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Procainamide labelling as part of a flexible glycoprofiling system for monitoring of Gal-α1-3Gal related Glycosylation 
Critical Quality Attributes (GCQAs) of monoclonal antibody (mAb) therapeutics throughout the product life cycle.  

Introduction
Galα1-3Gal is a disaccharide fragment found on the glycans of some glycoprotein therapeutics produced in mammalian expression systems - particularly those 

from mouse-derived cell lines. Galα1-3Gal is a non-human epitope that:

• Has been the causative agent for adverse clinical reactions (including IgE-mediated anaphylaxis) in patients with certain immunological profiles. [1] 
• Could lead to diminished clinical efficacy via increased serum clearance by neutralising antibodies. [2] 

Given this, Galα1-3Gal is a high priority Glycosylation Critical Quality Attribute (GCQA) and developers of biologic drugs should effectively optimise, measure and 
control the glycosylation of their products to limit Galα1-3Gal levels throughout the product life cycle. However, measurement of the amounts of Galα1-3Gal can be 
difficult as these epitopes are often hidden by the complexity of the glycan profiles. 

Advances in glycoanalytical technologies have allowed us to detect and quantify the levels of Galα1-3Gal on both approved glycoprotein therapeutics as well as 
drugs in development. Here we explain our strategy for detection, identification and quantification of Galα1-3Gal bearing glycans. Our focus for this has been on:

• Producing a practical workflow suitable for QbD-based drug realisation and 
• Compliance with emerging regulations from the FDA, EMA, KFDA and cFDA. [2-4]

1. Overall Strategy for detection and quantitation of Galα1-3Gal bearing glycans
Figure 1 outlines the workflows we use for quantitative measurement of Gala1,3Gal in mAb therapeutics. N-glycans are released from the glycoprotein using 

PNGAse F endoglycosidase then derivatised with one of two fluorescent labels - 2-aminobenzamide (2-AB) which is widely used in the industry for biopharmaceutical 
glycan analysis and procainamide (PROC) [4]. Labelled glycans are run on two orthogonal analysis platforms - HILIC (Hydrophilic Interaction Liquid Chromatography) 
UHPLC and ESI-MS/MS - generally in hyphenated configuration. 
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This study was important for us as we had encountered Galα1-3Gal bearing glycans on drugs that biopharma clients had submitted to our glycoprofiling services 
labs. These were successfully identified and sequenced using HILIC-UHPLC and exoglycosidase sequencing of 2-AB labelled glycans. However, the quality of results from 
ESI-MS analysis of 2-AB glycans fell short of our requirements. This was mainly due to low signal-to-noise - particularly for MS/MS fragmentation experiments. This 
prompted us to search for alternatives - and preliminary experiments indicated that procainamide could give us better glycoanalysis results on both UHPLC and ESI-MS. 

We spent two years developing the procainamide labelling and cleanup system and the resulting technology has now been incorporated as a standard glycoanalysis 
module for detailed, quantitative structure characterisation of drug glycans by HILIC-UHPLC-ESI-MS/MS (see Fig 4 and Table2). The system is flexible and can be tuned 
to provide accurate measurements of Gala1-3Gal levels using HILIC-UHPLC combined with exoglycosidase digests (see Fig 3). Together, the two workflows allow 
production of high resolution glycan maps that can be used to assess the risk of Gala1-3Gal induced safety issues of a particular product batch. The following section 
illustrates these workflows with the procainamide labelling system applied to analysis of Galα1-3Gal structures from an IgG1 mAb.

Contact for more information 
Thank you for viewing my poster. If you’d like a copy 
or want to know more about our glycomics workflows 
then please email me (rad.kozak@ludger.com) or 
connect with me on LinkedIn.  Thanks, Rad.

3. Procainamide system for characterisation and quantification of Galα1-3Gal in drugs 
We found that switching from 2-AB to procainamide labelling was very straightforward. The advantages were that we could use all of our standard glycan profiling 

protocols previously developed for 2-AB and, in addition, obtain useful LC-MS/MS fragmentation data.  Our current workflow for detection and quantification of Galα1-
3Gal bearing glycans uses a combination of our standard exoglycosidase sequencing protocols and LC-ESI-MS/MS of the procainamide labelled glycans. 

Figures 3 and 4 and Table 2 summarise the results of this glycoprofiling scheme applied to quantitative characterisation of the N-glycans of an IgG1 mAb that is 
particularly difficult to analyse by other methods. This drug contains a complex mixture of glycan structures, several of which co-elute on HILIC-LC and/or have the 
same mass composition. The relative proportion of glycans that carry the Galα1-3Gal epitope was determined by a matrix of HILIC-UHPLC analyses on procainamide 
labelled glycan samples treated with various exoglycosidase mixtures.  Key to detection of Galα1-3Gal  was differential treatment with alpha galactosidase which was 
included in some digests (Figure 3). In this system, the glycans are digested down until there are  distinct peaks that only contain structures bearing the Galα1-3Gal 
epitope. This greatly simplified identification and quantitation of this GCQA. 

Table 3: Analysis of Galα1-3Gal in the test IgG1 mAb
 Procainamide labelling, coupled with HILIC-UHPLC-ESI-MS/MS  and 

exoglycosidases sequencing is a powerful workflow for accurate identification and 
quantitation of Galα1-3Gal bearing glycans.

Figure 3: Exoglycosidase sequencing of procainamide labelled glycans 
 HILIC-UPLC profiles of the procainamide labelled N-glycans from IgG1 mAb. (A) Profile after removal of sialic acids, fucoses, beta-galactoses, beta-N-

acetylhexosamines - leaving glycans with Galα1-3Gal epitope.  (B) Identities of Galα1-3Gal bearing glycans were confirmed after treatment with alpha-galactosidase  
(which causes all the peaks for the Galα1-3Gal glycans to move).

Figure 4: Example of MS/MS fragmentation patterns of procainamide labelled N-glycans released from IgG1 mAb.
These show the high quality of MS/MS fragmentation data obtained for the procainamide labelled glycans. This greatly improves the ease of obtaining 

accurate, detailed glycan structures compared to equivalent work with 2-AB. 

Figure 2: Comparison of 2-AB and Procainamide Labelled IgG1 mAb Glycans on HILIC-UHPLC and ESI-MS 
 A. HILIC-FLR of 2-AB labelled IgG1 mAb N-glycans     C. HILIC-ESI-MS BPC profile of 2-AB labelled IgG1 mAb N-glycans 
 B. HILIC-FLR of procainamide labelled IgG1 mAb N-glycans    D. HILIC-ESI-MS BPC profile of procainamide labelled IgG1 mAb N-glycans

Table 1: Summary of Performance of 2-AB and Procainamide Labelled Glycans on HILIC-UHPLC and ESI-MS

Table 2: Identification of Galα1-3Gal epitope on IgG1 mAb - results from UHPLC-ESI-MS/MS analyses of procainamide glycans 
Summary of GU, % Area, ESI-MS/MS and digestion data from IgG1 mAb procainamide labelled N-glycans.  Glycans identified as bearing the Galα1-3Gal epitope 

are highlighted in red.

2. Choosing between 2-AB and procainamide for measurement of Galα1-3Gal
We evaluated the performance of the two labelling systems in this scheme for their ability to furnish reliable structure information and quantitation of Galα1-

3Gal bearing glycans in a standard IgG1 mAb. The results are summarised in Figure 2 and Table 1. 

Figure 1: General glycoprofiling scheme for quantitative analysis of Gala1-3Gal containing N-glycans


