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Three sialosylated and three neutral glycosphingolipids sharing a common

iso-neolacto core were isolated from porcine

kidney cortex. They were purified by preparative HPTLC, and were characterized by partial exoglycosidase hydrolysis

followed by thin layer chromatography and immunostaining with anti-Gal
antibodies, methylation analysis, MALDI-TOF mass spectrometry and
3VI'3(aGal),-iso-nLc gCer, and two were novel structures differing by the number of Gal

one was a known structure, VI

ol - 3Gal, anti-type 2 lactosamine and anti-Lewis X
IH-NMR spectroscopy. Among neutral glycolipids,
a3lLewis *

determinants: VI 3VI'3(aGal),V'3aFuc-iso-nLcg, and VI3VI'3(aGal), V3V'3(aFuc) ,-iso-nLcg. The single Gal a3Lewis * determinant
was found on the 6-linked antenna. Among sialosylated glycolipids, two had been previously found in other species and

tissues, VI 3VI'3(NeuAc) ,-iso-nLcg, and VISNeuAcVI '3aGal-iso-nLcg. A novel structure was discovered presenting a Gall
N-acetylneuraminic acid on the 3-linked antenna, VI
in vivo, the porcine kidney
o3neolactosamine, and appears unable to synthesize the

wis* determinant on the 6-linked antenna and a
iso-nLcg. These results indicate that,
determinant, acting on the 6-linked before the 3-linked Gal
sialosylated Lewis * determinant on neolactoseries glycolipids.

Keywords: glycoshingolipids, kidney, Lewis
fucosyltransferase Abbreviations:

laser desorption/ionization time of flight mass spectrometry; Me

lated glycolipids .

Introduction

Interest in the characterization of swine antigens recog-
nized by human natural antibodies has been stimulated by
the emergence of xenotransplantation of porcine organs as
a possible mean to alleviate the shortage of human organ
donors. The major barrier to xenotransplantation consists
of natural antibodies present in human serum [1], which are
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a3le-
SNeuAcVI 3aGalV'3aFuc-
a3fucosyltransferase synthesizes the Gal a3Lewis*

X, nuclear magnetic resonance, mass spectrometry, pig, xenotransplantation,
HPTLC, high performance thin layer chromatography; MALDI-TOF MS, matrix-assisted

,S0O-d;, hexadeuterated dimethyl sulfoxide;  SGL, Sialosy-

essentially reactive with the disaccharide determinant
Galal - 3Gal present at the nonreducing end of the oli-
gosaccharide chains of glycoproteins and glycolipids of the
animal donor [2-4]. The human species develops such anti-
bodies because it does not express the epitope, like Old
World monkeys and birds, in contrast with all the other
species which are Galal - 3Gal-expressing [5, 6]. Lack of
expression in human is linked to inactivation of the afucoB
a3-galactosyltransferase gene in the Hominid lineage 20
million years ago [6, 7].
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Lactoseries glycosphingolipids terminated by
Galal - 3Gal (afucoB epitope) (Table 1) were first de-
scribed in rabbit [8-10] and bovine [11, 12] erythrocytes.
Characterization of Galal -3Gal-terminated glycosphin-
golipids in porcine organs likely to be transplanted, such
as kidney, has been undertaken as a first step to elucidate
the molecular specificity of natural human anti-
Galal - 3Gal antibodies. At the begining of our study, it
was known that IV3aGal-nLc,Cer (afucoB-5, Table 1) was
expressed in porcine kidney [13, 14]. We have discovered
and characterized a series of novel neutral glycolipids in
which the Galal-3Gal disaccharide is presented as
Galal »3Le* determinant (GLe*): IV3uGallll3aFuc-
nLc,Cer (GLe*-6), VI3aGalV3aFuc-nLcgCer (GLe*-8) and
VI3VI'3(aGal),V3V'3(aFuc),-iso-nLegCer (GLe*-12) [15].
In this first study, GLe*-12 was copurified with a GL-11,
which appeared as a glycolipid presenting both the afucoB
and the GLe* determinants. Complete characterization of
GL-11 as VI?VI'3(aGal),V'3aFuc-iso-nLcgCer was carried
out in the present work. In parallel, it was also demon-
strated that afucoB-10 (GL-10), VI3VI'3(aGal),-iso-
nLcgCer, previously characterized in rabbit erythrocytes
[10], was a component of pig kidney cortex. Existence of
the hybrid structure GL-11 and structural analogy of the
GLex* determinant with the human sialosylated Le* deter-
minant (SLeX) prompted us to investigate the sialosylated
glycolipids of porcine kidney cortex. Three iso-nLcg core
sialosylated glycolipids were characterized. Two were simi-
lar to already described glycolipids: VI?VI'3(aNeuAc),-iso-
nLcgCer of human type O erythrocytes [16], and
VIaNeuGceVI'3aGal-iso-nLegCer of bovine erythrocytes
[11, 12]. The third one was a novel structure,
VIaNeuAcVI'3aGalV'3aFuc-iso-nLegCer  (SM1), that
presented the GLex determinant in addition to the sialosyl
residue which was not expressed as SLex.

Materials and methods
Purification of glycosphingolipids

Porcine kidneys were collected at a local slaughterhouse.
The cortex was dissected, minced, and lyophilized. Lipids
were extracted from fractions of 5 g of lyophilized cortex of
individual swine, as already described [17]. Glycolipids
were purified by chromatography of the acetylated lipid
extract on a Florisil column [18] (3 g Florisil per g lyophil-
ized tissue) successively eluted with 1- 2-dicholoroethane
(10 ml per g Florisil), 1-2-dichloroethane/acetone (93:7) (10
ml per g Florisil), and 1-2-dichloroethane/acetone (1:1) (20
ml per g Florisil). The glycolipid fraction eluted in the last
step was deacetylated and desalted by dialysis before sepa-
ration of neutral and sialosylated glycolipids on a column
of DEAE-Sephadex A-25, acetate form [19]. Either total
sialosylated glycolipids were recovered by elution with 0.5
M Na acetate in methanol, or a two-step elution was used
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to separate monosialosylated glycolipids (0.05 M Na ace-
tate in methanol) and polysialosylated glycolipids and sul-
fatide (0.5 M Na acetate in methanol). Glycolipids were
chromatographed on Silica Gel 60 HPTLC glass plates
(Merck, Chelles, France) developed in chloroform/metha-
nol/water, 50:40:10 containing 0.25% CaCl, for sialosylated
glycolipids (solvent A), and 60:35:8 for neutral glycolipids
(solvent B), and visualized by their fluorescence in UV
light after spraying a 0.01% solution of primulin in ace-
tone/water (8:2). Glycosphingolipids were purified by re-
petitive preparative HPTLC, scraping of the fluorescent
glycolipid bands, and extraction from the gel in chloro-
form/methanol/water (30:60:8). Primulin was removed
from neutral glycolipids by DEAE Sephadex A-25 (acetate
form) column chromatography [15].

Quantitative measurement

Quantities of glycolipids were determined by measurement
of sphingosine content, according to a procedure described
earlier [20].

Degradation by exoglycosidases

Cleavage of terminal sialic acid was obtained by incuba-
tion of an aliquot of 5 nmol of sialosylated glycolipid with
100 mU of V. cholerae neuraminidase (Behring, Rueil-
Malmaison, France). Cleavage of terminal a -Gal was ob-
tained by incubation of an aliquot of 5-10 nmol of
glycolipid with 50 mU of a-galactosidase from green cof-
fee beans (Boehringer) in 50 mM citrate buffer at pH 4.
After incubation overnight at 37°C, samples were desalted
by reverse phase chromatography on a Sep-Pak C;8 car-
tridge. In case of successive hydrolysis by both enzymes,
samples were chromatographed on Sep-Pak after each hy-
drolysis. Hydrolyzed glycolipids were identified by TLC-
immunostaining with the proper antibodies. Free sialic
acids obtained after hydrolysis with V. cholerae neuramini-
dase were purified by chromatography on Dowex S0W-X8
resin as described earlier [21] and analyzed by HPTLC
in 1-propanol/2.5 M aqueous ammonia (7:3).

HTLC-immunostaining

Glycolipids were chromatographed on Silica Gel 60
HPTLC aluminum-backed plates developed in solvent A
(sialosylated glycolipids) or solvent B (neutral and desialo-
sylated glycolipids). Chromatograms were immunostained
as already described [22] with anti-A (NaM87-1F6, Centre
Régional de Transfusion Sanguine, Nantes, France), anti-
Le2 (7-LE) (kindly supplied by Dr. J LePendu), anti-Le*
(CD15) (8-OHS, Immunotech, Marseille, France), and anti-
type 2 lactosamine (1B2) [23] murine monoclonal antibod-
ies, and anti-Galal - 3Gal chicken polyclonal antibodies
affinity-purified on Synsorb Galal —»3Gal (Chembiomed)
[24]. Mouse monoclonal antibodies were detected by reac-
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Table 1. Glycolipid structures
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Glycolipid nomenclature

Abbreviated carbohydrate nomenclature

Name

IV3aGal-nLc,Cer

IVaGal llISaFuc-nLc,Cer

VIBVI¥(aGal),-iso-nLcgCer

VIBVI¥(aGal),V3V3(aFuc),-iso-nLcgCer

VIBVI3(aGal),V'3aFuc-iso-nLc,Cer

VIBVI'¥(NeuAc),-iso-nLcgCer

VIENeuAcVI3uGal-iso-nLcgCer

VIENeuAcVI3aGalV3aFuc-iso-nLcgCer

Galp4GIcNAcB3GalB4GlcpCer
/
Galo3

GalB4GIcNAcB3Galp4GlcpCer
/ \
Galu3 Fuca3

Galo3
\GaIB4GIcNAcB6
\GalB4GICNACB3GaIB4GIcBCer
Gal B4GIcNAcB3/
Gala?:/
Galo3  Fuca3
GaIB4GIc\NAcB6\

Galp4GIcNAcB3GalpaGlicpCer
GalB4GIcNACB3
/ \

Gale3  Fuca3
Galo3  Fuca3
\GaIB4GIc}\JAcB6
\GalB4GIcNAcBSGaIB4GIcBCer
GaIB4GIcNACB3/
Gala3/
NeuAca3
\GaIB4GIcNAc[36
\GalB4GICNACB3GaIB4GIcBCer
GaIB4GIcNAc[33/
NeuAéa3
Gala3
\GaIB4GIcNAcB6
\GalB4GIcNAcBBGaIB4GIcBCer
GaIB4GIcNAcB3/
NeuAcaSl
Gale3  Fuca3
\GaIB4GIc\NAc[36
\GalB4GIcNAcBSGaIB4GIcBCer
GaI[/34GIcNAcB3/

NeuAco3

afucoB-5

GLe*-6

afuco-B10

GLex-12

GlLex-11

SD1

SM2

SM1
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tion with sheep biotinylated antimouse immunoglobulins
(Amersham, 1:500 dilution), followed by labeling with
streptavidin-horseradish peroxidase (HRP) conjugate.
Chicken anti-Galal - 3Gal antibodies were detected with
HRP-conjugated rabbit anti-chicken antibodies (Sigma
Immunochemicals, 1:500 dilution). Visualization was ob-
tained by chemiluminescence using the ECL-Western blot-
ting kit (Amersham, Les Ulis, France) and short exposure
to a blue-light sensitive autoradiography film (Hyperfilm
ECL Western, Amersham).

Methylation analysis

Purified glycolipids were permethylated by the method of
Ciucanu and Kerek [25]. The partially methylated gly-
colipids were submitted to acetolysis, reduction, and acety-
lation [26]. Gas chromatography of the partially
methylated alditol acetates was done on a 25 m X 0.32 mm
fused silica capillary column wall-coated with 0.2 pm of
OV-1. Analyses were performed on a Hewlett Packard
5890 g as chromatograph equipped with a flame ionization
detector and operated in constant flow mode. Carrier gas
was helium at a velocity of 40 cm s~1. Samples dissolved in
hexane were injected (1 pl ) on column at an oven tempera-
ture of 60°C. After 0.5 min, the oven temperature was raised
to 125°C at a rate of 20°C min~—1, then up to 250°C at a rate
of 5°C min—L

Matrix-assisted laser desorption/ionization time of
flight (MALDI-TOF) mass spectrometry

MALDI mass spectra of permethylated glycolipids were
recorded on a reflectron type Vision 2000 time-of-flight
mass spectrometer (Finnigan, Bremen, Germany) in the
positive ion mode. Samples were prepared by mixing on the
target equal volumes of the glycolipid solution (typically
10-50 pmol in methanol) and a 12 mg/ml solution of 2,5-di-
hydroxybenzoic acid in methanol/water (70:30), and then
allowed to dry at room temperature. Samples were mounted
on a X,y movable stage allowing irradiation of selected sam-
ples and spot areas. A nitrogen laser with an emission wave-
length of 337 nm and 3 ns pulse duration was used.

MALDI mass spectra of underivatized sialosylated gly-
colipids were acquired with a Bruker Reflex III MALDI-
TOF mass spectrometer (Bruker-Franzen Analytik,
Bremen, Germany). Samples were dissolved in methanol
(10 pmol/ul) and mixed with a 15 mg/ml solution of 2,5-di-
hydroxybenzoic acid in methanol. The mixture was dried
on a stainless steel sample holder and introduced into the
ion source. Positive ions were recorded in the reflectron
mode and Pulsed Ion Extraction was applied.

'H NMR spectroscopy

Native glycolipids were equilibrated three times in deuter-
ated methanol and dried under nitrogen. They were dis-
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solved in 0.5 ml of Me,SO-ds/2% D,O. Spectra were re-
corded at 400 MHz with 0.4 Hz digital resolution on a
Bruker ARX-400 spectrometer. The probe temperature
was 55°C. Chemical shifts are given relative to tetramethyl-
silane.

Results

Swine has an A/H genetic polymorphism [27], which is
similar to human blood group A/B/H polymorphism with-
out B expression. The porcine A and H determinants are
histo groups. Kidney of commonly available swines ex-
presses either A- and H-active glycolipids, or only H-active
glycolipids [28]. As for the characterization of Galal — 3Le*
hexaglycosylceramide in porcine kidney [15], the present
investigation that was aimed at studying complex
Galal - 3Gal terminated glycolipids was carried out with
material from non-A porcine kidney only, in order not to
be hampered by A-active glycolipids, which often co-mi-
grate with Galal -3Gal terminated glycolipids. For that
purpose, glycolipids were purified from kidney cortex of
individual animals and tested for the expression of A-active
glycolipids by HPTLC-immunostaining of neutral and sia-
losylated glycolipids with a monoclonal anti-A antibody. It
is worth noticing that A-active glycolipids were only found
in neutral glycolipids. Glycolipids samples from non-A kid-
neys were further processed for structural analysis of com-
plex glycolipids.

HPTLC, methylation analysis, and mass
spectrometry of neutral glycolipids

In our previous study characterizing Galal - 3Le* hexagly-
cosylceramide (GLe*-6), it was observed that the most po-
lar band of the chromatogram of neutral glycolipids
actually contained two glycolipids, termed GL-11 and GL-
12 (Table 1), which yielded a nona- and a decaglycosyl-
ceramides on a-galactosidase hydrolysis, both reactive with
anti-Le* mAb [15]. The presence of Lewis-type structures
was confirmed by methylation analysis, as the chromato-
gram of partially methylated alditol acetates displayed
peaks of 234-tri-O-Me-Fuc (Fucl-) and 6-O-Me-
GlcNAcMe (- 3,4GlcNAcl -) [15].

In the present study, three very faint fluorescent bands
were visualized under UV light after primulin spraying
almost at the origin of the chromatogram of neutral gly-
colipids of kidney of 2-year-old pigs (Figure 1, Panel A, KO,
K1, and K2). They accounted for 0.5% of neutral gly-
colipids (50 nmol per kidney). The three chromatographic
bands were tentatively isolated. Purified fractions KO0, K1,
and K2 were reactive with anti-Galal - 3Gal antibodies
(Figure 1, Panel B). HPTLC-immunostaining after a-galac-
tosidase hydrolysis indicated that KO and K1 were hetero-
geneous. Both degalactosylated glycolipid fractions
contained two glycolipids reactive with CD15, the less po-
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Figure 1. HPTLC of neutral glycosphingolipids of porcine kidney. Panel
A, visualization with UV light after spraying with primulin (0.01% in
acetone/water, 8:2). Panel B, immunostaining of purified fractions KO,
K1 and K2 with chicken anti-Galol - 3Gal antibodies. Panel C, immu-
nostaining with 1B2 of K2 after hydrolysis with a-galactosidase (lane 1)
and Hg (VI3VI3(aFuc),-iso-nLcgCer) from human blood group O eryth-
rocytes [29] after hydrolysis with a-L-fucosidase (lane 2). Chromato-
grams were developed in chloroform/methanol/water (60:35:8). GL-1,
monohexosylceramide; GL-2, lactosylceramide; GL-3, GbgCer; GL-4,
Gb,Cer; GL-5, IV3uGal-nLc,Cer; GL-6, IV3uGal llI3aFuc-nLc,Cer.

lar being in addition reactive with 1B2 (not shown), as in
our previous work [15]. Native and degalactosylated KO
and K1 were not reactive with anti-Le2 mAb (not shown).

K2 was purified to near homogeneity from kidney of 3-
month-old pigs, previously shown to express less Glex deter-
minants than kidney of older pigs [15]. The glycolipid
resulting from a-galactosidase hydrolysis of K2, but not na-
tive K2, was reactive with 1B2 (Figure 1, panel C-lane 1). It
had the same chromatographic mobility as the iso-nLcgCer
obtained after defucosylation of the neutral glycolipid H;
from human blood group O erythrocytes (VI3VI'3(aFuc),-
iso-nLcgCer) [29] (Figure 1, Panel C-lane 2). The GC profile
of the partially methylated alditol acetates of K2 (Figure 2)
displayed peaks for 2,3,4,6-tetra-O-Me-Gal (Gall - ), 2,3,6-
tri-O-Me-Glc  (-4Glcl -), 24,6-tri-O-Me-Gal (-3
Gall -),2,4-di-O-Me-Gal (- 3,6Gall - ),and 3,6-di-O-Me-
GlcNAcMe (-4Glc NAcl - ), which were consistent with
type 2 chain and branching GIcNAc1 - 3 and GlcNAcl -6
to Gal. HPTLC-immunostaining and methylation analysis
indicated that the K2 fraction contained a Galal - 3Gal-ter-
minated GL-10 with an iso-nLcg core (Table 1). This conclu-
sion was supported by the MALDI-TOF mass spectrum of
permethylated K2 (Figure 3, Panel A), which was composed
of five major peaks corresponding to pseudomolecular ions
(M + Na) ™ for Hex;HexNAc; plus ceramide with fatty acids
with 16 (m/z 2769) to 24 carbon atoms (m/z 2 881) (GL-10).

The MALDI-TOF mass spectrum of permethylated K1
(Figure 3, Panel B) displayed major peaks for pseudo-
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Figure 2. Gas chromatography of the partially methylated alditol ace-
tates of Galal - 3Gal-terminated neutral glycolipid K2/GL-10, and sialo-
sylated glycolipids SM1, SM2 and SD1.

molecular ions (M + Na)* for Hex;HexNAc;Fuc; (GL-11)
plus ceramide with fatty acids with 16 (m/z 2943) to 24 (m/z
3055) carbon atoms. Two groups of peaks of lesser intensity
were also observed. One group corresponded to (M +
Na)* ions for GL-10 with ceramide with C16, C18, and C20
fatty acids (m/z 2769, 2797, 2825), the major peak being for
C16 fatty acid. The second additional group of peaks (m/z
3117 to 3229) corresponded to (M + Na)* ions for
Hex;HexNAc;Fuc, plus ceramide with predominantly C20,
C22, and C24 fatty acids (m/z 3173, 3201, 3229, respec-
tively). In conclusion, K1 contained GL-11 together with
GL-10 with shorter chain fatty acids and GL-12 with longer
chain fatty acids. The pseudomolecular ions evidenced a
difference of 174 mass units between homologous struc-
tures, demonstrating that GL-11 and GL-12 differed from
GL-10 by addition of one and two fucose residues, respec-
tively.
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Figure. 3. MALDI-TOF mass spectra in the positive ion mode of the
permethylated neutral glycosphingolipid fractions K1 and K2, and sialo-
sylated SD1. Panel A, spectrum of permethylated K2 corresponding to
GL-10. Panel B, spectrum of permethylated K1 containing GL-10, GL-11
and GL-12, demonstrating that the three structures differ from each
other by 174 mass units (one fucose residue). Panel C, spectrum of
permethylated sialosylated SD1.

HPTLC, methylation analysis, and mass
spectrometry of sialosylated glycolipids

Two slow migrating bands, which were called S1 and S2,
were observed on visualization of the chromatogram of
total sialosylated glycolipids (SGL) under UV light (Fig. 4,
panel A-lane 1). They accounted for 8% of sialosylated
glycolipids (400 nmol per kidney). After separation of
mono- and poly-SGL, it appeared that S1 yielded a mono-
SGL SM1 (Figure 4, Panel A-lane 2) and a poly-SGL SD1
(Figure 4, Panel A-lane 3). S2 also yielded a mono-SGL
SM2 and a poly-SGL SD2. Repetitive HPTLC purifica-
tions of individual SGL were carried out. On HPTLC-im-
munostaining of concentrated purified mono- and
poly-SGL, it appeared that only SM1 and SM2 reacted with
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Figure 4. HPTLC of sialosylated glycosphingolipids of porcine kidney.
Panel A, lane 1, total sialosylated glycolipids; lane 2, monosialosylated
glycolipids; lane 3, polysialosylated glycolipids and sulfatide. Panel B,
monosialosylated glycolipids SM1 and SM2 at different ages corre-
sponding to different kidney weights, 190 g (lane 1), 250 g (lane 2), and
390 g (lane 3). Chromatograms were developed in chloroform/metha-
nol/water containing 0.25% CacCl, (50:40:10). Visualization with UV light
after spraying with primulin (0.01% in acetone/water, 8:2). SUL, sulfa-
tide; SPG, IV3NeuAc-nLc,Cer.

anti-Galal - 3Gal antibodies (Figure 5, Panel A). The pre-
sent work was focused on the structural characterization of
SD1 and of Galal - 3Gal-terminated SM1 and SM2.SD2 is
not described in the present study.

HPTLC-immunostaining after exoglycosidase hydrolysis
gave some insight into the glycolipid structures. None of
the native SGL reacted with anti-type 2 lactosamine 1B2,
and anti-Le* (CD15). N-acetylneuraminic acid was the only
sialic acid released by neuraminidase hydrolysis of the total
S1-S2 fraction. Hydrolysis of purified SM1, SM2, and SD1
with V. cholerae neuraminidase induced a change in their
immunostaining reactivity (Figure 5, Panels B-C). This re-
sult indicated that a-NeuAc was linked to terminal gly-
cosidic residues of all three glycolipids.

The glycolipid obtained after V. cholerae neuraminidase
hydrolysis of SD1 strongly reacted with 1B2 (Figure 5, lane
3). Its chromatographic behavior identical with that of de-
fucosylated H; (Figure 5, lane 4) suggested that SD1 also
had an iso-nLcg core. This hypothesis was further supported
by the GC profile of the partially methylated alditol ace-
tates of SD1, which was identical with that of K2, without
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Figure 5. HPTLC and immunostaining of sialosylated glycosphin-
golipids. Panel A, immunostaining with chicken anti-Galal - 3Gal anti-
bodies of SM1 and SM2 chromatographed in solvent A. Panel B,
immunostaining with mAb 1B2 after HPTLC in solvent B of glycolipids
obtained by hydrolysis of SM2 with V. cholerae neuraminidase (lane 1)
and with both V. cholerae neuraminidase and a-galactosidase (lane 2),
after hydrolysis of SD1 with V. cholerae neuraminidase (lane 3), and of
H3 with a-L-fucosidase (lane 4). Panel C, immunostaining with CD15
after HPTLC in solvent B of glycolipids resulting from SM1 hydrolysis
with a-galactosidase (lane 5), V. cholerae neuraminidase (lane 6), and
both V. cholerae neuraminidase and o-galactosidase (lane 7), and im-
munostaining with 1B2 after SM1 hydrolysis with V. cholerae neuramini-
dase (lane 8) and both V. cholerae neuraminidase and a-galactosidase
(lane 9). Solvent A, chloroform/methanol/water 50:40:10 containing
0.25% CaCl,; solvent B, chloroform/methanol/water 60:35:8.

peak for 2,3,4,6-tetra-O-Me-Gal (Gall - ) (Figure 2). Lack
of derivatives for nonreducing terminal residues indicated
the end-capping of both branches by NeuAc. SD1 was
analyzed by MALDI-TOF mass spectrometry after per-
methylation (Figure 3, Panel C). Major pseudomolecular
ions (M + Na)* at m/z 3139 (C20 fatty acid), 3167 (C22
fatty acid), and 3195 (C24 fatty acid) were consistent with
a HexsHexNAc;NeuAc, oligosaccharide chain.
Hydrolysis of SM2 by both V. cholerae neuraminidase
and a-galactosidase yielded a 1B2-reactive glycolipid (Fig-
ure 5, lane 2), migrating like desialosylated SD1 (Figure 5,
lane 3) and defucosylated H; (Fig. 5, lane 4). Hydrolysis of
SM2 with only V. cholerae neuraminidase yielded a 1B2
reactive glycolipid (Figure 5, lane 1), which migrated one
carbohydrate residue slower than desialosylated and de-
galactosylated SM2 (Figure 5, lane 2), and was still reactive
with anti-Galal - 3Gal antibodies (not shown). This result
was in favor of an iso-nLcg core with a-NeuAc on one
antenna and a-Gal on the other antenna, although degalac-
tosylated (sialosylated) SM2 could not be immunostained
with 1B2. Degalactosylated (sialosylated) SM1 was reac-
tive with anti-Le* mAb (Figure 5, lane 5). Desialosylated
(0-galactosylated) SM1 was reactive with 1B2 (Figure 5,
lane 8) and was not immunostained with CD15 (Figure 5,
lane 6). Hydrolysis of SM1 with both a-galactosidase and
a-neuraminidase yielded a glycolipid immunostained with
CD15 (Figure 5, lane 7) and 1B2 (Figure 5, lane 9). This
double reactivity was in favor of a branched type 2 chain
with one antenna carrying GLe* and the other antenna

1007

carrying a-NeuAc. The relative contribution of SM1 and
SM2 to the sialosylated glycolipid composition of porcine
kidney appears to be developmentally regulated (Figure 4,
Panel B). In younger animals, SM2 was more expressed
than SM1, and it was the opposite in older animals.

The GC profile of the partially methylated alditol ace-
tates of SM1 (Figure 2) displayed peaks for an iso-nlLc
carbohydrate chain as SM2, plus a peak for 6-O-Me-
GlcNAcMe (- 3,4GlcNAcl - ) and a peak for 2,3,4-tri-O-
Me-Fuc, as in the GC profile of the GL-12 fraction in our
previous work [15]. The intensity of the peaks for Fucl -
and - 3,4GlcNAcl - was in favor of one Lewis-type deter-
minant in SM1.

Native sialosylated glycolipids SM1 and SM2 were ana-
lyzed by MALDI-TOF mass spectrometry. In the positive
ion mode, two series of ions, (M + Na)™ and (M-H +
2Na)*, were observed for each glycolipid (Figure 6). The
spectrum of SM2 displayed major pseudomolecular (M +
Na)™* ions between m/z 2434 (C16 fatty acid) and 2546 (C24
fatty acid), which were consistent with a
HexHexNAc;NeuAc; oligosaccharide chain. The major
pseudomolecular (M + Na)* ions of SM1 corresponded to
those of SM2 plus one fucose residue (m/z 146), consistent
with a HexgHexNAc;NeuAc,Fuc; oligosaccharide chain
with C20 (m/z 2636) to C24 (m/z 2692) fatty acids.

H-NMR spectroscopy of neutral and sialosylated
glycolipids

'H-NMR spectra were interpreted by referring to spectra
of iso-nLc core glycosphingolipids available in the litera-
ture (Table 2), either terminated with Galal -3 (10), or
with NeuAco2 -3 [16, 30].

!H-NMR spectroscopy of SDI:
VBVI'3(NeuAc)iso-nLcgCer

The 400 MHz 'H-NMR spectrum of SD1 (Figure 7, Table
2) compared well with the spectrum of VI3VI'3(NeuAc),-
iso-nLcgCer obtained at 308° K by Levery et al. [16]. It dis-
played typical signals for a nLcg core with attachment of a
GalP1 - 4GIcNAcB1 - 6 branch at -Gal IV (Table 2). The
iso-nLc branching structure was supported by B-GIlcNAc
NACc signals in the acetamido-methyl region at 1.824 ppm
(IIT) and at 1.843 ppm (V and V') (Figure 8). The structural
reporter groups for NeuAco2 - 3 linked to GalP1 -4 were
found in the acetamido-methyl region (a-NeuAc H-3,, dou-
blet of doublets at 2.748 ppm, and a-NeuAc NAc methyl
resonance at 1.886 ppm), and their intensities were in favor
of two terminal a-NeuAc (Figure 8). Also in favor of two ter-
minal a-NeuAc was the intense doublet of doublets signal
for B-Gal H-3 at 3.997 ppm (Figure 7), consistent with the
resonances of two 3-Gal H-1 protons VI-1and VI'-1 at 4.220
ppm. The spectrum of SD1 was acquired from the S1 frac-
tion containing both SD1 and SM1 (Figure 4, Panel A-lane
1). Therefore, additional lower intensity signals (Figure 7,
a, b, ¢, and d) were interpreted as resonances of

Identification of
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Figure 6. MALDI-TOF MS spectra of underivatized sialosylated iso-nLcg core glycolipids of porcine kidney cortex. SM1 and SM2 were analyzed as

native glycolipids in the positive ion mode.

Galal? - 3Galp19- 4(Fucal? - 3)GlcNAcB1°c— 6 residues
from SM1.The percentage contribution of SM1 to S1 was es-
timated at 25%. Such a small contamination did not impair
the interpretation of the spectrum that fully supported the
structure VI3VI'3(NeuAc),-iso-nLcgCer assigned to SD1.

TH-NMR spectroscopy of K2: Identification of
VBVI'3(aGal),-iso-nLcgCer

The 'H-NMR spectrum of K2 (Figure 9) displayed an
intense o-anomeric proton signal at 4.850 ppm (Table 2),
which was assigned to a-Gal (1 - 3) linked to a type 2 chain
lactosamine [10, 13, 15]. The intensity of the signal, com-
pared with the others, was consistent with the presence of
two terminal a-Gal residues. The spectrum displayed eight
B-anomeric H-1 signals compatible with an iso-n-Lcg core
structure (Table 2). The iso-nLc branching structure was
further supported by B-GlcNAc NAc signals at 1.826 ppm
(IIT) and at 1.845 ppm (V and V'), compared with the
singlet at 1.826 ppm observed for IV3uGal-nLc,Cer [15].
The intensity of the B-anomeric signal at 4.298 ppm was
consistent with two similarly Galal - 3-substituted
Galpl -4 VI and VI' (Figure 9). In conclusion, the 'H-
NMR spectrum of K2 could be assigned to the structure

VI3VI'3(0Gal),-iso-nLcgCer described by Hanfland et al.
[10] in rabbit erythrocyte membranes.

TH-NMR spectroscopy of SM2: Identification of
VBNeuAcVI'3aGal-iso-nLcgCer

The '"H-NMR spectrum of SM2 (Figure 7) displayed an
a-anomeric proton signal at 4.853 ppm which compared
well with that of the K2 spectrum, and was thus assigned to
terminal Galal - 3 (Table 2). The spectrum displayed eight
B-anomeric proton signals compatible with an iso-nLcg
core structure. The B-GlcNAc NAc signals further support-
ing the branching structure were observed at 1.826 and
1.848 ppm (III and V-V', respectively) (Figure 8). The dis-
tinct resonances of VI-1 and VI'-1 were indicative of differ-
ent terminal substituents. The presence of terminal
NeuAco2 -3 in SM2 was manifested by the a-NeuAc NAc
singlet at 1.887 p pm and the a-NeuAc H-3., doublet of
doublets at 2.751 ppm (Figure 8). The intensity of the sig-
nals, compared with that of the SD1 spectrum, were in
favor of a single terminal a-NeuAc. The resonance of VI-1
at 4.220 ppm, as in SD1, was consistent with an a-NeuAc
1 -3 linked to B-Gal VI, whereas the resonance of VI'-1 at
4.300 ppm, which compared well with that of K2, indicated
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Table 2. Anomeric proton resonances for iso-nLcg core Glycosphingolipids.

VI’ \A
Galp1-4GIcNAcB1-6 1V
\

Galp1-4GIcNACB1-3Galp1-4GIcpl

/
Galp1-4GIcNAcB1-3

VI \%
a-Gal- a-Fuc-
VI-vI' V-V VI v Vi 4 v i I / Ref
VIENeuAc-iso-nLcg 4213 4430 4220 4646 4308 4.678 4.273 4170 30
VIBVI'3(NeuAc),-iso-nlLc 4200 4.388 4.200 4.647 4302 4.676 4.266 4.168 162
VIBVI'3(NeuAc),-iso-nlLcg 4220 4416 4220 4681 4319 4705 4.288 4.172 this work
SD1
VIeNeuAcVI'3aGal-iso-nLcg;  4.853 4300 4.442 4220 4683 4313 4706 4.287 4.173  this work
SM2
VIENeuAcVI'3oGal 4.850 4893 4.358 4516 4.223 4686 4318 4706 4.289 4.173 this work
V'3aFuc-iso-nLcg SM1
[3aFuc-nLc, 4.876 4295 4748 4280 4206 31
IVeaGal-nLc, 4.83 4.32 4.72 4.29 4.16 13
IV3aGal-nLc, 4.847 4316 4705 4286 4.170 15
IVeaGallll*aFuc-nLc, 4.843 4.889 4354 4785 4286 4.169 15
VI3, VI'3(aGal),-iso-nLcg 4.84 4.30 4.42 4.30 4.67 4.30 4.67 4.27 4.17 10
VI3VI'3(aGal),-iso-nLc, (4.850), 4298 4429 4298 4670 4315 4.694 4282 4.173 this work
K2
VI'3VI'3(aGal), (4.851), 4.886 4.351 4.525° 4297 4670 4.316 4.694 4.281 4.172 this work
V'3aFuc-iso-nLcg K1

@Acquired at 308K. Assignments for GIcNAc 1lI-1 and V-1 given in ref. 16 are reversed in this table, as indicated in ref. 30

bAcquired from signal c in K2 (Fig. 7)

an 0-Gal 1 -3 linked to f-Gal VI (Table 2). The 'H-NMR
spectrum of SM2 was compatible with the structure
VI3NeuAcVI'30Gal-iso-nLcgCer, in accordance with the
reactivity with ant-Gala1- 3Gal antibodies (Figure 5, Panel
A), with mAb 1B2 after V. cholerae neuraminidase and
a-galactosidase hydrolysis (Figure 5, panel B, lanes 1-2),
methylation analysis and MALDI-TOF mass spectrometry.

TH-NMR Spectroscopy of SMI: Identification of
VBNeuAcVI'3aGalV'3aFuc- iso-nLcgCer

The 'H-NMR spectrum of SM1 (Figure 7) displayed two
strong a-anomeric proton signals at 4.893 and 4.850 ppm
(Table 2). The a-anomeric signal at 4.850 ppm fitted well
the resonance observed for terminal ¢-Gal 1 - 3 linked to a
lactosamine type 2 chain (Table 2). The a-anomeric signal
at 4.893 ppm (Table 2) was consistent with the signal of an
a-Fuc 1- 3 linked to the B-GIcNAc residue of a Galal -3
terminated type 2 chain described in I'V3aGallll*aFuc-
nLc,Cer [15]. The typical quartet at 4.624 ppm for the H-5
resonance (Figure 7, Table 3) and the doublet for the H-6
methyl group at 1.028 ppm (Figure 8; Table 3) were sup-
porting signals for a LeX-type Fucal - 3. It was also notice-
able that, as observed by Levery et al. [16,31], the chemical

shift of the H-6 methyl proton resonance (1.028 ppm, Table
3) was in favor of a Fuc substituting the outer GlcNAc, as
in IV3uGal ITIPaFuc-nLc, (1.031 ppm) [15], whereas for an
inner substitution, it would have resonated upfield (1.014
ppm) [16, 30, 31]. The linkage of Fucal —»3 was assigned
after analysis of the chemical shifts it induced in the core
structure. Characteristic signals for an iso-nLcg core were
observed in the anomeric region (Table 2). The PGIcNAc
NAc signals at 1.825, 1.843, and 1.851 ppm (111, V, and V',
respectively) supported the branching structure (Figure 8).
As in SM2, the terminal B-Gal VI and VI' had distinct
resonances, indicating different substituents. The presence
of terminal NeuAca?2 - 3 was attested by the NeuAc NAc
singlet at 1.888 ppm, the NeuAc H- 3., doublet of doublets
at 2.747 ppm (Figure 8), and the VI-3 doublet of doublets
at 4.023 ppm (Figure 7). The VI-1 resonance at 4.223 ppm,
as in SD1 and SM2, was consistent with the linkage of
a-NeuAc to -3GalBl-4GIcNAcB1 3. The downfield
shift of the V'-1 resonance, similar to that of SM1, indicated
that o-Fuc was 1 - 3 linked to — 4GIcNAcB1 - 6. The down-
field shift of B-Gal VI'-1 compared with that of K2 could
be interpreted as the deshielding effect of the vicinal Lex-
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Figure 7. Downfield region of 400 MHz 1H NMR spectra of sialosylated glycosphingolipids of pig kidney in Me,S0O-dg/2%D,0 at 328° K. Arabic
numerals refer to ring protons of residues designated by Roman numerals or capital letters. Arefers to NeuAcau2 - 3, G to Galal - 3 and F to Fucal - 3.
R refers to protons of the sphingosine core, cis-vinyl to protons adjacent to double bond of unsaturated fatty acids. Lower case letters in the SD1
spectrum indicate protons from the Galal - 3Le* residues of contaminant SM1 (Table 2): a, a-Fuc; b, o-Gal; ¢, V'-1; d, VI'-1.



Two novel isoneolacto-undecaglycosylceramides

SD1 A-NAc Alkyl-methylene
x4
DMSO
W Alkyl-CHy
A3y V'V [I-NAC
cis-allyt
nFA-2
R-6
; T T T T T
2.75 2.50 2.25 2.00 1.75 1.50 1.25 1.00 0.75
SM2 Alkyl-methylene
A-NAc
Alkyl-CH,
DMSO
V.V lil-NAc
cis-ally!
A3 nFA-2
m M
T T T T T T T T T
2.75 2.50 2.25 2.00 1.75 1.50 1.25 1.00 0.75
SM1 A-NAc
Alkyl-methylene
Alkyl-CHs
DMSO
V'V IIi-NAc
F-6
cis-allyl
A3g nFA-2 A
T T T
2.75 . B . 1.75 1.‘50 1.‘25 1.‘00 0|15

PPM

Figure 8. Upfield region of 400 MHz 1H NMR spectra of sialosylated glycosphingolipids of pig kidney in Me,SO-dg2%D,0 at 328° K.
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Figure 9. Downfield region of 400 MHz 1H NMR spectra of neutral glycosphingolipids of pig kidney in Me,S0-dg/2% D,0 at 328° K. Lower case
letters in the spectrum of K2 indicate protons from a small amount of K1 : a, a-Fuc-1; ¢, V'-1; d, VI'-1 (Table 2). Arrow in the K1 spectrum indicates

V-1 from K2 contaminant.

type Fucal - 3, as observed in IV3aGal III3aFuc-nLc, [15].
The VI'-1 resonance was consistent with Galal - 3 linkage
to B-Gal VI'. The TH-NMR spectrum of SM1 was in favor
of a novel structure composed of an 02 -3 sialosylated
nlLcg core with a Galal - 3Le*p1 - 6 branch at B-Gal I'V. It
was in agreement with the methylation (Figure 2) and
MALDI-TOF (Figure 3) analyses, and with the reactivity of
the native glycolipid with anti-Galal -3Gal antibodies
(Figure 5, Panel A). In addition, it fitted well the CD15 and
1B2 reactivities after a-galactosidase and V. cholerae neu-
raminidase hydrolysis (Figure 5, Panel C).

IH-NMR  Spectroscopy of Kl: Identification of
VBVI'3(aGal),V'3aFuc-iso-nLcg

As already indicated, the three neutral glycolipid frac-
tions K0,K1, and K2 were heterogeneous. Therefore, signals

of GL-11 appeared as minor signals among signals of GL-12
anomeric protons in the K2 spectrum (Figure 9, a, ¢, and d).
Conversely, the K1 spectrum contained minor signals for
GL-10 (Figure 9, arrow), in addition to GL-11 signals that
were probably reinforced by GL-12 signals. The 'H-NMR
spectrum of K1 was interpreted by comparison with the
spectra of K2 and SM1. The eight -anomeric proton signals
(Table 2), the resonance of IV-1 indicating a GIcNAcB1 -6
branch at B-Gal IV of a nLcg core, and the B-GIcNAc NAc
signals at 1.826 and 1.846 ppm (III and V-V’, respectively)
supporting the iso-nLc core structure were present. The in-
tensity of the a-Gal H-1 signal was in agreement with two
terminal Galal -3 as in K2 (Figure 9). The presence of
Fucal -3 linked to —-4GIcNAcB1 - was indicated by the
a-anomeric signal at 4.886 ppm (Figure 9, Table 3). A B-
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Table 3. Diagnostic signals of Le*-type Fucul - 3.

H-1 H-5 H-6 References
ll1faFuc-nLc, 4.876 4.590 1.020 31
VIENeuAclllaFuc-nLcy 4.878 4.589 1.014 16
X3NeuAcVIIfaFuc-nLclo 4.875 4.594 1.015 30
IVeaGal llIFaFuc-nLc, 4.889 4.578 1.031 15
VI3NeuAcVI"3uGal 4.893 4.624 1.028 this work
V'3aFuc-iso-nLcg SM1
VIBVI'3(aGal), 4.886 nd 1.045 this work
V’3uFuc-Iso-nLcg K1

anomeric proton signal at 4.351 ppm, as in SM1, was as-
signed to the H-1 proton signal of a f-Gal VI’ in the vicinity
of a Fucal - 3-substituted GlcNAc V'. The signal at 4.429
ppm (Figure 9,K1 spectrum, arrow) was interpreted as origi-
nating from the presence of GL-10 in the K1 fraction. The
V'-1 signal of GL-11 was probably shifted downfield at
4.524 ppm (as indicated by the contaminant c signal in the
K2 spectrum) and buried in high background together with
the nearby Fucal - 3 H-5 quartet. This assignment was sup-
ported by the fact that the shape and intensity of the V-1/111-
1 signals were identical in K1 and K2, ruling out fucosylation
of GIcNAc III or GlcNAc V. Therefore, the major signals of
the 'H-NMR spectrum of K1 were consistent with the struc-
ture VI3VI3(aGal),V'3aFuc-iso-nLcg,in agreement with the
major pseudomolecular ions of the MALDI-TOF mass
spectrum (Figure 3, panel B), the reactivity with anti-
Galal - 3Gal antibodies of native K1, and its reactivity with
CD15 and 1B2, but not with anti-Le2 mAb, after a- galactosi-
dase hydrolysis.

!H NMR Signals for the structural components of
ceramide

'H NMR spectra of the olefinic region of the sialosylated
glycolipids (Figure 8) displayed the characteristic pair of
trans-vinyl proton signals of R4 (doublet of doublets at 5.37
ppm) and RS (doublet of triplets at 5.55-5.56 ppm) (Table
4) of sphingenine (d18:1 sphingosine) [32]. Other signals
for sphingosine were assignable in all spectra (R-6, R-3).
The upfield spectra displayed the alkyl methyl resonance at
0.85 ppm (Figure 8) and the alkyl methylene resonance at
1.24 ppm. Resonances for FA in the sialosylated glycolipids
were those of nonhydroxylated nFA-2 (2.04 ppm) with cis-
allyl (1.98 ppm) and cis-vinyl (5.32 ppm) signals, indicating
some degree of unsaturation (Figure 8, Table 4). Signals for
nFA-2 and cis-allyl protons were interpretable in the K1
and K2 upfield spectra (Table 4), but signals for the cis-vi-
nyl protons were buried by an impurity peak (Figure 9).

Discussion

Six high-molecular weight pig kidney cortex glycolipids
were detected and separated on thin-layer chromatograms.

They were characterized as deca-, undeca-, and dodecagly-
cosylceramides with a common iso-nLc core. These com-
plex glycolipids were minor components, especially neutral
glycolipids. Despite the very small amounts recovered by
HPTLC purification, which prevented structural determi-
nations by 2D 'H NMR spectroscopy, they were success-
fully characterized by HPTLC associated with enzymatic
degradation and immunostaining with antibodies, methyla-
tion analysis, and MALDI-TOF mass spectroscopy. In ad-
dition, 1D 'TH NMR spectroscopy was particularly useful
because it was possible to rely on previously established
spectra of iso-nLc core glycolipids [10, 16, 30], and because
all glycolipids described herein, except KO, yielded reason-
ably good 400 MHz spectra, with three of them (K1, SM1,
and SM2) being acquired for the first time. For interpreting
the spectra, it was considered that the iso-nLc core consists
of a nLcg chain with a branch attached to C6 of the fourth
galactose, although during biosynthesis, addition of N-ace-
tylglucosamine at C6 does not take place after completion
of the nlLcq chain but follows immediately the transfer of
N-acetylglucosamine at C3 of galactose IV [33].

The structures described here were isolated from the
kidney cortex of O-typed pigs, nonexpressing histo-blood
group A, to avoid possible occurrence of A-active iso-nLcg
dodecaglycosylceramide identical to A¢ of human erythro-
cytes [34]. In the present study, neither H-active, nor H-ac-
tive/sialosylated glycolipids as in human erythrocytes [35],
were detected among complex glycolipids.

Complex Galal - 3Gal-terminated neutral glycolipids of
pig kidney cortex have been first detected in our previous
work characterizing GLe* hexaglycosylceramide [15]. It
was shown that the most polar Galal - 3Gal- reactive band
on HPTLC actually contained GLe*-expressing GL-12 and
GL-11 (Table 1). In the present work, glycolipids were
prepared from the kidney of 2-year-old pigs. The most polar
Gala - 3Gal-reactive neutral glycolipids were tentatively
isolated by preparative HPTLC as three fractions, KO, K1,
and K2, reactive with anti-Galal - 3Gal antibodies. De-
galactosylated KO and K1 were reactive with CD15, but not
with anti-Le? mAb, indicating the only presence of LeX
chains. The very low concentrations and overlapping ranges
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Table 4. Resonances for Ceramide.

Bouhours et al.

Signals for normal sphingosine (4-sphingenine)

R-6 R-3 R-4 R-5
VIENeuAc-iso-nicg 1.937 3.910 5.355 5.539 30
IVeaGal-nLc, 1.925 3.918 5.351 5.555 15
IV3aGal llI*aFuc-nLc, 1.944 3.928 5.357 5.555 15
VIBVI'3(NeuAc),-iso-nlcg 1.941 3.914 5.372 5.555 this work
SD1
VIBNeuAcVI'3aGal-iso-nLcg 1.941 3.920 5.374 5.558 this work
SM2
VIENeuAcVI'3aGalV'3aFuc-iso-nLcg 1.943 3.921 5.377 5.567 this work
SM1
VIBVI'3(aGal),-iso-nLcg 1.944 3.918 5.374 5.557 this work
K2
VidVI'3(aGal), 1.942 3.917 5.371 5.560 this work
V'3aFuc-iso-nLcg K1
Signals for non-hydroxylated FA with some degree of unsaturation
nFA-2 cis-allyl cis-vinyl
VIBNeuAc-iso-nLcg 2.029 1.980 5.322 30
IV3aGal-nLc, 2.038 1.961 5.321 15
VIBVI'¥(Neuac),-iso-nLcg 2.038 1.979 5.324 this work
SD1
VIENeuAcVI'3aGal-iso-nLcg 2.039 1.980 5.321 this work
SM2
VIENeuAcVI'3aGal 2.041 1.981 5.321 this work
V'3aFuc-iso-nLcg SM1
VIBVI'3(aGal),-iso-nLcg 2.038 1.982 n.d this work
K2
VIVI'3(aGal),V'3uFuc-iso-nLcg 2.037 1.980 n.d this work
K1

of polarity generated by the fatty acid diversity prevented
purification to homogeneity.

Characterization of the novel structures GL-11
(VI3VI'3(aGal),V'3aFuc-iso-nLcgCer) and GL-12 (VI3VI'3
(0Gal),V3V'3aFuc-iso-nLcgCer) was performed with het-
erogeneous KO and K1 fractions. The GL-11 structure was
established by relying on an interpretable, although not of
high quality, 'H NMR spectrum of K1. The 'H NMR unam-
biguously assigned the fucose residue to the 6-linked
branch, and indicated that the sample was not a mixture of
the two possible monofucosylated structures. The 'H NMR
spectrum obtained for KO was not informative due to high
background in the anomeric region. An additional element
for the characterization of GL-12, compared with our pre-
vious work, was given by the MALDI-TOF mass spectrum
of K1, which clearly indicated that GL-12 differed from GL-
11 by addition of one fucose residue.

From our previous work, it is known that kidneys of
young pigs express less GLe* determinants than old ani-

mals [15]. Purification of kidney glycolipids from 3-month-
old pigs allowed isolation of a homogeneous K2 fraction
corresponding to GL-10 (Figures 2 and 3). However, the
yield was not sufficient for 'H NMR analysis. Therefore, 'H
NMR spectroscopy was performed with the K2 fraction
isolated from the kidney of 2-year-old pigs. Thus, it con-
tained small amounts of GL-11 (Figure 9). The present
study indicated that K2/GL-10 was VI3VI'3(aGal),-iso-
nLcgCer, which has been previously isolated from rabbit
erythrocyte membranes and characterized by mass spec-
trometry and 'H NMR spectroscopy [10].

It is likely that GL-11 and GL-12 are both synthesized
from GL-10 by addition of one (GL-11) and two fucoses
(GL-12) to C3 of the V-V’ N-acetylglucosamine residues.
The relationship between the three structures was exampli-
fied by the MALDI-TOF mass spectrum (Figure 3). This
structural information reflects the probable pathway of
GL-12 biosynthesis. According to the rule that the acceptor
substrate of the a3-fucosyltransferase for synthesis of GLe*
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is the afucoB trisaccharide [36], a fucose is added first to
the afucoB epitope of the 6-branch of GL-10, resulting in
GL-11. Then, a second fucose is added to the 3-linked
afucoB epitope to yield GL-12. This is the most probable
pathway, although linkage of the second fucose to GIcNAc
III cannot be ruled out in the absence of an informative 'H
NMR spectrum of KO. However, as K1 was a mixture of
GL-11 and GL-12, linkage of Fucal -3 to GIcNAc III
would have induced additional typical downfield shifts for
III-1 and IV-1 resonances (see GLe*-6 in Table 2), which
were not detected in the 'TH NMR spectrum of K1. The
a3-fucosyltransferase of porcine kidney differs from the
human transferase by its ability in vivo to transfer Fuc
residues onto I-active core glycolipids. Branched Le* or
SLex have never been found in human tissues, although the
human milk a3/4-fucosyl transferase has been used in vitro
to synthesize oligosaccharides with multivalent sialosyl Lex
epitopes on both the 6-linked and 3-linked branches [37].

Two of the three sialosylated glycolipids, decaglycosyl-
ceramides SD1 and SM2, have already been described in
other species. SD1 was identical to a disialosylated gly-
colipid characterized from human erythrocyte membranes
[16]. SM2 was similar with an I-active glycolipid of bovine
erythrocytes, first characterized on the basis of enzymatic
degradation and methylation analysis [11]. This structure
was recently confirmed by 'H NMR analysis of the oli-
gosaccharides released by ceramide glycanase hydrolysis,
and N-glycolylneuraminic acid was found as major sialic
acid [12]. In the present work, the 'H NMR spectrum of the
native glycolipid SM2 was obtained under standard condi-
tions for glycolipids, in Me, SO-d¢/2%D,0. Comparison
with spectra of already described and new iso-nLc core
glycolipids was thus possible. The TH NMR spectrum of
SM2 unambiguously assigned NeuAca(2 -3) to the nlcg
chain and a-galactose to the 6-linked branch. The presence
of SM2 in porcine kidney was previously detected with
HPTLC-immunostaining after neuraminidase hydrolysis,
without structural characterization [38]. Based on the oc-
currence of VI3NeuAcVI'3aGal-iso-nLcgCer in porcine
kidney, as in bovine erythrocytes, and of
VI3NeuAcVI'2gFuc-iso-nLcgCer in human erythrocytes
[35], it appears that, in hybrid structures, NeuAca2 -3 is
always attached to the 3-linked branch of the iso-nLcg core.
It is possible that an a2 - 3sialytransferase specific to the
3-linked branch of the iso-nLcg core is conserved among
different species. Therefore, during the synthesis of disialo-
sylated SD1 from iso-nLcgCer, linkage of NeuAc to the
6-linked branch probably occurs only after addition of
NeuAc to terminal galactose of the nLcy chain (3-linked
branch). Such a hypothesis is supported by the charac-
terization of VI3NeuA c-iso-nLcgCer, a glycolipid carrying a
NeuAc 02 - 3-linked to the nLcg chain, with an unsubsti-
tuted 6-linked lactosamine [16, 30].

The TH NMR spectrum of SM1 was interpreted by com-
parison with spectra of SM2 and the previously charac-
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terized GLex*-6 structure also isolated from porcine kidney
cortex [15]. SM1 was found to be a novel structure, with a
sialosylated 3-linked branch as other hybrid structures and
a GLex determinant on the 6-linked branch,
VIENeuAcVI3aGallV,30Fuc-iso-nLcgCer. The SLex deter-
minant was undetectable among iso-nLc core, or nL.c core
glycolipids with 6 or 8 carbohydrate residues. This is in
contrast with human kidney from which the SLe* hexagly-
cosylceramide was originally isolated and characterized
[39]. In agreement with the previous finding that the Le*
trisaccharide is not a substrate for the a3-galactosyltrans-
ferase [36], it can be concluded that Gala3-nLc is the pref-
erential substrate of the a3-fucosyltransferase of porcine
kidney, which appears unable to use in vivo NeuAca3-nLc
as acceptor. In the present study, absence of detectable
unsubstituted Lex glycolipids suggested that nLc is not a
good substrate for porcine kidney a3-fucosyltransferase.

The present study confirmed the finding that the expres-
sion of the GLe* epitope is developmentally regulated un-
der the control of a3-fucosyltransferase [15]. Expression of
VIENeuAcVI3aGa IV, 30Fuc-iso-nLcgCer (SM1) increased
during the postnatal period and was maximum in older
pigs, as already observed for GLe*-6, -8, and -12 [15].
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