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Abstract

The detailed glycan structural analysis of glycoprotein is amenable to glycopeptide enrichment.
Here, we develop a simple, effective and economical approach to enrich glycopeptides from pro-
teolytically digested peptide mixtures by chromatographic column packed with graphite carbon
and activated charcoal (G/A-column). Glycopeptide from ovalbumin was efficiently enriched by
homemade G/A-column using liquid chromatography and the structure of glycopeptide was ob-
tained by tandem mass spectrometry using Fourier transform ion cyclotron resonance mass spec-
trometry. The results in this study demonstrate that G/A-column can be used to enrich N-glycol-
peptides and be benefit for online identification of glycopeptide using LC-MS.
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1. Introduction

Various investigations concerning oligosaccharide analysis have been performed because of the importance of

“Identification of glycopeptide using LC-MS.
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oligosaccharide moiety in glycoprotein in biological systems [1] [2]. Intact glycopeptide can provide structural
information of glycans as well as peptide, which includes the information of glycosylation site. Mass spectro-
metry (MS) is one of the most powerful and versatile techniques for identification of glycopeptides [3] [4].
However, due to low abundance of glycopeptides, low MS signal was suppressed by non-glycopeptides. It is a
real demand to separate glycopeptides for the detailed glycopeptide structural analysis. Liquid chromatography
(LC) combined with MS can hit the mark that isolates and identifies glycopeptides online [5] [6].

A number of experiments for enrichment of glycopeptides using graphite carbon and activated charcoal,
which has been mostly used in pharm, have been reported [7] [8]. Based on the similar properties, it is regarded
that there are differences in adsorptions, signal intensity, S/N ratio, peptide binding and loading capacity be-
tween graphite carbon and activated charcoal [9] [10].

Here, we develop a relatively stable, effective and economical approach to isolate and identify glycopeptides
using liquid chromatography (LC) online combined with electrospray ionization Fourier transform ion cyclotron
resonance (FTICR) mass spectrometry (MS). Characterization of glycopeptides derived from ovalbumin was
analyzed. The result demonstrated that G/A-column could efficiently isolate the glycopeptides from the diges-
tion mixtures of ovalbumin, and detailed glycan structural analysis was obtained by using tandem mass spec-
trometry.

2. Experimental
2.1. Materials and Chemaicals.

Graphite carbon powder was from Alltech (Sydney, Australia). Activated charcoal, ovalbumin, dithiothreitol
(DTT), iodoacetamide, proteinase K were from Sigma (St. Louis, MO). Trypsin (sequencing-grade modified)
was purchased from Promega (Madison, WI). The ddwater was from a Milli-Q system (Millipore, Bedford, MA).
The other reagents were chromatographic-grade.

2.2. In-Gel Digest and Proteinase K Digest.

After resolved on 12% SDS-PAGE [11], in-gel digestion was performed as the protocol [12] with modification
fallowed by proteinase K digestion. The supernatant from the tryptic digestion of the ovalbumin was transferred
to a new tube. Proteinase K dissolved in water (1 mg/mL) was added to the tube, which the final concentration
of proteinase K was up to 0.1 pg/uL. The digestion was carried out at 37°C overnight. The solution of digestion
was dried by Speedvac and dissolved in 1% formic acid to optimize the pH condition facilitating the glycopep-
tide binding to packing materials.

2.3. Liquid Chromatography-Mass Spectrometry.

Homemade columns (1000 pm x 30 mm) were packed with a acetonitrile slurry of graphite carbon and activated
charcoal particles (w/w, 1:1) at <1500 psi. Samples digested by trypsin and proteinase K in-gel were injected in
0.2% formic acid in water onto the homemade column coupled to a Bruker Apex Ultra FTICR mass spectrome-
ter (Bruker Daltonics, Germany) for tandem MS analysis. Mobile phase A was 0.2% formic acid in water. Mo-
bile phase B was 0.2% formic acid in acetonitrile. Chromatography was performed at a flow rate of 5 pL/min
with a ladder gradient of 0%, 20%, 30% B in 60 min following a linear gradient of 30% - 90% B in 20 min
while holding at 95% B for 10 min.

All MS experiments were carried out in positive ion mode, the electrospray conditions were optimized as
spray voltage kV and capillary temperature 150°C. PepSeq was used along with ExPASy’s GlycoMod Tool to
predict potential glycan compositions from glycan masses determined from MS/MS analysis of intact glycopep-
tides [13].

3. Results and Discussion

Glycosylation is one of the most common post-translational modifications (PTMs). It is important to isolate and
identify subsequently glycosylated peptides in glycoproteomics [14] [15]. LC-MS is one of the most powerful
and versatile techniques for isolation and identification of glycopeptides.
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Some experiments for analysis of glycopeptides or oligosaccharide by graphite carbon combining LC-MS
have been performed [7]. Activated charcoal also has been used to trap glycopeptides due to its adsorption [10].
Based on the difference in physicochemical properties, the columns were packed with graphite carbon and acti-
vated charcoal in equal weight (w/w, 1:1).

Ovalbumin is a well-characterized glycoprotein containing a N-linked glycosylation site (Asn292). Proteinase
K is a nonspecific proteinase, which can cleave the majority of the tryptic peptides into smaller peptides con-
sisting of three to five amino acid residues. After digestion by trypsin and proteinase K, small glycopeptides that
will have molecular masses typically >1200 Da. The mass spectrum acquired by infusing an enzymatic mixture
of ovalbumin onto the G/A homemade column is presented in Figure 1. The results show that the peak of gly-
copeptide arises at thirty-fourth to fortieth minute (Figure 1(a)). ESI produced doubly protonated ions possess-
ing m/z values of 944.9(2+), 986.4(2+), 1067.5(2+), 1087.5(2+), 1168.5(2+) and 1249.6(2+), respectively
(Figure 1(b)), which indicate the mass of glycopeptides is 1889.8 Da, 1972.8 Da, 2135.1 Da, 2175.0 Da, 2337.0
Da, and 2499.2 Da. It is shown that the mass gaps between peaks correspond to the typical monosaccharide
masses (162 and 203 Da for hexose and N-acetyl-hexosamine, respectively), suggesting the presence of a pep-
tide with a heterogenous glycan structures.

The glycopeptide structures in ovalbumin can be identified by tandem mass spectrometry. The glycopeptide
mass is selected in the quadrupole and submitted to collision-induced dissociation (CID). Figure 2 shows the
fragment ion spectra obtained from the glycopeptide of ovalbumin. It is shown that glycopeptide derived from
ovalbumin are splitted to smaller glycopeptide and a series of glycan. Based on the collision so the significant
peaks at m/z 944.9(2+), 986.4(2+), 1067.5(2+), 1087.5(2+), 1168.5(2+) and 1249.6(2+) observed in Figure 1(b)
correspond to the same peptide sequence (YNLT) carrying (GIcNAc),ManzHexs, (GlcNAc),Manz(HexNAc),Hex,,
(GlecNACc),Mans(HexNAc),Hex,, (GIctNAc),Manz(HexNAc)sHex;, (GIcCNAc),Manz(HexNAC)sHex,,
(GlcNAc),Mans(HexNAc)sHexs, respectively. The characterization of glycopeptide of ovalbumin can be ob-
tained.

Graphite carbon and activated charcoal may preferably target different interacting interfaces in single glycol-
peptides, which results in complementary absorptions. Glycoprotein produces small glycopeptides that contain
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Figure 1. LC-ESI mass spectrum of ovalbumin. (a) Total ion chromatogram (TIC) of digestion from ovalbumin; (b) Posi-
tive-ion ESI mass spectrum of glycopeptide derived from ovalbumin, which was collected at 37.2 minute indicated by arrow.
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Figure 2. Fragmentation of glycopeptides from ovalbumin. The m/z of precursor ion was 2133.92, which was the peak at m/z
1067.5(2+) in Figure 1(b). Blue quadrate indicates N-acetylglucosamine (GIcNAc); Green circle indicates mammose (Man);
Yellow quadrate indicates N-acetylhexosamine (HexNAc); Yellow circle indicates hexose (Hex).

a peptide tag by two-stage digestion using trypsin and proteinase K. These glycopeptides resemble free glycans
with respect to hydrophilicity. Due to glycan structures in general are highly hydrophilic they can be separated
by using normal-phase liquid chromatography.

4. Conclusion

In this study, a series of glycopeptide signal peaks derived from digestion of ovalbumin are detected, showing
that the G/A-column has the potential to isolate and enrich glycopeptides specifically and efficiently. By using
Tandem mass spectrometry, the characterizations of glycopeptides derived from ovalbumin were obtained.
Therefore it will be benefit for glycoproteomics. Moreover our strategy is simple and economic for glycopep-
tides analysis.
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