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ELECTROPHORESIS-BASED_SEQUENCING

Background of the Invention

The simple sugars are among the most important small
organic molecules in the cell. The simplest type of
sugars, the monosaccharides, are compounds having the
general formula (CHZO)n, where n is an integer from three
through seven. All sugars contain hydroxyl groups and
either an aldehyde or a ketone group. Sugar monomers car
be combined via a glycosidic bond by the reaction of a
hrdroxyl group of one sugar with the aldehvde or ketone
group of a second sugar to form disaccharides, oligosacc-
harides and polysaccharides. Because each monosaccharide
has several reactive hydroxyl groups, complex sugars can
exhibit branching rather than a simple linear architec-
ture.

Simple polysaccharides such as glycogen, which
exhibits a repeating structure of glucose monomers, are
used principally as energy stores by the cell. Smaller.
but more complex oligosaccharides function in other
important cellular roles. For example, such oligosacc-

arides can be linked to Proteins or lipids to forr
giycoproteins or glycolipids, respectively,

In recent years, a major focus for researchers irn
the area of carbohydrat; chemistry has been the glyco-
proteins. The oligosaccharide side chains of glyco-
Proteins have been implicated in such cellulasr processes
as protection of peptide chains against proteolytic
attack, facilitation of the secretion of certain proteins

or their mobilization to the cell surface, induction and
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maintainance of the protéin conformation in a biologic-
ally-active form, clearance of glycoproteins from plasma,
direction of the immune response by acting as immune
decoys, and function as antigenic determinants in diff-

5 erentiation and development.

Information about glycoprotein sugar side-chain
composition, and more importantly their sequence is
required to fully understand and establish structure-
function relationships. However, glycoproteins are

10 usually available in only limited quantities (typicallw
1-100 micrograms glycoprotein, containing 1-10% oligo-
saccharide) making it difficult to determine the sequence
and anomeric configuration of glycosidic linkage.
Unfortunately, current techniques employed to determine

15 oligosaccharide sequence require milligram quantities of
the oligosaccharide species. A need exists for a simpli-
fied oligosaccharide sequencing method which is useful =c
determine the sequence when only small (e.g., micrograr
quantities) quantities of common oligosaccharides ars

20 available.

Summarv _of the Invention

This invention pertains to methods for the isolazicw
and purificétion of a neutral or weakly acidic oligo-
saccharide species of interest from a mixture of oligo-

25 saccharide components. A labeling compound and a charged
group are coupled to the reducing end of the oligo-
saccharide components in the mixture to produce a deri-
vatized species of interest. The oligosaccharide com-
ponents are resolved in a electrophoretic medivm and the

30 derivatized species of interest is then recovered frorx
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the electrophoretic medium, for example, by electro-
phoretic transfer to a charged solid support.

In another aspect, the invention pertains to methods
for determining the monosaccharide sequence of a neutral
or weakly acidie ocligosaccharide species of interest
having size X. As used herein, the variable X represents
the number of monosaccharide units in the oligosaccharide
species of interest. A labeling compound and & charged
group are coupled to the reducing end of the oligo-
saccharide species of interest to produce a derivatizec
species of interest.

Individual samples of the derivatized species c*
interest are treated with exoglycosidases. FEacl ind:-
vidual sample is treated with a single different exo-
glycosidase. The products of this exoglyvcosidase trear-
ment are resolved in an electrophoretic mediurm. The
exoglvcosidase which acts on the derivatized species of
interest is identified. 1Irn the case of a typical lines

(unbranched) oligosaccharide, only one exoglycosid

m
mn
m

will act to cleave a single monosaccharide uris from th.
non-reducing end of the derivatized species of interec-
to produce a derivatized species of interest aving size
X-1. The cleavage data is correlated with known EXOoglvee-
sidase specificities to determine the identity of the
monosaccharide cleaved from the non-reducing terminus.
The derivatized species of interest having size x-1
is isolated and the complete sequence of monosaccharides
in the oligosaccharide of interest is determinded by
sequentially repeating the exoglycosidase treatment and
electrophoretic analysis steps specified above to deter-

mine the monosaccharide unit Present at the non-reducing
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terminus of progressively shorter oligosaccharide units,

each progressively shorter oligosaccharide unit differing

from its parent by a single monosaccharide unit.

The methods described herein facilitate the sepa-

ration and monosaccharide sequence determination of

microgram quantities of an oligosaccharide of interest,

whereas the prior art methods required milligram

quantities. Furthermore, the separation methods des-

cribed herein enable the separation of complex oligo- -

saccharide mixtures heretofore unresolveable. 1Ir
addition, the methods described herein do not require
special detection systems, but rather employ basic

apparatus used routinely in biochemical research.

Figure 1 is a diagram representing an electré-
phoretic display of the reaction products following
exoglycosidase treatment of a labeled nonasaccharide
species.

Figure 2 is a diagram representing a methoc¢ for
labeling an oligosaccharide or polysaccharide with a

charged fluorescent tag.

Figure 3 is a diagram representing a strong znion

exchange HPLC analysis of sugar conjugates.

Figure 4 is a diagram representing sequence analysis

electrophoresis.

Figure 5 is a diagram showing a scheme for

sequencing a typical bianternnary oligosaccharide species

that has been labeled and charged.

*
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This invention is based on the discovery that

neutral or weakly acidic oligosaccharide species can be
derivatized to facilitate electrophoretic separation. In
one aspect, the methods of this invention pertain to the
isolation of an oligosaccharide of interest from a
mixture of oligosaccharides. 1In another aspect, the
methods of this invention pertain to the determination of
the sequence of monosaccharides in an oligosaccharide of
interest.

In another aspect. this invention pertains to
methods for determining the monosaccharide sequence of &
reutral or weakly acidic oligosaccharide species of
interest present as a component of a glycoconjugate. The
oligosaccharide components are released from the glvco-
conjugate by chemical or enzymatic treatment. & labeling
compound and a charged group are coupled to the reducing
end of the oligosaccharide tomponent to produce a deri-
vatizecd species of interest. The derivatized species ¢f
interest is isolated from the other oligosaccharide
components in an electrophoretic medium and its sequence
is determined as described above.

The term oligosaccharide, as used herein. is ¢

X3

iriecC

m

@5 a molecule composed of more than a single saccharide
unit where these units are connected through Elycosidic
linkages. As used within this application, the term
oligosaccharide would also include high molecular weight
oligomers known as polysaccharides. The only requiremen=«
is that the oligosaccharide (or polysaccharide) mus-
either have a reducing end or it must be Possible to

Eénerate & reducing end by chemical or enzymatic means
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‘One of the problems associated with the sequencing
of oligosaccharides is that typically oligosaccharide
preparations contain a mixture of oligosaccharide species
of different sizes (polydispersity). In addition, chains
having the same monomer number may have different primary
structure of sequences (heterogeneity). The fraction-
ation of such mixed populations of oligosaccharide
species by gel electrophoresis has been described for
acidic oligosaccharide species (i.e. oligosaccharides
having a pKa of about 2.5 or less). However, most
oligosaccharides are heutral or weakly acidic and do no=:
carry a charge sufficient to facilitate eiectrophore:ic
separation.

The methods of this invention, in one aspect,
facilitate the isolation of a neutral or weakly acidic
oligosaccharide species (i.e. oligosaccharides having-a
pKa of about 2.5 or greater) by electrophoresis. This is
accomplished by first coupling a charged group and &
labeling compound to the reducing ends of ﬁhe olige-
saccharide species in the mixture. This step ac-
complishes two objectives. First, the labeling group
attached to the reducing end of the oligosaccharide
provides a marker at a specific location in the molecule
which can be detected, for example, in an electrophorecic
medium. Secondly, the electrical charge of the labeling
compound is responsible for the migration of the oligo-
saccharide species when placed under the influence of an
electrical field.

The reducing end can be labeled with any labeling
compound including, for example, fluorescent, radioactive

or UV-active compounds. The charged group can be added

%
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in a single step reaction with the labeling compound as
described below, or the labeling compound and the charged
group can be added to the reducing end in separate steps.
Preferred charged groups include sulfate, phosphate or

5 quatenary ammonium groups.

In a preferred embodiment, the reducing ends of the
oligosaccharide species are derivatized by reaction with
fluorescent, negatively charged molecules. For example,
two such compounds are 7-amino-l,3-naphtha1enedisulfonic

10 acid, monopotassium salt and l-aminopyrene-3,6,8.-:risui-
fonic acid, trisodium salt. These two compounds derive
their negative charge from the sulfate groups. however,
other charged groups such as phosphate, quatenary ammor.-
ium, etc., can be used. The details of such a derivati=-

15ation reaction are described in the Exemplificatior
below.

The oligosaccharide mixture bearing the charged
labeling group is then resolved into its constituens
species by electrophoresis. In a preferred embocimer-.

20the electrophoretic medium is a polyacrylamide gel. The

pelyacrylamide gel can be of uniform pPore size. or

mn

gradient gel can be used. 4 particularly useful graciernt
range is from 12% cross-linking at the top, to 22%
cross-linking at the bottom, and includes & conventional
25stacking gel.
An alternative method relies on capillary
electrophoresis to resolve an oligosaccharide mixture

bearing the charged labeling group into its constituent

species. Electrophoresis is done in a narrow bore
30capillary tube. This tube can be empty as in capillars
zone electrophoresis (CZE). 1In CZE the interactior of

the charged oligosaccharide with the internal wall ¢7 =re
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capillary under the influence of an electric field
results in a separation based primarily on molecular
charge. The capillary can be filled, either with a
poiyacrylamide gel (capillary gel electrophoresis) or
with a viscose solution of polyethylene glycolror dextran
(capillary dynamic sieving electrophoresis) and a
separation based primarily on oligosaccharide size
results.

Following electrophoresis, the resolved oligo-
saccharide species are recovered from the electrophoretic
medium. A preferred method for recovering the resolvec
oligosaccharide species from a gel is by electrotransfer
to a charged solid support. Particularly preferred is
the semi-dry electrotransfer described in detail in the
Exemplification. The electrotransfer of charged
molecules, other than oligosaccharides, from a gel to &
6harged solid support is well known in the art. Examples
of appropriate charged solid support materials include
nylon membranes, nitrocellulose, etc. The support boundc
oligosaccharides are released from the support by incu-
bation in an appropriate buffer, desalted, for example,
by dialysis and concentrated, for example, by lvophili-
zation. One skilled in the art would know or couléd
devise numerous methods for recovering the resolved
oligosaccharide species from the preparative acrvlamide
gel. 7

In the case of capillary electrophoresis, resolved
oligosaccharide species can be recovered bv simply
repetitively ruﬁning them out of the capillary tube iﬁto
a fraction collector.

The recovered oligosaccharide, having a chargec

label can be used in several ways. First, the label can

W
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be removed by chemical or enzymatic methods. For
example, the labeled bianternnary oligosaccharide, shown
in Figure 5, could be treated with hydrazine or with
endoglycosidase F(EC3.2.1.96, Genzyme). This affords a
pure oligosaccharide for various applications. Second,
the recovered labeled oligosaccharide can be used as a
substrate for exoglycosidases and would be useful in
assessing purity of exoglycosidase preparations.
Finally, the labeled oligosaccharide can be sequenced.

In another aspect of the present invention, a methced
is described for determining the monosaccharide seguence
of a neutral or weakly acidic oligosaccharide species of
interest having a size X. The variable term X is used
herein to denote the number of monosaccharide units in
the oligosaccharide of interest. The oligosaccharide
species of interest, is derivatized as described abowve.
to couple a labeling compound and a charged group to the
reducing end of the oligosaccharide.

To determine the monosaccharide sequence, samples or
aliquots of the derivatized oligosaccharide species of
interest are treated with exoglycosidases, each sample or
aliquot being treated with a single exoglvcosidase.
Enzvmatic hydrolysis can be carried out on verwv sma.l
quantities of the recovered oligosaccharide species.
Exoglycosidases are hydrolases which cleave mono-
saccharide units from the non-reducing terminus of oligo-
saccharides. Since exoglycosidases cleave onlv mono-
saccharide residues that are located at the non-reducing
terminus, they are useful tools for sequencing the
oligosaccharide chain. In addition, informaticn about
the anomeric configuration of glycosidic linkages car be
obtained by using the known specificity of glycosidases.
A partial list of exoglycosidases known to be useful ars

Presented in Table 1.
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o-D-galactosidase
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Neuraminidase
(EC 3.2.1.18)
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TABLE 1
EXOGLYCOSIDASES

Source Specificity References
Charonia very broad, (1, :
lampas all fucosyl linkages

Coffee bean very broad aglycone K

Jack bean Man-a-(1-2)-Man., Man-a .

Yeast

Clostridium

E. coli K 12

'ﬁ-D-glucuronides

(1-6)-Man with 100%, =
Man-a-(1-3)-Man wiszh 7
reaction rate

a-(1-2), a-(1-3), and
a-(l-4) glycopyranosides,
whereas «-(1-26) bonds
are only attacked slowlvy

wt

NeuAc-a-(2-3)-Gal
NeuAc-a-(2-6)-Gal. and
NeuAc-a-(2-6)-GalcXAc

I

(EC 3.2.1.31)

B-glucosidase Amvodalae B-glucosides of phenols. £

(EC 2.2.1.21) dulces salicyl alcohol. varilin

2-cresol and 4-cresol

(13 Iijima, Y. and F. Egami, J. Biochem. (Tokyo) 7C::5 (15°1.. ~

(2) Nishigaki, M. et al., J._Biochem. (Tokyo) 75:5C: (1974,.

(3) Courtois, J.E. and F. Pertek, Methods Enczymol. 8:565 (196¢

(4) Yamashita, K. et al., J. Biol. Chem. 255:5635 (1975).

(5) Halvorson, H., Methods Enzymol. 8:559 (1966).

(6) Cassidy, J.T. et al., J. Biol. Chem. 240:3501 (1965) .

(7) Bergmeyer, H.U. et al., Methods of Enzymatic Analysis.
Bergmeyer, H.U., ed., VCH, New York, pp. 246-256.

(8) Conchie, J. et al., Biochem. J. 103:609 (1967).
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TABLE 1 (Continued)
EXOGLYCOSIDASES
Enzyme Source Specificity References
B-galactosidase Bovine testes Gal-B-(1+3)-GleNAc (9, it
(EC 3.2.1.23) Gal-B-(1-4)-GleNAc
Gal-B-(1l-4)-GalNAc
Streptococcus Gal-B-(1-4)-GlcNAc
5 Pneumoniae No cleavage of
Gal-B-(1+3)-GlcNAc or
Gal-B-(1-6)-GlcNAc
B-N-acetyl-D- Beef kidnev N-acetyl-f-D-glu .
glucosaminidase cosaminides. N-acetvl-
(EC 3.2.1.30) B-D-galactosamindes
B-N-acetyl- Aspergillus GalNAc-ser link 2l
galactosaminidase niger
(EC 3.2.1.4)
8 UeRids Y et AT T Biaghen. (Tokys) BETISTI(IENE T
(10) Paulson, J.C. et al., J._Biol. Chem. 253:5617 (1978 .
(11) Clasgow, L.R. er al., J. _Biol. Chem. 252:8615 (1577 .
(12) McDonald, M.J. and 0.P. Bahl, Methods Enzymol. 28:734 (1e7;
The products of the individual exoglvcosidase
10 reaction mixtures are then separated by electrophoresic.
As discussed above, in connection with the purificactior
of individual species, preferred embodiments include
polvacrvlamide gradient gel, electrophoresis and capil-
lary electrophoresis. Since the label is located at the
15 reducing end of the oligosaccharide chain, the digestion
Products are a monosaccharide and a smaller labeleg
oligosaccharide having size X-1. Because each exoglyco-
sidase specifically recognizes and cleaves only one type
of monosaccharide from the non-reducing end of the
20 oligosaccharide chain, the identity of the terminal
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monosaccharide is revealed by determining which of the
tested enzymes resulted ih_a cleavage of the oligosac-
charide (as evidenced by the altered mobility of the
labeled fragment in the electrophoretic medium).

More specifically, for example, Figure 1 represents
the electrophorétic separation of the reaction products
from a battery digest of an nonasaccharide (as shown in
step 2, Figure 5) containing the monosaccharides
galactose at its two non-reducing ends. Lane 5 repre-
sents the reaction mixture containing B-galactosidase
which specifically releases f-D-galactose. The released
monomers would not be detectable in the gel because thev
are unlabeled. If it becomes desirable tordetect
released monosaccharide,'labeling with the same tag (or a
different tag) containing a charged group, can be per-
formed after its enzymatic release. The labeled oligo-
saccharide represented in lanes 1-4 is not cleaved by the
other exoglycosidases and, therefore, its electrophoretic
mobility is unchanged. Lane 6 represents a sémple of the
labeled oligosaccharide which was not treated with an
exoglycosidase and which was run on the gel as a mobili:cw
standard.

The labeled oligosaccharide contained within the
lane of the gel corresponding to the reaction mixture
containing the enzyme which recognized and cleaved the
terminal monosaccharides (lane 5 in this case) is then
recovered from the gel, for example, using semi-dry
electrotransfer as described herein. The battery
digestion procedure and electrophoretic display is then
repeated to determine each of monosaccharides in the
chain thereby revealing the sequence of the oligo-

saccharide species.

v
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The structure of many oligosaccharide species can be
deduced with greater certainty by using enzymes having
greater specificity. For example, chains with 1-+3 linked
galactose at their non-reducing end can be distinguished
from ones with a 1-6 linked galactose by using galacto-
sidase (EC3.2.1.23, bovine testes) in place of galacto-
sidase (EC3.2.1.23, E. coli). Alternatively, endo-
glycosidases, such as B-endogalactosidase (E. freundii,
EC3.2.1.103) can be used in sequencing. Another com-
plicating structural feature is one in which a labeled
ocligosaccharide contains two (or more) identical sugars
at its non-reducing end and where these sugars are linkec
in the same configuration. As soon as the exoglycosidacse
removes the non-reducing end sugar, it exposes a new,
identical non-reducing end on which it can act. In suckh
cases, sequencing is accomplished by incompletelx
treating the labeled oligosaccharide with exoglvcosidase,
Analysis then shows multiple bands corresponding to
unreacted starting material, oligosaccharde of size ¥-1.
and oligosaccharide of X-2. The sequencing ¢f the

labeled oligosaccharide, terminating in two 8 (i1=a
linked galactose residues. illustrates this approach .

Sequencing branched oligosaccharides follow the same
general scheme as used for linear oligosaccharides. 1In s
branched oligosaccharide (in which each branch terminates
with a different sugar) when treated with the set of
exoglycosidases described in the previous example (Figure
1), will show two lanes to have a shifted band. Both
shifted bands will then be recovered, by electrotransfex.
tor example, and sequenced individually. This will

result in the sequence of each branch.
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The discussion above relating to sequencing has been
limited to the analysis of a sample containing a single
oligosaccharide species. . The method of this invention is
also useful for determining the monosaccharide sequence
bf an oligbsaccharidé sequence of interest contained
within a mixture of oligosaccharides. This can be
accomplished by essentially by combining the isolation
and sequencing methods described above. That is, the
oligosaccharide species present in the mixture are
derivatized by the addition of a labéling compound and a
charged group at the reducing terminus. These deri-
vatized species are next separated in an electrophoretic
medium. The derivatized oligosaccharide of interest is
recovered from the medium and'subjected to exoglycosidase
treatment as .described above to determine the monomer
sequence.

The methods of this invention are also use¢ful for
the determination of the sequence of an oligosaccharide
species present as a component of a glycoconjugate. Two
very important classes of glycoconjugate are the glvco-
lipids and gl?coproteins. The core element of & givco-
protein is a protein which has been modified by cellular
enzymes by the covalent addition of one or more oligo-
saccharide moieties to the side chains of particular
amino acid residues by a process known as glycosylation.
The most common oligosacchariderlinkage is to the side
chain of the amino acid asparagine; such linkages are
referred to as N-linked oligosacchafides. Oligosac-
charides are also known to be linked to the OH group on

the side chain of serine, threonine, or hydroxvlysine




WO 92/02816

10

15

20

25

30

PCT/US91/05215

-15-

residues; these are referred to as O-linked oligo-
saccharides.

To determine the sequence of an oligosaccharide
species which is a component of a glycoprotein, the
oligosaccharide species must first be released from the
core element of the glycoprotein. Sore glycoproteins
contain multiple oligosaccharide components. Glyco-
proteins can be purified using techniques well known to
those skilled in the art. 1In order to release the
oligosaccharide species from the Protein core. the
glycoprotein is treated with a chemical or enzvme capable
of breaking the glvcosidic bond which links the oligo-
saccharide species to the protein core.

Hydrazine treatment can be used, for example, to
release oligosaccharides from glvcoproteins. Hydrazine
cleaves the N-glycosidic linkages of N-glycosylpeptides
and N-glycosylproteins and liberates the N-deacetvlatecd
glvcans as their hydrazones.

Treatment with (1:1) mixtures of trifluoroacetic
anhydride and trifluroacetic acid at 100°C for 4¢ h also
results in cleavage of the glycosylamine protein-carbo-
hydrate linkage. Trifluorocacetolysis cleaves peptice
bonds by transamidation and replaces the KN-acetvl sub-
stituents of amino sugars by N-trifluoroacetyl groups.

O-glycosidic linkages between carbohydrate chain and
the beta-hydroxyamino acids serine and threonine are
easily cleaved using dilute alkali solution 70.05-0.1x
NaOH or KOH) under mild conditions (4-45° C for 0.5-6 4d;
by a beta-elimination mechanism.

A preferred method for removing oligosaccharide

species from a glyconjugate is by treatment with an
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endoglycosidase. The endoglycosidase specifically
cleaves the glycosidic bond which joins the oligosacec-
haride to the core element. A preferred endoglycosidase
is the enzyme glycopeptidase F(EC3.2.2.18) N-glycanase™,
(Genzyme) which removes N-linked oligosaccharides or
endo-x-N-acetylgalactosaminidase (O-glycanase™, Genzyme) .

Similar methods can be used to remove
oligosaccharides from glycolipids. Chemical methods
include treatment of glycolipid with trifluoroacetic
acid/trifluoro acetic anhydride, osmium
tetroxide/periodic acid, or ozone/sodium hydroxide or
sodium carbonate. Enzymatic methods include the use of
ceramide glycanase (endoglycoceramidase, Boerhinger
Mannheim) .

The invention is illustrated further by the

following Exemplification.

EXAMPLES

Materials and Methods

Chemicals

N-acetyl-D-glucosamine (2-acetamido-2-deoxy-D-
glucose), N-acetyl-D-galactosamine (2-actamido-2-deoxy-
D-galactose), D (+)-mannose, D (+)-glucose, D (+)-galac-
tose, L (+)-arabinose, N-acetyl-lactosamine (2-acet-
amido-2-deoxy-h-O-ﬁ-D-galactopyranosyl-D-gT‘copyranose;
ﬁ-D-galactopyranosyl—[1*4]-N-acetyl-D-glucosamine),
lacto-N-biose(Zéacetamido-Z—deoxy-3-O-ﬁ-D-galactopyranos-

¥l-B-D-glucopyranose; B-D-galactopyranose-{1*3]-N-acety2-
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D-glucosamine), maltose (A-O-a-D-glucopyranosyl-D-
glucose), 2-acetamido-2-deoxy-4-0-([A-O-ﬁ-D-galacto-
pyranosyl]-ﬂ-D-galactopyranosyl-D~g1ucopyranose; p-D-
galactopyranose-[144]-ﬁ-D-galactopyranose-[1*4]-N-
acetyl-D-glucosamine, maltoheptose, maltooligosaccharide
mixtures ((-ﬂ-D~glucopyranose-[1~A])4_10), sodium cyano-
borohydride, B-galactosidase (from jack beans,
Escherichia coli and bovine testes) were obtained frorn
Sigma Chemical Co., St. Louis, MO, USA. Monopotassiun ~-
amino-l,3-naphtha1enedisu1fonic acid (Amido-G-acicd: AGs
and ZHZO (99.996%) were purchased from Aldrich,
Milwaukee, WI, USA. Trisodium l-aminopyrene-3.6.5-
trisulfonic acid (APTS) was purchased from Lamda Probes &
Diagnostics, Grottenhof, Austria. Spectrapore dialwvsis
tubing (Mr cut-off 100 and 500) was purchased frox
Spectrum Medical, Los Angeles, CA, USa. Bio-P2-gel was
from Biorad. Richmond, CA, Usa. Acrylamide (UItrapure .
Tris, alcian blue dye, bromophenol blue dve and ammoniu-
Persulfate were obtained from Boehringer Mannheir EBio-
chemicals, Indianapolis, IN, USa. Glycine hydrochloride;
disodium EDTA, boric acid, sucrose, N.N-methylene bisg-
acrylamide and N,N,N,N-tetramethylenediamine (TEMED . wevs
from Fisher Chemical Company., Fair Lawn, KJ, Usa.
Biotrace RP nylon and nitrocellulose membranes were
obtained from'Gelman Science Inc., Ann Arbor, MI, US:. .
3mm paper, from Whatman, Hillsboro, OR, USA. Bio-P2 gel
was purchased fronm Biorad, Richmond, ca, Usa. Sodiunm
2,2-dimethy1-2-silapentane-S-sulfonate (DSS) was obtained
from Merck Sharp & Dohme, Kirkland, Quebec, Canada. 4l

other chemicals were Teagent-grade.
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Equipment

Strong-anion-exchange high performance liquid
chroﬁatography (SAX-HPLC) was performed using two Shim-
adzu Bio Liquid Chromatograph LC-7A pumps (Kyoto, Japan)
with gradient control by digital to analog interface
using an Apple Ile microcomputér running Chromatochart
software from Interactive Microware Inc., State College,

PA, USA. The system was equipped with a fixed-volume

loop Rheodyne (Cotai, CA) %7125 injector and 2143 var-

iable wavelength detector from Pharmacia LKB Bioteck-
nology, Inc., Piscataway, NJ, USA. The data was pro-
cessed uéing a Shimadzu Chromatopac C-R3A integracing
recorder. SAX-HPLC was performed on a Spherisorb (5 prm
particle size) column of dimensions 4.6 mm % 25 cr. withk
a 4.6 mm x 5 cm guard column from Phase Separations.

Norwalk, CT, USA. A 32 cm x 16 cm vertical slab gel unisc

. (SE 620), 250 ml SG500 linear gradient maker apparacus

and the TE70 semi-dry electrophoretic transfer uni: were
obtained from Hoefer Scientific Instruments, Sar Frar-
cisco, CA, USA. An ele;trophoresis power unit model
1420B and trans-blot electro-transfer system were pur-
chased from Biorad, Richmond, ca, USA. Sugar-filorescens
conjugates were visualized in the ultraviolet light
chamber from Ultra-violet Products, Inc., San Gabriel.
CA, USA. Freeze-drying was done on a Virtis Freezemobile

6 freeze-drier.
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Methods

Preparation of Fluorescence Labeled Standard Sugars by

Reductive Amination Method,

AGA was used after recrystallization from deionized
water (The Merck Index, 1lth Edition, Merck & Co., Inc.,
Rahway, NJ, p. 66, (1989)J. A standard sugar (3.5 pumol)
was dissolved in 720 bl AGA or APTS solution (50 wte, pH
6.2). After heating at 80°C for 1 h, 36 ul of reducing
agent was added. The reducing agent was Prepared b
mixing 10 mg of sodium cyanoborohydride. 20 41 aca
solution and 30 sl of water. The mixture was heatec anc
agitated at 100 rpm for 24 h at 65°C in an incubator
shaker. After the reaction was complete, the Products
were dialyzed overnight at 40°C against double distillec
deionized water in either 100 (for monosaccharides and
disaccharides) and 500 (for trisaccharides) Mr cut-off
controlled pore dialysis bags. The samples were freeze-
dried and reconstituted in 100 ul of distilled water

before loading on the Preparative gel.

Gradient polyacrvlamide resolving gel was Prepared
from two different resolving gel concentrations. The
back chamber contained 11.5% (w/v) N,N-bisacrylamide,
0.5% (wW/v) N,N-bisacrylamide and 1% (W/V) sucrose in

resolving buffer (lower buffer chamber) made from 0.1

<<

boric acid, 0.1 M Tris and 0.01 M disodium EDTa, pH 8.

(@)

(Rice, K.G. er al., Biochem. J. 244:515.520 (1987)). The

mixing chamber contained 20% (W/V) of N,N-acrylamide, 2%
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(W/V) N,N-bisacrylamide.and 15% (W/V) of sucrose, pH 8.3
in resolving buffer. Gels were poured vertically between
two glass plates (16 cm x 32 cm) séparated by 1.5 mm
spacers. Gradients were poured by adding 35 ml of 12%
solution (degassed) to the reservoir (back chamber) and
35 ml of 22% solution (degassed) to the mixing chamber. 7
Ammonium persulfate, 400 sl of 10s% solution; was added to
the reservoir and 200 #l to the mixing chamber followed
by addition of 30 gl of TEMED to both the reservoir and
mixing chamber. The solutions were mixed thoroughly,

The acrylamide solution in the mixing chamber was con-
tinuously mixed using a magnetic stirrer. The wvg alve
between the reservoir and the mixing chamber was opened.
Polyacrylamide solution from the mixing chamber passed b
gravity into two channels leading to the top of the glass
plates forming a linear gradient from bottom to top. The
unpolymerized solution was overlaid with water. Poly-
merization occurred from top to bottom. After polvymer-
ization had completed, the water layer was removed. Ter
ml of staéking gel made from 4.75% (W/V) N . N-acrviamide
and 0.25% (W/V) N,N-bisacrylamide in resolving buffer bu=
adjusted to pH 6.3 with hydrochloric acid was mixed.
Ammonium persulfate, 135 ul of 10%, and 10 ul of TEMED
was added to the top of the resolving gel. A desired
comb (well former) was inserted. After polymerlzgtlon
the comb was removed and the walls were washed with water
and upper buffer chamber was filled with a buffer made
from 1.25 M glycine and 0.2 M Tris pH 8.3. Samples
combined with an equal volume of 50% sucrc.e solution

containing trace quantities of Phenol red and bromopheno:
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blue were loaded carefully to the botton corner of each
well, Electrophoresis was performed for 18 hours at 400
volts with cooling using circulating tap water. The gel
was removed from the glass plate and, if necessary,
stained with alcian blue 0.5% (W/V) in 2% V/V aqueous
acetic acid for 30 minutes. Destaining was carried out

using several 200 ml volumes of distilled water.

The resolving gel was Visualized using a ultraviec: .-
light and the desired fluorescent band was locateqd. The
band was removed from the gel by carefully cutting the
gel. This slice was then soaked in transfer buffer
consisting of Tris base (5.82 gy, glycine hvdrochloride
(4.35 g) and methanol (200 ml) made up in 1 1 with double
distilled deionized water. Several layers of blotting
paper and positively charged transfer nylon membranes
Were cut to the same size as the gel and soaked in
transfer buffer. Two Pieces of transfer buffer-saturaces
blotting Papers (3 mm) were Placed on the top of the
Mylar Mask, centering them over the opering. Multipie
layers of saturated nylon membranes (depending orn the
quantity of sample on the gel) were Placed on the top of
the blotting Papers. The soaked gel was placed directlw
°n the nylon membranes followed by 3 layers of blotting
Papers, thus constructing a transfer sandwich. The cover
of the semi-dry transfer unit was placed over the trans-
fer sandwich and electro-transfer was performed at 7-10 v
for 1 hour. Completion of the transfer process was

ensured by examining the gel under unltraviolet light
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and making sure that no material was left behind. The
nylon membranes were removed and the sample was recovered

as described below.

5 Conjugates.
‘Bands on the nylon membrane were located and visual-
ized using ﬁltraviolet light at 366 nm. Nylon membranes
were cut into small pieces and immersed in test tubes

containing 3 ml of 2.0 M sodium chloride and placed on =&

10 shaker for several hours at room temperature. The salz
solution containing recovered materials were dialvzed
against double distilled deionized water. In the case of

the trisaccharide derivative, desalting was performed on
a 2.5 cm x 75 cm Bio-P2 gel low pressure column. The
15 salt-free sample solution was concentrated by freeze

drying.

Spectroscopic Methods.

The ultraviolet spectra of the AGA and purifiec

sugar-AGA conjugates were obtained with & Shimadzu UV-1¢.

20 spectrophotometer (Kyoto, Japan). The samples were
prepared in double distilled deionized water by serial
dilution. All spectroscopic measurements were performed
in 1.0 ml quartz cuvette at room temperature. Fluore-
scence characteristics of AGA and purified sugar-AGA

25 derivatives that include excitation and emission spectra
were recorded in a standard 3.0 ml quartz cuvette at roor
temperature by usihg Shimadzu RF-540 spectrofluorophoto-

meter interfaced with a2 Shimadzu Data Recorder DR-3
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(Kyoto, Japan). The excitation and emission slitsg were
10 nm. The samples were prepared by serial dilution in
double distilled deionized water. Ope and two-
dimensional NMR Spectroscopy was performed on a Bruker
WM-360 or MSL-300 Spectrometer operating under ASPECT
2000 or 3000 control. Samples were Prepared in 2HZO
(>99.996%) containing DSS as the internal standard at
room temperature. Two-dimensional COSY-45 experiment was
run using standard Bruker software. Mass Spectrometry
was performed on a Vg ZAB-HF spectrometer in the facst
atom bombardment (FAB) ionization mode. Negative-icn Fair
Spectra were obtained using triethanolamine 4s the matriu

(Mallis, L. M. et al., Anal. Chem. 61:1453-1458 (198&:

SAX-HPLC was performed to monitor the derivatizasiosr
reaction and to determine the purity of sugar-fluorescen-
conjugates obtained using preparative gradient ge!l
electrophoresis. The column was eluted with 5 linear
gradient [concentration (y, in M) at any time (X, ip g, -
0.0002 x = 0.2) of sodiunm chloride at pH 2.3 anc & flow
rate of 1.5 ml/min (Linhard:. R.J. et a&al., §iggbgg;_£;
254:781-787 (1988)). The elution profile was monitored
by absorbance at 247 nm at 0,02 absorbance units full

scale (AUFS) .

Approximately S ug of ﬁ-D-galactopyranose-{1*&}-5-
D-galactopyranose-[1*4}-N-acetyl-D-glucosamine-AGA
derivative was treated overnight with 0.1 unit of jack

bean B-galactosidase at 25°C in a 100 Bl of C.2 M cicraee
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buffer, pH 3.5. The same amount of B-D-galactopyranose-
[1*4]-ﬂ-D-galactopyranose-[1*4]-N-acetyl-D-glucosamine-
AGA derivative was also treated overnight with 100 units

of Escherichia coli B-galactosidase at 37°C. in a 100 pl

of 0.1 M phosphate buffer, pH 7.3. Both enzymatic
reactions were performed with agitation in an incubator

shaker at 100 rpm.

Results

The moiar ratio of sugar, AGA and sodium cvano-
borohydride was optimized by using N-acetylglucosamine
and N-acetylactosamine as reference sugars. The reactior
was monitored by rdnning each sample on the gradient PAGE
and visualizing the products in the ultraviolet'iight
chamber at 366 nm. To drive the reaction to completion,
a large excess of AGA and longer reaction times were
applied to the larger oligosaccharides. Six
monosaccharides (N-acetyl-D-glucosamine, N;acetyl-D-
galactosamine, D (+)-mannose, D (+)-glucose, D (+)-
galactose, and L (+)-arabinose), three disaccharidés
(N-acetylactosamine, lacto-N-biose, and maltose. one
trisaccharide (2-acetamido-2-deoxy-4-0-({4-0-5-D-
galactopyranosyl]-ﬂ-D-galactopyranosyl)-D-glucopyranose:
B-D—galactopyranose-[1*4]-[1~4]-N-acetyl-D-glucosamine).
maltoheptose, and maltooligosaccharide mixtures were
successfully labeled with the AGA reagents.

Gradient polyacrylamide gel electrophoresis has been
used extensively in the present work due *. its effec-
tiveness and simplicity in resolving, separating and
identifying the desired products. Tte PAGE system acts
as & purifying tool for the crude reaction mixture as

well as a visualizing svstem for the resolved filuorescent
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steps including extraction, high pressure liquid chro-
matography and thin layer chromatography to obtain the

5 final products. The method described here replaces these
time consuming, labor intensive procedures with a single
electrophoresis step. Crude products are loaded directly
on gradient gel and fractionated by electrophoresis. The
sugar-fluorescent conjugates appear as well resolved

10 bands under ultraviolet light. The desired product can
be isolated by electro-transfer from the gel onto =
positively charged nylon membrane. Analysis by SAX-HPLC
shows the difference in purity between the crude and the
isolated products. Electrophoresis is usually carried

15 out for 18 hours and the gel can be visualized instantiv.
without any further developmen:, under ultra iole-: lighe.
Electro-transfer using the semi-dry procedure is a
15-minute technique capable of qQuantitativelyv re vering
purified sugar-fluorescent conjugate. Preparative

20 gradient PAGE on 1.5 mm gels can be used to fracticnate

100 mg of sample while 3 mnm thick gels permit the lc.

0
b

-
i

1y

of up to 1 g of sugar-fluorescent conjugate. Ana.viica.
Eradient PAGE is also valuable for analyzing nanograr
quantities of sugar-fluorescent conjugate.

25 The structures of sugar-AGA conjugates were estab-
lished using spectroscopic and enzymatic methods,
Ultraviolet absorption spectra of the AGA and the sugar-
AGA conjugates were compared. Ultraviolet spectrum of
AGA exhibits maximum at 247 nm (e = 0,31 x 102M'1cm-1).

30 The trisaccharide-AGA conjugate, the disaccharide-4Ga
conjugate (N-acetyllactosamine-AGA) and the

monosaccharide-AGA conjugate (Y—acetylglucosamiLe-AGA,
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all shows a 256 nm maxima.

The fluorescence spectra of sugar-AGA conjugates
were also obtained. AGA itself shows the emission maxima
at 447 nm and a excitation maxima at 343 nm. Sugar-AGA
conjugates (mono-, di-, and trisaccharides), show an
emissionrmaxima is at 452 nm and an excitation maxima at
365 nm. Excitation and emission spectra of all of the
sugar-AGA conjugates are very similar. Sugar-AGA conju-
gates can be detected using a fluorimeter a:t femtomolar
concentrations. But, in the ultraviolet light chamber a:
366 nm picomole amounts of sugar-AGA conjugate are easilw
detected by the human evye.

Purity of the sugar-AGA conjugates obtained using
preparative gradient PAGE was evaluated bv SAX-HPLC. AG:
and sugar-AGA conjugates could be separated by SAX-HPLC.
AGA;N-acetylglucosamine, AGA-N-acetyllactosamine. énd
B-D-galactopyranose-[1*4}-ﬂ-D-galactopyranose-§1*dj-§-ac-
etyl-D-glucosamine, purified by gradient PAGE. were
separated under sodium chloride linear gradient con-
ditions. SAX-HPLC of crude reaction mixtures (withous:
any purification) resulted in two major peaks corres-
ponding to AGA and sugar-AGA cénjugate.

The negative-ion FAB-MS spectrum of the trisac-
charide-AGA-derivative showed a molecular ion at m/z 853
[M-Na} consistent with its molecular weight of 876. The
ion at m/z 912 corresponds to addition of one molecule of
NaCl to the moleéular ion at m/z 853. The fragment ion
at m/z 692 is the result of the loss of one galactose
residue at the non-reduciﬁg end. The ion corresponding
to the loss of second galactose residue was not observec
in the spectrum. A detailed NMR study was also under-

taken to unambiguously characterize the sugar-AGA coxn-
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jugate, particularly to determine the structure of the

linking chain. Earlier studies on the reductive amin-

ation reported that monosaccharide or oligosaccharides

containing N-acetylglucosamine at the reducing end give
5 rise to low yields (Rosenfelder, G. et al., Anal.

Biochem. 147:156-165 (1985)). The exact structure of
linking sugar chain in the products had not been un-
ambiguously established.

N-acetylglucosamine-AGA and the trisaccharide-AGs:

10 conjugate, purified by Preparative PAGE method. were
examined by 1H NMR spectroscopy. In both cases. the
absence of anomeric proton signal of N-acetylglucosanine
residue and a slight upfield shift of H-6 and KH-& protons
(compared to AGA) support their structure. Two-

15 dimensional COSY spectrum of N-acetylglucosamine-AGa
derivative fully established its structure.

Sugar-AGA conjugates can be used for sequencing
oligosaccharides by following exoglycosidase treatment or
the gel electrophoresis. For this sequencing strategy to

20 be successful, the sugar-AGA conjugates must retain their
sensitivity to exoglycosidases. To test this, trisac-
charide-AGA conjugate was treated with three differernt
B-galactosidases (jack bean, E. coli and bovine testes:.
Treatment with jack bean and E. coli B-galactosidase

25 resulted in the disappearance of the trisaccharide-AGsa
conjugate band and the appearance of a lower molecular
weight band corresponding to the monosaccharide-AGa
conjugate. This indicated that the carbohydrate portion
of trisaccharide-AGA derivative retains its sensitivity

30 to B-galactosidase (an exoglycosidase). Therefore,
Sugar-AGA conjugates can be used for sequencing analysis

by exoglvcosidase digestion. Because B-galactosidase
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acts at a site near to the derivatizing compound, it is
reasonable to expect the derivatized oligosaccharides
(e.g., glycoprotein released oligosaccharides, proteo-
.glycans) would retain theirrsensitivity to other exo-

5 glycosidases (e.g., neuraminidase, mannosidase,
N-acetylgalctosaminidase) which act at site quite removed
from the derivatizing compound. Partial digestion using
B-galactosidase resulted resulted in three bands corr-
esponding to trisaccharide-AGA starting material a

10 disaccharide-AGA conjugate and a monosaccharide-4Ga
conjugate. This result gives the sequence of the tri-
saccharide starting material and suggests that it is
possible to use their approach to sequence more complex
oligosaccharides. The strategy involves: 1) release of

15 oligosaccharides from glycoproteins using an endo-
gElycosidase, such as N-glycanase; 2) conjugation of the
released oligosaccharides to AGA; 3) fractionation and
purification of each oligosaccharide-AGA conjugate: &)
sequential treatment of each purified oligosaccharide-ACz

20 conjugate with specific exoglycosidases; and 5) arnalvsis
by analytical PAGE and reading of the sequence from the

observed banding pattern.

Sequencing Lacto-N-tetraose

25 AGA was coupled to the reducing end of lactb-N-
tetraose (Gal(B 1-3)GlcNAc(B 1-+3)Gal(B 1-4)Glc) (pur-
chased from Sigma Chemical) using the conditions des-
cribed in Example 1. The lacto-N-tetraose derivative
thus prepared was purified by gel electrophoresics and re-

30 covered by electrotransfer, as descriped in Example 1.

Freeze-dried, desalted AGA derivative of lacto-N-tetraose
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(0.5 pg) was analyzed by gel electrophoresis: 1)
directly with no enzymatic treatment; 2) following 12 h
treatment with 100 munit f-galactosidase (A. Niger); 3)
following treatment with B-galactosidase (as in 2),
thermal inactivation of B-galactosidase (100°C, 2 min),
and 12 h treatment with 10 munit N-acetylglucosaminidase
(jack bean): and 4) following treatment with
f-galactosidase, thermal inactivation, treatment with
N-acetyl glucosaminidase (as in 3), thermal inactivatior
of N-acetylglucosaminidase (100°C, 2 min), and treatmens
with f-galactosidase (. niger). 1Individual lanes showed
bands corresponding to labeled tetrasaccharide. labeled
trisaccharide, labeled disaccharide and labeled mono -
saccharide. From the known specificity of the enzymes,

the sequence for lacto-N-tetraose could be established.

e e e e C w22

e e e e e e e — o —— ———— st

A Capillary Electrophoresis System I (Dionex.
equipped with an unfilled capillary (CZE) (€5 er. 7% 758
ID, 375 um OD) and using fluorescence detection was usecd
to analyze the monosaccharide-AGA derivative. the
disaccharide-aca derivative and the trisaccharide-acs
derivative described it Example 1, Gravity injection was
used to apply 10 nl of sample (10 pg/ul) a voltage of 17
kV with 17 HAMDP current was applied using negative
polarity. The buffer System used was 20 mM citric acia,
PH 2.0. Peaks corresponding to each of the AGA

derivatives were detected. This experiment demonstrates
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that it is also possible to use capillary electrophoresis
to sequence oligosaccharides. Capillary electrophoresis
has the advantage of permitting easy automation of this

sequencing approach.
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CLAIMS

A method for isolating a neutral or weakly acidic

oligosaccharide species of interest from a mixture

of oligosaccharide ,components, comprising:

a) coupling a labeling compound and a charged
group to the reducing end of the oligo-
saccharide components to produce a derivatized
species of interest:

b) resolving the oligosaccharide components irn a:.
electrophoretic mediurm: and

c) recovering the derivatized species of interest

from the electrophoretic medium.

A method of Claim 1 wherein the charged group is

selected from the group consisting of sulfate,

phosphate or quatenary ammonium groups.

A method of Claim 1 wherein the labeling compounc :ic

a negatively charged fluorescent compound.

A method of Claim 3 wherein the negatively charged
fluorescent compound is selected from the group
consisting of the monopotassium salt of 7-amino-
1.,3-naphthalenedisulfonic acid or the trisodium salz

of l-aminopyrene-3,6,8-trisulfonic acid.

A method of Claim 4 wherein the electrophoretic

medium is an acrylamide gel.
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6. A method of Claim 4 wherein the electrophoretic

medium is a capillary electrophoretic medium.

7. A method of Claim 5 wherein the resolved species of

interest is recovered from the electrophoretic

5 medium by electrotransfer to a charged solid
support.
B. A method of Claim 7 wherein the electrotransfer

method is a semi-dry electrotransfer.
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9. A method for determining the monosaccharide seguence
of a neutral or weakly acidic oligosaccharide
species of interest, comprising:

a) coupling a labeling compound and a charged

5 group to the reducing end of the species of
interest to produce a derivatized species of
interest having size X, wherein ¥ is the number
of monosaccharide units in the species of
interest;

10 b) treating individual samples of the derivatizec
species of interest with exoglycosidases. each
sample of the derivatized species cf interest
being treated with a single exoglyvcosidase:

c) resolving the reaction products of step b) in

15 an electrophoretic medium to identify the
exoglycosidase which cleaves a single mono-
saccharide unit from the non-reducing end of
the derivatized species of interest to produce
a derivatized species of interest having size

20 X-1;

d) correlating cleavage data with known exoglvco-
sidase specificities to determine the identicw
of the monosaccharide cleaved from the non-
reducing terminus;

25 e) isolating the derivatized species of interest
having size X-1; and

f) determining the complete sequence of monosac -
charides in the species of interest by
sequentially repeating steps b)-e) to determine

30 the monosaccharide unit Present at thte nor-
reducing terminus of progressively shorter
oligosaccharide units, each Progressivelx

shorter oligosaccharide unit differing frop i

ct
n

parent by a single monosaccharide unit.
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10. A method of Claim 9 wherein the charged group is
selected from the group consisting of sulfate,

phosphate or quatenary ammonium groups.

11. A method of Claim 9 wherein the labeling compound is

5 a negatively charged fluorescent compound.

12. A method of Claim 11 wherein the negatively charged
fluorescent compound is selected from the group
consisting of the monopotassium salt of 7-amino-
1,3-naphthalenedisulfonic acid or the trisodiur sa_.-

10 of l-aminopyrene-3,6,8-trisulfonic acid.

13. A method of Claim 12 wherein the electrophoretic

medium is an acrylamide gel.

14, A method of Claim 12 wherein the electrophoretic

medium is a capillary electrophoretic medium.
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A method for determining the monosaccharide sequence

of a neutral or weakly acidic oligosaccharide

species of interest, the species of interest being a-

component of a glycoconjugate, comprising:

a)

b)

c)

d)

e)

£)

g)

h)

releasing oligosaccharide components from the
glycoconjugate by chemical or enzymatic treat-
ment,;

coupling a labeling compound and a charged
group to the reducing end of the oligosac-
charide components to produce a derivatized
species of interest:

separating the oligosaccharide componenrts in arn
electrophoretic medium:

recovering the derivatized species of interes:
from the electrophoretic medium;

treating individual samples of the derivatized
species of interest with exoglycosidases, each
sample of the derivatized species of interess
being treated with a single exoglvcosidase:
separating the reaction products of step e ir
an electrophoretic medium to identify the
exoglycosidase which cleaves a single mono-
saccharide unit from the non-reducing end of
the derivatized species of interest to produce
a derivatized species of interest having size
X-1;

correlating cleavage data with known exoglvco-
sidase specificities to determine the identity
of the monosaccharide cleaved from the non-
reducing terminus;

isolating the derivatized species of interest

having size X-1:; and
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i) determining the complete sequence of mono-
saccharides in the species of interest by
sequentially repeating steps e)-h) to determine
the monosaccharide unit present at the non-
reducing terminus of progressively shorter
oligosaccharide units, each progressively

. shorter oligosaccharide unit differing from its

parent by a single monosaccharide unit.

A method of Claim 15 wherein the glycoconjugate is
selected from the group consisting of glvcolipids or

glycoproteins.

A method of Claim 16 wherein the enzymatic treatment
comprises contactihg'thé glycoconjugate with an

endoglycosidase.

A method of Claim 17 wherein the endoglycosidase is

N-glycanase.

A method of Claim 15 wherein the charged group is
selected from the group consisting of sulfate.

phosphate or quatenary ammonium groups.

A method of Claim 15 wherein the labeling compound

is a negatively charged fluorescent compound..

A method of Claim 20 wherein the nege' vely charged
fluorescent compound is selected from the group
consisting of the monopotassium salt of 7-amino-
1,3-naphthalenedisulfonic acid or the trisodium sal=:

of l-aminopyrene-3,6,8-trisulfonic acid.




WO 92/02816

10

22.

23.

24,

PCT/US91/05215

-37=-

A method of Claim 21 wherein the electrophoretic

medium is a gradient acrylamide gel.

A method of Claim 21 wherein the electrophoretic

medium is a capillary electrophoretic medium.

A method of Claim 21 wherein the resolved oligo-
saccharide species are recovered from the electro-
phoretic medium by electrotransfer to a chargecd

solid support.

A method of Claim 24 wherein the electrotransfer

method is a semi-dry electrotransfer.
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A method for determining the monosaccharide sequence

of a neutral or weakly acidic oligosaccharide

species of interest, the oligosaccharide species of

interest contained in a mixture of oligosaccharides,

comprising:

a)

b)

c)

d)

e)

)

g)

coupling a labeling compound and a charged
group to the reducing end of the oligo-
saccharide components in the mixture to produce
a derivatized species of interest;

separating the derivatized oligosaccharide
components in an electrophoretic medium;
recovering the derivatized species of interest
from the electrophoretic medium;

treating individual samples of the derivatizecd
species of interest with exoglycosidases. each
sample of the derivatized species of interest
being treated with a single exoglycosidase;
separating the reaction products of step e) in
an electrophoretic medium to identify the
exoglycosidase which cleaves a single moro-
saccharide unit from the non-reducing end of
the derivatized species of interest to produce
a derivatized species of interest having size
x-1;

correlating cleavage data with known exoglyco-
sidase specificities to determine the identicty
of the monosaccharide cleaved from the non-
reducing terminus;

isolating the derivatized species of interest

having size X-1; and

e
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h) determining the complete sequence of mono-
saccharides in the species of interest by
sequentially repeating steps e)-h) to determine
the monosaccharide unit present at the non-

5 reducing terminus of progressively shorter
oligosaccharide units, each progressively
shorter oligosaccharide unit differing from its

parent by a single monosaccharide unit.

27. A method of Claim 26 wherein the labeling compound

10 is a negatively charged fluorescent compound.

28. A method of Claim 27 wherein the negatively charged
fluorescent compound is selected from the group
consisting of the monopotassium salt of 7-amino-
1,3-naphthalenedisu1fonic acid or the trisodium sal=-

15 of l-aminopyrene-3,6,8-trisulfonic acid,

29. A method of Claim 26 wherein the electrophoretic

medium is an acrylamide gel.

30. A method of Claim 26 wherein the electrophoretic

medium is a capillary electrophoretic medium.

20 31. an oligosaccharide having having attached, at its
reducing end, a labeling compound and a charged

group.

32. An oligosaccharide of Claim 31 wherein the charged
group is selected from the group consisting of

25 sulfate, phosphate or quatenary ammonium groups.
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An oligosaccharide of Claim 31 wherein the labeling
compound is a negatively charged fluorescent

compound.

An oligosaccharide of Claim 33 wherein the
negatively charged fluorescent compound is selected
from the group consisting of the monopotassium salt
of 7-amino-1,3-naphthalenedisulfonic acid or the
trisodium salt of l-aminopyrene-3,6,&-trisulfonic

acid.
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