Challenges of Glycobiology

Glycobiology has emerged as an important area of biology, greatly facilitated by recent advances in
biophysical measurement and characterisation of glycan structures. The field is made the more
complex as carbohydrate biochemistry is epigenetic with an infinite variety of structures that can be
variable, but still retain a specificity of action or a regulatory function.

The advent of MALDI-TOF has made it possible to derive high resolution structural information
concerning glycan structures. However, such data is derived from static measurements at
equilibrium, rather than from a a dynamic measurement of the mode of interaction of that structure
with any of its biologically relevant molecular partners. Dynamic mass-based measurements have
been conducted via such biosensor technologies as surface plasmon resonance (SPR). Such
studies have been hindered by the relatively low affinity of sugar-based interactions and the practical
issues of working at high sugar concentrations where prominent bulk refractive index effects interfere
with the basic measurement principle.

Conversely, Dual Polarisation Interferometry (DPI) is increasingly being deployed in glycobiology as
it's inherent sensitivity and dynamic range allow the capacity to work with high sugar concentrations.
Additionally a more complete biophysical characterisation is possible with quantitative
measurements being determined in molecular size, density, birefringence and mass in real time.
With DPI it is now possible to measure the mechanisms underlying the biomolecular interactions
involving sugars together with the reaction rates and affinities of interaction.

Principles of DPI
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Applications of DPI in Glycobiology

Glycan components are found in
different forms, serving important
functions in cellular signalling, extra-
cellular matrix, structural architecture
and cellular interactions, including
host cell - parasite interactions.
Glycosylation is one of the most
common post-translational protein
modifications in mammalian systems.
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DPI has shown utility in the analysis of the carbohydrate-protein
binding system of heparin—HepV,which has been shown to be
difficult using other optical technigues. The complex non-
kinetic mass binding events observed by surface plasmon
resonance (SPR) [Figure A] can be resolved by discriminating
between surface loss and conformational changes via DPI in a
way that could not be visualised via SPR [Figures B and C].

Thus, DPI is hence a very powerful technique to characterise
underlying biomolecular interactions based upon biophysical
interpretation of binding events rather than via an implied
kinetic measurement. [Ricard-Blum et al. Anal Biochem, 2006 352(2):252-259]

Technical challenges of working with glycan structures:

Bulk effects High Refractive Index
Immobilisation effects Low affinity
Structural effects 2nd order responses
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A: SPR binding of HepV to heparin surface
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B: DPI binding of HepV to heparin surface
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C: DPI binding of HepV to control surface
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Farfield Glyco Chip surfaces
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All Farfield Glyco Chips provides:

A convenient and reliable surface for measuring
the binding of proteins to a specific sugar entity

A surface with low non-specific binding properties
A robust and reusable surface

Simultaneous kinetic and biophysical measurements
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Lectin interactions

The lectin family have a major utility in determining specific sugar entities,
particularly the nature of glycosylation of proteins. Concanavalin A (Con-A) is a
lectin derived from the jack-bean Canavalia ensiformis which binds specifically to
certain internal and nonreducing terminal alpha-mannosyl sugar groups. Apart
from its role as a lymphocyte mitogen, it is widely used to characterise
glycoproteins.

The analysis of sugars as the analyte
component in optical biosensor technology
is complicated by the fact that the bulk
refractive index of sugars can mask the
binding component of the sugar to a partner
ligand. DPI can clearly define the amount of 1 -
binding and associated conformational Time
change accompanying the binding of glycan
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Mannose binding was confirmed, along with Fencentration M
affinity and stoichiometry of binding. KD = 1.54 uM
RNAseB, which contains 6 mannose units
demonstrates a similar affinity as the
equivalent saccharide units. Association of RNAse B to Con-A

Analyte Classification Affinity [K] Stoichiometry

Galactose ~ Monosaccharide No Binding -
Mannose Monosaccharide 5.0e-04 M 3.0
o, Th %\}H} Man-5 Glycopeptide 2.0e-06 M 2.0
@};}}}R Q%M Z g/‘“}“ j“*” Man-6 Glycopeptide 1.7e-06 M 2.0
Mans Mane Man7 Mans Man-7 Glycopeptide 1.5e-06 M 1.7
SRS Man-8 Glycopeptide 1.5e-06 M 1.4
RNaseB Glycoprotein 1.5e-06 M 1.4
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