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ABSTRACT

The potential of fast-atom-bombardment (f.a.b.) mass-spectrometry in the
carbohydrate field was assessed with the aid of unmodified, permethylated, and per-
acetylated oligosaccharides and glycosphingolipids. F.a.b. spectra are presented for
(D-Gal-D-GlecNAc); —» (D-Man);—»D-GleNAc, permethylated (D-Gal—-D-GIcNAc);
- (D-Man);-p-[*H]GIcNAcol, permethylated gangliotetraosylceramide, and reduced
and peracetylated tetra- to hepta-saccharides from human milk. From unmodified
oligosaccharides, pseudomolecular ions (M + Na™) were obtained as major ions
in the high-mass range. Permethylated oligosaccharides and glycosphingolipids gave
pseudomolecular ions (M + H™) of high intensity, together with fragment ions of
high diagnostic importance. At ambient temperature, f.a.b. spectra could only be
obtained for the lower homologs of per-O-acetylated oligosaccharides. Reduced and
peracetylated penta- to hepta-saccharides from human milk gave f.a.b. spectra only
after heating of the target.

INTRODUCTION

Mass spectrometry (m.s.) is one of the key techniques used in the structure
determination of carbohydrates and glycolipids; for example, electron impact (e.i.)
and chemical jonization (c.i.) methods are now applied routinely for the identification
of low-molecular-weight compounds obtained by methylation analysis'. In recent
years, m.s. procedures have found a wider application in the structure determination
of oligosaccharides and glycolipids having much higher molecular weights®~*. This
was made possible largely as a result of instrumental developments allowing high
sensitivity at high mass®, and improvements in sample handling enabling the acquisi-
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tion of e... mass spectra®* from suitable derivatives that have melecular weights
in excess of 3000. E...m.s. of these high-mass substances does. however. sufter from
some very serious drawbacks, notably the [oss in signal mntensity at high mass. which
often results in the absence of the molecular ion and high-mass. sequence ions. The
method can be improved by combining ¢.i.m.s. data with the results of ficld-desorption
(f.d.) studics. The latter method has recently been used with considerable success
for the molecular-weight determination of several carbohydrates and glyveolipids®>,
Field desorption mass spectrometry (f.d.m.s.) is potentzally attractive because un-
derivatized samples can be examined at the pg level. However, the technical diffi-
culties associated with f.d.m.s. have limited its use and it 1> unlikely that the method
will become more widely exploited. For this reason, we view the new development of
fast-atom-bombardment mass-spectrometry (fa.b.m.s.) as bemg of considerable
importance for carbohydrate-structure elucidation®. F.a.b. spectra arc relatively
easy to acqurre, and carly reports have shown that £ a.b.m s, s capable of obtaining
hoth molecular weights and [ragment data from small quantities of polar. biological
substances. It is likely that f.a.h.m.s. will complement e.m.s. and c.ionns, and replace
f.d.m.s. for many applications. In order to assess a.b.mus, for the stuctural analysis
of biological substances, we describe herein the results obtained from representative
examples of permethvlated, peracetylated, and unmodified carbohydrates and
glycolipids.

EXPFRIMENTAL

Materials. — Gangliotetraosylceramide (2 mg). prepared from G,,, ganglioside
by partial acid hydrolysis”, was permethylated essentially by the method of Hako-
mori'®. The excess of dimethyl sulfoxide was removed by passage through a column
(1 x 20 cm) of Sephadex LH-20 with 1 :1 (v/v) acetone -methanol as cluent.

The oligosaccharides from the urine of a patient having Gy, gangliosidosis
were prepared by a combination of methods essentially as previously deseribed ™.
Neutral, human-milk oligosaccharides were separated from the salic acid-containing
compounds by ion-exchange chromatography on DEAE-Sephadex A-25 as previously
described’*. After reduction with sodrum borohydnde and per-O-acetylation, the
peracetylated oligosaccharides were separated by chromatography on fatrobeads,
followed by reversed-phase h.p.l.e.'?.

Mass spectrometr) . —- Fast-utom-bombardment, mass spectrometry was per-
formed with a YG Analytical ZAB 1F. reverse-geometry, mass-spectrometer fitted
with an f.a.b. source and an fon-Tech atom gun. Spectra of samples of molecular
weight >2000 were obtained with a ZAB 1 F mass spectrometer fitted with a high-
field magnet giving a mass range of 3000 mass units (m.u.) at ¥ KV, The samples
were dissolved in a suitable solvent (water, methanol, and chloroform for unmodified.
acetylated, and permethylated samples, respectively) and the sample (~3 ug in
0.5 ul) was added to a drop of glycerol on the stainless-steel target. The target was
bombarded with argon or xcnon atoms having 8 keV energy. The spectra were ob-
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tained with a Hall-probe, controlled-linear-mass scan of 500 s duration for a full
scan from 3000 to 12 m.u. The spectrum of the permethylated tetradecasaccharide
obtained from G, gangliosidosis urine was recorded at 7-kV acceleration voltage.
The spectra were recorded on u.v.-sensitive chart paper and calibrated manually by
counting. All data on unmodified and permethylated samples were acquired with the
sample and ion-source at ambient temperature. F.a.b. spectra were obtained for
several of the sugar acetates after supplying a 2-A heating current to the target with
the standard ZAB direct-chemical-ionisation heating unit. Under these conditions,
the glycerol matrix evaporated rapidly, and several additions of glycerol to the dried
sample on the target were normally required in order to obtain a complete spectrum.
No significant thermal decomposition of the sample was observed under these condi-
tions.

Field-desorption, mass-spectrometry of the sugar acetates was performed with
a Kratos MS 50 mass-spectrometer fitted with a high-field magnet®. The spectra were
obtained on u.v.-sensitive chart paper and calibrated with a crystal time-marker by
comparison with the e.i. spectrum of Fomblin oil. The samples were loaded by
dipping the high-temperature-activated, carbon emitter into one drop of a solution
of the sample placed on a strip of aluminium foil.

Electron-impact, mass spectrometry’* of the permethylated gangliotetraosyl-
ceramide was performed with an LKB 9000 mass spectrometer.

RESULTS AND DISCUSSION

Unmodified oligosaccharides. — A series of unmodified homologous or isomeric
oligosaccharides having the general structure 1 gave f.a.b. spectra that contained the

Man—Man-—->GlcNAc¢
(Gal-GleNAc); - s— l
2 Man

1

2555 [M+Nal*

Fig. 1. Partial fa.b. mass spectrum of the region of the molecular ion of the unmodified tetra-
decasaccharide isolated from the G gangliosidosis urine. For (M + Na)®*, the nominal mass is
given.
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M + Na* ions. Thus, for the corresponding deca-. dodeca-, and tetradeca-sacchar-
ides, pseudomolecular ions were obtained at m/z 1825, 2190, and 2555. respectively.
The region of the molecular 10n of the tetradecasaccharide isolated from Gy, ganglio-
sidosis urine ts shown in Fig. 1. No fragment ions pertinent to the carbohydrate
sequence could be observed.

Permethylated olizosaccharides and ghycolipids. —- All of the permethylated
samples that were examined yielded spectra containing abundant molecular-ions and
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a considerable number of fragment ions. The f.a.b. mass spectrum of the reduced,
permethylated tetradecasaccharide (Scheme 1) is shown in Fig. 2. In accordance
with the calculated M, 3166.63 for '2C,,,*H,;H,s5,'*N' %0, a pseudomolecular
ion was found at M + 1 3168, Among the fragment ions, the lactosamine residues
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Scheme 2 Structure and e1 frogmentation pattern o1 permethylated glycolipid 2
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mi'z 464 and mi’z 913 clearly preponderate (Scheme 1), The mtensity of the ion at
m;z 668 corresponding to a Gal--GleNAc—Gal™ [ragment is only twice that of the
bachground level produced by glycerel, The 1on at s 2 1362 indicates that, n addi-
tion to a tetrabranched molecule. the sample also contains a tribranched vomer
having one (Gal- GleNAc), chain. Thus, the facile cleavage and the wn-stabilized.
aminoglycoside linkages may be used to monitor heterogeneity of the ehgosacchande.

The glycolipid 2 (sec Scheme 23 was selected to dlustrate the behavior of per-
methylated glveosphmgolipids under fab. conditions. For comparison, both e
and La.b. spectra of this compound are given in Fig. 3 E. fragmentation pathways
are shown on Scheme 2 and are consistent with those previousty deseribed tor this
type of molecule!®. Fragmentation of the molecule 15 extensive despite the use of
low-energy electrons (20 ¢V) for 1onisation, and the molecular-ton region is very
weak (note the « 30 multiplication factor >m. 'z 1000). In contrast. abundant mole-
cular-ion species are present m the fab. spectrum at sz 1493 (M H)'L 1463
(M + H)", 1461 (m.z 1493 methanol), and 1433 (1 = 14653 methanol). The
major fragment 10ons observed in the {La.b. spectra may be attributed to the ceramide
residue (miz 576 and 604) und to cleavage at the amino sugar (2 404 and 228}

Per-O-acetylated oligosaccharides. - Alter reduction with sodium borohydride
and peracetyiation, the ncutral, t-fucosc-containing fraction of human-mitk oligo-
saccharides was scparated mto more than 50 components. The composition of cach
component was readily established from 1ts molecular weight, as cach residue (Gal.
Gleol. GleNAc. or Fue) contributes o specific mass increment: for example. reduced
and acetylated lacto-V-tetruose has a M, of 1297, and the muss increments are 230
287, and 288 m.u. for Fuc, HexNAc, and Hex, respectively, For characterizing these
substances, procedures using f.d.m.s. have been developed to establish the W, vulues
of the alditol acetates. and subsequent e.tm.s. of the deacetslated, permethy lated
samples to ascertain the sequence' . Because of the potential of f.a.b.m.s. for providing
both V/, and sequence data in a sigle experiment, it appeared to be an atfractive
alternative to combined [di—com.s. analvsis. Therefore. the analysis of alditol
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Fig. 4 F.a.b. spectrum of reduced, peracetylated lacto-A-tetraose (3.
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acetates by f.a.b.m.s. was attempted. In contrast to the successful studies of unmodi-
fied and permethylated oligosaccharides, all but the smallest member of the family,
namely lacto-N-tetraose (3) were difficult to study. This compound gave an excellent
f.a.b. spectrum (Fig. 4). Abundant molecular-ions were present at 71/z 1298 (M + H)*
and 1320 (M + Na)™, these were accompanied by signals at 42 and 58 m.u. lower,
a pattern that was also observed for all sequence-ions from the nonreducing end.
The fragmentation of the molecule is described in Scheme 3. The ions at m/z 273,
289, and 848 (Fig. 4) are derived from an L-fucose-containing impurity.

331« 618+«

|

Gal-»0—GlcNAc— O0—Gal—0—Glcol
—950 —375
—9066

Scheme 3. Structure of lacto-N-tetraose (3) and fragmentation pattern of per-Q-acetylated derivative.

The next higher homolog, fucopentaose I (M, 1527) did not give an fa.b:
spectrum when examined at ambient temperature. In contrast, difucohexaose I,
which was shown by f.d.m.s. to consist of a mixture of fully acetylated and mono-
deacetylated derivatives (see Fig. 5), gave an excellent f.a.b. spectrum corresponding
to the partially acetylated species (see Fig. 6) with abundant molecular-ions at m/z
1716 [(M — Ac) + H]". No signal arising from the fully O-acetylated carbohydrate
residue was obtained from the sample bombarded at ambient temperature. After
heat had been applied to the target with the heating unit, supplied for direct c.i.m.s.
studies, of the ZAB mass spectrometer, the successful ionization of the carbohydrate
residue was finally achieved. The results obtained with a 2-A current supplied to the
target are shown in Fig. 6. The protonated molecular-ion at m/z 1758 was obtained
immediately after the sample had been heated, and subsequent scans contained the
cationized species at n/z 1780 (M + Na)*. The spectrum lasted until glycerol had

[(M-Ac)+ Nal*

[{M-Ac)sHT* 1738
1716

[M+Na)*

[MeHT 1160

75k 158

m/'z

Fig. 5. F.d. spectrum of reduced, acetylated difucohexaose I showing the presence of a mono-
deacetylated derivative,
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Fig. 6. F.a.b. spectrum of the molecular-ion region of reduced, peracetylated difucohexaose |
from human milk showing the influence of target heating; m/z 1716 is derived from the mono-

deacetylated derivative.
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Fig. 7. F.a.b. spectrum of reduced, peracetylated fucopentaose (4).
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Fig. 8. F.a.b. spectrum of reduced, peracetylated fucosyllacto-N-hexaose (5).

completely evaporated (30 s-1 min) and could be regenerated by adding glycerol
to the dried sample, on the target, and reapplying the heating current.

By use of this heating procedure, excellent spectra for a variety of fully acetyl-
ated, neutral milk sugars were obtained, and typical results are shown in Figs. 7 and 8
for a fucopentaose [(M + H)™, m/z 1528 and fucosyl lacto-N-hexaose [(M + H)*,
mfz 2104], respectively. The latter sample was contaminated with lacto-N-tetraose
[(M + H)*, m/z 1298]. All samples fragmented at the glycoside linkages to yield
sequence ions from both the reducing and nonreducing ends.

The spectra shown in Figs. 7 and 8 are in agreement with the simplified struc-
tures 4 and 5, respectively.

Gal—- GIcNAc— Gal— Glcol Gal- GlcNAc— Gal—Glcol
7 1
Fuc Gal- GlcNAc
4 1
Fuc
5

In conclusion, the results described herein demonstrate that the f.a.b. technique
is applicable to unmodified oligosaccharides and their derivatives, and to glyco-
sphingolipids having an M, of at least 3000. In all cases, the M, data were readily
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obtained on samples weighing 1-5 ug. A limited number of fragment ions were ob-
served in the f.a.b. spectra of unmodified oligosaccharides, and examination of
permethylated derivatives is recommended in order to obtain fragment ions of high
diagnostic-value.
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