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Characterization of novel mono-O-acetylated GM3s 
containing 9-O-acetyl sialic acid and 6-O-acetyl 
galactose in equine erythrocytes 
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Novel mono-O-acetylated GM3s, one containing 9-O-acetyl N-glycolyl neuraminic acid and another containing 6'- 
O-acetyl galactose; were isolated as a mixture from equine erythrocytes, and the structures were characterized by 
one- and two-dimensional proton nuclear magnetic resonance (NMR) and fast atom bombardment-mass 
spectrometry (FAB-MS). The position of the O-acetyl residue was identified by the downfield shiR of the 
methylene protons at C-9 of N-gtycolyl neuraminic acid (9-O-Ac GM3) and C-6 of galactose (6'-O-Ac GM3) in 
the NMR spectrum, in comparison to the respective non-acetylated counterparts. To confirm the presence of 6'-O- 
Ac GM3, the O-acetylated GM3 mixture was desialylated with Arthrobaeter neuraminidase, giving 6-O-acetyl 
galactosyl glucosylceramide, the Structure of which was estimated by NMR and FAB-MS, together with non- 
acetylated lactosylceramide with a ratio of 1:1. 
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Abbreviations: Ac, acetyl; Gc, glycolyl; NeuGc, N-Gc neuraminic acid; GM3 (Gc), GM3 containing NeuGc 
(II3NeuGc~-LacCer); 4-O-Ac GM3 (Gc), GM3 containing 4-O-Ac NeuGc; 9-O-Ac GM3 (Gc), GM3 containing 9- 
O-Ac NeuGc; 6'-O-Ac GM3 (Gc), GM3 containing 6-O-Ac Gal; 1D-NMR, one-dimensional nuclear magnetic 
resonance spectrometry; ~2D-COSY, two-dimensional chemical shift-correlated spectrometry; FAB-MS, fast atom 
bombardment-mass spectrometry; GLC, gas-layer chromatography; GC-MS, gas chromatography-mass 
spectrometry; TLC, thin-layer chromatography; Ggl, ganglioside; Cer, ceramide; CMH, monohexosylceramide; 
LacCer, lactosylceramide; 6'-O-Ac LacCer, LacCer containing 6-O-Ac Gal; Me2SO-d 6, 2H6-dimethylsulfoxide; 
CMW, chlorotbrm-methanol-water. Nomenclature and abbreviations of glycosphingolipids follow the system of 
Svennerholm (J Neurochem [1963] 10: 613-23) and those recommended by the IUPAC-IUB Nomenclature 
Commission (Lipids [1977] 12: 455-68). 

Introduction 

O-Acetylation of  gangliosides (Ggls), exclusively appear- 
ing on neuraminic acid in non-reducing termini, has been 
found in several mammalian species, including 4-O-acetyl 
(Ac) GM3 from equine erythrocytes [1, 2], 9-O-Ac G Tl b  
from mouse brain [3], 9-O-Ac GDla  from rat erythrocytes 
[4], and 9-O-Ac GD3 from melanoma cells [5-7]. In 
particular, 9-O-Ac GD3 and non-acetylated GD3 are 
known to be melanoma-associated Ggl antigens, suggest- 
ing the possibility of  using Ggls as tumour targets for 
melanoma immunotherapy [8]. 
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Analysis of  the position of  labile O-Ac residues present 
in intact glycolipid molecules has been effectively 
performed by nuclear magnetic resonance spectroscopy 
(NMR) and fast-atom bombardment-mass spectrometry 
(FAB-MS). The downfield shift of  the proton attached to 
the carbon bearing an acetoxy group in the NMR 
spectrum was ascribed to the existence of  the Ac residue 
in the native molecule. In fact, the positions of  the Ac 
esters of  4-O-Ac GM3 [2], 9-O-Ac GD3 [9, 10], and 7- 
O-Ac GD3 [10, 11], as well as that of  the sulfate ester of  
sulfo-3'-galactosyl ceramide [12], have been clearly 
identified by these methods. 

The Ggls in equine erythrocyte membranes have 



226 Yachida et al. 

previously been investigated, resulting in the discovery of 
GM3 containing N-glycolylneuraminic acid (NeuGc) 
(GM3(Gc)) and its 4-O-acetylated derivative, and lacto- 
sylceramide (LacCer) as the major components [1, 2, 13]. 
In the present paper, we fuxther examined minor Ggts in 
equine erythrocytes to search for other O-Ac Ggls, 
finding two novel mono-O-Ac GM3s. 

Materials and methods 

Chemicals 

Silica beads (Iatrobead2) were obtained from Iatron 
Laboratories (Tokyo). Silica gel thin-layer chromatography 
(TLC) plates (Silica gel 60) and 2H6-dimethylsulfoxide 
(MezSO-d6) were from Merck (Germany). Neuraminidase 
(Arthrobacter ureafi~ciens) was a product of Seikagaku 
Kogyo Corporation (Tokyo). GM3 (Gc) was isolated from 
equine erythrocytes as reported in a previous paper [2]. 
Other standard glycolipids were prepared in this labora- 
tory. All other reagents were of analytical grade. 

Isolation of glycolipid 

The ratio of the solvent mixture is represented by volume. 
The Ggl fraction was isolated without alkaline treatment 
from equine erythrocyte membranes as reported previously 
[2]. Briefly, 450 g of acetone powder prepared from the 
erythrocyte membranes obtained from 20 1 of whole blood 
by centrifugation was extracted with CHC13:CH3OH:H20 
(CMW)=4:8:3 (gpowder per 5ml) three times. The 
crude extract was concentrated in vaeuo and applied 
on a DEAE-Sephadex, A-25 (LKB-Pharmacia, Sweden) 
column (3 × 40 cm), previously equilibrated with 
CMW = 3:6:1. After the column was thoroughly washed 
with the equilibration CMW until unbound glycolipids 
were negative, the acidic glycolipids were eluted with 
CM:I M ammonium acetate=3:6:l. The eluates were 
concentrated, dialysed to remove salt, evaporated to 
dryness and applied on an Iatrobeads column (2.5 × 
80cm) with CMW=90:10:0.5. The ratio of the CMW 
mixture for elution was changed stepwise from 90:10:0.5, 
80:20:2, 70:30:3 to 60:40:4 (1 1 each). The crude mono-O- 
Ac GM3 fraction including known 4-O-Ac GM3 (Gc), 
eluted with CMW = 70:30:3 and migrating slightly faster 
than non-acetylated GM3 (Gc) on TLC, was further 
chromatographed on repeated silica gel column chromato- 
graphy with the CMW solvent system as above except for 
the column scale and elution volume. Fifteen milligrams 
of an unknown Ggl, abbreviated GL-1, which migrated 
between 4-O-Ac GM3 (Gc) and non-acetylated GM3 (Gc) 
on TLC, were obtained. 

The monohexosyl ceramide (CMH) of the equine 
erythrocytes was isolated and purified from the above 
unbound fraction of the extracts on a DEAE-Sephadex 
column by silica gel chromatography using the CMW 

solvent system. The CMH fraction obtained was further 
divided into three components by silica gel column 
chromatography, each representing one band on TLC (see 
Fig. 5). The CMH was not exposed to an alkaline 
solution during preparation. 

Alkaline treatment of glycolipid 

The purified GL-I or CMH fraction or a product of 
neuraminidase-digested GL-1 (approximately 1 mg each) 
was treated with 1% sodium methoxide in 1 ml of 
methanol for 2 h at room temperature. After neutralization 
with acetic acid, the mixture was concentrated and applied 
on an LH-20 column (0.5 × 10cm, Pharmacia-LKB, 
Sweden) with CMW = 60:30:4.5 for desalting. The treated 
glycolipid was chromatographed on a TLC plate devel- 
oped with CMW = 60:35:8 followed by staining with an 
orcinol-sulfuric acid reagent. 

Neuraminidase treatment of glycolipid 

The purified GL-1, GM3 (Gc) or 4-O-Ac GM3 (Gc) 
(7.5/xg each) was separately digested with 10 or 30 mU of 
Arthrobacter ureafaciens neuraminidase in 0.1 ml of 
50mM acetate buffer, pH5.0, at 37°C for 1 h. The 
mixture was applied on an LH-20 column (0.5 × 10 cm) 
with CMW = 60:30:4.5 to remove salt, and an aliquot of 
the lipid product was chromatographed by TLC as 
described above. GL-1 was further desialylated on a large 
scale (5.5 mg of GL-1, 1 U of the enzyme in 1 ml of the 
buffer) for 16 h. After being desalted from the reaction 
mixture as described above, two products (abbreviated 
GL-la and -lb) and unreacted GL-1 were separated from 
each other by silica gel column chromatography 
(0.8 × 30cm) using the CMW sovent system. GL-la 
(2.5 mg), GL-lb (2.1 mg) and unreacted GL-1 (0.5 mg) 
were eluted from the column with CMW=85:15:1, 
80:20:2 and 70:30:3, respectively. 

Analyses of lipid and sugar moieties 

Fatty acid components, the long chain base and sugar 
species including sialic acid were separately analysed from 
the methanolyzates by gas-layer chromatography (GLC) as 
methyl ester for the fatty acid and O-trimethytsilyl 
derivative for the base and the sugars, respectively, as 
reported previously [2, 14, 15]. The methylation analysis 
of  the purified GL-1 was performed according to the 
method of Hakomori [16] and the partially methylated 
alditol acetates were analysed by gas chromatography- 
mass spectrometry (GC-MS) as reported previously 
[15, 171. 

Measurement of FAB-MS spectrum 

Negative fast atom bombardment-mass spectrometry 
(FAB-MS) was done on a JEOL JMS-HX100 mass 
spectrometer equipped with a JMA-DA500 datalizer. The 
sample in a matrix of triethanolamine was bombarded by 
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Xe gas at 6kV (20mA), and the fragments were 
accelerated at 5 kV, as described previously [15]. 

Measurement of NMR spectra 

The 500 MHz-NMR spectra of glycolipids (0.5 - 1 rag) in 
0.4 ml of 2H6-Me2SO containing 2% 2H20 were obtained 
in the Fourier-transform mode on a Varian JEOL- 
Alpha500 spectrometer at the High Resolution NMR 
Laboratory of Hokkaido University as described pre- 
viously [15]. The chemical shift was indicated by the 
distance (ppm) from tetramethylsilane as an internal 
standard. 2D-Chemical shift-correlated spectroscopy (2D- 
COSY) spectra were obtained as described previously 
[15], and shown by absolute value representation as 
contour plots. 

R e s u l t s  

Isolation of glycolipid 

The Ggl fraction of the equine erythrocytes was composed 
of GM3 including NeuGc (II3NeuGc~-LacCer) and the 4- 
O-Ac derivative (II3(4-O-Ac)NeuGco~-LacCer) as the 
major Ggl [1, 2, 13]. As a minor component, GL-1 was 
obtained as one band that migrated between 4-O-Ac GM3 
(Gc) and non-acetylated GM3 (Gc) as demonstrated in 
Fig. 1. The purified GL-1 was, however, found to be a 
mixture of two different acetylated derivatives of GM3 
(Gc) from the presence of a heterogeneous Ac group in 
the FAB-MS and NMR spectra (see below). Some other 
developing solvents for the TLC of GL-1 such as CMW 

F i g u r e  1. Thin-layer chromatography of equine erthyrocytes GM3 
(Gc) and GL-1. Lane 1, 4-O-Ac GM3 (Gc); 2, GL-1; 3, GM3 
(Gc); 4, alkali-treated GL-1. The Ggls were developed with 
CMW - 60:35:8 and stained by an orcinol-sulfuric acid reagent. O, 
origin. 
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containing ammonia, or containing CaC12 and 1-propanol- 
water, were examined to obtain homogeneous glycolipids, 
but the attempts were unsuccessful. Similarly unsuccessful 
were other methods such as high performance liquid 
chromatography using a spherical silica beads column, 
reversed-phase column, Amine-column (Pharrmacia-LKB) 
or Borate column (Pharrmacia-LKB), and the droplet 
counter current technique. Other very minor components, 
such as sialylparagloboside (IV3NeuGcoz-nLc4Cer, [13]) as 
well as unknown mono- and di-O-Ac GM3s, were present 
in the Ggl fraction (the structures of the unknown Ac 
GM3s will be published elsewhere). 

Alkaline treatment of glycolipid 

The GL-1 was treated with a mild alkaline solution to 
remove the alkali-labile group(s), followed by TLC 
analysis. As shown in Fig. 1, the saponified GL-1 showed 
an RF identical to that of authentic GM3 (Gc). In addition, 
1D-NMR analysis of the saponified GL-1 yielded a 
spectrum identical to that of authentic GM3 (Gc) (data not 
shown), confirming that some alkali-labile group such as 
O-acyl ester bound to the GM3 (Gc) molecule. 

Neuraminidase treatment of glycolipid 

The purified GL-1, like GM3 (Gc) and 4-O-Ac GM3 
(Gc), was treated with neuraminidase. As demonstrated in 
Fig. 2A, the GL-1 was finally desialylated with the 
enzyme to produce two bands, one of them migrated to 
the position of LacCer (abbreviated as GL-lb) and the 
other was converted to a position similar to that of GalCer 
(GL-la), whereas GM3 (Gc) changed to LacCer but 4-0- 
Ac GM3 (Gc) did not react. Moreover, the GL-la was 
further saponified followed by TLC analysis, revealing 
conversion to the position of LacCer as shown in Fig. 2B, 
indicating that the GL-la possessed an alkali-labile group 
such as O-acyl ester. The GL-lb and saponified GL-la 
were finally both characterized as LacCer with their 1D- 
NMR spectra, which were identical to that of authentic 
LacCer (data not shown). Arth~vbacter neuraminidase is 
reported to cleave internal and external nonreducing 
terminal N-acyl (Ac and Gc) neuraminic acid itself and 
the C-9-O-Ac derivative in the Ggl molecule, but not to 
cleave the C-4-, C-7- and C-8-O-Ac derivatives, and to 
have no aglycon specificity [18]. Regarding these enzyme 
properties and the present data, GL-1 was expected to be 
composed of GM3 containing 9-O-Ac NeuGc, which 
would be changed to LacCer (GL-lb) via the enzyme 
digestion, and GM3 (Gc) containing an O-acylated sugar 
other than NeuGc, which would be converted to GL-la. 
The structure of the GL-la was analysed by the NMR 
spectrum as described below. 

Lipid and sugar moieties of glycolipid 

The fatty acid component, long chain base arid sugar 
species of  GL-1 are summarized in Table 1. The major 
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Figure 2. Thin-layer chromatography of neuraminidase-treated equine erythrocytes GM3 (Gc) and GL-I. In panel A, lanes 1, 4 and 7 
indicate non-acetylated GM3 (Gc), GL-1 and 4-O-Ac GM3 (Gc), respectively; lanes 2, 5 and 8, neuraminidase-digested glycolipids from 
the Ggls (7.5/xg each) of lanes 1, 4 and 7 with 10 mU of neuraminidase; lanes 3, 6 and 9, digested glycolipids of lanes 1, 4 and 7 with 
30 mU of the enzyme. In panel B, lanes 1, 2 and 3 show the neuraminidase-treated GL-1 (lane 6 in panel A), separated GL-la and 
saponified GL-la, respectively. 

lipids were C24-fatty acyl and C18-sphingenine, and the 
sugar moiety was composed of Gal/Glc/NeuGc with a 
ratio of 1:1:1. The methylation analysis of the GL-1 
afforded two partially methylated alditol acetates with 
1,3,5-tri-O-Ac 2,4,6-tri-O-methyl galactitol and 1,4,5-tri- 
O-Ac 2,3,6-tri-O-methyl glucitol having similar ratios. 
These data indicated that the core structure of GL-1 was 
GM3 containing NeuGc. On the other hand, the lipid 
moieties of  GL-la and GL-lb were analysed, as in the 
case of GL-1, revealing that the fatty acid component and 
the long chain base were almost the same in these 
glycolipids, as shown in Table 1. In particular, both major 
fatty acyls, C24:0 and C24:1 in GL-la reflected the 
ionization of  the molecule and the fragmentation in the 
FAB-MS spectrum as described below. 

FAB-MS study 

The GL-1 was analysed using the negative FAB-MS 
spectrum with the sequential fragmentation of the sugar 
moieties. As shown in Fig. 3A, GL-1 was ionized mainly 
at m/z 1321 as a pseudomolecular ion [M-H] , and 
fragmented with m/z 972 [hexosylhexosylCer-H]-. This 
fragment ion indicated at least the presence of a mono-Ac 
group on the non-reducing NeuGc moiety. Based on the 
major component of the fatty acid and the long chain base 
as described above, the ion at m/z 1321 was composed of 
C24-fatty acyl with a saturated bond and C18-sphingenine 
in the GL-1 structure. In addition, a fragment ion with 
m/z 1014 due to [Ac-hexosylhexosylCer-H]- was also 
observed in the spectrum, while m/z 852 due to [Ac- 

hexosylCer-H] was not, indicating the presence of O- 
acetylated Gal in the GL-1 as an another glycolipid. Other 
fragment ions with m/z 810 and 648 due to [hexosylCer- 
H]-  and [Cer-H]-, respectively, were observed. These 
FAB-MS data suggested that GL-1 was composed of two 
different mon0-O-acetylated GM3s (Gc), one containing 
O-Ac NeuGc and the other containing O-Ac Gal. 

In addition, the desialylated product from GL-1, GL- 
la, yielded pseudomolecular ions with m/z 1014 and 
1012 (Fig. 3B), in which lipid components were 
composed of C24:0 and C24:t fatty acyls and sphingenine, 
showing GL-la to be Ac-hexosylhexosylCer. Thus, 
observation of these fatty acid components in the FAB- 
MS spectrum agreed with the results from lipid analysis 
by GLC described above (Table 1). Additional fragment 
ions with m/z 8t0 (C24:0) and 808 (C24:1), as well as rn/z 
648 (C24:0) and 646 (C24:1), were identified as hexosylCer 
and Cer, respectively, representing Ac residues located on 
non-reducing terminal hexose in GL-la. 

NMR study 

The 1D-NMR spectrum of the purified GL-I revealed 
resonances at 61.985 and 2.009ppms due to two O-Ac 
methyl protons, each with almost equal intensities, and 
amide protons on NeuGc at 67.42 and 7.45 with equal 
intensity as demonstrated in Fig. 4A. Similarly, two 
anomeric protons on /3-Gal at 64.225 (II 1 in the Figure) 
and 64.287 0II': the dashed number is employed in 
another glycolipid (GM3 containing 6-O-Ac Gal)) ap- 
peared each with an intensity of half compared to the 
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Table 1. Lipid and sugar composition of GL-1, GL-la and GL-lb. 
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Lipid composition (%) 

Long chain base a 

dl 8: l b d18:0 ~ Unknown 

GL-1 94.7 tr d 5.2 
GL-la 98.7 tr 1.2 
GL-Ib 97.5 tr 2.3 

Fatty acid e (%) 

16 f 18 20 22 24 26 Unknown 

:0 g :lh :0 :1 :0 :1 :0 :1 :0 : 1 :0 : | 
GL-1 11.4 tr h 17.5 1.8 1.1 tr 6.7 tr 28.9 23.1 2.0 2.2 4.0 
GL-la 10.8 tr 16.4 1.9 tr tr 6.3 tr 32.2 21.2 1.9 2.5 6.1 
Gl-lb 12.0 tr 18.0 1.3 tr tr 5.3 tr 26.8 25.0 2.5 3.2 5.5 

Sugar composition 

Per trimethylsilyl methylglycoside i 

Glc Gal NeuGc 

GL-1 1.0 0.9 0.8 
Gl-la 1.0 0.9 ND j 
GL-lb 1.0 0.9 ND 

Partially methylated alditol acetate ik 

0-Gal I 3-Gal m 4-Glc n 

GL-I ND 0.8 1.0 
GL-la 0.8 ND 1.0 
GL-lb 0.9 ND 1.0 

aMeasured as trimethylsiIyl derivative; bsphingenine; °sphinganine; dtrace (I %>); emeasured as methyl ester; ~carbon number; gsaturated; hmono-tmsaturated; 
imeasured by GLC; Jnot detected; kmeasured by GC-MS; ~l,5-di-O-Ac 2,3,4,6-tetra-O-methyl galactitol; ml,3,5-tri-O-Ac 2,4,6-tri-O-methyl galactitol; nl,4,5- 
tfi-O-Ac 2,3,6-tri-O-methyl glucitol. 

intensity of  the anomeric proton on /3-Glc at ~4.177 (I1). 
These heterogeneities of  the O-Ac residue and anomeric 
proton indicated that GL-1 was a mixture of  two O-Ac 
GM3s (Gc), supporting the result from FAB-MS. 

The position of  the O-Ac group on the GL-1 was 
analysed by assignment of  the ring protons on sugar 
moieties by the 2D-COSY spectrum. The whole 2D- 
spectrum of  GL-1 enabled us to identify axial H-3 (S3aX), 
equatorial H-3 (s3eq), H-4 (S 4) and H-5 (S 5) on NeuGc, 
as well as H-3 (L3), -4 (L 4) and -5 (L s) on sphingenine 
from their cross peaks (Fig. 4B). As shown in the partial 
2D-spectrum of  GL-1 (Fig. 4C), methylene protons at C- 
9 on NeuGc and at C-6 on Gal markedly resonated in  a 
lower field with 63.95 (S 9a) and 4.22 (s9b), respectively, 
assigned by cross peaks with S 9a-gb, S 8-9a and S 8-9b, in 
the former and with 64.061 (II 6a') and 4.156 (II6b'), 

assigned with H 6a'-6b', II 5'-6a' and II 5'-6b', in the latter, as 
compared to those of  non-acetylated GM3 (Gc) (see 
Table 2). 

These downfield shifts of  the protons enabled us to 
assign the position of  the Ac group bound to C-9-O on 
NeuGc in one GM3 (Gc) (9-O-Ac GM3 (Gc)) and to C- 
6 -0  on Gal in the other (6'-O-Ac GM3 (Gc)) of GL-1. 
The downfield shift and splitting pattern of  the acetylated 
C-9 methylene protons on sialic acid agreed with those 
of  9-O-Ac GD3 [9, 10]. These protons and other ring 
protons of  GL-1, assigned by the 2D-spectrum, are 
summarized in Table 2, together with those of  reference 
GM3 (Gc). 

The structure of  GL- la  was also analysed with 1D- and 
2D-NMR spectra (data not shown). The partial 1D- 
spectrum demonstrated the presence of  an O-Ac group 
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Figure 3. Negative FAB-MS spectra of GL-1 and GL-la. Panel A, GL-1 (Mr 1322 with C24:0); B, GL-la (M r 1015 with C24:0 ). In the 
spectra, the number in parenthesis indicates fatty acid component. 

(62.050), anomeric protons of/3-Gal (64.321) and /3-Glc 
(64.223), and a significant downfield shift of C-6 
methylene protons, assigned with the 2D-spectrum (see 
Table 2). From these data, GL-la was identified as 
acetylated LacCer at Gal C-6-O. Judged from the above 
data, GL-1 isolated from equine erythrocytes was 
concluded to be a mixture of GM3 containing 9-O-Ac 
NeuGc and GM3 (Gc) containing 6-O-Ac Gal. 

D i s c u s s i o n  

Equine erythrocyte membranes and plasma, as well as the 
submandibular gland, have been investigated to determine 
their sialic acid species in detail [19]. These species have 
been isolated from glycoconjugates with chemical techni- 
ques, resulting in the discovery of various mono- and di- 
O-acetylated derivatives, including 9-O-Ac NeuGc 
[20, 21]. However, other Ggls containing O-Ac-NeuGc or 
-NeuAc rather than 4-O-Ac GM3 [1, 2] have not yet been 
found in equine erythrocytes. 9-O-Ac NeuAc Monosac- 

charide has been isolated from several mammalian brains 
[22] and from mouse erythrocytes [23] and its structure 
was characterized by means of GC-MS. Ggls containing 
9-O-Ac NeuAc have been obtained from several mamma- 
lian cells or tissues as described above, and from fish 
[24, 25]; however, these have been di- or tri-sialoganglio- 
sides and not monosialoganglioside. In the present paper, 
GM3 containing 9-O-Ac NeuGc (9-O-Ac GM3 (Gc)) was 
obtained for the first time from equine erythrocytes as a 
mixture with a novel GM3 (Gc) containing 6'-O-Ac Gal 
(6'-O-Ac GM3 (Gc)). These mono-O-Ac GM3s were 
hardly separable from each other by any of the chromato- 
graphic techniques employed; therefore, their structures, 
particularly the positions of the O-Ac residue, were 
characterized in the mixed state directly by an undestruc- 
tive NMR method and indirectly by partial degradation 
methods using neuraminidase and saponification. 

As to the interaction of O-Ac GM3 (Gc) identified 
herein with proteins, the substrate properties of 9-O-Ac 
GM3 (Gc) and 6'-O-Ac GM3 (Gc) towards A r t h r o b a c t e r  

neuraminidase - that is the glycon specificity of 9-O-Ac 
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Figure 4. ID- and 2D-NMR spectra of GL-1. 500 MHz-NMR spectra of GL-1 and GL-Ia were measured in a solution of 2H6-Me2SO 
containing 2H20 at 90 °C. Panels A, B and C indicate whole ID-, whole 2D- and partial 2D-spectra of GL-1, respectively. In the spectra, 
L, S, I, II and EA. show protons on the long chain base, sialic acid, /3-Glc, /%Gal and fatty acid, respectively. 

NeuGc in the former and aglycon specificity of  NeuGc in 
the latter, were not distinguishable from each other. They 
were degraded by the enzyme, in a manner similar to 
non-acetylated GM3 (Gc), although the cleavage rates o f  
these Ggls were slightly lower than that of  GM3 (Gc) 
(Fig. 2A). 

It is known that intramolecular-migration o f  the O-Ac 

group to sterically adjacent hydroxyl groups such as C-7- 
O-Ac to C-9-O on the free sialic acid moiety after it has 
been liberated from the sialoglycoconjugates easily occurs 
in biological conditions [26], but not on the intact 
glycoconjugates. Regarding this phenomenon, 6'-O-Ac 
GM3 (Gc) could not be an artificial product from 9-0-  
Ac GM3 with Ac migration. Furthermore, O-Ac LacCer, 
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Table 2. Chemical shifts (6, ppm) in the NMR spectra of  sugar residues of  GL-1, GL-la  and reference glycolipids. 

Yachida et al. 

H-1 H-2 H-3(ax) 14-3 (eq) H-4 1t-5 H-6a 

GL-I (9-O-Ac GM3 (Gc)) 
I 4.177 3.06 3.360 - 3.35 3.37 3.513 
II 4.225 3.360 3.98 - 3.786 3.613 3.29 
S - 1.435 2.768 3.705 3,50 3.77 

GL-1 (6 '-O-Ac GM3 (Gc)) 
I '  4.177 3.06 3.360 - 3.35 3.37 3.513 
II' 4.287 3.360 4.032 - 3.786 3.64 4.061 

S' - 1.435 2.768 3.71 3.485 3.75 

GM3 (Gc) d 
I 4.175 3.06 3.36 - 3.35 3.36 3.51 
II 4.236 3.359 3.998 - 3.788 3.64 3.28 
S - 1.450 2.749 3,693 3.50 3.76 

GL-la  
I 4.223 3.06 3.410 - 3,38 3.349 3.656 
II 4,321 3.395 3.40 3,698 3.77 4.140 

LacCer d 
I 4.173 3.030 3.30 - 3.30 3.30 3.584 
II 4.199 3.40 3.30 - 3.613 3,40 3.528 

(table cont.) 

H-6b H-7 H-8 H-9a H-9b Gc-CH2 90Ac a 60'Ac b S-5N ~ 

3.513 . . . . . .  
3.3I . . . . .  
- 3.230 3.82 3.95 4.22 3.871 1.985 

o r  

2,009 
3.513 . . . . . .  
4.156 . . . . . . . . . . . .  
- 3.30 3.39 3.35 3.60 3.874 - 

3.52 . . . .  
3.30 . . . .  
- 3.263 3.39 3.36 3.625 3.870 

3.776 
4.244 

3.741 
3.584 

m 

m 

m 

m 

m 

2.009 
o r  

1.985 

2.050 

m 

7.42 
o r  

7.45 

7.45 
or 
7.42 

7.41 

m 

a9-O-Ac NeuGc; b6'-O-Ac Gal; °amide proton on sialic acid; dmeasured at 30 °C [27]. 

the  p robab l e  b io syn the t i c  p r e c u r s o r  for  6 ' - O - A c  G M 3  

(Gc) ,  m igh t ,  to a sma l l  degree ,  be  i nc luded  in the  C M H  

f rac t ion  i so la t ed  f r o m  the  ext rac ts  o f  e q u i n e  e ry th rocy tes ,  

as i nd ica t ed  in Fig.  5, a l t hough  the  A c  pos i t i on  is no t  

known ,  b e c a u s e  o f  the  l ack  o f  separa t ion  b e t w e e n  C M H  

and O - A c  LacCer .  T h e  de t ec t ion  o f  the p recu r so r  

sugges t s  that  6 ' - O - A c  G M 3  cou ld  be  a sc r ibed  to a 

b i o l o g i c a l l y  syn thes i zed  p roduc t  f r o m  s ia ly la t ion  o f  
na tu ra l ly  o c c u r r i n g  O - A c  L a c C e r  as a substrate.  Fur the r  

e n z y m a t i c  s tudy  m a y  suppor t  the  resul ts  r epor t ed  here.  
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FigureS. Thin-layer chromatography of CMH fraction after 
saponification. Lane 1 shows the whole CMH fraction; 2, isolated 
middle band :from the Whole CMH fraction; 3, the middle band 
after saponification; 4, authentic LacCer. O, origin. 
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