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N-linked Glycan Deglycosylation Unmasks New HPA O-linked Glycan Heterogeneity

Most membrane proteins carry some form of glycans, which regulate many cellular processes such as cell
differentiation and cell-to-cell interactions.! There are two types of glycans based on the type of linkage to specific
amino acids on proteins: N-linked and O-linked glycans.? Cancer cells, including pancreatic cancer, have aberrant
expression of both types of glycans on membrane proteins.3¥* Therefore, understanding the changes that occur in
the glycosylated cancerous environment is critical to rational drug design.
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Figure 1: Pancreatic cancer cells on the sensor surface model for O-glycan profiling with
HPA under glycosylated and after the partial removal of N-glycans.

Lectins, such as Helix Pomatia Agglutinin (HPA), are predominantly used to identify and profile specific sugar
epitopes of O-glycans.® Also, HPA can recognize multiple O-glycan epitopes and has been widely used in cancer
biomarker discovery.® In general, variations in binding interactions resulting from simultaneous binding of lectin to
multiple receptors carrying glycans, different antigen glycoforms, and receptor accessibility are all collectively
referred here as “heterogeneity”.

The capability to determine binding heterogeneity as well as real-time binding kinetics simultaneously is a unique
feature of surface plasmon resonance microscopy (SPRM). This approach allows for a more accurate
understanding of the “true” binding interactions of new or potential therapeutic drugs.’

In this study, O-linked glycan binding interactions and their underlying heterogeneity under N-linked glycosylated
and partial N-linked deglycosylated conditions in native pancreatic cancer (BXPC3) cells were studied using HPA
(Figure 1).8 Pancreatic cancer (PC) cells were used in this study as they exhibit aberrant N-linked and O-linked
glycosylation compared to normal pancreatic cells.® Also, enzymatic N-linked deglycosylation of whole pancreatic
cancer cells using PNGase enzyme allowed testing of the hypothesis that aberrant N-linked glycosylation in and
around membrane proteins play a major role in hindering their binding interactions.

The kinetic results obtained using SPRm 200 instrument identified three predominant binding interaction modes
for HPA lectin in glycosylated BxPC3 cells, which produced KDs mentioned in Table 1. Interestingly, as seen in
Figure 2A, a faint fourth binding mode (mode d) was also identified, which was not as abundant as the other three
modes with a low probability of 0.014. These different binding modes of interactions for HPA could be identified by
varying both the sample concentration and measurement regions within a single cell or among different cells.

BXPC3 cells KD (nM) 95% CI (nM) ka (M1s) ka(s?)

Glycosylated a) 1.2 a) 1.1to 1.3 a) 6.1X10° a) 7.4X102
b) 59 b) 51 to 60 b) 2.0X10° b) 1.0X102
c) 0.82 c) 0.77t0 0.84 c) 4.3X 10° c) 3.5X10*
d) 0.022 d) 0.019 to 0.023 d)7.0X108 d) 1.5X10

Deglycosylated a) 0.58 a) 0.51to 0.61 a) 6.2X10° a) 3.6X10*
b) 10 b) 9to 11 b) 9.2X10° b) 1.0X102
c) 0.25 c) 0.22t0 0.26 c) 2.0 X107 c) 2.5X10°
e) 4.5 e)4.3t05 e) 2.4 X10* e) 1.1X10*

Table 1: Kinetic parameters of HPA lectin binding to BxPC3 cells. All data are representative from 5 different experiments. A
1:2 binding model was applied to all the data analysis.



The influence of N-linked glycosylation in BXPC3 cells was studied by partially deglycosylating the cells with the
enzyme PNGase F. A total of four binding interaction modes upon removal of N-linked glycans became more
apparent relative to the glycosylated control, and their binding kinetics were determined. Under deglycosylated
conditions, a fourth mode (e) of binding interaction is clearly presented, having a significantly lower on-rate and
weaker affinity than modes a and ¢ (Table 1) and, possibly indicating that this mode is particularly sensitive to
steric hindrance as seen in Figure 2B. Modes a, b, and c shifted to slightly higher affinities, respectively.
Additionally, this study identified a faint mode (mode d) with high affinity that interestingly disappears after
deglycosylation, possibly inferring that N-linked glycans might also play a limited role in enhancing some modes
of HPA interactions as seen in Figure 2B.

Kinetic parameters were extracted from hundreds of sensorgrams directly measured from the binding interactions
of single cells from of numerous sensor chips. These results suggest that N-linked glycosylation significantly
influences the HPA interaction by not only hindering access but also by completely inhibiting one of the binding
modes (mode e), which becomes more readily accessible after N-linked deglycosylation. Clearly, HPA appears to
have multiple presentations of its O-glycan epitopes for binding interactions.®41° Although the identity of the specific
O-glycoforms HPA recognizes in this study are unknown, the binding kinetics of the most prominent HPA epitopes
under glycosylated and partial deglycosylated conditions have been determined using SPRM.
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Figure 2: Removal of N-linked glycans unmasks HPA binding heterogeneity. A)
Affinity isotherm plot extracted from hundreds of responsive ROIls showing four ing traditi | end-point Vsi
distinct HPA binding population modes on glycosylated BxPC3 cells. B) Affinity using traditiona en. point analysis or
isotherm plot extracted from hundreds of responsive ROIs for HPA on Other low-resolution approaches
deglycosylated BxPC3 cells showing four distinct binding populations. Mode e Which typically average the bmdlng
highlights the appearance of a new binding population mode upon enzymatic responses over multiple cells in an
deglycosylation. a, b, ¢, d, and e represent binding interaction modes. experiment.
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