ing and sinultaneous anajsis d the 36 majo
glycans attehed to human eythrocyte CD59
has leen caried out in this manne®.

The dycosyation of microgram amounts
of a potein can nav be determined within
2 to 3 dys. Fr example, the lycans
attached to human neutrophil gelatinase B
have keen simultaneously seuenced using
multiple enzyme arays (Fig 4a). The
purified protein sample mg be sibmitted
to hydrazinolysis b release theugjars, o
the glycans can & releasd directly from
SDSPAGE @s, simplifyng the puifica-
tion as ilustrated below.

Sugars from protein in SDS gels

A nove Oin-g releas® nibod has leen
developed to obtain N-linked oligpsacha
rides diectly from 1-D ggls d gycoproteins
availalle aly in microgram amount¥. The
pools d charged and netral sigars can k
characterized using the n& HPLC technol-
ogy and netral and siallated sugars my
also 2 anajsed by MALDI MS. Moreover,
the protein remaining in the @ can e usd
for peptide sguencing bllowing further in-
gel digeston with trypsin.

For example, glatinase B is an ingtible
metalloproteinase ivolved in the emodel-
ling of the etracellular matix. Depending
on the poducer cel type and the pst
translatonal mddifications \arious moleu-
lar forms d human glatinase B hee been
detected. Rurified enzyme peparatons d
natural glatinase B a aailade aly in
microgram amounts. @rification usially
involves sbstate affinity chromatography
on ¢datinbseharose. Hwever, purified
preparations d neutrophil gelatinase B ma
contain seeral molecular \ariants. These
cannot [z sparated by cnventional means
but can ke resoled on SDS ¢s.

Figure 4b shwss a gl of gelatinase B and
alongside it the zynogram that indicags
which bands ontain ative enzyme. The
92K band was xeisael and the tycans
releasd from the @ piece with PNGase F
and anajsel by MALDI MS and HPC.
The data wre onsisent with the HPIC
analsis ¢ the N-glycans & neutrophil
gelatinase B (Figda).

Developing future applications

This mehod can e usd whee limited
quantties ¢ material and potein purifica-
tion problems hae peviously precuded a
detailed dycan anajsis. Rducing @s alow
the staightforward searation of proteins
into thar component subunits. For example,
IgG can b resoled into heay and ligt
chaing” and the arface at potens o
hepatitis B wrus a particle can e sparated
into three majo glycoprotein components
(S,M and LY. Alsq when ¢datinase B fom
same @l types is pufied on gdatnb
Sepharose it is ontaminaked with its natural
inhibitor (TIMP-1)?. This enizymeD inhilitor
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complex is stale and SDSAGE is usé to
resole the tvo proteins. N-linked oligo-
sacharides can thebe easd directly from
the @ with PNGase.F

In principle, the méhod could also e
applied to 2-D @s. Gycan analsis wll
complement protein  sequencing in the
Proteome Roject in which 2-D s ae usd
for comparing paterns d proteins from
cdls, issies o body fluids. Gés d normal
and diseagktisale mg be @mpared using
computer-controlled imagdng techniques,
which can igntify GpotsD pesat in one
sample bt not the othe. The pssiklity of
seuencing sigars attehed to proteins in
such gl GpotsD imygests that thisethnology
may lea to an alvane in undxstanding
the ole d glycosyation in disease.

1
100

State of the art

These dvdopments rpresaet a damaic
advane in the échnology availalde for oligo-
sachanide anasis. he minimum require-
ment for a latoratory is br an HPIC sytem
equipped with a namal phase clumn and a
fluoresence cktector, a sdes d gycan stan
dards and a $eof endo- and eoglycosidase
enzymes. hdeed, mary wall-founded latora
tories mg alealy be in a jpsiton to charac-
terize in cHail the dycans attehed to the
glycoproteins they ae stidying. 0
The authos ae at the Groobiology Insitute,
Department o Biohemistry, University d Oxford,
Saith Rarks Rad, Oford, OX1 3QJ, UK. G.Ois
al® at Ra Insitute br Medical Rgarch,

University d Leuven, Minderbroede'sstaat 10,
B-3000 kuven, Bdgium.

The anaJses eferred to in this aticle were caried out in the
Glycobiology Institute using an HRC system consistng o a Dougas
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Figure 4aSmultaneous exglycosidase sguencing o the
neutrophil gelatinase B N-g/can mol using the ezyme arays
shown in the panés. ®me d the maja peaks hae been
annotated and the arows indicat the maement of peaks
following digeston with the enzyme arays. The stuctures d

] the oligosacharides ae cetermined from the knavn
incremental values br monosacharide addiions to dycan
cores and the sgificity of the exglycosidase rzymes in the
arrays. The assigments were @nsistent with the MALDI MS
analysis. (ABSArthrobacter ureafaciens sialidase, BG: bovine
tesis galaciobsidase, AMF: lnond meal fucosidase, CLF:
Choronia lampas fucosidase.p, SDS-RAGE d human
neutrophil gelatinase B Gé electrophoresis was ugkas the final
purification step. Tradk 1 ®ntains molecular weight markers,
trad 2 (CB) ontains human naitrophil gelatinase B stainé with
Coomassie bue, radk 3 (GZ) shavs the eallt of gelatinase
zymography® use to identify the band ontaining the full-
length acive enzyme (92K¥". This band was eisel from the gl
for glycan piofiling using the mehod descibed inref.17.

Sciatific DG604 @gassg two Waters 510 pumps, a&férs 717
autoinjector, a Waters emperature ontrol module and aaso FR920
fluoresence detector. The sgtem was ontrolled via a Waters LAC/E
box using Vters Expertease 3.1 fiovare unning an a DEC %X
4000-200a@mputer. The namal phase, and @ak anio exchange
HPLC @lumns (GycoSep N and GjcoSep C, espctively) were
obtained from Oxford GlycoSci@ces (G5S) UK. Rioresent labelling
with 2-amindbenzamice was caied out using a §nal lateling kit,
glycans wre Eleasd by hydrazine using the goPrep 1000 (@GS) @
by PNGase. Mass sgctrometry was cared out using a BrSeptive
Biosystems \byager Elite MALDI TOF mass sgtrometer.
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