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Abstract Many disorders are characterised by changes in O-
glycosylation, but analysis of O-glycosylation has been limited
by the availability of specific endo- and exo-glycosidases. As a
result chemical methods are employed. However, thesemay give
rise to glycan degradation, so therefore novel O-glycosidases are
needed. Artificial substrates do not always identify every glyco-
sidase activity present in an extract. To overcome this, an
HPLC-based protocol for glycosidase identification from mi-
crobial culture was developed using natural O-glycans and O-
glycosylated glycoproteins (porcine stomach mucin and
fetuin) as substrates. O-glycans were released by ammonia-
based β-elimination for use as substrates, and the bacterial
culture supernatants were subjected to ultrafiltration to separate
the proteins from glycans and low molecular size molecules.
Two bacterial cultures, the psychrotroph Arthrobacter C1-1
and a Corynebacterium isolate, were examined as potential
sources of novel glycosidases. Arthrobacter C1-1 culture

contained a β-galactosidase and N-acetyl-β-glucosaminidase
when assayed using 4-methylumbelliferyl substrates, but when
defucosylated O-glycans from porcine stomach mucin were
used as substrate, the extract did not cleave β-linked galactose
or N-acetylglucosamine. Sialidase activity was identified in
Corynebacterium culture supernatant, which hydrolysed sialic
acid from fetuin glycans. When both culture supernatants
were assayed using the glycoproteins as substrate, neither
contained endoglycosidase activity. This method may be ap-
plied to investigate a microbial or other extract for glycosidase
activity, and has potential for scale-up on high-throughput
platforms.
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Abbreviations
4-MU 4-methylumbelliferyl
PSM Porcine stomach mucin
GU Glucose unit
NP-HPLC Normal phase HPLC
X-Neu 5-bromo-4-chloro-3-indolyl-α-D-N-

acetylneuraminic acid sodium salt

Introduction

O-glycosylation, one of the most important post-translational
modifications made to many proteins, is initiated by enzymatic
addition of a single monosaccharide to serine/threonine via a
hydroxyl group. Glycosylation initiated with the addition of α-
N-acetylgalactosamine (GalNAc) is the most abundant form in
nature, and is referred to as mucin-like O-glycosylation as this
is found in mucin glycoproteins. Aberrant O-glycosylation
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occurs in many disorders, e.g. cancer [1] cystic fibrosis [2] and
sialuria [3] Consequently, a detailed knowledge of O-linked
glycan structure may be valuable in promoting an understand-
ing of these disorders, or disorders characterised by mucus
accumulation, e.g. asthma [4].

HPLC-based methods are among the most widely-used tech-
nologies for glycan analysis, due to their high sensitivity, capac-
ity, reproducibility and their ability to provide detailed informa-
tion about monosaccharide sequence and linkage [5]. Unlike N-
linked glycans, which are removed by well-characterised peptide
N-glycanases [6] the study of O-linked glycans using HPLC-
based technology has been hampered by the lack of endo- and
exo-glycosidases specific to O-linked glycans. The currently
available endo-α-N-acetylgalactosaminases that hydrolyze O-
linked glycans from proteins have a very narrow substrate spec-
trum, only hydrolysing core 1 glycan structures, or other core
structures to a limited extent [7–11]. One company (New En-
gland Biolabs: www.neb.com) provides an O-glycosidase from
Enterococcus faecalis [10] that hydrolyses core 1 and core 3
structures only. Comprehensive O-glycan release now relies on
chemical methods, particularly hydrazinolysis [12] reductive β-
elimination with sodium hydroxide and sodium borohydride
[12], and non-reductive methods using ammonium hydroxide
saturated with ammonium carbonate [13].

O-linked glycans that are labile to chemical reaction con-
ditions normally experience further degradation after release
(referred to as “peeling”) [14] which complicates the final
structural analysis. The removal of calcium, and possibly
other cations, limits this process, but does not entirely elim-
inate it [15]. After glycan release, sequential digestion by a
suite of exoglycosidases allows sequence mapping and link-
age determination of the glycan structures. Despite their
successful application to N-linked glycan studies, commer-
cially available exoglycosidases may fail to completely di-
gest certain O-linked glycans [16] as the monosaccharides
differ in their sequence and linkage to those of N-linked
glycans. The availability of a generic O-glycosidase that
could non-specifically cleave O-linked glycans from glyco-
proteins, and exoglycosidases that are specific to unusual O-
linked glycan structures, would thus facilitate the develop-
ment of O-glycan study methodology.

One approach for identifying glycosidase activity is to use
artificial substrates.These are labelledwith a chromogenic/fluorogenic
group, e.g. p-nitrophenyl, 4-methylumbelliferyl (4-MU) or
5-bromo-4-chloro-3-hydroxyindole (X-), which is relea-
sed by enzymatic activity. However, not all the natural
glycans containing the same terminal sugar can be
digested by the enzymes that are active against these
substrates. There are differences in structure and linkage
between the artificial substrates and natural glycans, and
some enzymes active against a particular terminal sugar
may not hydrolyse all natural glycans bearing this sugar
[17]. As a result, natural glycans and glycoproteins with

known structures are essential for identifying all the glycosi-
dase activities present in a biological extract.

In this study, the substrate specificities of enzymes were
investigated by comparing their activities against 4-MU-
labelled sugars with those against chemically released natu-
ral O-glycans containing the same terminal sugar. An HPLC-
based protocol for glycosidase identification from microbial
culture, without requirement for preliminary enzyme purifi-
cation, was developed using natural glycans and glycopro-
teins as substrates. This was applied to culture supernatants
from a psychrotrophic Arthrobacter sp. and a Corynebacte-
rium isolate. The results show that this method is sensitive
and reliable, and a sialic acid-degrading enzyme identified
through this method from Corynebacterium was active
against a natural target substrate.

Materials and methods

Materials

The O-linked glycoproteins foetal calf fetuin and porcine
stomach mucin (PSM), 4-methylumbelliferone-linked (4-
MU) monosaccharides, 5-bromo-4-chloro-3-indolyl-α-D-
N-acetyl-neuraminic acid sodium salt (X-Neu), formic acid
and 28 % ammonium hydroxide solution were purchased
from Sigma-Aldrich (Tallaght, Dublin 24, Ireland). A fluo-
rescent glycan labelling kit LudgerTag™ 2-AB (2-
aminobenzamide) was purchased from Ludger Ltd (The
Oxford BioBusiness Center, Oxford, UK). Amicon centrif-
ugal filters (10 kDa molecular mass cutoff) were purchased
from Millipore (Tullagreen, Carrigtwohill, Cork, Ireland).

Bacterial culture

Arthrobacter C1-1, a psychrotrophic bacterium [18] was
obtained by courtesy of Dr. Radka Šaldová and was cultured
in Brain Heart Infusion broth (BHI: Oxoid, Basingstoke,
Hampshire, UK) at 15 °C for 2 days with shaking. The
Corynebacterium sp. used in this study was obtained from
a collection of bacterial isolates from the equine female
reproductive tract, as part of an ongoing study into post-
breeding endometritis [19] in mares. Sialidase activity was
identified by adding 0.5 mM X-Neu into bacterial cultures
(200 μl BHI). After overnight incubation at 37 °C, sialidase
activity was qualitatively recorded by the appearance of a
blue-green precipitate due to removal of the 5-bromo-4-
chloro-3-indolyl moiety of the substrate.

Four hundred and sixty five bacterial colonies were
screened for their ability to produce sialidase using X-Neu,
and of these, 33 produced sialidase. The sialidase-producing
bacterium was identified as Corynebacterium sp. by PCR
amplification, sequencing and phylogenetic analysis of the
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16S rNA gene. The primers used for amplification of bacterial
16S ribosomal RNA (16S rRNA) genes were 63F primer (5′-
CAGGCCTAACACATGCAAGTC-3) and 1389R primer (5′-
ACGGGCGGTGTGTACAAG-3). The phylogenetic affilia-
tion of the isolate was determined by comparison with se-
quences in public databases using the Basic Local Alignment
Search Tool (BLAST) algorithm [20] and the Ribosomal
Database Project [21]. Corynebacterium sp. was stored in
cryopreservative vials at −80 °C and grown on blood agar
plates incubated at 37 °C for 2 days. Bacteria were inocu-
lated into brain heart infusion (BHI) broth (200 μl) and
incubated overnight at 37 °C in an orbital shaker. The
bacterial culture was then transferred to a 20 ml sterile
container containing fresh BHI broth and incubated for
12 h as described above, then transferred to 200 ml of
fresh BHI broth in an Erlenmeyer flask and incubated
overnight at 37 °C with shaking. Inoculation of 6 Er-
lenmeyer flasks yielded enough bacterial supernatant for
further studies.

Normal phase (NP)-HPLC

A TSK-Gel Amide-80 4.6×250 mm column (Anachem,
Luton, UK) mounted on a 2695 Alliance separation module
equipped with a Waters temperature control module and a
Waters fluorescent detector 2475 (Waters, Milford, MA,
USA) were used for glycan analysis. A Waters Empower
chromatography workstation software build 1154 was used
for system control and data processing. The conditions for
HPLC and profile analysis were the same as described
previously [16].

Glycan release and enzyme assay

4-methylumbelliferyl (4-MU) substrates were used to screen
for glycosidase activity: 4-MU β-D-galactoside, 4-MU α-D-
galactoside, 4-MU N-acetyl-β -D-glucosaminide, 4-MU β-D-
glucoside, 4-MU α-L-fucoside, 4-MU α-D-mannoside and
2′-(4-MU)-α-D-N-acetylneuraminic acid sodium dihydrate.
The substrates were made up to 20 mM in dimethylsulphoxide
and diluted to 0.25 mM in 0.1 M sodium citrate at pH 4.5, 6.5
and 8, to determine activity over this pH range. The assay was
carried out as described by [22]. O-linked glycans from 50 μg
fetuin were released by ammonia-based β-elimination as de-
scribed by [13]. The dried released glycan sample was treated
with 20 μl of 1 % (w/v) formic acid at room temperature for
40 min. The acid was subsequently evaporated to dryness in a
speedvac, thereby removing the formic acid and preventing
hydrolysis of sialic acid. 2-AB labelling of glycans was carried
out as recommended by the manufacturer (Ludger Ltd). Sam-
ples were incubated at 65 °C for 2 h, and the excess 2-AB was
removed by chromatography on Whatman 3MM chromatog-
raphy paper. Glycans were eluted with water, concentrated to

dryness using a speedvac, and re-suspended in 20 μl of water.
The released glycans were subjected to normal phase-HPLC
(NP-HPLC) for structural analysis [16].

Released and labelled glycans were analysed by NP-
HPLC, and digestions using panels of exoglycosidases avail-
able for glycan analysis were performed to sequence the
glycans. The enzymes employed in this study were as follows:
Arthrobacter ureafaciens sialidase (EC 3.2.1.18, ABS), 1–
2 U/ml; bovine kidney α-fucosidase (EC 3.2.1.51, BKF),
1 U/ml; bovine testis β-galactosidase (EC 3.2.1.23, BTG),
2 U/ml; Streptococcus pneumoniae β-N-acetylglucosaminidase
(recombinant in Escherichia coli; EC 3.2.1.30, GUH), 8 U/ml.
These enzymes were purchased from Glyko (Novato, CA,
USA), Streptococcus pneumoniae O-glycanase was purchased
from Prozyme (available from Europa Bioproducts, Cambridge,
U.K) and Clostridium perfringens sialidase was purchased from
Sigma-Aldrich. The glycans were digested in 10 μl of 50 mM
sodium acetate buffer, pH 5.5 for 18 h at 37 °C. The enzymes
were removed by filtration using a protein-binding EZ filter
(Millipore). Glycanswere analyzed onNP-HPLC after digestion.

Bacterial cultures (Arthrobacter C1-1 or Corynebacterium
sp.) were centrifuged at 4,600×g for 20 min and the superna-
tants were retained for enzyme assays using HPLC. Small
molecules, including glycans and monosaccharides, were re-
moved by ultrafiltration 3 times on a 10 kDa Amicon centrif-
ugal filter, washing each filter with 2 ml of 50 mM sodium
phosphate buffer, pH 7, on each occasion. The retentate,
which contained enzyme activity, was re-suspended in 2 ml
of the same buffer. In addition to the ultrafiltered culture
supernatant (retentate), the same volume of sample was also
taken from the BHI broth medium, untreated culture superna-
tant, and the filtrate containing low molecular weight com-
pounds for glycan analysis on HPLC, for comparison. Water
was used as a negative control and chemically released O-
linked glycans were added to the retentate as a positive con-
trol. All glycan analyses using HPLC were carried out as
described in the O-glycan release section, after labelling with
2-AB.

Exoglycosidase detection

Chemically released and 2AB-labelled O-linked glycans
from the O-glycosylated proteins fetuin and PSM were
added to the ultrafiltered bacterial culture supernatant and
incubated overnight at 37 °C. The sample was then subjected
to ultrafiltration to remove all the enzymes/proteins from
which glycans had been released, and was analyzed by NP-
HPLC. The HPLC profiles prior to and post digestion were
compared. A shift of any peak after incubation indicated the
presence of an exoglycosidase capable of digesting the cor-
responding terminal monosaccharide in the glycan structure.
The culture to which glycans were added without incubation
was used as the control.
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Endoglycosidase digestion

To test bacterial cultures for endoglycosidase activity, 50 μg
of fetuin was incubated with 100 μl Corynebacterium sp.
culture supernatant (pH 7.0) or Arthrobacter C1-1 culture
supernatant for 16 h at 37 °C. The protein was removed from
the sample by ultrafiltration with Millipore centrifugal filters
(10 kDa), to concentrate the sample. The glycans were pres-
ent in the flow-through fraction. The filtrate was dried under
vacuum and incubated with 20 μl of 1 % (w/v) formic acid.
2-AB (5 μl, made up as per manufacturer’s instructions) was
added to label the glycans and the mixture was incubated at
65 °C for 2 h. The excess 2-AB was removed by chroma-
tography as described previously, and the glycans were elut-
ed with water, dried by speedvac, and reconstituted with
water as described for exoglycosidase digestion.

A control experimentwas also performed inwhich exogenous
O-glycosidase activity was added to a bacterial culture superna-
tant to confirm that the method could detect endoglycosidase

activity present in the supernatant. Fetuin (50 μg) was incubated
with ultrafiltered supernatant from Corynebacterium sp. (con-
centrated 10-fold andwashedwith 50mMsodium acetate buffer,
pH 5.5) to which 5 mU of S. pneumoniae O-glycanase was
added. As the endogenous sialidase activity in the particular
Corynebacterium sp. preparation used in this experiment was
considerably lower than normal, 10 mU of Clostridium
perfringens sialidase was added to 600 μl of Corynebacterium
sp. culture supernatant to ensure desialylation of fetuin glycans.
Parallel incubations of fetuin plus O-glycanase, and fetuin, O-
glycanase plus 5 mU of ABS were also set up at pH 5.5. The
glycans were labelled with 2-AB as described above and
analysed using NP-HPLC.

Results and discussion

Assays with 4-MU substrates showed that the supernatant from
the Arthrobacter C1-1 culture was active against 4-MU-β-D-

Fig. 1 A comparison of exoglycosidase activity of Arthrobacter C1-1
culture towards 4-MU substrates and porcine stomach mucin (PSM)-
derived glycans. The structures of PSM-derived glycans were not
determined due to the complexity. a Activity against 4-MU-β-D-galac-
toside and 4-MU-N-acetyl-β-D-glucosaminide, expressed as nmol/h/
ml. bHPLC profile of native PSM-derived O-linked glycans. The peaks
highlighted are the peaks shifted after experiencing bovine kidney
fucosidase (BKF: acts on α 1-(6/2) linkages) digestion (c) HPLC profile
of PSM-derived O-linked glycans after digestion with BKF. d Profile of
BKF digested PSM-derived O-linked glycans after digestion by bovine

testes β-galactosidase (BTG: acts on β 1-(3/4/6) linkages). The areas
highlighted indicated the difference compared to C. e Profile of BKF-
digested PSM-derived O-linked glycans after digestion by S.
pneumoniae β-N-acetylglucosaminidase (GUH acts on ß1-(2/4/5)
GlcNAc linkages). The areas highlighted indicated the difference com-
pared to C. f Profile of BKF-digested PSM-derived O-linked glycans
after digestion by Arthrobacter C1-1 ultrafiltered culture supernatant.
No profile difference was observed compared to C. GU denotes glucose
units
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galactoside and 4-MU-N-acetyl-β-D-glucosaminide (Fig. 1a),
but there was no activity against either 4-MU-α-L-fucoside or
4-MU-α-D-N-acetylneuraminic acid. The exoglycosidase ac-
tivity of the bacterial supernatant was subsequently tested using
natural O-linked glycans released from PSM as substrates, as
shown in Fig. 1b. PSM was selected as a substrate, as it
contains glycans containing galactose andN-acetylglucosamine
shielded by a terminal fucose residue [23]. BKF was used to
remove the terminal fucose to expose galactose and N-
acetylglucosamine (Fig. 1c). The profile changes of native
glycans after the BKF digestion are highlighted on Fig. 1c–e.
Structures of the glycans were not shown in detail, as the peak
shifts on HPLC show the differences between treatment of the
glycans with different glycosidases. The presence of terminal
galactose and N-acetylglucosamine in BKF-digested PSM-
derived O-glycans was confirmed by the peak shift after di-
gestions with BTG and GUH, respectively (Fig. 1d and e).
After digestion with BTG, a split peak appears at approx 2.2
GU, with other peaks appearing at 2.8, 2.9, 3.6 and small peaks
at 4.4 and 4.8 GU, and some of the peaks presented in Fig. 1c
disappeared in Fig. 1d, in comparisonwith the profile in Fig. 1c.

Digestion with GUH led to appearance of the peak at 2.9 GU,
accompanied by a small peak at 3.0 GU and small peaks at 3.5,
3.7 and 4.4 GU, approximately. BKF-digested PSM-derived
O-glycans were used as the substrates for digestion by the
Arthrobacter C1-1 culture. However, when this was used, no
peak shift was apparent on comparison of Fig. 1c and f, indi-
cating that the two glycosidases active against the artificial
fluorimetric substrates failed to digest the natural O-linked
glycans containing the same terminal sugars. This suggests that
the enzymes in this extract that degrade the artificial substrates
may not be active against natural glycans. The use of artificial
substrates is thus not reliable for identifying all glycosidases
present in a microbial extract, and this process must be validat-
ed by testing culture media or bacterial extracts against natural
glycans with known linkages. Care must also be taken that the
substrate used for screening is sufficiently specific to detect
only the enzymes of interest. One study used skimmedmilk as a
substrate for protease screening. However, as some milk pro-
teins were glycosylated, the substrate was cleaved by glycosi-
dases as well as proteases, as shown by hydrolysis of X-gal and
other X-linked sugars by cultures containing proteases [24]. In

Fig. 2 A comparison of glycan profiles from BHI and the Arthrobacter
C1-1 culture medium (grown in BHI) after different treatments, as
illustrated using NP-HPLC. The peaks within the shadow (9–56 min
elution time) represent the glycans present. a Profile of water blank with

2-AB label. b Profile of BHI broth glycans. c Profile of glycans from
Arthrobacter C1-1 supernatant. d Profile of filtrate after ultrafiltration
on Centricon filters (Mr cutoff 10 kDa). e Profile of retentate after
ultrafiltration. GU denotes glucose units
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another study, an α-fucosidase was found to be active against
α1-3- andα1-4-linked fucose in natural glycans, but not against
pNP-fucose [17]. The latter study showed that not all
exoglycosidases are active towards an artificial substrate,
confirming the need for a technology directly using natural
glycans or glycoproteins as the substrates.

Two major requirements for the successful application of
this protocol emerged during this study. Firstly, the method
must be sensitive enough to detect any sugars present in
microbial cultures. Secondly, any glycans or monosaccha-
rides present in the culture under investigation must be
removed efficiently to allow unambiguous detection of
sugars released from glycan substrates. Arthrobacter C1-1
culture supernatant was used as an enzyme source to test the
method (Fig. 2). The single major peak in the water blank
(Fig. 2a) consisted only of the 2AB label. More peaks were
present in the HPLC profile of the fresh BHI broth sample,
comprising the glycans originally present in the BHI medium

(Fig. 2b). The glycan profile of the culture supernatant was
different to that of the fresh BHI broth, as shown by changes
in peaks at 12 min and 28–35 min, likely to be due to the
consumption of the glycans present in the medium and the
production of new glycans and monosaccharides by the
bacteria (Fig. 2c). The glycan profile of the filtrate was
similar to that of the culture supernatant in Fig. 2c (Fig. 2d),
while no major peak apart from 2-AB was observed in the
profile of the retentate (Fig. 2e), since most of the sugars
were in the filtrate due to their small size. Both the medium
itself and the culture supernatant contained significant quan-
tities of glycans, accounting for the dominant background of
the HPLC profile, which could mask the target glycans during
analysis. However, these were removed efficiently from the
culture by ultrafiltration, thereby facilitating glycan analysis,
while any proteins/enzymes in the culture remained in the
retentate. An ultrafiltered culture supernatant to which chem-
ically released O-linked glycans were added gave rise to an

Table 1 Structure of O-linked glycans released from fetuin
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HPLC profile identical to that of the O-linked glycans alone
(data not shown). This indicated that the ultrafiltration method
was efficient at removing the sugars present in the microbial
culture, and the HPLC method is sensitive enough to monitor
any change in the sugars and glycans in the sample.

The Corynebacterium culture was active against 2′- 4-MU
α-D-N-acetylneuraminic acid, but as this displayed high back-
grounds due to spontaneous 4-MU hydrolysis, p-nitrophenyl
α-D-N-acetylneuraminic acid was used as substrate. The
activity of the culture supernatant measured with this substrate
was low, at 0.1 μmol/h/mg. Corynebacterium sp. supernatant
after ultrafiltration was tested on 4-MU substrates and
contained activity against α-fucosidase, β-N-glucosaminidase
and β-galactosidase, which were optimal at pH 6.5.
Fucosidase had no activity at pH 4.5 and 8, while β-N-
acetylglucosaminidase activities at pH 4.5 and 8 were 23
and 34 %, respectively, of those at pH 6.5. β-galactosidase
was not active at pH 4.5, and at pH 8 had only 4 % of the
activity measured at pH 6.5. Activities of α-galactosidase and
α-mannosidase were negligible.

Fetuin contains 5 sialylated O-linked glycans, listed in
Table 1 (Fig. 3a) [16], which makes it a suitable substrate
for sialidase discovery. ABS digestion confirmed the presence
of sialic acid in all 5 glycans. The 3 sialylated core 1 structures
were converted to core 1, and the Neu5Acα2-3Gal peak at
2.24 GU disappeared (Fig. 3b). Digestion by the Corynebac-
terium culture also resulted in a shift of all 5 peaks (Fig. 3c),
giving rise to a profile similar to that in Fig. 3b. The peak shift
indicated that the Corynebacterium culture contained one or
more sialidases active against natural glycans with terminal
sialic acid. The sialidase in the Corynebacterium sp. culture
appeared to be capable of removing both α(2-3) and α(2-6)-
linkages, as the profile after culture digestion was similar to

Fig. 3 A comparison of the
digestion of fetuin O-glycans by
A. ureafaciens sialidase (ABS:
acts on α2-(3/6/8) linkages) and
Corynebacterium sp. culture. a
Profile of undigested fetuin O-
glycans. These contain 3 sialic
acid-containing core 1
structures. b Profile of fetuin O-
linked glycans after ABS
digestion. c Profile of fetuin O-
linked glycans after digestion by
the ultrafiltered
Corynebacterium sp. culture.
Symbols for glycan structures
are shown beneath the Figure.
GU denotes glucose units

Fig. 4 A schematic diagram of the strategy for endo- and exo- glyco-
sidase discovery, using HPLC with natural glycoproteins and released
glycans, respectively, as substrates
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the profile after digestion with ABS, which removes both
α-(2-3) and α(2-6)-linked sialic acid.

There are few, if any, suitable artificial substrates commer-
cially available to probe cultures for endoglycosidase activity.
We tested for endoglycosidase activity using fetuin and PSM
as substrates, using the glycoprotein as substrate, rather than
their released glycans (see Fig. 4 for schematic diagram of the
method). We found no endoglycosidase active against any of
the O-glycans attached to these two proteins in either the
Arthrobacter C1-1 or Corynebacterium sp. cultures. Howev-
er, to confirm that this method could detect an O-glycosidase

present in a bacterial culture, we performed a control experi-
ment in which fetuin was digested with ultrafiltered sialidase-
containing Corynebacterium sp. culture supernatant to which
commercially available S. pneumoniae O-glycanase had been
added. The results of this experiment are depicted in Fig. 5.
Figure 5a showed that when a mixture of culture supernatant
and O-glycanase was added to fetuin and incubated overnight,
the profile of the fetuin glycans shifted to give one predomi-
nant peak corresponding to core 1, which can only be released
in its non-sialylated form from the protein backbone by the S.
pneumoniae O-glycanase. When a similar experiment was

Fig. 5 Digestion of fetuin O-
glycans byCorynebacterium sp.
culture to which S. pneumoniae
O-glycanase was added. Panel
A displays profiles of the
following: (a) Chemically
released fetuin glycans. (b)
Glycans from fetuin incubated
with O-glycanase and
Corynebacterium sp. culture.
(c) Glycans from fetuin
incubated with
Corynebacterium sp. culture (d)
Glycans from fetuin incubated
with O-glycanase only. Panel B
shows (a) Chemically released
fetuin glycans. (b) Glycans from
fetuin incubated with O-
glycanase and A. ureafaciens
sialidase (ABS) (c) Glycans
from fetuin incubated with O-
glycanase and Corynebacterium
sp. culture. GU denotes glucose
units
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carried out using the A. ureafaciens sialidase ABS, instead of
Corynebacterium sp. supernatant (Fig. 5b), a similar profile
was obtained. Incubation of fetuin with Corynebacterium sp.
supernatant or O-glycanase separately did not lead to the
release of significant quantities of core 1 glycan.

In the extreme (albeit unlikely) case that cultures contain
all the glycosidases capable of completely digesting the
glycans, leaving nothing but monosaccharides, this method
is not applicable, as the glycans attached to protein may also
be sequentially digested by exoglycosidases without initial
cleavage from the protein. This overall strategy could be
applied to other microbial extracts. Synthetic O-linked gly-
cans, and glycoproteins with structures identical to those of
natural glycans, are preferable for identification of enzymes
with particular substrate specificities. The synthesis of these
structures has been studied using enzymatic, chemical or
enzyme-chemical methods [25, 26] and their availability
may facilitate future glycosidase discovery.

HPLC-based technology was initially developed for glycan
structure analysis with the assistance of sequential digestion by
selected exoglycosidases [5]. This methodology can also been
applied to identify mucinase activities of bacterial cultures [27].
In addition to being robust, sensitive, reproducible and precise,
HPLC-based technology has the following advantages. Firstly,
use of the HPLC profile for monitoring the changes of glycan
structures allows identification of potential enzyme activities
and a direct comparison of the experimental result to that
obtained using commercially available enzymes. Secondly, this
method could be transferred to a high-throughput platform [28]
to allow large-scale studies. In addition, the HPLC profile
allows discrimination between the enzyme activity and lectins
present in the culture. Enzyme digestion results in the shift of
the target peak, while lectin binding results in the loss of the
target peak without any shift as the glycan structure binding to
the lectin is not detected by HPLC. This strategy shows prom-
ise for application for exo- and endo-glycosidase discovery, as
it may be coupled with many technologies in other biological
areas such as biosynthesis, metagenomics and robotics to facil-
itate fast, flexible and large-scale screening of many sources for
glycosyl hydrolase activities.
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