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Strategy for the investigation of O-linked oligosaccharides
from mucins based on the separation into neutral, sialic
acid- and sulfate-containing species
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A method for the separation of O-linked oligosaccharides into neutral, sialic acid-containing and sulfated species was
applied to oligosaccharides released by alkaline borohydride from mucin glycopeptides from porcine small intestine.
The released mixture of reduced oligosaccharides was applied to an anion exchange column, and the neutral oligosac-
charides were collected as the unretarded fraction. A mixture of dimethyl sulfoxide and iodomethane was passed
through the column to convert the sialic acid-containing oligosaccharides into methyl esters that were eluted and con-
verted to methyl amides by methyl amine. Finally the sulfated oligosaccharide fraction was eluted with salt. The neutral
and the derivatized sialic acid-containing oligosaccharides were analysed by gas chromatography-mass spectrometry
after permethylation and the sulfated oligosaccharide fraction was analysed by high performance anion exchange
chromatography.
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Intreduction

Mucins are large glycoproteins which cover mucosal surfaces
and usually have a carbohydrate content of more than 80% by
mass [1, 2] . Their oligosaccharides are very heterogeneous in
structure and size, and are O-linked to the peptide backbone
primarily via N-acetyl-galactosamine to serine or threonine
residues. Methods to investigate the structures of the oligosac-
charides usually rely on their release by alkaline borohydride,
followed by chromatographic techniques for separation into
individual components. Further structural analysis can then be
performed by use of mass spectrometry and proton-NMR
spectroscopy [3-5]. Our group has successfully used the
method of high-temperature gas chromatography-mass spec-
trometry (GC/MS) for analysing neutral and sialic acid-
containing oligosaccharides from mucin glycopeptides after
permethylation [6-10]. The permethylated N,N-dimethyl
amide derivatives of the sialic acid-containing oligosacchar-
ides were then created by ammonolysis and permethylation of
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the internal esters (lactones), which were formed from the
sialic acid-containing oligosaccharides by peracetylation [9].
Formation of the uncharged lactones was used for the separa-
tion of sialic acid-containing and sulfated oligosaccharides by
anion exchange chromatography; the sulfated compounds
were retarded. The main drawback of this method is that the
formation of the lactone is structurally dependent {11, 12] and
that the acidic oligosaccharides are obtained as their unstable
peracetylated species.

The method for modification of ganglioside sialic acid
residues to methyl esters by dimethyl sulfoxide and
iodomethane [13] and concomitant reaction with methyl amine
[14] has now been adapted to create the N-methyl amide of
the sialic acid-containing oligosaccharides. These were then
converted to the permethylated N, N-dimethyl amide deriva-
tives. The esterification was carried out on-column on an
anion exchange column and the methyl ester derivatives were
directly eluted. This method enabled a quick separation of
oligosaccharides into neutral, sialic acid-containing and sul-
fated species by applying a mixture on the column, and esteri-
fying the sialic acid-residues after elution of the neutral
oligosaccharides.
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Materials and methods

Materials Sialyl-lactose, glucose-6-sulfate, glucosamine-6-
sulfate, glucosamine-2-sulfate and glucosamine-3-sulfate were
purchased from Sigma (St Loius, MO), iodomethane and
methyl amine were from Fluka (Buchs, Switzerland), solid
sodium hydroxide was from EKA (Bohus, Sweden), 50%
sodium hydroxide solution from J. T. Baker Chemicals B. V.
{Deventer, Netherlands), water used for permethylation was
double glass distilled water kept over chloroform. For other
purposes water was from a Millipore system. All other chemi-
cals were from Merck (Darmstadt, FRG). DEAE-Sephadex A-
25 was from Pharmacia (Uppsala, Sweden) and AG 50W-X8
was from Bio-Rad (Richmond, VA). Mucin glycopeptides of
porcine small intestine were purified and oligosaccharides
released as described before [7, 9].

Reduction and N-acetylation of sulfated monosaccharides
Sulfated monosaccharides (100-700 pg) were reduced
overnight by 200 ul of 1 M NaBH,. The reaction was stopped
by the addition of 1 drop of glacial acetic acid and samples
were lyophilized. Methano! and a few drop of glacial acetic
acid were added. The solvent was evaporated in a vacuum
centrifuge (Heto, Allegd, Denmark). This procedure was
repeated four times before applying the sample to a column of
AG 50W-X8 resin (1 ml) and the sugars were eluted with
water (5 ml). The samples were recovered by lyophilization
and analysed by high performance anion exchange chromatog-
raphy with pulsed amperometric detection (HPAEC-PAD)
(conditions described below). The decrease in retention times
compared to the unreduced sugars was taken as proof for the
creation of the sulfated monosaccharide alditols. No unre-
duced sugars were observed in the chromatograms.

One ml of 50 g ml™? of glucosaminitol-3-sulfate and
50 wg ml! glucosaminitol-6-sulfate were N-acetylated by
adding 1 ml saturated sodium bicarbonate and 20 p.l of acetic
acid anhydride every 5 min for 25 min with stirring. Salts
were removed by applying the reaction mixtures to a column
of AG 50W-X8 resin (10 ml) and the sugars were eluted with
50 ml of water. The samples were concentrated by vacuum
rotary evaporation at 40°C and lyophilized. The completeness
of the reactions was confirmed by analysis with HPAEC-PAD
(conditions described below).

Separation of neutral, sialic acid-containing, and sulfated O-
linked reduced oligosaccharides released from mucin gly-
copeptide of porcine small intestine Reduced oligosaccharides
released from mucin glycopeptides of porcine small intestine
(7.5 mg) with alkaline borohydride treatment were separated
on 4 ml DEAE-Sephadex A-25 in its acetate form, which had
been pre-treated with 20 ml DMSO/Mel 10:1, 40 ml 1.0 M
pyridinium acetate, pH 5.4, and 40 ml methanol. The neutral
oligosaccharides were eluted with 40 ml dry methanol. The
sialic acid-containing oligosaccharides were converted to their
methyl esters by the addition of 0.7 ml of DMSO/Mel 5:1
which was allowed to sink into the anion exchange gel. The
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flow was turned off and the column was incubated for 5 min at
room temperature. The procedure was repeated two times, The
methyl esters were eluted with 40 ml dry methanol, and the
sulfated oligosaccharides were then eluted with 40 ml 1.0 M
pyridinium acetate, pH 5.4. Methanol was evaporated from the
neutral oligosaccharide fraction by a stream of nitrogen gas at
45°C. Methanol and iodomethane were similarly evaporated
from the sialic acid methyl ester-containing fraction and the
remaining DMSO was removed by lyophilization.

Conversion of sialic acid methyl esters to methyl amides The
oligosaccharide fraction containing sialic acid methyl esters
was dissolved in 0.75 ml dry methanol, 300 w1 of 25% methyl
amine in methanol were added, the reaction mixture was
stirred for 10 min at room temperature, and the reaction was
stopped by placing the sample in a freezer at —20°C. Solvent
was removed by vacuum centrifugation.

Permethylation Permethylation was carried out on the
reduced neutral and N-methyl amide derivatives of sialic acid-
containing oligosaccharides as described [15, 16] with minor
modifications. Oligosaccharides were dried with a stream of
nitrogen and further dried in a vacuum for 30 min; 0.5 ml
DMSO, 0.1 ml iodomethane and approximately 25 mg of
powdered NaOH were added and the reaction mixture was
stirred with a magnetic bar for 10 min. The reaction was
quenched by the addition 2 ml 0.1 M HCI followed by 1 ml
chloroform. The water phase was removed after centrifuga-
tion, and the chloroform phase was washed five times with
2 ml of water before moving to new tubes. The fifth water
phase was washed with 1 ml of chloroform. The chloroform
phases were pooled and the solvent removed by a stream of
nitrogen. The permethylated oligosaccharides were dissolved
in ethyl acetate for analysis by GC and GC/MS.

GC and GC/MS of permethylated neutral and N, N-dimethyl
sialic acid-containing oligosaccharides High temperature
columns for GC and GC/MS were prepared as described
[6-10]. Fused silica capillaries (10 m % 0.25 mm i.d. HT-poly-
imide coated, Chrompack, Middelburg, The Netherlands) were
D4-deactivated and statically coated with 0.03 pm of PS 264
(Fluka, Buchs, Switzerland), and crosslinked at 145°C for 30
min with dicumyl peroxide as the initiating agent. The
columns were extracted with 5 ml dichloromethane, before
conditioning at 390°C for 4 h with hydrogen as the carrier gas.
Capillary GC was performed on a Hewlett-Packard 5890A-11
gas chromatograph with hydrogen as carrier gas (linear veloc-
ity of 123 cm s at 80°C) including an oxygen trap
(Oxypurge, Alltech) in the carrier gas line. The flame ioniza-
tion detector was kept at 385°C. For GC/MS helium was used
as carrier gas (linear velocity 65 cm s at 80°C) and the
Hewlett-Packard 5890A-II gas chromatograph was used in a
constants flow mode. Samples were injected on to the column
(1 p, 1-100 ng per component) at 80°C (1 min). The tempera-
ture was programmed from 80°C to 200°C in increments of
50°C per min and then by 10°C per min to 390°C. The gas
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chromatograph was coupled to a JEOL SX-102A mass spec-
trometer. The condition for the mass spectrometer were inter-
face temperature, 385°C; ion source temperature, 370°C;
electron energy, 70 eV; trap current, 300 wA; acceleration
voltage, 10 kV; mass range scanned, m/z 100-1600; total cycle
time, 1.4 s; resolution, 1000; pressure in the ion source region,
3x 10 Pa.

Preparation of sulfated oligosaccharides The fraction con-
taining sulfated oligosaccharides was desalted by passing
over 40 ml of AG 50W-X8 and eluted with 200 ml of water.
The sample was concentrated with vacuum rotary evapora-
tion at 40°C and passed through a Sep-Pak C, cartridge pre-
treated with 5 ml 1:1 chloroform: methanol, 5 ml methanol
and 10 ml water. The sulfated oligosaccharides were eluted
with 5 ml water, recovered by lyophilization, dissolved in
water and analysed by HPAEC-PAD (conditions described
below).

High performance anion exchange chromatography of sul-
fated saccharides HPAEC-PAD analysis was carried out
wsing an LKB 2150 HPLC pump (Pharmacia) equipped with
an LKB 2152 HPLC controller and low pressure mixture for
running gradients. The column was a CarboPac PA1 (4 X
250 mm) (Dionex Corp., Suhnyvale, CA with a guard
column CarboPac PA1 (4 x 50 mm). Detection was carried
out on a pulsed amperometric detector (PAD-1I; Dionex).
The signal was recorded and integrated by a Hewlett-
Packard 3396-I1 integrator. Sulfated monosaccharide
alditols, used for optimizing conditions described in this
paper, were run isocratically with 0.15 M NaOH/0.35 M
NaAc, with a flow rate of 1.0 ml min~!. Sulfated oligosac-
charides released from mucin glycopeptides of porcine small
intestine were run isocratically for 3 min with 25 mM NaOH
followed by a linear gradient of NaAc from 0 to 0.20 M over
22 min. Finally, the NaAc concentration was increased to
0.90 M over 5 min. The final solvent proportion was main-
tained for 10 min. The NaOH concentration was kept con-
stant during the run and the flow rate was 1.0 ml min™’. All
solvents were degassed before use and continuously bubbled
with helium gas. Standard potentials on the pulsed ampero-
metric detector were E, = 0.05 V (300 m), E, = 0.60 V (120
ms) and E; = -0.80 V (60 ms). The potentials were measured
against an Ag/AgC reference electrode.

Results

The approach for analysing O-linked oligosaccharides
alditols The method devised for analysing O-linked oligosac-
charide alditols released from mucins relies on the separation
of the oligosaccharide mixture into three fractions containing
the neutral, sialic acid-containing and sulfated oligosaccha-
rides. Each fraction is then pre-treated for further analysis
(Fig. 1). Test substances have been used to optimize the
method.
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Figure 1. The approach for analysing O-linked oligosaccharide mix-
tures released from mucins by alkaline borohydride. The neutral
oligosaccharides were eluted with methanol. The sialic acid contain-
ing oligosaccharides were converted to their methyl esters by addition
of DMSO/Mel to the column and eluted with methanol. Finally, the
sulfated oligosaccharides were eluted with pyridinium acetate.
GC/MS was used to analyse the permethylated neutral oligosaccha-
rides and the N,N-dimethyl amide derivative of the sialylated
oligosaccharides. Sulfated oligosaccharides were analysed by
HPAEC-PAD.

Conversion of sialic acid residues to methyl esters The
method for converting sialic acid residues into methyl esters
by reaction on a DEAE-Sephadex column, was applied to a
mixture of 3~ and 6’-sialyl-lactose. The yield for the mixture
was obtained by comparing the gas chromatograms after per-
methylation with nonesterified permethylated sialyl-lactose
(Table 1). The total yield obtained for the mixture was approx-
imately 90%. As the 3’- and 6'-sialyl-lactose peaks were not
completely resolved a separate calculation of the yields was
not possible. When the DEAE-Sephadex column was eluted
with pyridinium acetate and the fraction permethylated, no
intact sialyl-lactose was detected (result not shown).

Conversion of sialic acid methyl esters to methyl amides The
reaction for converting sialic acid methyl ester residues into
N-methyl amides using anhydrous methyl amine in methanol,
was tested with the methyl esters of 3’- and 6"-sialyl-lactose,
obtained by the on-column derivatization described above.
The samples were permethylated and analysed by GC. The
shift in retention times of the permethylated methyl ester and
N,N-dimethyl amide enabled the estimation of the reaction
yield by comparing the unreacted methy! esters with nones-
terified permethylated sialyl-lactose (Table 1). The yield for
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Table 1. Yields of sialyl-lactose on DEAE-Sephadex columns in
fractions eluted with DMSO/Mel 5:1 and MeOH.

Compound Amount applied Yields
(g (%)

Sialyl-lactose, methyl ester

derivative, permethylated® 20 90

Sialyl-lactose, methyl amide

derivative, permethylated®® 20 86

2The yields were estimated from the mean of four experiments with
maltotriose as internal standard (10 p.g) added to the fractions after
elution from the columns. The samples were permethylated and
analysed by GC by injecting 1 pl (100 ng) on-column. Maltotriose
and sialyl-lactose chromatograph as doublets, and the ratio of sialyl-
lactose/maltotriose was calculated by summation of the area under
each doublet. The ratios were compared with those from
permethylated mixtures of the compounds without derivatization on
the column.

"The methyl amide derivative was prepared as described in the text.
The permethylated methyl amide was eluted approximately 1 min
after the methyl ester derivative, and the proportion of unreacted
methyl ester calculated as described in a.

°This figure includes both the on-column methyl derivatization and
the conversion to the methyl amide derivative.

the mixture of about 86% includes both the on-column
esterification and the conversion to the N-methyl amide deriv-
ative. Compared to the 90% yield for the esterification only,
the yield for the N-methyl amide derivatization should be
about 96%. The yield did not increase when the reaction time
with methyl amine was extended for up to 1 h.

Elution of sulfated monosaccharide alditols Sulfated mono-
saccharide alditols were used to test the possible degradation
of sulfated oligosaccharide alditols during the on-column
methyl esterification. A mixture of the test substances was
applied to a DEAE-Sephadex column and subjected to the
esterification procedure described for the sialic acid-contain-
ing oligosaccharides. The fraction eluted with pyridinium
acetate was analysed with HPAEC-PAD (Table 2) which
showed a recovery of at least 89% of the sulfated monosac-
charides alditols. When applying the method to unreduced and
de-N-acetylated sulfated monosaccharides the yields were
lower (results not shown).

Separation of oligosaccharides released from mucin glycopep-
tides into three fractions The oligosaccharides were released
from glycopeptides derived from mucins of porcine small
intestine using the alkaline borohydride treatment. The
obtained oligosaccharides were desalted and applied to a
DEAE-ion exchange column. The neutral oligosaccharides
were directly eluted and the oligosaccharides bound to the
column were treated with iodomethane in dimethyl sulfoxide
to convert carboxylic groups into their methyl esters. This
converted the sialic acid species into neutral ones, no longer
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Table 2. Yields of different sulfated monosaccharides of DEAE-
Sephadex columns in fractions eluted with 1.0 M pyridinium acetate
pH 5.4.

Compound® Amount applied Yields
(rg) (%)
Glucosaminitol-2-sulfate 0.5 89%
N-acetyl glucosaminitol-6-sulfate 0.5 103%
N-acetyl glucosaminitol-3-sulfate 0.5 98%
Glucitol-6-sulfate 10 95%

*The yields were estimated by adding 0.5 pg glucosaminitol-3-sulfate
to the sample after elution with pyridinium acetate as internal stan-
dard, and by injecting a quarter of each sample on to HPAEC-PAD as
described in the text. Yields were calculated by comparing the peak
heights in the chromatograms of the same compounds treated and not
treated by the methyl esterification procedure. Figures are from the
mean of three experiment.

retarded on the column. The oligosaccharides that were sul-
fated, with or without sialic acid, were eluted with salt. The
three fractions obtained were analysed.

Analysis of the neutral reduced oligosaccharides fraction by
GC/MS The neutral oligosaccharide fraction was permethyl-
ated and analysed by GC/MS. The oligosaccharide structures
deduced from their mass spectra are indicated in the total ion
chromatogram (Fig. 2). The spectra of permethylated neutral
oligosaccharides are dominated by sequence oxonium ions,
and a-cleavages between C-4 and C-5 of the permethylated N-
acetyl galactosaminitol residues. The 21 different structures
found here were described previously from this mucin
glycopeptide sample [7]. The permethylated N-acetyl-
galactosaminito]l was eluted early and was not recorded.

Analysis of the reduced oligosaccharide fraction eluted with
Mel-DMSO The oligosaccharides that became neutral upon
methyl esterification were treated with methyl amine and per-
methylated. The obtained permethylated N,N-dimethyl amide
derivatives of the sialylated oligosaccharides were analysed by
GC/MS. The structures interpreted from the mass spectra of
individual peaks are indicated in the total ion chromatogram
(Fig. 3) and were identical to 28 sialylated oligosaccharides
previously identified from the same source [9]. A mass spec-
trum (Fig. 4) indicated by * in Fig. 3 from scan 794-798
revealed a pentasaccharide and exemplifies the common
pattern of fragmentation [9]. The dimethyl amides are charac-
terized by intense fragment ions [M-72]%, due to a-cleavage of
the amide side group of the sialic acid [9, 12]. Other features
in the mass spectra were oxonium fragment ions and frag—
ment ions from a-cleavages of the permethylated N-acetyl
galactosaminitol residues.

Analysis of the sulfated oligosaccharide fraction The third
fraction eluted with salt analysed with high performance anion
exchange liquid chromatography coupled to a pulsed ampero-
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Hex-3HexNAcol Mw=511
HexNAc-3HexNAcol Mw=332
HexNAcol6-HexNAc Mw=552
Fuc-Hex-3HexNAcol Mw=685
Hex-3HexNAcol6-HexNAc Mw=756
Hex-HexNAc-3HexNAcol Mw=756
HexNAc-Hex-3HexNAcol Mw=756
HexNAc-3HexNAcoi6-HexNAc Mw=797
Fuc-Hex-HexNAc-3HexNAcol Mw=931

10 Fuc-Hex-HexNAc-3HexNAcol Mw=931

11 HexNAc-{Fuc-)Hex-3HexNAcol Mw=931

12 Fuc-Hex-3HexNAcol6-HexNAc Mw=931

13 Hex-3HexNAcol6-HexNAc-Hex Mw=961

14 HexNAc-3HexNAcol6-HexNAc-Hex Mw=1002

15 HexNAc-Hex-HexNAc-3HexNAcol Mw=1002

16 Hex-3HexNAcol6-HexNAc-Hex-Foc Mw=1135

17 Fuc-Hex-3HexNAcol6-HexNAc-Hex Mw=1135

18 Fuc-Hex-HexNAc-3HexNAcol6-HexNAac Mw=1176
1t 19 HexNAc-(Fuc-)Hex-HexNAc-3HexNAcol Mw=1176

20 HexMAc-3HexNAcol6-HexNAc-Hex-Fuc Mw=]176

21 Fuc-Hex-3HexNAcol6-HexNAc-Hex-Fue Mw=1309
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Figure 2. Total ion chromatogram with interpreted structures from GC/MS of permethylated neutral oligosaccharide alditols released from
mucin glycopeptides obtained from porcine small intestine. See Materials and methods for GC/MS conditions.

metric detector, a proven technique for analysing acidic O-
linked oligosaccharides [17]. A modified gradient was devised
for the efficient separation of the sulfated oligosaccharides
alditols, with or without sialic acids, obtained from intestinal
mucins. The chromatogram of the sulfated fraction from
oligosaccharides released from mucin giycopeptides of
procine small intestine is shown in Fig. 5.

Discussion

The analysis of oligosaccharides by an informative mapping
approach has been devised. This is based on a simple method
for the direct separation of released oligosaccharides on-
column into neutral, sialic acid-containing, and sulfated to
allow for different analytical techniques for each oligosaccha-
ride type. These fractions can then be analysed with chro-
matography-mass spectrometry techniques to obtain as much
information as possible from each fraction. This approach will
give a quick and sensitive mapping of the oligosaccharides
found in different types of glycoconjugates, in our case
mucins. The technique has already allowed us to find glyco-
sylation alterations of the intestine upon parasite infection.
The formation of the methyl ester of sialic acid residues by
dimethyl sulfoxide and iodomethane is structurally independ-
ent and allows the removal of the sialic acid containing

oligosaccharides from the sulfated ones. The earlier method
for creating the permethylated N,N-dimethyl amide derivative
of sialic acid containing oligosaccharides was based on the
ability of sialic acid residues to form lactones upon peracetyla-
tion, followed by ammonolysis before permethylation [9]. The
method presented here created the same sialic acid derivative
by a simpler procedure. This reaction is done directly during
column chromatography of a total oligosaccharide fraction and
decreases the number of separation steps to a minimum. The
methyl esters are usually relatively unstable and the release of
the carboxyl group-containing oligosaccharides with the reac-
tants circamvents this problem.

The formation of the methyl amide derivatives of the sialic
acid residues is essential for the permethylation, due to poor
yields when attempting to permethylate the methyl esters of
oligosaccharides containing a reduced GalNAe. However, the
methyl esters of sialic acid-containing oligosaccharides having
non-reduced Glc at the reducing end are stable upon permethy-
lation [9]. The use of the permethylated N, N-dimethyl amide
derivatives of sialic acid-containing oligosaccharides has
another advantage as they give an intense fragment ion [M-72]*
upon electron impact ionization, making them easier to inter-
pret as the molecular masses are readily calculated [9,12].

The neutral oligosaccharides can be analysed by the high-
temperature GC and GC/MS technique for up to about
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HexNAcol6-NeuAc Mw=681

HexNAcol6-NeuGe Mw=711
Hex-3HexNAcol6-NeuAc Mw=886
NeuAc-Hex-3HexNAcol Mw=886
Hex-3HexNAcol6-NeuGe Mw=916
NeuGe-Hex-3HexNAcol Mw=916
HexNAc-3HexNAcol6-NeuAc Mw=927
HexNAc-3HexNAcol6-NeuGe Mw=957
HexNAc-3HexNAcol6-NeuAc Mw=927
HexNAc-3HexNAcol6-NeuGe Mw=957
Fuc-Hex-3HexNAcol6-NevAc Mw=1060
Fuc-Hex-3HexNAcol6-NeuGe Mw=1090
HexNAc-(NeuAc-YHex-3HexNAcol Mw=1131
HexNAc-(NeuGce-YHex-3HexNAcol Mw=1161
Hex-HexNAc-3HexNAcol6-NeuAc Mw=1131
NeuAc-Hex-3HexNAcol6-HexNA¢c Mw=1131
Hex-HexNAc-3HexNAcol6-NeuGe Mw=1161
WeuGe-Hex-3HexNAcol6-HexNAc Mw=1161

11 19 NeuAc-Hex-3HexNAcol6-NeuAc Mw=1260

20 Fuc-Hex-HexNAc-3HexNAcol6-NeuAc Mw=1305
21 NeuGe-Hex-3HexNAcol6-NevAc Mw=1290

22 Fuc-Hex-HexNAc-3HexNAcol6-NeuGe Mw=1335
23 NeuGo-Hex-3HexNAcol6-NeuGe Mw=1320

24 NeuAc-Hex-3HexNAcol6-NeuGe Mw=1290

25 NeuAc-Hex-3HexNAcol6-HexNAc-Hex Mw=1335
26 HexNAc-(NsuAc-)Hex-3HexNAcol6-HexNAc Mw=1376
27 NeuGe-Hex-3HexNAcols-HexNAce-Hex Mw=1365
28 HexNAc-(NeuGe-YHex-3HexNAcol6-HexNAc Mw=1406
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Figure 3. Total ion chromatogram and interpreted structures of permethylated sialic acid containing oligosaccharides as their dimethyl amides
obtained from mucin glycopeptides in porcine small intestine. See Materials and methods for GC/MS conditions.

decasaccharides [7, 8]). The total ion chromatogram from the
GC/MS reproduces the gas chromatogram very well without
discrimination of higher molecular mass oligosaccharides or
decreased resolution. The sialic acid-containing fraction can
be analysed by the same technique after modification and per-
methylation. For some types of mucins the oligosaccharides
are too large and well beyond the range of high-temperature
GC, as is the case for bile mucins where the mean length of the
oligosaccharides is in the range of 40-50 sugar residues [18].
The sulfated oligosaccharide fraction was further analysed
by HPAEC-PAD. The high resolution with high performance
anion exchange chromatography and the sensitive detection
with a pulsed amperometric detector makes this ideal for
analysing these components. Other sulfated oligosaccharide
fractions prepared by the presented method have been
analysed and show different patterns. Further analyses of the
sulfated oligosaccharides from porcine small intestine gly-
copeptides have been done using FAB-MS and MS/MS. A
series of sulfated structures with the sulfate group at the 6-

position of GlcNAc residues were assigned (unpublished
results). No unreacted sialylated structures lacking sulfate
were detected in the mass spectra.

The approach of separating oligosaccharide fractions into
three groups should also be of importance for other types of
oligosaccharides, for example, free oligosaccharides present in
milk or N-linked glycans released by enzymes or by hydrazi-
nolysis. The N-linked oligosaccharides on glycoprotein hor-
mones can occur as sialylated and sulfated species [19]. The
separation of oligosaccharides into the three groups should
also be useful in very sensitive cell biology experiments in
which the components can be radioactively labelled, either by
metabolic incorporation of radioactivity or by reducing the
saccharides with NaBT,.
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