
[ǳŘƎŜǊΩǎstrategyfor identificationof GCQAs

Figure 1 outlines the workflow we use for measurementand identification of GCQAssuch as sialylation, core
fucosylation, antennary composition, alpha-galactoseand N-glycolyl-sialic acid in IgG-1 mAb. N-glycansare released
from the glycoproteinusing PNGAseF endoglycosidasethen derivatisedwith procainamide5 (PROC). Procainamide
labelledglycansare run on two orthogonalanalysisplatforms- HILIC(HydrophilicInteractionLiquidChromatography)
UHPLCandESI-MS/MS- generallyin hyphenatedconfiguration.

Introduction
Glycosylationcan significantlydecreasethe clinicalperformanceof therapeuticmonoclonalantibodies(mAbs)1,2. For
instance,the presenceof terminal 1h-3-linked galactose3 or N-glycolylneuraminicacidcanaffect the safetyprofile and
leadto a potential adversereactionsandneutralisationof the drug,thusreducingits therapeuticefficacy. Consequently,
regulatoryauthorities are now tightening the requirementsfor biopharmaceuticalcompaniesto characterise,control
andmonitor the glycosylationof their therapeuticsthroughouttheǇǊƻŘǳŎǘΩǎlife cycle.

We use a systematic approach following a quality by design (QbD) framework to characteriseglycosylationof
glycoproteintherapeutics. Ourstrategyalignswith current andemergingregulatoryguidelinesfrom FDA,EMAandICH4

andhasthree broadsteps:

1. Identification and prioritisation of GCQAsby detailed characterisationof the drug glycosylationpatterns using a
comprehensiverangeof orthogonalmethods.

2. Implementationof appropriateglycananalysismodulesto measurethe GCQAsthroughout theŘǊǳƎΩǎlife cycle.

3. Interpretation of the glycananalysisdata followed by appropriate actions,if the product falls out of specification
(OOS)or trends towardsOOS.
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Contact for more information
Thankyou for viewingmy poster. IfȅƻǳΩŘlike a copyor want to knowmore aboutour glycomics
workflows then pleaseemail me (rad.kozak@ludger.com) or connect with me on LinkedIn.
Thanks,Rad.

Results
Figure5 andTable1 summarisethe resultsof[ǳŘƎŜǊΩǎglycoprofilingschemeappliedto quantitativecharacterisationof
the N-glycansof an IgG-1 mAb. Thisdrugcontainsa complexmixture of glycanstructures,severalof whichco-elute on
HILIC-LCand/or have the samemasscomposition. The relative proportion of glycanswas determined by a matrix of
HILIC-UHPLCanalyseson procainamidelabelledglycansamplestreated with variousexoglycosidasemixturesandHILIC-
UPLC-ESI-MS/MSanalysis.
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Figure 5. HILIC-UPLC profiles of procainamide labelled N-glycans released from IgG-1 mAb. 
Structures have been assigned by a range of orthogonalmethods including exoglycosidasesequencing and mass spectrometry.

Figure 1. General glycoprofilingscheme for analysis of GCQAs.
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Fucosidase[Sigma, F-5884]

-̡galactosidase [Ludger, E-BG-07]
-̡N-Acetylglucosaminidase[E-GL01]

-hgalactosidase [Sigma, G8507]

Chromatography 
Mass spectroscopy

A key componentof our strategyis the inclusionof: (i) systemsuitability standards; (ii) processstandards; and (iii)
referencestandards5.

System Suitability Standard and Reference Standard for GU allocation

Procainamide Labelled Glucose Homopolymer (GHP)
ProvidesGUvaluesthat canbe usedasa primaryidentification
for glycansbased on reported values in the literature and
databases.
AcceptanceCriteria: Thepeakwidth at half height for GU10 is
lessthan 0.22 min. Theprofile shouldbe similar to the profile
shown in the Certificate of Analysis. The peaks should be
symmetrical and well resolved. At least two runs of GHP
shouldoverlaywithout anydrift in retention time.

Ludger human IgG (hIgG) [Ludger product: GCP-IGG-100U]
Well Characterisedglycoproteinrun in parallelwith samplesto
assessthe release,labelling,clean-up andanalyses.
AcceptanceCriteria: Theprofile of the procainamidelabelled
releasedN-glycansshould be similar to the profile shown in
the productcertificateof analysis.

Mixtures of N-glycansCommonto mAbSamples
A2 & A3 mix [mixture of Ludger products: CPROC-NA3-01;
CPROC-A3-01C; PROC-NGA2-01; andCPROC-NA2-01]
FA2 mix [mixture of Ludgerproducts: CPROC-FA2G1-01 and
CPROC-A1F-01]
Man mix [mixture of Ludger products: CPROC-Man5-01;
CPROC-Man6-01; CPROC-Man7-01; CPROCMan8- 01 and
CPROC-Man9-01]
AcceptanceCriteria: The A2&A3 mix, FA2 mix and Man mix
showpeaksat expectedGUvalues

This standard enables an analyst to test the holistic
functionalityof an analyticalsystemandevaluatewhetherit is
adequatefor its intendeduse.

Theseare usedto verify that part of or an entire processhas
workedcorrectly. Thereare four main categoriesfor processes
standardsin glycoanalysis: release,labelling,releasefollowed
by labellingandexoglycosidasesequencing.

Allow for characterisation by comparison. This can be
accomplishedby the directcomparisonof the chromatographic
or electrophoreticretention time of an unknownto that of a
standardwhosestructureshavebeenfully characterised.
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Figure 2. HILIC-UPLC-FLR profiles for the process, reference and system 
suitability standards

Figure 3. HILIC-UPLC profiles of the procainamide labelled N-glycans from IgG-1 mAb. (A) 
Profile after removal of sialic acids, fucoses, beta-galactoses, beta-N-acetylhexosamines-

leaving glycans with Galhм-3Gal epitope. (B) Identities of Galh м-3Gal bearing glycans 
were confirmed after treatment with alpha-galactosidase.

Figure 4. Example of MS/MS fragmentation patterns of procainamide labelled N-glycans released from IgG-1 mAb.
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In order to fully characteriseIgG-1 mAb
N-glycansandidentify GCQAswe:

1. Compared IgG-1 mAbHILIC profiles with 
reference standards for a primary glycan 
identification.

2. Performed exoglycosidasesequencing (Figure 3) 
followed by HILIC-UPLC analysis to determine 
glycan structures and confirm monosaccharide 
building blocks, linkage and sequence.

3. Performed HILIC-UPLC-ESI-MS/MS analysis 
(Figure 4) to confirm/determine glycan 
structures.

Table 1. Summary of GU, % Area, ESI-MS/MS and digestion data from IgG1- mAbprocainamide labelled N-glycans. 

Ourcurrent workflow allowedusto producea highresolutionglycanmap,detect andquantify servalGCQAs(Figure6).
Thisinformationcanbeusedby drugdevelopersfor regulatorysubmission.

Figure 6. Identified GCQAs from IgG-1 mAb.
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