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N-Glycans and intact glycopeptide-based characterization of
N-glycosylation of monoclonal antibody drugs
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Abstract: In recent years, the biopharmaceutical industry has grown rapidly, and the market size of monoclonal
antibody drugs has increased significantly. Accurate structural characterization and quality control are the supporting
technologies for the development of monoclonal antibody drugs. As a significant post-translational modification of
antibody drugs, glycosylation has an important influence on its efficacy, stability, and immunogenicity. The existing
literature usually uses liquid chromatography-mass spectrometry to perform major glycosylation modifications of
monoclonal antibody drugs. Characterization, there are few studies on low-abundance glycosylation, but the charac-
terization and control of low-abundance glycosylation cannot be ignored. In this study, we have established a qualita-
tive and quantitative analysis technology for N-glycans based on RapiFluor-MS reagent-labeled monoclonal anti-
body drugs. This method has a short sample processing time and high sensitivity. It can not only characterize the
main glycoforms of three monoclonal antibody drugs (adalimumab, bevacizumab, and trastuzumab) but also can
quantify low-abundance N-glycans. The results of the study showed that the main glycoforms specified in the
Pharmacopoeia could be detected in different batches of monoclonal antibody drugs, but the content of N-glycans
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in different batches of samples is not identical. After that, we analyzed the N-glycans connection sites and glyco-
forms at the intact glycopeptide level, further enriching the N-glycans structure information of the monoclonal anti-
body. The qualitative and quantitative analysis technology of N-glycans based on RapiFluor-MS reagent-labeled
monoclonal antibody drugs can realize the in-depth characterization and control of glycosylation modification of

monoclonal antibody drugs.

Key words: LC-MS/MS; glycosylation; adalimumab; bevacizumab; trastuzumab; free N-glycan; intact glyco-

peptide
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Figure 1 Performance of HILIC-MS analysis of glycan standards. A: RFMS labeled Dextran Calibration Ladder was used as a separation

standard; B: The glucose unit (2-18) calibration from the separation standard was fitted by a fifth order polynomial curve. The measured

GU value was searched using the glycobase entries to assign structures from GU values; C: HILIC-MS analysis of RFMS labeled glycan

standards. 1 pmol of glycan mixture was injected. RT: Retention time; GU: Glucose unit
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Figure 2 Analysis of N-glycans by PNGase F releasing and RFMS labeling. A: Chromatogram of RFMS-labeled N-glycans released from
adalimumab. N-glycan structures for each peak were labeled. G: Galactose; F: Fucose; GN: GIcNAc; and loss of GIcNAc shown as minus
(-)GN. # indicates the isoforms of G1F; B, C: Extract ion current chromatogram of N-glycans released from bevacizumab (B) and trastu-
zumab (C)

Table 1 A list of the mass-confirmed N-linked glycans derived from three therapeutic mAbs. ADA: Adalimumab; BEV: Bevacizumab;
TRA: Trastuzumab. G1: A2[6]G(4)1; G1": A2[3]G(4)1; G1F: F(6)A2[6]G(4)1; G1F" F(6)A2[3]G(4)1. "*" indicates isomers; "-" is non-
detectable

Relative abundance/% RT

No. Monosaccharide composition  Glycoform = e = S A 3 BEV 1 BEV 2 BEV 3 TRA 1 TRA2 TRA3 /min U
1 HexNAc(2)Hex(3)Fuc(l) FMan3 057 026 033 046 054 075 020 013 007 1069 477
2 HexNAc(4)Hex(3) Go 272 214 328 693 944 710 1429 1243 1243 1304 550
3 HexNAC(4)Hex(3)Fuc(l) GOF 3433 454 2236 4705 3888 4601 617 1968 1832 1405 581
4 HexNAC(5)Hex(3)Fuc(l) GOF+GN 302 023 352 093 08 090 - - - 1610 648
5 HexNAc(3)Hex(3)Fuc(l) GOF-GN 992 994 1399 17.07 2054 2196 379 296 194 1250 533
6 HexNAC(3)Hex(3) GO-GN 061 062 08 108 137 141 231 160 083 1132 497
7 HexNAc(4)Hex(4) G1* - - - - - - 282 284 334 1550 628
8 HexNAc(4)Hex(4) G1* - - - - - - 140 135 181 1588 640
9 HexNAC(4)Hex(4)Fuc(l) G1F* 2252 1833 2504 756 1608 1186 3246 2829 30.06 1645 659
10 HexNAc(4)Hex(4)Fuc(l) G1F™* 1024 75 112 1533 815 633 1748 1554 1664 1686  6.73
11 HexNAC(5)Hex(4)Fuc(l) GIF+GN 014 010 020 026 020 016 1844 727
12 HexNAC(3)Hex(4)Fuc(l) GIF-GN 064 256 087 078 083 080 125 126 156 1545 626
13 HexNAc(4)Hex(4)Fuc(L)NeuAc(l) GIFS - - - - - - 019 014 018 1851  7.30
14 HexNAC(3)Hex(4) G1-GN - - - - - - 058 047 062 1428 589
15 HexNAC(4)Hex(5) G2 - - - - - - 038 033 046 1815 7.7
16 HexNAC(4)Hex(5)Fuc(l) GoF 189 124 185 117 137 107 860 777 930 1908  7.50
17 HexNAc(3)Hex(5)Fuc(l) G2F-GN 047 039 054 - - - 036 028 041 2080 812
18 HexNAC(2)Hex(3) Man3 204 155 227 - - - - - - 9045 439
19 HexNAC(2)Hex(4) Mans 063 092 131 - - - - - - 1244 531
20 HexNAC(2)Hex(5) Man5 691 602 805 163 197 180 603 428 187 1530 621
21 HexNAC(3)Hex(5) Man5+GN - - - - - - 024 014 010 1669 667
22 HexNAC(2)Hex(6) Man6 239 200 313 - - - 085 022 004 1800 7.2
23 HexNAC(2)Hex(7) Man? 063 062 083 - - - 035 009 002 2065 806
24 HexNAC(2)Hex(7) Man7D3 035 020 036 - - - - - - 1959 768
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K.PREEQYN[+1704.635]STYRVVSVLT 5
VLHODWLNGK.E GO+H2GN 987.871 8.3 19.0
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Figure 3  Glycopeptide analysis of trypsin digested bevacizumab. A: Total ion chromatogram of trypsin digested mAb analyzed in nano-
LC-MS/MS. B: Extracted ion chromatograms (XICs) of abundant glycopeptides. C: MS/MS data of the glycopeptide with the GOF-GN
structure. Relevant fragments were annotated by software Byonic and manually checked. The glycosite (Asn, N) was labelled. D: List of

glycopeptides and the attached glycans derived from digested bevacizumab
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