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Wormald, Rudd & Dwek.  
Oxford Glycobiology Institute. 

• One N-linked glycosylation site at Asn 297. 

• Variability depending on cell line and 

expression conditions.  

• Structural diversity: Fuc, Gal, Neu5AC, 

GlcNAc 

• Glycosylation determines: 

- biological activity,  

- physicochemical properties,  

- ADCC and  CDC functions. 

• Importance of IgG glycosylation analysis in:  

- clone selection,  

- product characterization,   

- lot release 
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Symbolic representation of glycans 

Chemical structure of a complex 

biantennary galactosylated and 

sialylated glycan 

FA2BG2S2 



Functionality of terminal sugar residues 

of N-glycans on IgG  

• Core fucose: Enhanced ADCC activity  

• Bisecting GlcNAc: Enhanced ADCC activity   

• Sialic acid: Suppression of ADCC and anti-inflammatory 

• Galactose: Placental transport; enhanced CDC   

• GlcNAc/mannose: Ligand for Mannose Binding Protein  

• α1,3-gal, NGNA:  Antigenic 

ADCC 

 

 

 

CDC 
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Alterations in glycosylation processing 

• Many factors contribute to alterations in glycan processing on 

recombinant glycoproteins 

– Expression levels of the processing enzymes in the host cell line  

– Monosaccharide nucleotide donor levels  

– Cell signaling pathways: cytokines/hormones, drugs, media components  

– Loss of cellular organelle organization due to e.g., pH changes  

– Mutations in genes, gene silencing, overexpression 

– Bioprocessing environment such as temperature, oxygen level, etc. 

• Sugars are involved in key aspects of bioprocessing  

– Importance of Process Analytical Technology  

• Quality by design:  

– Importance of sugar function relationship  

– Selection of cell lines with appropriate glycosylation 

• Proper analytical toolset to ensure that the product has correct 

glycosylation for optimal activity 

 



CHALLENGE: complex, diversified structures; no chromophore / 

fluorophore groups; mostly not charged 

 

Analytical methods in glycan analysis: 

 

• Structural characterization options: MS and NMR 

• HPLC: - HPAE/PAD 

 - Normal phase and HILIC (HPLC and UPLC) 

  - Graphitized carbon (HPLC and chipLC) 

• Capillary Electrophoresis  

• Hyphenated Methods: LC-MS, CE-MS, CESI-MS 

Glycan analysis options 



Glycan Labeling by APTS 

Purpose:  

Introduction of label and charge 
 

• Reductive amination 

• Sugar reducing ends only 

• ex 488 / em 520 nm LIF/LedIF, excellent sensitivity 

• Simple, one step reaction 

• Great efficiency (over 90%) under optimized conditions  

  (reagent concentration, time, temperature, pH, solvent) 

• Non-selective: uniform labeling for most structures 

• Easy quantification: one fluorophore per sugar molecule 



Average fluorescent intensity as a function of 

PNGase F digestion time at 37oC and 50oC.  
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Optimization of fluorophore labeling conditions 
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APTS labeling efficiency study.  



Glycan capture 
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Magnetic bead based APTS clean-up for glycoproteins with 

complex, sialylated and high mannose structures 
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Comparison between the magnetic bead and the traditional 

overnight  methods in the peak area% 

Magnetic bead method 

timeline 
 

- PNGase F Digestion     60 min 

- Glycan capture        10 min 

- APTS labeling      120 min 

- Cleanup         10 min 

- Elution         10 min 

- CE-LIF         20 min 

Total analysis time      230 min 



• Glucose Unit 
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• Tentative structural 
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Standardization 



Sequential Digestion 
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AEC Fractionation 



Identified Structures 

36 possible structures on IgG heavy chain: Combinations of 

core fucosylation, galactosylation, sialylation and the presence 

of a bisecting GlcNAc. 



ADCC Suppression 

(core fucose) 

CDC Activation 

(GlcNAc) 

Half Life 

(galactose) 

Anti-Inflammatory 

(sialic acid) 

Interpretation of IgG glycosylation 



Determination of the presence or absence 

of potentially immunogenic epitopes 

• Certain cell lines are capable of Neu5Gc incorporation or to synthesize 

galactose-α-1,3-galactose epitopes. 
 

• As glycosylation is subject to cell culture conditions, alterations in the 

process may result in different levels immunogenic epitopes. 
 

 

Gal α1-3 Gal and Neu5Gc epitopes 
produced by certain cell lines are 

antigenic in humans 

Neu5Ac 

Neu5Gc 



Analysis of immunogenic epitopes: α1-3 Gal 



NANA- and NGNA-containing glycoforms detected by 

CESI-MS 
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Ultrafast profiling of IgG glycans 
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IgG N-glycans 

Standard glycan  mix: 

G0, G0-F, G1, G1-F, G1’, G1’-F, G2, G2-F 
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