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 Carbohydrates are one of the four major classes of 
biomolecules. Although, carbohydrates are typically discussed as 
energy-storage and structural molecules for living cells, they also 
mediate a variety of biological processes at the cell surface through 
carbohydrate recognition. Some of these processes include stem cell 
differentiation, immune recognition, and host-pathogen interactions. 
Among the many monosaccharaides, the negatively charged sialic 
acid (Neu5Ac) is commonly found as a terminating unit for 
mammalian cell surface oligosaccharides (also known as glycans). 
The positioning of sialic acid, within this so called glycocalyx, makes 
it a common target for glycan-binding proteins, pathogens, and other 
cells; as an example, sialic acid is the primary receptor for the 
Influenza A Virus (IAV).  

 Although, sialic acid binding elements have been extensively 
studied, the effect of its 3D presentation on recognition by sialic 
acid-binding proteins, such as those found on IAV, remains poorly 
understood. In order to recreate the presentation of these glycans in 
a controlled fashion, we have synthesized biomimetic glycopolymers. 
These materials can be synthetically altered to change glycan 
presentation. Utilizing lipidated-glycopolymers, we have successfully 
remodeled cell surfaces with sialoglycans, which can allow for a 
detailed investigation of 3D presentation, and its relationship to the 
recognition of sialic acid on the surface of mammalian cells.  
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libraries designed to address a particular ques-
tion are typically limited to a manageable size.
But what about a library meant to cover the
diversity of the glycome? Where does one start?
A practical approach embraces the fact that the
majority of GBPs have binding pockets that ac-
commodate just a few monosaccharide residues.

This is put into better context by con-
sidering the information content of glycans.
The glycome is indirectly tied to the genome
through the specificity of the glycosyl-
transferases that carry out the nontemplate-
mediated biosynthesis of glycans. By regulating
the expression of glycosyltransferases, a cell
can produce glycan structures that are distinct
from those of neighboring cell types. Within
each cell, the glycans produced are a highly
heterogeneous nested set of related structures
resulting from alternative branching patterns,
incomplete glycosylation, and postglycosy-
lational sulfation and acetylation. The sum
of these variations produces an enormous
number of biosynthetically permissible glycan

structures. The size of the cellular glycome is
a matter of debate, but it is estimated to be in
excess of 100,000–500,000 glycan structures
(33). Yet, the information content relevant for
the majority of GBPs is contained within a
very finite number of structural variations that
occur at the tips of complex glycan chains (e.g.,
N-linked and O-linked glycans or glycolipids)
or are functional epitopes of small linear seg-
ments of a glycan polymer (e.g., proteoglycan
or bacterial polysaccharide).

Consider the classes of glycans that con-
stitute the ligands of GBPs, such as the ma-
jor classes of mammalian glycans illustrated in
Figure 1. For N-linked and O-linked glycans
of glycoproteins and glycans of glycolipids, the
core structures highlighted in gray are com-
mon to virtually all cell types. A major aspect
of structural variation from cell to cell occurs
in the pattern of terminal sugars (e.g., sialic
acid and fucose) and sulfation or acetylation at
the nonreducing end of glycan chains. Although
a survey of the types of structural variation in
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Figure 1
Major classes of mammalian glycans. The major classes of mammalian glycans are depicted with the
common core structures of each class boxed in gray. Sequences at the tips of the glycan chains are
representative structural variations found in mammalian cells. Adapted from Reference 1. Fuc, fucose; Gal,
galactose; GalNAc, N-acetylgalactosamine; Glc, glucose; GlcA, glucuronic acid; GlcNAc,
N-acetylglucosamine; IdoA, iduronic acid; Man, mannose; NeuAc, N-acetyl neuraminic acid.
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Figure 1: The above figure demonstrates the variety of glycan 
presentation platforms to help depict the glycocalyx  (IE the cell 
surface) as a 3D environment. Figure credit: Rillahan and Paulson, 
2011. 
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Figure 2: Depiction of the glycocalyx remodeling procedure.     
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Figure 3: Fluorescence microscope images of double sialidase 
glycocalyx remodeling on Madin Darby Canine Kidney cells (MDCK). 
Scale bars: 50µm.   

BF DNA Polymer 6’ Sia 

•  Successfully removed 6’-sialic acid from the cell surface by treating 
the cells with sialidase 

 
•  Lipidated-polymer successfully enters the cell membrane. 

•  As a result of the incorporation into the membrane, the glycocalyx 
was remodeled with 6’ sialyllactose (6’ SiaLac). 

  
•  The sialic acid found on the glycopolymer is susceptible to sialidase 

treatment: indicating polymer glycans are substrates for the enzyme 
in a similar fashion as the natural glycans. 

•  Quantify the amount of sialic acid added to the glycocalyx during 
remodeling using high-performance liquid chromatography (HPLC) 
and sialic acid derivitization (Construct a dose response graph).  

•  Test IAV infection of remodeled cells using a variety of different 
polymers to investigate the effect of 3D presentation. 
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Scheme 1: Synthesis of Lipid Glycopolymer and structure of 
sialyllactose. Synthesis takes approximately 2 weeks.   
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