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lon intensity analysis of post-source decay
fragmentation in curved-field reflectron
matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry of carbohydrates:
For structural characterization of glycosylation in
proteome analysis

The various kinds of oligosaccharides were analyzed by using post-source decay
(PSD) fragmentation method of matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS). Since the curved field reflectron MALDI-
MS can record all fragment ions in a single measurement, we can discuss the fragment
ion intensity in PSD mass spectrum more accurately. The intensities of the PSD frag-
ment ions indicate the fine structure of the saccharide chains. The type of glycosyl
linkages could be determined by the ion intensity analysis, and the stereo isomers
of monosaccharides were distinguished by the MALDI-PSD fragment ion analysis.
The linkage isomers and structural isomers were also distinguished by this method.
The ion intensity analysis of curved-field reflectron MALDI-MS could be a powerful
tool for glycosylation analysis.
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1 Introduction

Proteome analysis has identified the target proteins for
some diseases and the proteins related to the important
biological activities. This approach is thought to be one of
the most promising techniques to resolve the complex life
systems. The sequencing of the proteins is the first step
for their identification after being separated by 2-D elec-
trophoresis. Mass spectrometry, such as matrix-assisted
laser desorption/ionization time-of-flight mass spectro-
metry (MALDI-TOF-MS) and electrospray ionization
mass spectrometry (ESI-MS), is one of the most useful
methods for this purpose [1, 2]. In the MS/MS analysis of
the peptide sequencing using MALDI-TOF-MS, the post-
source decay (PSD) fragment ions give much sequence
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information of the analyte peptides [3, 4]. It is essential in
proteome research to perform the sequencing of the
digested peptides using the PSD fragment method of
MALDI-MS. Recently, we reported the improvement of
the sensitivity of the PSD fragment ions of peptides using
fluorescent modification [5]. Ideally, these fragment ions
should be sufficient to sequence the peptide analyte. For
some peptides, however, the fragment ions were not
amenable to complete sequence interpretation. The fluor-
escent modification of the peptide analyte greatly
improved the interpretability of the MALDI-PSD mass
spectrum and it was useful in sequencing peptides using
MALDI-TOF-MS in proteome research.

The analysis of the post-translational modification of pro-
teins is another important step. The glycosylation of pro-
teins relate to their biological activities and they play an
important role in expressing their biological functions.
The glycosylation can be identified by proteins ladder
sequencing using MALDI-MS [6]. The sequencing of the
saccharide chains can also be performed easily by the
MALDI-PSD fragmentation method [7-13]. The glycosyl
linkages in the saccharides were cleaved in the PSD frag-
mentation, and the product ions indicate a sequence like
Hex-HexNAc-Hex-Hex. MALDI-TOF-MS is useful for the
sequencing of the saccharide, however, it is difficult to
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determine the fine structure of the saccharide chains by
MS due to many structural isomers with different linkage
positions. For example, the glycosyl linkages even in a
biose between same sugar residues, like Glc-Gilc, have
eight variations from four linkage types and two config-
urations (1-2, 1-3, 1-4, and 1-6 linkage types and o-, f-
configurations). In addition to that, the structural isomers
of monosaccharide units with the same mass numbers
also make it difficult to analyze the structure using MS.
The following three issues are thought to be important in
the structure analysis of saccharide chains by MS; 1) the
analysis of the highly branched structures, 2) the linkage
analysis and distinguishing of the linkage isomers, 3) the
distinguishing between monosaccharide isomers.

In the MALDI-PSD mass spectra of some isomers, the dif-
ferent tendencies in the spectral patterns were observed
[7-13], however, it has been very difficult to discuss the
ion abundance [13]. Unfortunately, comparison of ion
abundance in most PSD spectra is not an absolute mea-
surement because these spectra are usually acquired in
segments by stepping the reflectron voltage. Sequence
information can be extracted from the reconstructed
TOF mass spectrum by scanning the voltage of the ion
reflector and bringing narrow segments of the product
spectrum into focus. Consequently, the ions in question
might appear in different segments where ionization con-
ditions and, consequently, the signal strength, might dif-
fer. A logical solution to this problem would be to use an
instrument equipped with a reflectron, which records all
fragment ions in a single spectrum [13].

A new type reflector of curved-field reflectron [14, 15] in
TOF mass detector enables a simultaneous focusing of a
wide mass range of metastable fragment ions and obser-
vation of the entire PSD fragment spectrum in a single
experiment. Thus, the product-ion mass spectra can be
collected without the adjustment under the same condi-
tions, thereby, eliminating the need to scan the reflector
voltage. Therefore, the relative intensity of the PSD frag-
ment ions can be discussed in more detail. In this paper,
we studied the new method of the structure analysis for
the glycosylation and/or glycoconjugates by the ion inten-
sity of the PSD fragment ions using curved-field reflectron
MALDI-TOF-MS.

2 Materials and methods

2.1 MALDI-TOF-MS

Kompact MALDI-IV and Discovery instruments with
curved-field reflectron (Kratos-Shimadzu Corp., Japan)
were used to obtain all MALDI-TOF and MALDI-PSD frag-
ment mass spectra. Since this new type of reflector per-
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mits simultaneous focusing of a wide mass range of frag-
ment ions formed by metastable decay, the product-ion
mass spectrum can be collected without stepwise adjust-
ment of the reflectron under unchanged conditions [14,
15]. Operating conditions were as follows; nitrogen laser
(8337 nm); reflectron mode; positive ion mode. The ion
detector of this instrument is a electron multiplier type.
The acceleration potential was set to 20 kV by a grid type
electrode. 2,5-Dihydroxybenzoic acid (DHBA) was used
as matrix, dissolved in 10 % ethanol aqueous solution at a
concentration of 10 mg/mL [16]. After mixing the sample
solution with 0.5 uL of the matrix solution and about 0.5 %
NaCl solution to assist the formation of sodium adducts,
the sample plate was dried completely. The sample plate
having a textured surface was used to promote reproduci-
bility and the best crystallization of matrix.

Each spectrum was obtained as the average of one hun-
dred shots. To detect the fragment ions generated by
the PSD method, the laser power was adjusted to about
40 uJ (well above the threshold) to promote self-decay
after acceleration. Comparing the ion intensities, the
same value of the laser power was used. MALDI-PSD
mass spectra were also measured as the averages of
one hundred shots at different spots. The reproducibility
of the spectral patterns in the MALDI-PSD mass spectra
(i. e. relative intensities) were satisfactorily high for the
present purposes, checking the measurements after one
week and one month. All ions were labelled with the nom-
inal mass of the monoisotope in all MALDI-TOF and
MALDI-PSD mass spectra in this paper.

2.2 Materials

Malto-cyclo-hexaose (x-cyclodextrin; «CD), malto-cyclo-
heptaose (f-cyclodextrin; fCD), glucosyl-fCD, and mal-
tosyl-fCD are commercially available (Bio-Research
Corp. of Yokohama, Japan). Xyloglucan oligosaccharides
were obtained from tamarind seed enzymatically. They
consist of four f-D-glucopyranoses (Glc) bonded by 1-4
glycosyl linkage, three o-D-xylopyranose (Xyl) substituted
to each Glc by «1-6 linkage, and one f-D-galactopyra-
nose (Gal) substituted to Xyl by 1-2 linkage. Maltotrio-
syl-oCD and panosyl-«CD are gifts from Nikken Kagaku
Co., Japan. Pullulan have repeating units of maltotriose
(21-4 linked glucotriose) which are bonded by «1-6 link-
age each other -(-6Glca1-4Glca1-4Glcal-)-,. The pullulan
oligosaccharides are gifts from Dr. Yasushi Mitsuishi
(National Institute of Bioscience and Human-technology,
Japan). 3’-Sialyllactose (Neu5Ac(x2-3)Gal(1-4)Glc) and
6’-sialyllactose (Neu5Ac(x2-6)Gal(f1-4)Glc) are commer-
cially available (Funakoshi Co. Japan). Glucosyl-aCD,
galactosyl-«CD, and mannosyl-«CD are gifts from Bio-
Research Corp. of Yokohama, Japan. Sulfated Lewis*
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Figure 1. The MALDI-PSD Mass Spectrum (A) of Glucosyl-fCD (B).

and Lewis? trisaccharides are commercially available
(Funakoshi Co., Japan).

3 Results and discussion

3.1 The analysis of the highly branched
structure

Many N-linked oligosaccharides in glycoproteins have
complex and highly branched structures. At first, the
simple branched neutral oligosaccharides were analyzed
by MALDI-PSD fragmentation method. Glucosyl-fCD
(Glc4-pCD) and maltosyl-pCD (Glc,-pfCD) are sugar
branched cyclodextrins. In the MALDI-PSD mass spec-
trum of Glc4-BCD, the precursor ion [M+Na]* at m/z 1319
and the fragment ions at m/z 1157, 995, 833, 671 and
509, were observed as a sodium adduct (Fig. 1). The
intervals of these ions were 162 Da corresponding to
the loss of glucose. Each fragment ion corresponded to
the chemical species of [M+Na-Glc4]*, [M+Na-Glc,]*,
[M+Na-Glcg]*, [M+Na-Glcy]*, and [M+Na-Glcs]*, which
were described for convenience as abbreviations such
as [M-Gilc4]* to [M-Glcs]*.

The intensity of the fragment ion at m/z 1 157 ((M-Glc4]*)
was higher than those of the ions [M-Glc,.5]* as shown
in Fig. 1. The ion [M-Glc4]* having higher intensity was
produced by the one-site cleavage from the branch, and
the ions [M-Gilc,_s]* having lower intensity were produced
by the two-site cleavages from the cyclodextrin part. In
the PSD fragment spectrum of Glc,-fCD, the fragment
ions [M-Glc4,Glc,]* had higher intensity than the ions

[M-Glcse]* (Fig. 2). The ions [M-Gilc4,Glc,]* having higher
intensity were produced from the branched part, and
the ions [M-Gilcs.¢]* having lower intensity were produced
from the cyclodextrin part. These results were reasonable
because the fragment ions produced by one-site clea-
vage of glycosyl linkage are more probable than those
produced by two-site cleavage in MALDI-MS [10, 17]. In
the FAB-MS spectra of sugar branched cyclodextrins,
only the fragment ions produced from the branch were
observed [18]. In the MALDI-PSD mass spectra, the frag-
ment ions were produced both from the branch and
cyclodextrin parts with intensity difference. It was found
that the one-site cleavage occurs easier than two-site
cleavage in the MALDI-PSD fragmentation. The relative
intensities of the PSD fragment ions give important infor-
mation about the fine structures of the molecules.

In more highly branched oligosaccharides, the fragment
ions produced by multisite cleavages of the glycosyl lin-
kages were clearly observed [19-21]. The one-site clea-
vage ions have higher intensities than two-site cleavage
ions, which were higher than three-site cleavage ions.
These results indicate that the one-site fragmentation
occurs easier than two- or three-site fragmentation in
MALDI-PSD mass measurements [21]. This method was
applied to the determination of branched structures, and
branched isomers were distinguished by this method.
For example, the highly branched oligosaccharides 1-3
(Fig. 3) are the analogous isomers with the different posi-
tions of the galactose substitution. These isomers were
distinguished by the ion intensity analysis. The fragment
ion [Hex,,Pen,]*-1 was produced by the one-site clea-
vage of the glycosyl linkage (vertical lines in Fig. 3). In the
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Figure 2. The MALDI-PSD Mass Spectrum (A) of Glucosyl-SCD (B).

case of 2 and 3, the fragment ions [Hex,,Pen,]*-2 and -3
were produced by the two-site cleavages of the glycosyl
linkages as shown by the vertical lines in Fig. 3. Thus, the
intensity of the [Hex,,Pen,]*-1 ion was much higher than
those of the [Hex,,Pen,]*-2 and -3 ions in the MALDI-
PSD mass spectra [21] and the oligosaccharide 1 could
be distinguished from 2 and 3. The oligosaccharides 2
and 3 could be differentiated by the ion intensities of the
[Hex,,Pen4]* ions as shown by the horizontal line in Fig. 3.
The [Hex,,Pen4]*-3 was produced by one-site cleavage,
which resulted in higher ion intensity than that of the
[Hex,,Pen4]*-2 ion which was produced by two-site clea-
vage. Thus, these three isomers could be distinguished
using the ion intensity analysis of the MALDI-PSD mass
spectra, which give us much sequence and branching
information. It was thought that N-Linked oligosacchar-
ides can be also analyzed effectively by this method.
The analysis of ion intensities of MALDI-PSD mass spec-
tra could be a very useful technique in analyzing even
highly branched tri- and/or tetra-antennary oligosacchar-
ides in glycoproteins.

3.2 Distinction of linkage isomers and
the linkage analysis

3.2.1 a1-4, a1-6, and §1-4 linkages, and
a-, f-configurations

One of the difficulties for the structure analysis of oligo-
saccharides are caused by the existence of various kinds
of linkage isomers. We tried to perform the linkage analy-

sis and to distinguish those linkage isomers by the ion
intensity analysis in the MALDI-PSD fragmentation
method. Maltotriosyl-oCD and panosyl-«CD differ only at
the glycosyl linkage of the nonreducing end of the branch
(x1-4 and «1-6 linkage, Fig. 4). Comparing their PSD frag-
ment spectra, the relative intensity of the [M+Na-Glc,]* of
maltotriosyl-«CD was much higher than that of panosyl-
oCD as shown in Fig. 5. The [M+Na-Gic4]* ion of malto-
triosyl-oCD was produced by the cleavage of a1-4 glyco-
syl linkage, and that of panosyl-«CD was produced by the
cleavage of «1-6 linkage. The results indicate that the gly-
cosidic linkage of «1-4 cleaves much easier than that of
o1-6 in MALDI-PSD fragmentation. In the case of pullulan
that has «1-4 and «1-6 linkages in the molecule, o1-4 gly-
cosidic linkage also cleaves easier than «1-6 linkage. The
result was consistent with those of maltotriosyl and pano-
syl oligosaccharides [22].

In the studies of a xyloglucan heptasaccharide, we inves-
tigated the fragmentation of «1-6 and 1-4 glycosyl lin-
kages [23]. A xyloglucan heptaose consists of 1-4 linked
four glucose residues (cellotetraose back-born) and three
xylose residues branching at the glucoses by «1-6 linkage
(the structure of the octaoses are shown in Fig. 3). In the
MALDI-PSD mass spectrum of the xyloglucan heptaose,
almost of all fragment ions, which were produced by
one- to three-sites cleavage of the glycosyl linkage,
were observed. The intensities of the ions produced by
the cleavage of «1-6 linkage were much higher than
those of the ions produced by the cleavage of $1-4 link-
age. These results indicate that the glycosidic linkage of
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Figure 3. Structures of highly branched xyloglucan oligosaccharides.

o1-6 cleaves much more easily than that of 1-4 linkage.
Therefore, in the MALDI-PSD fragmentation, the «1-4 gly-
cosyl linkages cleave easier than that of «1-6, and the
glycosyl linkages of «1-6 cleave easier than that of 1-4.
These results lead to the following assumption; the frag-
mentation of «1-4 glycosyl linkage occurs easier than that
of f1-4 glycosyl linkage (x1-4 linkage > f1-4 linkage).
The assumption will be proved by the data of the actual
measurements. These results and discussions indicated
that the fragmentation of MALDI-MS also depended on
o- and f-configuration. The a-linkage cleaved easier than
p-linkage in the PSD-fragmentation of 1-4 glycosyl lin-
kage.

Moreover, we will also discuss in detail the fragmentation
of the 1-3 and 1-4 glycosyl linkages using ion intensity

analysis in Section 3.4.2 of sulfated Lewis oligosac-
charides. The fine analyses of their PSD mass spectra
showed that the fragmentation of both « and f 1-3 lin-
kages occurs easier than that of the corresponding 1-4
linkages (1-3 linkages > 1-4 linkages). It was shown that
the «1-4 glycosyl linkages cleaved easier than the p1-4
glycosyl linkages in the above discussions. The results
indicated that the «1-3 glycosyl linkages cleaved easier
than the p1-4 glycosyl linkages.

From these analyses, it was concluded that the MALDI-
PSD fragment ions reveal different intensities based on
the kinds of glycosyl linkages. Therefore, the detailed
analysis of the intensities of the PSD fragment ions using
MALDI-TOF-MS is a very powerful tool in estimating the
type of glycosyl linkage in saccharide compounds.
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3.2.2 a2-3/a2-6 Sialyl linkage analysis

Sialyl linkages are one of the most important glycosyl lin-
kages for the biological activities. N-acetyl neuraminic
acid (Neu5Ac) substitutes at the non-reducing end by «2-
3 or «2-6 sialyl linkages in gangliosides and glycoproteins.
The Neu5Ac residues play an important role in the mole-
cular recognition because they are located at the nonre-
ducing end. These linkages are thought to have the spe-
cial functions in the biological activities due to the car-
boxyl group at the C-1 position. In many cases, the
expression of the biological activities depends on the
types of sialyl linkages. For example, the types of influ-
enza virus were classified by the recognition of the «2-3/
02-6 sialyl linkages [24].

The analysis using GC/MS and FAB-MS for permethy-
lated or peracetylated sialo-oligosaccharides have been
reported [25-27]. Recently, the derivatization of the
sialo-oligosaccharides for MALDI-MS measurements
were also reported [28]. The MALDI-PSD fragmentation
method [29] was used to distinguish between «2-3 and
o2-6 sialyl linkages based upon ion intensity analysis.
Sialyllactoses have the linkage isomers with «2-3 and
02-6 sialyl linkages at the non-reducing end (Figs. 6
and 7). The sialyllactoses were not derivatized for the
measurements. In the positive MALDI-PSD mass spectra
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of 3’- and 6’-sialyllactoses, the precursor ions at m/z 678
(IM+2Na-H]*) and the fragment ions at m/z 336 (B;) were
observed as a sodium adduct ([Neu5Ac+2Na-H]*) as
shown in Figs. 6 and 7. The fragment ions at m/z 336
were produced by the cleavage of the sialyl linkages (B-
type fragmentation, [B;-H+2Na]*; the nomenclature for
carbohydrate fragmentation [30]).

The B4 fragment ion at m/z 336 of 3’-sialyllactose had the
higher intensity than the precursor ion (Fig. 6). The inten-
sity of the precursor ion was about 10 % to the ion B;. One
of the reasons is that the matrix of DHBA can promote the
cleavage of the glycosyl linkage, and that the sialyl lin-
kages cleave much easier in MALDI-MS [31]. The B; frag-
ment ion at m/z 336 of 6’-sialyllactose was lower than that
of the precursor ion under the same measurement condi-
tions of 3’-sialyllactose (Fig. 7), and the intensity of the ion
B; was about 60 % to the precursor ion. These results
indicate that the relative intensity of the B, fragment ion
of 3’-sialyllactose was considerably higher than that of
6’-sialyllactose. The fragmentation of «2-3 sialyl linkage
occurs much easier than that of «2-6 sialyl linkage in
MALDI-TOF-MS. Therefore, it was possible to distinguish
between «2-3 and «2-6 sialyl linkages using MALDI-PSD
method without any derivatization. Sialo-oligosacchar-
ides are one of the most interesting biomolecules due to
their many kinds of important functions such as molecular
recognition. This distinguishing method of sialyl linkages
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Figure 6. The MALDI-PSD Mass Spectrum (A) of 3’-Sialyllactose (B). * The ion produced by cross-ring fragmentation.

is also a potentially powerful tool for many medical appli-
cations.

3.3 Distinction of the stereo isomeric
monosaccharides

We studied the influence of the stereo isomeric monosac-
charides on the MALDI-PSD fragmentation [32]. The
monosaccharides which consist of saccharide chains
are structural isomers. For example, galactose (Gal) and
mannose (Man) are epimers of glucose (Glc) (Fig. 8).
These stereo isomers cause the difficulty of the struc-
ture analysis of oligosaccharides. To clarify the influence
of the glycosyl donor variations of Glc, Gal, and Man,
it would be required to compare the fragment ions
produced from Glc(x1-6)Glc, Gal(x1-6)Glc, and Man(x1-
6)Glc units, which have the same glycosyl acceptor Gic.
The aglycon as a glycosyl acceptor and the glycosyl lin-
kage should be the same in the analytes. Glycosyl-oCD,
galactosyl-o«CD, and mannosyl-«CD (Fig. 8) were ana-
lyzed by the MALDI-PSD mass spectra. The glycosyl
donors of «-b-glucopyranose, «-bD-galactopyranose, and
o-D-mannopyranose differ in the MALDI-PSD fragmenta-
tion although they are isomers (Fig. 8). The fragment ions
[M+Na-Glc]* and [M+Na-Gal]* were more intense than
the [M+Na-Man]* ion in the MALDI-PSD mass spectra
(Fig. 9). All hydroxyl groups of C-2 to C-4 in glucose are
at the equatorial orientations. Galactose is the C-4 epimer
of glucose and mannose is the C-2 epimer of glucose.
The C-2 hydroxyl groups in glucose and galactose are in
the same orientation (equatorial), however, that of man-
nose is in the axial orientation. It was reported that the
hydrogen atoms at C-2 in the glycosyl donors relate to Y-
type fragmentation mechanism as the glycosyl linkage

cleaves at the non-reducing end side [33]. Thus, it was
reasonable that the fragmentation of the glycosidic lin-
kages depended on the orientation of the hydroxyl groups
at C-2 in glycosyl donors. We should consider the influ-
ences of different glycosyl donors on the ion intensities
to interpret the MALDI-PSD mass spectra. These frag-
mentation roles in MALDI-MS potentially enable us to
distinguish even between monosaccharide epimers.

3.4 The analysis of the structural isomers of
sulfated Lewis* and Lewis? trisaccharides

3.4.1 The fragmentation analysis

Lewis-type glycoconjugates relate to very important bio-
logical activities such as molecular recognition in the cell
and they relate to some disease, such as sialyl LewisX in
tumor [34-36]. LewisX trisaccharide is a part of sialyl
LewisX, and Lewis? trisaccharide is a Lewis-type blood
antigen. The Lewis-type oligosaccharides are isomers
and corresponding glycosphingolipids have been studied
by FAB-MS and ESI-MS [37-42]. In this paper, we studied
the PSD fragmentation of sulfated Lewis-type oligosac-
charides using MALDI-TOF-MS.

In the MALDI-PSD mass spectrum of sulfated LewisX
trisaccharide (s-LeX), the precursor ion [M-H+2Na]* at
m/z 654 and the charge-remote fragment ions at m/z 508
([Y15+2Na-H]*), 490 ([Z:;+2Na-H]*), and 287 ([B;,+2Na-
H]*) were observed (Fig. 10). The fragment ion at m/z 508
was produced by the loss of anhydrofucose because of
the interval of 146 Da from the precursor ion (Y-type frag-
ment ion; [Yy4+2Na-HJ*). The ion at m/z 490 having the
interval of 164 Da was produced by the loss of fucose
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Figure 10. The MALDI-PSD Mass Spectrum (A) of Sulfated Lewis* Trisaccharide (s-LeX) (B).

(Z-type fragmentation; [Z;5+2Na-H]*). The ion at m/z 287
corresponded to the chemical species [Gal-SOs;+2Na]*
which was produced by the cleavage of the glycosyl lin-
kage between Gal-GIcNAc. In the spectrum of sulfated
Lewis? trisaccharide (s-Le?), the precursor ion [M+2Na-
H]* at m/z 654 and the charge-remote fragment ions at
m/z 508 ([Yis+2Na-H]*), 305 ([Cs,+2Na-H[*), and 287
([B1,+2Na-H]*) were observed (Fig. 11). The fragment
ions at m/z 508 and 287 of s-Le? was the same chemical
species of s-LeX, The fragment ion at m/z 305 was pro-
duced by the cleaving of the linkage between Gal-
GlIcNAc as well as the ion at m/z 287. The fragmentation
of the LewisX and Lewis? sulfated oligosaccharides could
be summarized as follows: the fragment ions were due to
charge-remote fragmentation, distant from the charged
sulfate group at the galactose. Most abundant were
the fragment ions Y4, due to the ease of cleavage of the-
fucosyl linkage [43]. The presence of Z; in s-LeX and Cq,
in s-Le? could be rationalized by the specific f-elimina-
tion at C-3 of the GIcNAc which probably stabilizes the
formation of these ions. The f-elimination could form the
double bond between C-2 and C-3 of the GIcNAc, which
were conjugated to amide group at C-2.

3.4.2 Distinguishing between 1-3 and
1-4 linkages

We analyzed the intensity of the fragment ions finely to get
the information about glycosyl linkages. The fragment
ions Yy, at m/z 508 of s-LeX and s-Le? were produced by
the cleavage of the fucosyl linkage between Fuc-GlcNAc.
The intensity of Y; of s-LeX was about 60 % to that of the
precursor ion (Fig. 10), and the intensity of Y;; of s-Le?
was about 40 % (Fig. 11). Thus, Y;; of s-LeX had higher

intensity than that of s-Le2. In addition to that, the sum of
the ion intensities of the ions produced by the cleavage of
the fucosyl linkage of s-LeX (Y4, and Z;5) was much higher
than that of the ion of s-Le? (Y+5). Thus, the fucosyl linkage
at C-3 position of GIcNAc cleaved much easier than that
at C-4 position of the glycosidic acceptor GIcNAc.

In the case of galactose substitution, the same tendency
of the fragmentation at C-3/C-4 positions in glycosyl
acceptor GlcNAc was observed. The ions B, of s-LeX
and s-Le? were produced by the cleavage of the glycosi-
dic linkage between Gal-GIcNAc. The intensity of the ion
B,, of s-LeX was about 17 % to that of the precursor ion
(Fig. 10), and that of the ion B, of s-Le? was about 8 %
(Fig. 11). Therefore, B, of s-LeX had higher intensity than
that of s-Le?. The sum of the ion intensities produced by
the cleavage of the glycosyl linkage at C-3 position of
GlIcNAc in s-Le? (B4, and C4,) was much higher than that
of the ion which was produced by the cleavage of the gly-
cosyl linkage at C-4 position of GlcNAc in s-LeX (By,).
These results also indicate that the glycosyl linkage at C-
3 position cleaved much easier than that at C-4 position
of the glycosyl acceptor GIcNAc.

The results in the fragmentation of Gal-GlcNAc were con-
sistent with those of the fragmentation of the fucosyl lin-
kage (Fuc-GIcNAc). Therefore, o1-3 linkage cleaved
easier than «1-4 linkage, and 1-3 linkage also cleaved
easier than f/1-4 linkage in MALDI-PSD fragmentation.

These ion intensity analyses enabled us to distinguish
between 1-3 and 1-4 linkages. We could perform the
linkage analysis of the structural isomers of these oligo-
saccharides like s-LeX and s-Le? based on the infor-
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mation about ion intensity. Therefore, this ion intensity
analysis of PSD fragmentation in MALDI-MS will be very
useful for the structure analysis of glycosylation as a new
method.

4 Concluding remarks

Discussion of the intensities of the PSD fragment ions in
detail enabled us to elucidate the structure of the analytes
in the curved-field reflectron MALDI-MS. Highly branched
oligosaccharides were analyzed by using MALDI-PSD
fragmentation method. As expected the intensities of the
fragment ions produced by one-site cleavage of the gly-
cosyl linkages were much higher than those of the ions
produced by two-site and three-site cleavages of glycosyl
linkages. The linkage types were determined by using the
ion intensity analysis. The glycosyl linkage of «1-4 cleaves
easier than «1-6 linkage, and that of «1-6 cleaves easier
than 1-4 linkage in MALDI-PSD fragmentation. Thus, the
o1-4 glycosyl linkage cleaved easier than that of f1-4 lin-
kage. The result indicated that the ion intensity also
depended on a- and f-configurations. The «1-3 linkage
cleaved easier than «1-4 linkage, and the 1-3 linkage
cleaved easier than f11-4 linkage in the MALDI-PSD frag-
mentation. Moreover, the sialyl linkages of «2-3/02-6
types were also distinguished by the ion intensity analy-
sis. Therefore, the ion intensity analysis in the MALDI-PSD
fragmentation method is very useful for the linkage analy-
sis, and it would be possible to perform the linkage analy-
sis of saccharide chains in glycosylation using MALDI-
TOF-MS. The stereoisomers of monosaccharides were
also distinguished by MALDI-PSD fragmentation method.
The analogous linkage isomers of sulfated Lewis-type

oligosaccharides were able to be analyzed by using the
ion intensity analysis. These results strongly indicate that
the relative intensity of the MALDI-PSD fragment ions
strongly depend on the fine structure of the analyte.
Consequently, the ion intensity analysis in the MALDI-
PSD fragment spectra is a powerful tool for glycosylation
analysis and the structure analysis of glycoconjugates
and oligosaccharides.

Received February 24, 2000
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