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Real-Time Monitoring of Glycan Heterogeneity in Cancer Cells 

Membrane proteins are the main targets of therapeutic drugs and most of them carry some form of 
glycan structures, which play pivotal roles in protein folding, stability, cell communication, cell signaling, 
cell growth, protein structure and function, as well as antibody binding interactions.1 Glycosylation 
changes are a well-established hallmark of several types of cancer, including pancreatic cancer, that 
contribute to tumor growth. 2 Therefore, new technologies that quantify and characterize glycosylation 
changes in cancer tissues are of paramount significance in biomarker discovery. There are two main 
types of glycans in membrane glycoproteins: O-linked and N-linked glycans.2 

 
Consequently, profiling of N- and O-linked 
glycosylation is critical for the discovery of new 
diagnostics and cancer biomarkers, and to 
understand the function of tumorigenic 
membrane glycoproteins within the complex 
glycosylated cancer cellular environment. Lectins 
have been used extensively to identify and 
quantify  glycans in biological samples to reveal 
their relative abundance or changes in 
cancerous tissues.3 Con A is one of the popular 
lectins, which does not  bind the more prevalent 

N-linked tri and tetra antennary glycans overexpressed in malignant cells, and because of this it has 
been used extensively in cancer biomarker discovery.4 Additionally, this lectin has been used to verify 
enzymatic deglycosylation of N-linked glycans with PNGase F using end point analysis technologies in 
whole cells in the past.5 Therefore, Con A was implemented in this study to determine N-linked glycan 
binding kinetic changes directly in whole pancreatic cancer cells upon enzymatic deglycosylation with 
PNGase F, which specifically removes N-linked glycans.6 

 

 
In this study, SPRm 200 instrument was used to study the influence of aberrant cell surface N-linked 
glycosylation on Con A binding kinetics and heterogeneity directly on pancreatic cancer cells (Figure 
1), which is not possible with traditional approaches that require membrane protein isolation and 
purification for the study of binding kinetics, in addition to the fact that SPRM is currently the only 
technology in the market capable of determining binding heterogenity.7 To accomplish this, BxPC3 

Figure 2: SPRm 200 study shows that Con A 
binding affinity and heterogeneity increases 
upon enzymatic N-linked deglycosylation of 
BxPC3 cells. 
 A) Affinity isotherm plot showing Con A binding 
population on glycosylated BxPC3 cells. B) 
Histogram describing total statistic kinetic 
interactions and distributions for Con A on 
glycosylated BxPC3 cells. C) Affinity isotherm 
plot extracted from hundreds of responsive 
ROIs for Con A on deglycosylated BxPC3 
cells. D) Histogram describing total statistic of 
the kinetic interactions and distributions for Con 
A on deglycosylated BxPC3 cells. Diagonal 
lines of isoaffinity plots represent KD. a, b, 
and c represent binding interaction modes.  
 

 

 

Figure 1: Adherent cells on sensor surface model for profiling N-
linked glycans with ConA under glycosylated and partial 
deglycosylated conditions. 
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pancreatic cancer cells were treated with PNGase F enzyme to remove the majority of N-glycans. The 
kinetic parameters extracted from every responsive Con A binding ROI were aggregated to form affinity 
isotherm plots and histograms. To quantify the kinetic parameters of the predominant binding modes, 
gaussian distributions were fit to histograms of the kinetic interactions such that the mean values of the 
distributions revealed the predominate values for the equilibrium dissociation (KD), association rate (ka), 
and dissociation rate (kd) constants. A single predominant binding mode for Con A in glycosylated control 
BxPC3 cells was observed (Figure 2A and B) as determined by the affinity isotherm plot and histogram, 
producing the kinetic values listed in Table 1. However, after BxPC3 cells underwent PNGase F 
treatment to remove N-linked glycans, three distinct binding interaction modes for Con A on BxPC3 cells 
were observed (Figure 2C and D), as shown in the isoaffinity plot and histogram. A 1:1 binding model 
was applied to the analysis of all Con A kinetic data. However, the sub-cellular resolution of SPRM 
enables the usage of affinity isotherm plots to provide a uniquely informative representation of binding 
heterogeneity by revealing predominant modes of kinetic binding interactions that would otherwise be 
hidden with traditional endpoint and affinity measurement techniques. 

 
Cells KD (nM) ka (M-1s-1) kd (s-1) 

Glycosylated BXPC3 cells a) 1.15 
 

a) 4.75X104 a) 4.3X10-5 

Deglycosylated BXPC3 cells a) 0.13 
b) 0.78 
c) 2.6 

a) 2.9X105 
b) 1.2X105 
c) 5.3X104 

a) 4.5X10-5 
b) 8.6X10-5 
c) 1.3X10-4 

 
Table 1: Kinetic parameters of ConA binding to N-linked glycans on BxPC3 cells 

 

The predominant binding modes are a consequence of various kinetic binding interactions resulting from 
cellular heterogeneity that are observed most frequently in the population. It has been reported in other 
studies that there are three predominant glycoforms that Con A binds to: high affinity for the 
oligomannose type N-glycans, moderate affinity for the hybrid type N-glycans, and weak affinity for bi-
antennary complex type N glycans as shown in Figure 1.8 The results of this study show that upon 
partial removal of N-linked glycans, the various binding interaction modes for Con A can be better 
differentiated, thereby enabling the unique capability of SPRM to quantify heterogeneity and associated 
binding interaction kinetics. Also, these SPRm 200 results highlight the changes and the complexity of 
glycosylation in pancreatic cancer cells with high resolution which is not readily observable using end 
point analysis or other low-resolution approaches that average the binding responses over multiple cells. 
This real-time SPR Microscopy approach allows for a more accurate understanding of binding 
interactions of potential therapeutic drugs in the native heterogenous cellular environments.      
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