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A Sensitive Method for Identification of N-Glycosylation Sites
and the Structures of N-Glycans Using Nano-LC-MS/MS
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Department of Molecular Medicine, Cell and Matrix Biology Research Institute, School of Medicine,
Kyungpook National University, Daegu 700-422, Korea
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Abstract — Biosimilars are important drugs in medicine and contain many glycosylated proteins. Thorough analysis of the
glycosylated protein is a prerequisite for evaluation of biosimilar glycan drugs. A method to assess the diversity of N-gly-
cosylation sites and N-glycans from biosimilar glycan drugs has been developed using two separate methods, LC-MS/MS
and MALDI-TOF MS, respectively. Development of sensitive, accurate, and efficient methods for evaluation of glycoproteins
is still needed. In this study, analysis of both N-glycosylation sites and N-glycans of glycoprotein was performed using the
same LC-MS/MS with two different nano-LC columns, nano-C18 and nano-porous graphitized carbon (nano-PGC) columns.
N-glycosylated proteins, including RNAse B (one N-glycosylation site), Fetuin (three sites), and -1 acid glycoprotein (four
sites), were used, and small amounts of each protein were used for identification of N-glycosylation sites. In addition, high
mannose N-glycans (one type of typical glycan structure), Mannose 5 and 9, eluted from RNAse B, were successfully iden-
tified using nano-PGC-LC MS/MS analysis, and the abundance of each glycan from the glycoprotein was calculated. This
study demonstrated an accurate and efficient method for determination of N-glycosylation sites and N-glycans of gly-
coproteins based on high sensitive LC-MS/MS using two different nano-columns; this method could be applied for eval-
uation of the quality of various biosimilar drugs containing N-glycosylation groups.
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(b) Retention Time
Gel-assisted Digestion In Solution Digestion
Fetuin glycosylation sites No iz Mass Accuracy Mascot m/z Mass Accuracy Mascot
(Delta) Score (Delta) Score

RPTGEVYDIEIDTLETTCHVLDPTPLA%NCSVR a 12248905 0.8889 16 1224 8748 -0.1422 52
LCPDCPLLAPL'*NDSR b 871.3659 -0.1001 101 871.3922 0.0098 50
VVHAVEVALATFNAES7SNGSYLQLVEISR c 1006.5024 0.9188 60 1006.4997 -0.0733 109

Fig. 1 - BPI (Base peak ion intensity) patterns of tryptic peptides from Fetuin in LC-MS and a summary of peptides that contain V-
glycosylation sites. Fetuin (1 ug) was tryptic-digested using two different methods, gel-assisted and in-solution digestion. The tryptic
peptides were treated with PNGase for detachment of N-glycan groups. Nano-C18 MS/MS was used for analysis of peptides. (a) Two
different BPI patterns of tryptic-peptides generated using gel-assisted (above) and in-solution digestion (bottom). (b) Peptides
identified from Fetuin that contain N-glycosylation sites. N (glycosylated amino acid) is changed to D when the N-glycosylation is
detached by PNGase treatment. The Mascot search was performed based on this phenomenon (molecular weight shift with+0.98 Da).
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3, LCPDCPLLAPL™NDSR?| 3t 7} fjejo]=i= Al Aejo] ot
Wzl Aoihch dabdee] vl dagls o) o 3= MASCOT
A4S Yehith BEo], Fig. laolA 5 duhiid Felo]=
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AR E ok e e ERIEinh ek, v B
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(c)
. . Mass Accuracy
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AGP glycosylation sites m/z Mass Accuracy Mascot Score
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E'3NGTISR 389.1865 -0.008 48
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Fig. 2 — BPI patterns of tryptic peptides from RNAse B (a) and al-acid glycoprotein (AGE, b) in LC-MS. Summary of peptides that contain
glycosylation sites, from RNAse B (c) and AGP (d). RNAse B (1 ug) and AGP (1 ug) were tryptic-digested using in-solution digestion,
followed by treatment with PNGase. One peptide from RNAse B and four peptides from two forms of AGP have been identified.
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Fig. 3 — Tandem mass spectra of one peptide from Fetuin, RNAse B, and AGP, respectively. Fragmentation patterns of LCPDCPLLAPLNDSR
(m/z 871.2659), ETGSSKYPNCAYKT (502.2049), and SVQEIQATFFYFTPNKTEDTIFLR (m/z 966.1259) from Fetuin (a), RNAse B
(b), AGP (c) are shown. b and y ion series were precisely detected to support the amino acid sequences for each peptide.
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Fig. 4 — Tandem mass spectra of two glycan structures, Mannose 5 and 9. Glycans from RNAse B were released by PNGase treatment,
enriched by a PGC cartridge, and analyzed using nano-PGC MS/MS. The fragmentation patterns of Hex5-HexNAc2 (a) and Hex9-
HexNAc2 (b) are shown. Fragment ions derived from two precursor ions, m/z of 1236.11 and 942.83, supported each correct N-glycan
composition.
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Fig. 5 — The abundance of Mannose 5 and 9 on the %N position of
RNAse B. (@) The mass intensities of each glycan are
shown. (b) Using standard glycans, calculation of the
amounts of each glycan was based on ion intensities.
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