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An anomeric pair of the lysoglyceroganglioside 1-O-octadecyl-3-O-(N-acetyl)neuraminyl-NN sn-
glycerol sodium salt was studied to see if sialic anomers were distinguishable by mass spectra.
It was evident that, in the electrospray ionization and fast-atom bombardment product-ion
spectra: (1) in the positive MS2 product-ion spectrum, the �- anomer showed an unexpected�
aglycone-side sodiated sodium alkoxide ion, which was absent for the �-anomer; (2) in both�
polarities the �-anomer showed dehydration much more easily than the� �-anomer; and (3) in�
the negative MS2 product-ion spectrum, the �-anomer also readily showed decarboxylation.�
Our hypothesis is that, although several easily interconvertible conformations may be allowed,
the one having the large aglycone in the equatorial orientation affects the collision-induced
dissociation fragmentations. (J Am Soc Mass Spectrom 2009, 20, 394–397) © 2009 Published
by Elsevier Inc. on behalf of American Society for Mass Spectrometry

The necessity for distinguishing sugar anomers has
led to many new methodologies on simple sugars
like mono- or disaccharides [1–4]. We report here

the differences on the electrospray ionization (ESI) MS2

and MS3 product-ion spectra of lysoglyceroganglioside
anomers and seek to elucidate the differences based on
stereochemical considerations. Such differences also apply
to fast-atom bombardment mass spectrometry (FABMS).
Sialic acid is one of the most important sugars for

mammals. In normal life events, its conjugates, particu-
larly gangliosides, are deeply involved in fertilization,
development, cell–cell recognition, cell differentiation,
and even in the programmed cell death. Gangliosides are
also heavily related to cancer and other diseases. Studies
of sialyl compounds are rapidly expanding these days in
particular to meet the imminent threat of avian influenza
infection, in which sialic acid may play a critical role.
To study the structure–activity relationships, de-

tailed structural information has to be clarified. Nuclear
magnetic resonance (NMR) has served that purpose for
years. However, soft ionization mass spectrometry of-
ten provides structural information parallel to or even
exceeding what can be provided by NMR.
Indeed, positional isomers and even linkage isomers in

the same branching sugar unit are distinguishable by
using mass spectrometry [5–9]. Among all, the most

difficult isomer analysis is the distinction of stereo-
isomers.We previously reported the epimer distinction on
N-acetyllactosamine-6,6NN =-disulfate [10]. Here we report
mass spectrometry of an anomeric pair of lysoglycero-
type ganglioside.We selected product-ionmass spectrom-
etry applying both ESI- and FAB-ionization methods, and
we found that they showed similar tendencies with re-
spect to their major fragmentation. However, ESI modes
with highmass resolving power definitely producedmore
differences in the fragmentations and consumed less sam-
ple. We show here that mass spectrometric differences
between anomers are not peculiar, but can be reasonably
explained through stereochemical rationalizations.
Yu and Ledeen reported in 1969, using an anomeric

pair of methylketosides of N-acetylneuraminic acidNN
that, on dehydration with dicyclohexylcarbodiimide in
hot pyridine, the neuraminidase-resistant isomer gave
two lactones, whereas the enzyme-susceptible anomer
did not [11]. They assumed that a flipover of the
neuraminyl ring would cause the carboxyl group at C1
to approach the C4-hydroxyl group, resulting in lactone
formation for the �-anomer.�
This idea of Yu and Ledeen may explain our present

experimental result of ready dehydration of the �-
anomer in both positive- and negative-ion mass spec-
trometry. The thermal energy required for the rotation
among conformers was preliminarily estimated by PM3
semi-empirical molecular orbital calculations of the
�-anomer as an anion and was found to be much less�
than 100 kcal/mol, which would be available as a result
of ionization and collision activation. The two chair
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forms and intermediate conformers are probably
interconverting.

Experimental

Samples

An anomeric pair of 1-O-octadecyl-3-O-(N-acetyl)
neuraminyl-sn-glycerol sodium salt (M=W 657.4, where
M= stands for the sodium salt) was synthesized and
resolved by HPLC and anomeric configurations were
assigned by NMR. The samples were used as CH3OH/
H2O (1:1) solutions at a concentration of 10 ng/�L.�

Instrumentation

For ESI experiments, an LTQ Orbitrap mass spectrom-
eter (ThermoFisher Scientific, Kanagawa, Japan) was
used in the accurate mass measurement mode with the
spray voltages 5 kV for the positive-ion mode and 4 kV
for the negative-ion mode. Capillary temperature was
250 °C. The MSn fragmentation was induced by He,
optimized by the normalized collision energy method
based on the MRFA (methionyl-arginyl-phenylalanyl-
alanine) fragmentation efficiency.1 Precursor isolation
width was 2 �. Samples were introduced to the capil-
lary by infusion at a rate of 5 �L/min. The accurate�

mass measurement was performed in the ESI-MS2

mode with a mass resolving power of 100,000.

Results and Discussion

Positive-ion ESI-MS of the anomeric pair of 1-O-octadecyl-
3-O-(N(( -acetyl)neuraminyl-NN sn- -glycerol sodium salt showed
the [M= � Na]� at m/z 680.5 with [M= � H]� at m/z 658.4
and little difference between the isomers. However, the
product-ion spectra of the two anomeric [M= � Na]� at
m/z 680.5 showed clear differences from each other.
Whereas the �-anomer underwent dehydration to give a��
modest ion at m/z 662.3, the �-anomer not only presented�
this ion at extraordinary high abundance but also the next
dehydration ion at m/z 644.4 in a considerable abundance.
The sodiated B2 [12] at m/z 336.2, corresponding to the
dehydrated sialate, appeared as expected, but with evi-
dently higher abundance for the �-anomer than for the��
�-anomer. A peculiar ion at� m/z 389.4 was prominent for
the �-anomer, but almost invisible for the� �-anomer��
(Figure 1). Indeed, the relative abundance ofm/z 389 to 336
was different between the anomers.
It is generally considered that sugar conformations

prefer to have functional groups in the equatorial
orientation, that is, C1-conformation for hexopyranose

1 ThermoFinnigan Product Support Bulletin # 104.

2 Here B designates the fragment ion containing the nonreducing end sugar
unit on the nonreducing end side of the glycosidic oxygen as indicated by
Domon and Costello [12].

Figure 1. (�) ESI- MS2 product-ion spectra of [M= �Na]� at m/z 680.5: for �-anomer (upper), and for�
�-anomer (lower) of 1-� O-octadecyl-3-O-(N-acetyl)neuraminyl-NN sn-glycerol sodium salt.
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and 2C-conformation3 for the neuraminyl ring, mini-
mizing steric strains. However, we assume that pyr-
anose rings may take a boat or twist-boat form under
the internal energy conditions of the ESI product-ion
mass spectrometry. The �-anomer protrudes a conspic-�
uously large aglycone group in the axial orientation if
the normal 2C-conformation is taken. Contrarily, this
largest group of the �-anomer extends outward if a boat�
or twist-boat conformation is adopted, victimizing the
more stable orientation (e) for 4=-OH,4 5=-NHCOCH3,
and 6=-glyceryl groups. This assumption came from our

observation of the product-ion at m/z 389 for the �-ano-�
mer, corresponding to the sodiated Y0
[NaOOOO CHOO 2OCH(OH)OO OCHOO 2OOCOO 18H37 � Na]�. The
elemental composition C21H43O3Na2 was confirmed by
an accurate mass measurement: m/z 389.3013.
We assume that some part of the �-anomer is in the�

boat or twist-boat conformation as illustrated in Scheme
1. Here, Na� attaches to the neutral aglycone moiety,
leaving the carboxyl group free to approach the 4=-OH
group, whereas the second sodium ion coordinates the
glyceryl-3-ether as well as the 2-hydroxyl oxygen.
In the case of the �-anomer, the group that may�

easily approach the 4=-OH is the ketosidic oxygen rather
than the carboxyl, if a similar boat or twist-boat confor-
mation is taken. Then, the aglycone alcohol leaves as a
neutral and the sialyl residue becomes sodiated to give
a product-ion B at m/z 336 as shown in Scheme 1.
Such representation, with the distance between car-

boxylate and the 4=-OH being closer for the �-anomer�
than for the �-anomer, also explains why the product-�
ion spectrum of [M= �Na]� of the �-anomer showed an�
ion of [M= � Na � H2O]

� at m/z 662.3, in much higher
intensity than the �-anomer, reminding us of a lactone�
formation suggested by Ledeen and Yu’s chemistry.
In the negative-ion MS2 product-ion spectra having

[M= � Na]� at m/z 634.5 as the precursor-ion, fragment
ions in common are an expected B ion at m/z 290.1, in
which the �-anomer showed more relative intensity�

3 Here, 2C represents the pyranose-ring conformation equivalent to 1C4 if an
ordinary hexose numbering is applied, but it would be 2C5 if the neurami-
nyl ring numbering is applied.
4 Numberings here are 1, 2, 3, and so forth for the aglycone sn-glycerol and
1=, 2=, 3=, and so forth for the neuraminyl ring.

Figure 2. (�) ESI-MS2SS product-ion spectra having [M= �Na]� atm/z 634.5 as theprecursor-ion: for�-anomer��
(upper) and for �-anomer (lower) of 1-�� O-octadecyl-3-O-(N(( -acetyl)neuraminyl-NN sn- -glycerol sodium salt.

Scheme 1
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than the counter anomer, and another ion atm/z 413.3 as
shown in Figure 2. Additionally, the �-anomer showed�
several extra product-ions, that is, an obvious ion at m/z
616.3 as the most abundant product-ion produced by
dehydration, another at m/z 590.4, equivalent to [M= �
Na� CO2]

�, reflecting the easier decarboxylation of the
e-orientation; at m/z 526.4 corresponding to the loss of
the C-6=-glyceryl side chain, [M= � Na � H2O �
C3H6O3]

�; at m/z 272.1 for [B � H2O]
�; and at m/z 246.1

for [B � CO2]
�.

However, the MS3 product-ion spectra, specifying the B
ion at m/z 290.1 as the MS2SS ion of [M= � Na]�, showed
further fragmentation more or less in the same way for the
both anomers. It is noteworthy that in this MS3SS product-ion
spectra, the [M= �Na]� atm/z 634.5 produces a B ion atm/z
290 followed by the ion at m/z 272 even for the �-anomer,��
which failed to show this ion atm/z 272 as the MS2SS product-
ion of [M= � Na]� (Figure 2).
Thus, we started to examine the fate of the MS2

product-ion at m/z 616.3, which is the most abundant for
the �-anomer but absent for the� �-anomer. The MS�� 3

product-ion spectrum of the �-anomer having [M� = �Na]�

at m/z 634.5 as the MS1 and [M= � Na � H2O]
� at m/z

616.3 as the MS2 ion indicates that in the case of the
�-anomer, the� m/z 272 ion was additionally produced by
means of [M= �Na�H2H O]�, bypassing theB ion atm/z 290.
Although unrelated to anomer distinctions, a com-

mon product-ion of [M= � Na]� at m/z 413 in Figure 2
also caught our attention. The accurate mass of 413.3278
for both the �-anomer and the� �-anomer fit the compo-�
sition C24H45O5 (calculated exact mass: 413.32615, con-
firming the ion to be the 0,3X).

Conclusions

An anomeric pair of 1-O-octadecyl-3-O-(N-acetyl)
neuraminyl-sn-glycerol sodium salt gave clearly different
ESI and FAB product-ion spectra than its anomer in the
positive- and negative-ion modes. The differences can be
explained by the facile bending of the neuraminyl ring
among conformers when collision energy is imparted.
Sialic acid is generally believed to assume the 2C5

conformation. However, if a twist-boat, boat, or the
other chair form is also available, one of the anomeric
bonds may approach the C-4= hydroxyl hydrogen. It is
important to take into account that sugar rings, even
with a large aglycone, may change conformations,
driven possibly by excess ionization energy or by
collisional activation. In our case, the �-anomer easily�
loses water molecule from the precursor-ion, opening
an extra fragmentation route in the negative-ion mode.
We are proposing plausible mechanisms to rule out

just coincidental differences in anomer mass spectra.
We also acknowledge that other research groups have
successfully distinguished anomers by mass spectrom-
etry [13–20]. Among them, we are particularly inter-
ested in the report by Leavell et al. [1] because they
studied conformations of metal complexes of sugars.
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