeuGe-GgOsesCer

Two chickens were immunized with IVNeuAc- and
IVNeuGe-GgOsesCer, both with C, ., fatty acid (see Fig.
3 and Table 2, gangliosides 6 and 8), respectively, as
described above. Both antisera were tested for their specific
recognition of gangliosides from different origin: human
brain, mouse brain, murine T cells and YAC-1 cells. Figure
6A shows the resorcinol stain of the gangliosides and Fig.
6B the overlay assay of the same gangliosides, using the
antiserum against ITVNeuAc-GgOse;Cer (ganglioside 6).
Figure 6B shows three immunostained bands in the T cell
ganglioside fraction (lane ¢, fractions I, 11T and 1V, see
Table 1) and three positive bands in the YAC-1 ganglioside
fractions (lane d, whole mixture, and lane e, monosialogan-
gliosides, fractions 11, IIT and 1V, see Table 2), representing
IVNeuAc- and IVNeuGe-GgOse;Cer: [IVNeuAc-GgOsesCer
(C,¢-fatty acid, ganglioside 6, see Table 2) and IVNeuGe-
GgOse Cer (C,,-fatty acid, ganglioside 7, see Table 2) which
cochromatograph as one band between IVNeuAc-GgOse,
Cer with C,, fatty acid (weak upper band, fraction II,
ganglioside 4) and IVNeuGe-GgOsesCer with C, ¢ fatty acid
(lower one of the three bands, fraction IV, ganglioside 8) as
shown for purified T cell gangliosides [8] (see Table 1,
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Figure 6. Test of a chicken anti-IVNeuAc-GgOsesCer antiserum
for cross-reactions with gangliosides from different sources. A,
Resorcinol stain of different ganglioside mixtures: gangliosides
from human brain (lane a, 10 pg), mouse brain (lane b, 10 pg),
Con A-stimulated T cells (lane ¢, 15 ug), YAC-1 (lane d, 15 pg)
and monosialogangliosides from YAC-1 (lane e, 10 pg) were
chromatographed as described in Fig. 1. The positions of human
brain gangliosides are marked. YAC-1 gangliosides of bands I to
IV are enumerated in Table 2. B, Immunostain of the same
ganglioside mixtures used in A with a chicken anti-TVNeuAc-
GgOseCer antiserum. Gangliosides were applied to the HPTLC
plate as in A but, in the case of lanes ¢, d and e, only 1/5 in
comparison to the resorcinol stain were used to prevent
overloading of the plate, corresponding to 8.7 x 10° T cells (lane
c)and 4.8 x 10° YAC-1 cells (lane d and e, respectively). The assay
was performed as described in the Materials and methods section.
The positions of human brain gangliosides are marked. YAC-1
gangliosides of bands I to IV are enumerated in Table 2.

fractions II, III and IV). Alternatively, identical immuno-
stained bands were achieved by the combined method of A.
ureafaciens neuraminidase treatment followed by immuno-
detection of the desialylated gangliosides with the mono-
clonal antibody 2D4 (not shown, see [30]).

A weak cross-reactivity of the polyclonal antiserum is
observed with the human brain ganglioside fraction (Fig.
6B, lane a, below Gp,), probably displaying the disialo-
pentahexosylceramide IVNeuAc,IINeuAc-GgOseCer pre-
viously isolated from normal human brain by Svennerholm
et al. [39]. A pre-immuneserum taken from the animal before
immunization did not react with any of the gangliosides
and neutral GSLs available for testing.

The fact that the anti-IVNeuAc-GgOsesCer antiserum
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Figure 7. Test of a chicken anti-ITVNeuAc-GgOsesCer antiserum
for recognition of IVNeuAc- and IVNeuGe-GgOsesCer. A,
Autoradiography of metabolically labelled gangliosides from
ConA-stimulated T celis. 1000 cpm of “C-labelled ConA T cell
gangliosides (lane a and f) and single gangliosides, each 250 cpm,
IVNenAc-GgOse;Cer, C,, fatty acid (lane b), IVNeuAc-GgOse,
Cer, C, 4 fatty acid (lane ¢}, IVNeuGe-GgOsesCer, C,, fatty acid
(lane d) and IVNeuGce-GgOsesCer, C, 4 fatty acid (lane e) were
applied and chromatographed as described in Fig. 1. Exposure
time 360 h. T cell gangliosides of bands I to VI are listed in Table
1. B, Immunostain of the same HPTLC plate as in A with a chicken
anti-IVNeuAc-GgOse ,Cer antiserum. The assay was performed as
described in the Materials and methods section. The autoradio-
graphy was taken from the same plate after the immunostain. T
cell gangliosides of bands I to VI are enumerated in Table 1.

recognizes IVNeuAc- and TVNeuGe-GgOse Cer alike is
demonstrated in Fig. 7: The four gangliosides IVNeuAc- and
IVNeuGe-GgOsesCer and C,, and C, fatty acid, respec-
tively, isolated from the fractions 11, Il and 1V of Con A
stimulated T cells (Fig. 7A, see Table 1) could not be
distinguished by the polyclonal antiserum (Fig. 7B). No
crossreaction with Gy, (NeuAc and NeuGce) or with
GgOse,Cer could be detected, but the antiserum strongly
reacted with GgOse Cer from T cell asialogangiiosides or
human brain asialogangliosides {(data not shown).

Similar results were obtained with a second antiserum
raised by immunizing a chicken with ITVNeuGe¢-GgOsesCer
(ganglioside 8). This antiserum showed additional weak
cross-reactivity with GgOse,Cer (from murine T cells and
human brain). No reaction of this antiserum was observed
with Gy, (NeuAc and NeuGc), too. An attempt to raise

antisera against Gy, (NeuAc and NeuGg; see Table 2,
gangliosides 1 and 3) failed.

Discussion

G and GalNAc-G,,,,, previously characterized as T cell
specific antigens [8], were the main gangliosides found in
the complex GSL mixture of YAC-1 cells, revealing the
predominance of the ‘Gy,,~pathway’ in this T-lymphoma
(sec Table 2). The heterogeneity in the gangliosides was
caused by (a) substitution of the ceramide moiety by fatty
acids of different chain length (C .4, Cualg, Chay) and
N-substitution of the sialic acids with either an acetyl or a
glycolyl group. Gy, and Gy, as the representatives
of the ‘Gy, pathway’, were found only in low amounts.
Interestingly, Gpy,, previously demonstrated in normal
murine T lymphocytes [9], the murine lymphoma Eb [11]
and in murine Friend erythroleukemia cells [13] as well as
Gpy., & related disialoganglioside of the G, pathway
described in a mouse thymoma cell line [12] were not
expressed by YAC-1 cells. Currently available data indicate
that GalNAc-G,,,, seems to be restricted in mice to the T
cell lineage [8, 9]. The antibody raised against IVNeuAc/
NeuGe-GgOseCer offers a good tool to screen other
normal lymphoid cells, e.g., B lymphocytes, macrophages,
etc., as well as related tumour lines [38] for the expression
of GalNAc-Gyy,,. The restriction to murine thymus and
spleen [35, 37] can now be simply tested analysing GSL
extracts from diverse organs with this antibody using the
overlay technique as described in this paper.

The YAC-1 lymphoma represents the most commonly
used target cell line for mouse NK cells. The original cell
line and several YAC-1 lymphoma variants with different
NK sensitivity have been shown by Yogeeswaran et al. [ 14]
to produce different ganglioside patterns. Certain higher
ganglioside homologues (than Gy, ) with mobilities between
Gy, and Gy, showed a positive correlation with NK
sensitivity. The failure of detailed structural characterization
of these YAC-1 and subclones gangliosides [14] did not
allow further conclusions about the participation of certain
gangliosides in NK-cell-mediated lysis. The expression of
Guyp and GalNAc-Gy,, on YAC-1 subclones with different
NK sensitivities [14, 407 could now be estimated by the
described overlay technique. This approach would help to
clarify the role of ‘G, ,-type’ gangliosides in NK cell-target
interactions. The occurrence of Gy, and GalNAc-Gy,,
among gangliosides of ConA stimulated T cells, which are
not targets of NK cells, seems to rule out these structures
as NK cell targets on YAC-1 cells. But it should be pointed
out that GSL occurrence may not just reflect availability of
GSL as target structures. However, both gangliosides are
more abundant on YAC-1 cells (about factor 2 compared
to T cells) as estimated by immunological detection (Figs
6B, lanes ¢ and d) and it remains to be
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determined whether NK cells bind to Gy, and/or
GalNAc-Gy;,.  The involvement of gangliosides in the
recognition process of NK cells and the target iymphoma
YAC-1 was clearly demonstrated by Bergelson et al. [15].
The lysis of YAC cells by mouse splenocytes was most
strongly increased by incubation of the target cells with
ganglio-series gangliosides Gp; and Gy, (both substituted
with NeuGc) prior to their exposure to NK effectors. These
effects depended on the oligosaccharide structures of the
gangliosides [15] and it was convincingly suggested that
cell-associated gangliosides function as target structures
recognized by NK cells. This hypothesis was supported by
data of Ando er al. [41] indicating that Gy, is a strong
candidate as a target in NK-cell-mediated lysis. Related to
our data, it should be mentioned that ‘naturally’ occurring
terminally sialylated Gy, and GalNAc-Gyy,,, of YAC-1 cells
correspond to Gy; [15] and Gy, [41] due to their terminal
oligosaccharide sequences, respectively, but the role of
‘Guiu-type” gangliosides as NK target structures remains
speculative without further biological data at this stage of
research.

The physiological importance of YAC-1 gangliosides to
the immune response of stimulated lymphocytes has been
described by Ladisch et al. [16]. Gangliosides shed by
YAC-1 cells caused inhibition of the proliferative response
of mitogen- and antigen-stimulated lymphocytes. Further-
more, it was supposed by the authors that YAC-1
gangliosides shed in vivo may serve to protect tumor cells
from host immune destruction.

In summary, the participation of gangliosides in the
interactions of immunocompetent and target cells has been
well documented by several authors. The structural investi-
gations of GSLs by HPTLC only have been shown to be
insufficient for final conclusions. More detailed structural
characterizations are necessary to prove the hypotheses about
the involvement of certain tumour GSLs in the process of
self-nonself discrimination by cells of the immune system.
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