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Supplementary Materials and Methods 

Electrospray ionization (ESI) mass spectrometry 

Electrospray mass spectrometry was performed with a Waters Synapt G2 instrument 

(Waters MS Technologies, Manchester, UK) in negative ion mode. Samples in 1:1 

(v:v) methanol:water were infused through Waters thin-wall  borosilicate nanospray 

capillaries. The ion source conditions were: ion source temperature, 120˚C; infusion 

capillary potential, 1.2 kV; cone voltage 180 V; RF-1 voltage 150 V. Spectra (2 sec 

scans) were acquired with a digitization rate of 4 GHz and accumulated until a 

satisfactory signal:noise ratio had been obtained. The ions from neutral glycans were 

observed as [M+H2PO4]– adducts, the phosphate arising from residual phosphate in 

the solution whereas acidic (sialylated) glycans gave [M–H]– ions. For MS/MS data 

acquisition, the parent ion was selected at low resolution (about 5 m/z mass window) 

to allow transmission of isotope peaks and fragmented with argon at a pressure 

(recorded on the instrument’s pressure gauge) of 0.5 mBar. The voltage on the 

collision cell was adjusted with mass and charge to give an even distribution of 

fragment ions across the mass scale (typically 80−120 V). Other voltages were 

applied as recommended by the manufacturer. Instrument control, data acquisition, 

and processing were performed with MassLynx software Version 4.1 (Waters). The 

negative ion collision-induced dissociation (CID) spectra provide highly diagnostic 

fragmentation spectra that enable structural assignment of the glycans. For a more 

extensive discussion of these techniques, see Harvey et al. (1, 2). 

 Fine structural and compositional analysis of sialylated glycans from the 

generated Fc mutants was also performed using negative ion ESI CID mass 

spectrometry (2) (Figure 1). This method is illustrated in the spectrum of the [M–H]– 

ion of the monosialylated biantennary glycan (Figure 1C). The presence of Neu5Ac is 
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indicated by the B1 ion at m/z 290 and the absence of an ion at m/z 306 indicates that 

this ion is α2-3-linked (3). The C1 ion at m/z 179 shows hexose (galactose) at the non-

reducing terminus of the other antenna. The 1,3A3 and 1,3A4/Y1 ion at m/z 424 contains 

the Gal-GlcNAc sequence from the antennae and the ion at m/z 655 (not labeled) is 

the B3 ion Neu5Ac-Gal-GlcNAc. D and D-18 ions arising from the 6-antenna appear 

at m/z 688 and 670 respectively. Ions at m/z 1478, 1418 and 1275 are the diagnostic 

2,4A7, B6 and 2,4A6 ions from the N-acetylchitobiose core, with additional loss of the 

sialic acid and locate the fucose residue to the reducing-terminal GlcNAc. 

 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-

TOF MS) analysis 

Oligosaccharides were released from target glycoproteins with PNGase F (New 

England BioLabs) from Coomassie blue-stained NuPAGE gels (4). Excised bands 

were washed five times alternately with acetonitrile and deionized water and 

rehydrated with 3000 U/mL aqueous PNGase F solution. After 12 h of incubation at 

37°C, the enzymatically released N-linked glycans were eluted with water. Samples 

were analyzed by MALDI-TOF mass spectrometry with a Shimadzu AXIMA MALDI 

TOF/TOF mass spectrometer (Kratos Analytical, Manchester, U.K.) equipped with 

delayed extraction and a nitrogen laser (337 nm). Samples were cleaned on a Nafion 

117 membrane (Sigma-Aldrich) and then prepared for MALDI-mass spectrometry by 

adding 0.5 μL aqueous solution of the glycans to the matrix solution (0.3 μL solution 

of 2,5-dihydroxybenzoic acid in acetonitrile/water; 1:1, v/v) on the stainless steel 

target plate and allowing it to dry at room temperature. The sample/matrix mixture 

was then recrystallized from ethanol. 
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In-Gel Tryptic digestion of native and deglycosylated IgG variants 

Deglycosylated IgG were prepared by PNGase F digestion (New England Biolabs, 

UK). In-gel digestion of native and hydrophobic IgG mutants was carried out using 

the In-Gel Tryptic Digestion Kit (Thermo Scientific, UK) according to manufacturer’s 

protocol. Briefly, gel bands containing IgG were excised and destained extensively, 

followed by reduction and alkylation. The gel slices were then digested with trypsin 

for 6 hours at 37˚C and the peptides were extracted with 1% trifluoracetic acid 

(Sigma-Aldrich, UK). The peptides were analyzed on a MALDI-TOF MS instrument 

(Kratos Analytical, Manchester, U.K.), using α-Cyano-4-hydroxycinnamic acid as the 

matrix. The expected tryptic peptide mass of the native and deglycosylated IgG were 

calculated online using the PeptideMass program at the ExPASy SIB Bioinformatics 

Resource Portal. The lack of intrinsic N-glycosylation at Fc Asn297 was assessed by 

the detection of the tryptic peptide EEQYNSTYR, which contains the N-

glycosylation site Asn297 and results from non-glycosylated IgG1 Fc. The equivalent 

tryptic peptide resulting from the normal glycosylated, PNGase F-treated IgG1 Fc, is 

EEQYDSTYR. 
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Table S1. List of masses, compositions and structures of the N-glycans derived from 
electrospray mass spectrometry and then converted into singly and doubly charged 
ions using ion mobility extraction. 
 

m/z Ion Composition Structure Hex GlcNAc Fuc Neu5Ac 

1559.5 [M + H2PO4]- 3 4 1 0 
 

1721.6 [M + H2PO4]- 4 4 1 0 

 

1762.6 [M + H2PO4]- 3 5 1 0 

 

1883.6 [M + H2PO4]- 
5 4 1 0 

 

990.3 [M+(H2PO4)2]2- 

1914.7 [M-H]- 4 4 1 1 

 
1924.6 [M + H2PO4]- 

4 5 1 0 

   
1010.8 [M+(H2PO4)2]2- 

2076.7 [M-H]- 
5 4 1 1 

 

1086.6 [M-H+H2PO4]2- 

2086.7 [M + H2PO4]- 
5 5 1 0 

 

1091.8 [M+(H2PO4)2]2- 

2117.8 [M-H]- 4 5 1 1 

 

2248.8 [M + H2PO4]- 6 5 1 0 

 

2279.9 [M-H]- 
5 5 1 1 

 

1188.4 [M-H+H2PO4]2- 

1183.4 [M-H2]2- 
5 4 1 

2 

 

2389.8 [M-H2+Na]- 2 

2441.9 [M-H]- 
6 5 1 1 

 

1269.4 [M-H+H2PO4]2- 
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136

146

151

152
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