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a b s t r a c t

A novel two-step protease digestion and glycopeptide capture approach has been developed. It is different
from traditional tryptic digestion, glycopeptide enriching and identification approach in glycoproteomics.
Here, proteins were first digested by Lys-C into relatively large peptides. Glycopeptides among them
were selectively captured by hydrazide resin through oxidized glycans. After thorough washing steps,
trypsin was used as a second protease to in situ release non-glycosylated part (named as LT-peptides)
from glycopeptides. Subsequently, the remaining part of glycopeptides on resin was de-glycosylated
by peptide-N-glycosidase F, and collected as DG-peptides. Finally, both LT- and DG-peptides could be
analyzed by mass spectrometer, achieving glycoprotein and glycosite identification. The approach was
applied to cell lysate after positive validation by a model glycoprotein: 143 N-glycoproteins identified
wo-step digestion
equence coverage
-glycosite

from DG- and LT-fraction both. In those glycoproteins, 189 DG-peptide-revealed N-glycosites got further
confirmation by neighboring LT-peptides, which, in the meantime, made 109 glycoproteins get improved
sequence coverage with increase even up to 350% (averagely 79.4%). Through controllable release, sep-
arate identification and combined interpretation of non-glycopeptides (newly introduced LT-peptides
here) and traditional de-glycopeptides, the approach could not only achieve routine N-glycosite iden-
tification, but also provide further proofs of N-glycosites and increase glycoprotein sequence coverage.
. Introduction

Post-translational modifications (PTMs) are ubiquitous in cells,
nd can regulate the function of proteins often by modulating their
iophysical characteristics [1]. Protein glycosylation is one of the
ost common and complex PTMs. Glycan chains have important

unctions in many biological processes [2,3]. Their alterations usu-
lly indicate pathologic mechanisms [4,5]. As a new section of
roteomics [6], glycoproteomic research has been rapidly devel-
ping in recent years. Owing to the development of different
lycoprotein/glycopeptide enrichment methods and progressing

f mass spectrometer (MS) techniques, high throughput glycosite
dentification has been achieved, especially in the field of N-
lycosylation.

Abbreviations: LT-peptides, peptides produced first by Lys-C then by trypsin;
G-peptides, formerly glycosylated peptides released by PNGase F, namely de-
lycopeptides.
∗ Corresponding authors at: Department of Chemistry, Fudan University, Shang-
ai 200433, PR China. Tel.: +86 21 54237961; fax: +86 21 54237961.

E-mail addresses: luhaojie@fudan.edu.cn (H. Lu), pyyang@fudan.edu.cn (P. Yang).

039-9140/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.03.029
© 2011 Elsevier B.V. All rights reserved.

Currently, for enrichment of glycoproteins/glycopeptides, solid
phase extraction approaches such as lectin affinity [7–9], hydrazide
chemistry [10–12], hydrophilic affinity [13–15], and boronate affin-
ity methods [16–18] are powerful tools. In these approaches, except
that lectins are usually preferable in targeted glycosylation studies
[19–21], mechanisms of all the other three methods are based on
glycan hydroxyl groups, so that their common use is in broad glyco-
proteomics with less selectivity in glycan structures. However, due
to the complexity and heterogeneity of glycosylation, none of these
methods has been able to capture all glycoproteins/glycopeptides
in complex biological samples yet.

N-glycopeptide capture-and-release using hydrazide chemistry
and peptide-N-glycosidase F (PNGase F) is a popular approach.
To the best of our knowledge, for practical sample applications,
hydrazide chemistry shows much higher specificity than other
methods, e.g. lectin enrichment [22] and hydrophilic separation
[23]. Outstanding specificity of hydrazide chemistry (usually above
90%) means the capability to reduce sample complexity and

also reliable identification. However, due to the high specificity,
usually glycoprotein identification can only rely on a limited num-
ber of de-glycopeptides. Those identified glycoproteins have low
sequence coverage, and most of them are single-peptide-hit iden-
tification likely [24]. On the other hand, a 0.98 Da mass increase
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n Asn generated by PNGase F when releasing N-glycans from
eptide backbones [25], is utilized as indirect evidence to locate
-glycosites. Although accurate mass measurements can be pro-
ided by MS, e.g. Fourier transform ion cyclotron resonance (FTICR),
he small mass difference is still a potential problem causing false
ositive. In addition, automatic hydrolysis occurring naturally or
xperimentally may be another factor bring false positive. Replac-
ng H2O16 by H2O18 may be a solution, but it is still possible
hat automatic hydrolysis could happen in such condition [26].
nambiguous glycoprotein and glycosite identification is indeed
hallenged.

Combinations of different enzymes are helpful in glycopro-
eomic research, either in parallel [27–30] or sequential [31–33]
ays. For example, Chen et al. [30] applied three different pro-

einases (trypsin, pepsin and thermolysin) in a parallel way, to
et a more comprehensive result of liver tissue N-glycosite pro-
le. Another work of ours had combined two proteinases, through
wo levels of enrichment, to achieve intact glycopeptide iden-
ification [31]. Bunkenborg et al. [32] separated Lys-C produced
lycopeptides by lectin, and then obtained de-glycopeptides by
NGase F treatment; finally de-glycopeptides were digested by
rypsin to generate appropriate size of peptides and achieve glyco-
rotein and glycosite identification. Nevertheless, resulting analyte

tself was a mixture of de-glycopeptides, non-glycopeptides and
on-specifically adsorbed peptides by lectin enriching method, so
robably the analyte contents would interfere with each other in
ollowing analysis. Unlike lectins which are proteins themselves
nd cannot sustain in protease and glycosidase treatment, chemi-
al capture approach especially the one with satisfactory specificity
akes it possible to achieve in situ enzyme treatment, control-

able release and efficient fractionation of non-glycopeptides and
e-glycopeptides.

Herein, based on the high specificity of hydrazide chemistry
nd different specificities of endoproteinases, we have developed
novel two-step protease digestion and glycopeptide chemical

apture approach. By applying the specificity of endoproteinase
ys-C (hydrolyzing proteins only at K), larger glycopeptides
ere provided for hydrazide chemistry to capture. From those

esin-immobilized glycopeptides, LT-peptides (non-glycopeptides
roduced by Lys-C and then by trypsin) and DG-peptides
de-glycopeptides) could be controllably released by a second
ndoproteinase trypsin and glycosidase PNGase F respectively, and
eparately collected, so to avoid their interference and competition
ith each other in following liquid chromatography (LC)–MS/MS

nalysis. Besides routine DG-peptides, LT-peptides were informa-
ive and supplementary, either for increasing sequence coverage
r obtaining more confirmed N-glycosite information by appearing
eighboringly.

. Material and methods

.1. Chemicals and instrumentations

Water used in this experiment was prepared from a Milli-
system (Millipore, Bedford, MA, USA). Bradford assay reagent,

eadyprepTM 2-D cleanup kit, sodium periodate and hydrazide
esin were obtained from Bio-Rad (Hercules, CA, USA). Endopro-
einase Lys-C was from Wako (Osaka, Japan); sequencing grade

odified trypsin was from Promega (Madison, WI, USA); peptide-
-glycosidase F (PNGase F, 500 U/�L) was from New England

iolabs (Ipswich, MA, USA); protease inhibitor cocktail used during
ell lysis was from Pierce (Rockford, IL, USA). Iodoacetamide (IAA),
ithiothreitol (DTT), ammonium bicarbonate (NH4HCO3), sodium
ulphite, urea, thiourea, methanol, formic acid (FA) and acetonitrile
ACN) were purchased from Aldrich (Milwaukee, WI, USA).
85 (2011) 70–75 71

4700 Proteomics Analyzer was from Applied Biosystems (Foster
City, CA, USA). LTQ-Orbitrap XL system was from Thermo Fisher
Scientific (Bremen, Germany).

2.2. Lys-C digestion of samples

Cell lysate (293 T) was collected as supernatant through adding
lysis buffer (7 M urea, 2 M thiourea with cocktail) to cell pellet, dis-
rupting by ultrasonic wave and centrifuging at 15,000 × g. Protein
concentration of the lysate was measured by the Bradford assay.
Reduction and alkylation of cysteine was carried out under 10 mM
DTT (37 ◦C for 1 h) and 30 mM IAA (room temperature for 1 h in the
dark), respectively. Then ReadyprepTM 2-D cleanup kit was used
for protein desalting. Final protein precipitate was resuspended
in 50 mM NH4HCO3, and Lys-C was added as 1/50 of the protein
by weight, incubated at 37 ◦C overnight. Resulting peptide mixture
was dried in a vacuum centrifuge repeatedly to remove NH4HCO3.

2.3. Glycopeptide capture using hydrazide resin

Glycopeptides were captured using the method previously
described [24] with minor modifications. Briefly, Lyophilized Lys-
C digested peptides (∼200 �g) were dissolved in a coupling buffer
(100 mM sodium acetate, 150 mM NaCl, pH 5.5) at a concentration
of 1 mg/100 �L. Sodium periodate at 10 mM final concentration was
introduced into the peptide solution and agitated in the dark at
room temperature for 1 h, to oxidize the cis-diol groups on glycans
to aldehydes. Then sodium sulphite was added to the solution at
a final concentration of 20 mM and incubated for another 10 min
to quench the excess oxidant. The coupling reaction was initi-
ated by introducing hydrazide resin (prepared by washing five
times with coupling buffer) into the quenched peptide solution
at about 10 mg/mL of resin, and extra coupling buffer was added
to reach a solid to liquid ratio of 1:5. The coupling reaction was
performed at 37 ◦C overnight under agitation. After that, the resin
was washed three times thoroughly and successively with 1.5 M
NaCl, methanol, and 50 mM NH4HCO3. Then resin was resuspended
in 50 mM NH4HCO3 (a solid to liquid ratio of 1:3) for the second
protease digestion.

2.4. In-situ tryptic digestion and PNGase F release of
resin-immobilized glycopeptides

Trypsin (1:100, w/w) was added to the resin, and digestion was
performed at 37 ◦C overnight. Supernatant (LT-peptides) was col-
lected and dried in a vacuum centrifuge for later use.

After tryptic digestion and LT-peptide collection, resin was
washed three times thoroughly and successively with 1.5 M NaCl,
methanol, and 100 mM NH4HCO3. Finally, de-glycosylation was
carried out at 37 ◦C overnight by PNGase F at a concentration of
1 �L of PNGase F per 1 mg of crude proteins in 100 mM NH4HCO3.
The supernatant containing DG-peptides was collected, combined
with the supernatant of an 80% ACN wash and dried in a vacuum
centrifuge for later use.

2.5. Mass spectrometry analysis

Matrix-assisted laser desorption/ionization (MALDI) mass spec-
trometric analysis was performed on 4700 Proteomics Analyzer in
positive ion detection, equipped with an ND-YAG 355 nm laser.
8 mg/mL CHCA (�-cyano-p-hydroxycinnamic acid) dissolved in

70% ACN (v/v) containing 0.1% TFA was used as matrix. MS/MS
fragmentation was achieved by collision induced dissociation (CID),
using air as the collision gas. For automated acquirement of 4700
MALDI mass spectra (100 shots/spot, 100 shots/sub-spectrum),
1000 laser shots were averaged to acquire one MALDI mass
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pectrum and 3500 laser shots were averaged to acquire one
ALDI-MS/MS spectrum.
Electrospray ionization (ESI) mass spectrometric analysis was

arried out by LTQ-Orbitrap XL Systems. Lyophilized tryptic pep-
ides were resuspended in 5% ACN IN 0.1% FA, separated by
everse-phase analytical column (200 mm × 75 �m) packed with a
.7 �m of bridged-ethyl-hybrid (BEH) C18 material (Waters Corpo-
ation, Milford, USA) and analyzed by on-line electrospray tandem
ass spectrometry in positive mode. Samples were injected onto

he trap-column with a flow of 20 �L/min and subsequently eluted
ith a gradient of 5–45% solvent B (95% ACN in 0.1% FA) over

00 min, and then injected into the mass spectrometer at a constant
olumn-tip flow rate of 500 nL/min. Eluted peptides were analyzed
y MS and data-dependent CID MS/MS acquisition, selecting the
ight most abundant precursor ions for MS/MS with a dynamic
xclusion duration of 60 s. All tandem mass spectra were collected
sing normalized collision energy of 35%, using helium as the
ollision gas.

.6. Data exploration

Data from MALDI and ESI MS/MS analysis was searched
gainst Swiss-Prot database by MASCOT and SEQUEST, respec-
ively. Parameters were as follows: enzyme, trypsin (partially
nzymatic); maximum missed cleavages (MCs), two; fixed mod-
fication, cysteine (C, 57.02150); variable modifications, oxidation
M, 15.99492) and asparagine de-glycosylation (N, 0.98402); mass
alues, monoisotopic. Precursor mass and fragment mass toler-
nce was 150 ppm and ±0.6 Da for MASCOT search, 10 ppm and
1 Da for SEQUEST search. To further validate results obtained from
EQUEST, Trans-Proteomic Pipeline (TPP) was used [34]. Database
earch results were statistically analyzed using PeptideProphet
35]. By building a well-established non-parametric model using
cores and other properties in the search results, PeptideProphet
ould give high-confidence spectrum-to-peptide interpretation

score > 0.9) [36]. Here only those peptides passed the peptide prob-
bility threshold 0.9 were accepted for further data interpretation.

Although the majority of N-linked glycosylation occurs at a
onsensus NXS/T sequon (X /= P) [25], about 3.3% of our identi-
ed Asn modified DG-peptides did not contain such a sequon. It

s likely resulted from false positive database search, nonspecific
dsorption by the resin, and isolation of atypical N-linked gly-
osites (i.e. not the NXS/T motif) which needs further validation.
o focus on those N-linked glycosites we could be most confident
bout, only those sequon-containing DG-peptides were preserved.
ecause hydrazide enrichment could be applied to all glycan con-
aining hydroxyl groups suitably oxidized, it is predictable that
T-peptides could be released from other glycopeptides rather
han N-glycopeptides. Since PNGase F is only suitable for N-
lycosylation, to clearly and reliably interpret the advantages of the
pproach, analysis will presently major focus on N-glycoproteins
dentified by DG-peptides and also identified from LT-peptides.
ecognition of LT-peptides which were related to DG-peptides in
he same large glycopeptides was carried out allowing two missed-
leavages of Lys-C digestion.

. Results and discussion

.1. Principle of the novel two-step protease digestion and
lycopeptide capture approach
Glycopeptide capture, especially when it gets high selectivity
e.g. hydrazide chemistry), usually obtains relatively low sequence
overage, and lowers consequently the confidence of protein
ssignment. Thus it is necessary to improve the shortcoming while
5 (2011) 70–75

making use of its effectiveness on complexity reduction of sample
and high specificity for glycopeptide separation. In our approach as
shown in Fig. 1, before glycopeptide oxidization and coupling, Lys-
C (cutting at K) was used as the first protease to digest proteins into
relatively larger peptides. The larger peptides, containing oxidized
sugar groups, were captured by hydrazide resin. After glycopep-
tide coupling and washing steps, trypsin (cutting at R here) was
used to cut off small peptides (named as LT-peptides, in the dashed
circle) from Lys-C produced glycopeptides captured by the solid
phase. The LT-peptide supernatant was collected and analyzed by
LC–MS/MS, the way as the later PNGase F released glycopeptides
(DG-peptides, in the dashed rectangle) did.

According to the existing frequencies of K (5.73%) and R (5.63%)
residues from Swiss-Prot human protein database, statistically, a
Lys-C-derived peptide would contain an R residue and could be
digested by trypsin to generate another smaller peptides. Thus,
when Lys-C was chosen as the first protease to generate rela-
tively large glycopeptides for capture, subsequent in situ tryptic
digestion would generate an appropriate amount of LT-peptides.
Meanwhile, owing to the high specificity (95.5% in our experiment,
Appendix B, Sheet B.1) and protease-enduring of hydrazide chem-
istry method, we could reduced the non-specific adsorption to a low
level, so the newly introduced LT-peptides could be produced in a
similar complexity as DG-peptides, separately collected and reli-
ably used. Combining sequences of both LT- and DG-peptides, the
overall protein sequence coverage could be improved. Additionally,
N-glycosites were given further proofs because LT-peptides could
indicate the existences of adjacent glycans coupling to the resin.

The two-step protease digestion approach was tested by stan-
dard glycoprotein (Table 1) and applied to analysis of unknown
glycoproteins in cell lysate. By incorporating LT-peptides iden-
tification result, 109 of 143 identified N-glycoproteins obtained
notably sequence coverage increase (an average increase of 79.4%;
Appendix A, Table A.1) and 189 of the identified N-glycosites
were further confirmed, after careful interpretation of LT-peptides
related information.

3.2. Validation of the approach by model glycoprotein

Asialofetuin (ASF), a representative and well characterized gly-
coprotein with three N-glycosites and four O-glycosites, was used
to test the approach, to see whether LT-peptides would appear as
we designed. The LT- and DG-peptide fractions were analyzed by
MALDI MS and searched against database. Results were listed in
Table 1. Both LT- and DG-peptides detected were in our expectation
majorly and played their roles.

Routine N-glycosite identification of N99, N156, and N176
were achieved by four DG-peptides. Three LT-peptides were also
detected: two of them matched with DG-peptides from parent pep-
tides generated by Lys-C digestion and provided further confident
glycosylation information for corresponding N-glycosites; another
LT-peptide turned to be adjacent to four recorded O-glycosites,
as annotated in Swiss-Prot database. Because PNGase F does not
work on O-glycans, it is reasonable that no DG-peptide proof could
be found for O-glycosylation. Hydrazide chemistry approach can
be applied to glycans if only cis-diol exists, thus the existence of
LT-peptide might be useful clue for O-glycosylation.

In summary, after incorporating LT-peptide result, a sequence
coverage increase from 12% to 23.4% for ASF identification was
achieved, N-glycosite identification benefited from double confir-
mation, and LT-peptides even dropped a hint on O-glycosylation.
3.3. Validation of the approach by cell lysate

To assess the applicability of this novel approach, we used
the total lysate of 293 T cells as a testing sample with 1D
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Fig. 1. Workflow of the two-step protease

C/ESI-MS/MS analysis carried out on LTQ-Orbitrap XL system.

he system can provide accurate mass and high resolution sim-
lar to those achievable with FTICR instrumentation [37]. Finally,
386 spectrum identification from DG-fraction and 1234 spectrum

dentification from LT-fraction resulted in 143 N-glycoproteins
dentification (Appendix B, Sheet B.1 and B.2).

able 1
ist of ASF peptides identified by MALDI mass spectrometry analysis applying the two-st

Detected Peptides Position Observed Mr

DG-Peptides
(Sequence Coverage
12.0%)

91–103 1442.8864
94–103 1115.6938

145–159 1741.9969
173–187 1666.9646

LT-Peptides
(Sequence Coverage
11.4%)

104–120 1978.1071
196–211 1667.9131
238–245 816.4941

Other 29–45 1774.0007

N-glycosites detected by recognizing 0.98 Da mass shifts in NXS/T sequons; (Nnum.) after
lycopeptides as the LT-peptides. N156 and N176 were two N-glycosites from the same Lys
etected in both LT- and DG-peptide fraction.
stion and glycopeptide capture approach.

On one hand, as expected, DG-fraction presented a consistently

high specificity: 95.5% identifications contained N modification
on NXS/T (X /= P) sequon (assigned to 359 N-glycosites). On the
other hand, we evaluated whether LT-peptides would specifically
present, too. After careful data interpretation, 932 of them (over
75% of all LT-peptides detected in 143 glycoproteins) were found

ep approach.

Expected Mr Amino acid sequence

1441.8791 VLDPTPLAN99
#CSVR

1114.6865 PTPLAN99
#CSVR

1740.9896 LCPDCPLLAPLN156
#DSR

1665.9573 AESN176
#GSYLQLVEISR

1977.0998 QQTQHAVEGDCDIHVLK (N99)
1666.9058 SVSVEFAVAATDCIAK (N156, N176)

815.4868 ALGGEDVR

1772.9934 EPACDDPDTEQAALAAV

the LT-peptides sequences represents N-glycosites from the same Lys-C generated
-C produced glycopeptide. “Other” peptide seemed to be an unspecific adsorption,
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Table 2
Assorting of all 1234 identification of LT-peptides.

LT-peptides Missed-cleavage (MC) Num. Num. of identification Percentage

Within two MCs of
identified N-glycosites

0 800
75.5%

91.5%
1 and 2 132

181
16.0%17

104 8.4%
1234 100%
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Fig. 3. Distribution of proteins realizing different extent of sequence coverage
Within two MCs of other
undetected NXS/T sequon (X /= P)

0
1 and 2

Other /
Sum /

ust locating within two missed-cleavages of DG-peptide-revealed
-glycosites (Table 2). Despite that over three quarters of LT-
eptides turned to be as our design, it seemed that LT-fraction
as not as specific as DG-fraction, because the latter achieved a

pecificity of 95.5%. However, after attention was paid to the loca-
ion of those “unspecific” LT-peptides, 198 of them were found
ppearing neighboring certain undetected NXS/T sequon. Actu-
lly, for either 932 direct or 198 indirect proved LT-peptides,
he percentage of zero missed-cleavage was both dominant (86%,
1%) and similar with other routine identification, e.g. DG-fraction
89%), (Appendix A, Table A.2). Thus we could re-evaluate the
pecificity of our LT-peptide data as 91.5% (Table 2), which was
omparable with DG-peptides and consistent with the enriching
ethod.
Fig. 2 is an example of DG- and LT-peptide combination of

he approach. Glycoprotein Q07954 was identified from ten tra-
itional DG-peptides (underlined, bearing ten N-glycosites) and
even LT-peptides (bolded and bolded italic). Subsequent inter-
retation of LT-peptides showed four (bolded italic) located in the
ame Lys-C-produced peptides as corresponding DG-peptides, so
hat four N-glycosites got further proofs. Another three LT-peptides
bolded) just located within zero missed-cleavage of several unde-
ected NXS/T sequon, all of which were annotated as “potential”

-glycosites in Swiss-Prot database. It is reasonable some LT-
eptides detected without corresponding DG-peptides, because
here may be N-glycosites insensitive to PNGase F or DG-peptides
nsuitable for MS detection, which need further validation. Nev-
rtheless, to focus on the one we could be most confident about,

ig. 2. A glycoprotein (Q07954) identified by both DG-peptides (underlined) and
T-peptides (bolded and bolded italic).
heoretical Lys-C generated peptides, which were related to LT- and DG-peptides,
ere ranked in sequence. For conciseness, suspension points were used to represent

or unshown amino acids; K residues were always shown.
increase.
Horizontal axis represents sequence coverage increase (%) calculated as LT-peptide-
coverage/DG-peptide-coverage × 100%. Vertical axis represents the numbers of
proteins in different extent of increase intervals.

following analysis we presently showed was generated from 932
LT-peptides with direct DG-peptide proofs.

By applying this approach, a notable sequence coverage increase
was obtained for glycoprotein identification from cell lysate, with-
out sacrificing the high specificity. Based on previous studies,
glycopeptides are usually present in relatively low abundance
(2–5%) in tryptic peptide mixtures of glycoproteins [38]. In
methodological researches, very high enriching specificity for gly-
copeptides is normally a desirable and exact goal. Nevertheless,
high specificity might result in quite low sequence coverage for gly-
coprotein identification. After incorporating the newly introduced
LT-peptides, 109 glycoproteins obtained improved sequence cov-
erage with increase up to 350%; about one-third proteins doubled
their coverage or even more; a 79.4% increase in average was got.
Different extent of sequence coverage increase was summarized
in Fig. 3 with details listed in Table A.1. Particularly, a part of the
glycoproteins were only identified by single DG-peptide hit (e.g. 31
protein IDs marked by asterisk in Table A.1). In combination of their
LT-peptides, an average increase of 111% for sequence coverage was
obtained. Moreover, LT-peptides played another role besides cover-
age increase. Their appearances further confirmed the existence of
former glycosylation which happened on the same Lys-C-generated
glycopeptides with them. Finally, 189 DG-peptide-identified N-
glycosites in 109 glycoproteins were further confirmed because of
their neighboring LT-peptides (Appendix B, Sheet B.3). Thus assign-
ment confidence was enhanced.

4. Conclusions

Proteins can be identified by individual signature proteolytic

peptides with MS and identification from multiple peptides
improves the confidence of protein assignment [39], so that
it is ideal to use multiple peptides to identify a protein. We
novelly introduced two-step protease digestion into a popular
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lycopeptide capture approach. Through controllably releas-
ng non-glycopeptides and de-glycopeptides, high specificity

as maintained, while low glycoprotein sequence coverage
as improved and more confirmed glycosite identification was

chieved. In future works, other suitable combination of pro-
eases as releasing reagents may be considered if necessary. We
elieve this approach could be useful when applied to various high
hroughput glycoproteomic researches.
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