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ing and simultaneous analysis of the 36 major
glycans attached to human erythrocyte CD59
has been carried out in this manner20.

The glycosylation of microgram amounts
of a protein can now be determined within
2 to 3 days. For example, the glycans
attached to human neutrophil gelatinase B
have been simultaneously sequenced using
multiple enzyme arrays (Fig. 4a). The
purified protein sample may be submitted
to hydrazinolysis to release the sugars, or
the glycans can be released directly from
SDS-PAGE gels, simplifying the purifica-
tion as illustrated below. 

Sugars from protein in SDS gels 
A novel Ôin-gel releaseÕ method has been
developed to obtain N-linked oligosaccha-
rides directly from 1-D gels of glycoproteins
available only in microgram amounts17. The
pools of charged and neutral sugars can be
characterized using the new HPLC technol-
ogy and neutral and sialylated sugars may
also be analysed by MALDI MS. Moreover,
the protein remaining in the gel can be used
for peptide sequencing following further in-
gel digestion with trypsin. 

For example, gelatinase B is an inducible
metalloproteinase involved in the remodel-
ling of the extracellular matrix. Depending
on the producer cell type and the post
translational modifications various molecu-
lar forms of human gelatinase B have been
detected. Purified enzyme preparations of
natural gelatinase B are available only in
microgram amounts. Purification usually
involves substrate affinity chromatography
on gelatinÐsepharose. However, purified
preparations of neutrophil gelatinase B may
contain several molecular variants. These
cannot be separated by conventional means
but can be resolved on SDS gels.

Figure 4b shows a gel of gelatinase B and
alongside it the zymogram that indicates
which bands contain active enzyme. The
92K band was excised and the glycans
released from the gel piece with PNGase F
and analysed by MALDI MS and HPLC.
The data were consistent with the HPLC
analysis of the N-glycans of neutrophil
gelatinase B (Fig. 4a).

Developing future applications
This method can be used where limited
quantities of material and protein purifica-
tion problems have previously precluded a
detailed glycan analysis. Reducing gels allow
the straightforward separation of proteins
into their component subunits. For example,
IgG can be resolved into heavy and light
chains17 and the surface coat proteins of
hepatitis B virus or particle can be separated
into three major glycoprotein components
(S,M and L)25. Also, when gelatinase B from
some cell types is purified on gelatinÐ
Sepharose it is contaminated with its natural
inhibitor (TIMP-1)26. This enzymeÐ inhibitor

complex is stable and SDS-PAGE is used to
resolve the two proteins. N-linked oligo-
saccharides can then be released directly from
the gel with PNGase F.

In principle, the method could also be
applied to 2-D gels. Glycan analysis wil l
complement protein sequencing in the 
Proteome Project in which 2-D gels are used
for comparing patterns of proteins from
cells, tissues or body fluids. Gels of normal
and diseased tissue may be compared using
computer-controlled imaging techniques,
which can identify ÔspotsÕ present in one
sample but not the other. The possibilit y of
sequencing sugars attached to proteins in
such gel ÔspotsÕ suggests that this technology
may lead to an advance in understanding
the role of glycosylation in disease.

State of the art
These developments represent a dramatic
advance in the technology available for oligo-
saccharide analysis. The minimum require-
ment for a laboratory is for an HPLC system
equipped with a normal phase column and a
fluorescence detector, a series of glycan stan-
dards and a set of endo- and exoglycosidase
enzymes. Indeed, many well-founded labora-
tories may already be in a position to charac-
terize in detail the glycans attached to the
glycoproteins they are studying.
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The analyses  referred to in this article were carried out  in the
Glycobiology Institute using an HPLC system consisting of a Douglas

Scientific DG604 degasser, two Waters 510 pumps, a Waters 717
autoinjector, a Waters temperature control module and a Jasco FP-920
fluorescence detector. The system was controlled via a Waters LAC/E
box using Waters Expertease 3.1 software running on a DEC VAX
4000-200 computer. The normal phase, and weak anion exchange
HPLC columns (GlycoSep N and GlycoSep C, respectively) were
obtained from Oxford GlycoSciences (OGS) UK. Fluorescent labelling
with 2-aminobenzamide was carried out using a Signal labelling kit,
glycans were released by hydrazine using the GlycoPrep 1000 (OGS) or
by PNGase F. Mass spectrometry was carried out using a PerSeptive
Biosystems Voyager Elite MALDI TOF mass spectrometer.
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Figure 4a Simultaneous exoglycosidase sequencing of the
neutrophil gelatinase B N-glycan pool using the enzyme arrays
shown in the panels. Some of the major peaks have been
annotated and the arrows indicate the movement of peaks
following digestion with the enzyme arrays. The structures of
the oligosaccharides are determined from the known
incremental values for monosaccharide additions to glycan
cores and the specificit y of the exoglycosidase enzymes in the
arrays. The assignments were consistent with the MALDI  MS
analysis. (ABS: Arthrobacter ureafaciens sialidase, BTG: bovine
testis galactosidase, AMF: Almond meal fucosidase, CLF:
Choronia lampas fucosidase.) b, SDS-PAGE of human
neutrophil gelatinase B. Gel electrophoresis was used as the final
purification step. Track 1 contains molecular weight markers,
track 2 (CB) contains human neutrophil gelatinase B stained with
Coomassie blue, track 3 (GZ) shows the result of gelatinase
zymography26used to identify the band containing the full-
length active enzyme (92K)27. This band was excised from the gel
for glycan profiling using the method described inref.17. 


