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Innovative Tools for the Life Science Industries
Genovis Group
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Genovis Global Presence
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Sugars are Everywhere!
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Challenges Associated with Glycans
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Etanercept
(Enbrel®)

Human C1 
inhibitor

monoclonal
Antibodies• Glycans are complex and heterogeneous 

modifications

• Existence of many isobaric structures
• Composition: Glucose vs galactose vs mannose 

à all 162 Da
• Configuration: α vs β linkage
• Connectivity: Position of the glycosidic bond 

(β1-3 vs β1-4 linkage)

• Presence of glycans present challenges in the 
analysis of other protein modifications

• Glycan heterogeneity can ‘mask’ other PTMs
• Removal of glycans can improve 

characterization of the protein
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Tools for characterization of 
complex glycoproteins



Difficulties with O-glycosylation analysis
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Trypsin

Trypsin Etanercept
(Enbrel®)

Human C1 
inhibitor

• Standard digestion (trypsin, Lys-C) difficult for heavy O-

glycosylation
• O-glycans are complex and variable

• Analytical toolbox is limited:
Few O-glycan specific enzymes

Chemical methods are laborious



O-glycan-specific protein digestion

• O-glycoprotein specific protease
• Hydrolyzes glycoproteins N-terminally to the O-glycosylated serine or 

threonine residues
• Significantly reduced activity on sialylated O-glycosylation sites
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• All O-glycosylation sites of etanercept could be identified
• No enrichment needed
• Site-specific mapping without ETD fragmentation

Mapping O-glycosylation sites in etanercept
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Comparison between originator and biosimilars
• All three peptides stem from the same region and suggest 

underglycosylation of one residue (216) in the biosimilar
• Quantitative differences mapped site-specifically

Quantitative comparison of O-glycosylation patterns in etanercept
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Tools for characterization of 
complex glycoproteins

SialEXO®

SialEXO®

SialEXO®

SialEXO®

OglyZOR®



• SialEXO is a broad acting sialidase
• Immobilized SialEXO available for on 

column desialylation
• No enzyme in resulting samples

• Improved separation in icIEF
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Charge variant analysis after rapid 
desialylation
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Tools for characterization of 
complex glycoproteins

SialEXO®

SialEXO®

SialEXO®

SialEXO®

OglyZOR®

GalactEXO™

GalactEXO™

GalactEXO™



• LC-MS of Fc/2 shows hydrolysis of galactose 
• Released N-glycan analysis confirms complete 

removal of galactose
• Detection of underlying modifications - glycation
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Homogenous G0F glycoforms
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Tools for characterization of 
complex glycoproteins

Not this one!

GalactEXO™

GalactEXO™

GalactEXO™

SialEXO®

SialEXO®

SialEXO®

SialEXO®

OglyZOR®

GalactEXO™

GalactEXO™

GalactEXO™

GalNAcEXO™



Etanercept case study
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• Fusion protein of TNFR and IgG1 Fc region

• 6 N- and up to 24 O-glycans

• Heterogeneous and difficult to characterize



Subunit analysis of an Fc fusion protein
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• Separate TNFR from Fc region 
by FabRICATOR digestion

• Manageable size and complexity



Total Deglycosylation of Etanercept

• Remove glycan heterogeneity for accurate mass determination and analysis of underlying variants

• Fast and simple one-step sample preparation using immobilized enzymes 
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Total Deglycosylation of Etanercept

• Complete deglycosylation
• Comparison of originator and biosimilar etanercept
• Highlights the benefit of subunit analysis
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Summary

• A variety of Genovis SmartEnzymes available for N- and O-glycan processing
• Glycan trimming
• Deglycosylation
• O-glycan mapping

• Simplified characterization of protein modifications 
• Removal of heterogeneous glycans enhances ability to observe and analyse some PTMs
• Allows batch-to-batch comparability
• Originator vs biosimilar

• Versatile and application specific analysis
• Sample preparation tools to support a range of analyses
• SmartEnzymes can be used in combination
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SmartEnzymes Applications

Resources – www.genovis.com


