
BIOM 200 
Biological Roles of Glycans

Pascal Gagneux                                                                 December 2, 2021

Structure Nutrients Information

Jamey Marth

More complete view of biomolecules: Four different classes of biomolecules are required to form living cells.
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This busy diagram is here to remind us that the different classes of molecules should be seen in 
context. Nucleic acids, our genomes reside within lipid bubbles which are coated with a large 
sugar coat (glycocalyx). Glycans (sugars/carbohydrates) and lipids are not encoded in the 
genome, but are acquired from the diet.
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The genome is frequently called the “blueprint” for life.  
Genomes never exist in isolation. The phenotype or phenome includes lipids (fats) and glycans 
(sugars), neither of which are directly “encoded” in the genome. Glycoproteins of our cell surfaces 
and secretions are assembled by enzymes in the ER (endoplasmatic reticulum) and Golgi. ER and 
Golgi are a complex collection of vesicles that allow cells to produce and secrete large 
biomolecules). They represent the result of the interactions of many gene products and the diet.

Provided by the SeaWiFS Project, Goddard Space Flight Center and ORBIMAGE - http://oceancolor.gsfc.nasa.gov/SeaWiFS/BACKGROUND/Gallery/index.html and from en:
Image:Seawifs global biosphere.jpg

SeaWiFS Global Biosphere September 1997 - August 1998; This composite image gives an indication of the magnitude and distribution of global primary production, of both oceanic (mg/m3chlorophyll a) and terrestrial (normalized difference land vegetation index), see Normalized Difference 
Vegetation Index (NVDI).

Global Photosynthesis: making glycans All diets start with plant photosynthesis.

Plants: autotroph, synthesize sugars 
And make their own polymers

Animals: heterotroph, eat sugars made by plants 
And make their own polymers

Structure: Plant and animal glycans

Both use glycans for structure, nutrients & information



Structure: Cellulose Structural organization of the plant cell wall. Cellulose is protected of degradation by 
hemicelluloses and lignin. Source: Office of Biological and Environmental Research of the U.S. 
Department of Energy Office of Science. science.energy.gov/ber/

Structure: Cellulose: poly beta 1,4 glucose

Copyright: S.Perez & D. Samain, Advances Carbohydr. Chem. Bioochem., 2010 
3D Structure of a ’idealized’ crystal of native Cellulose made up of 36 chains.

Cellulose This is the most abundant natural polymer on earth. Cellulose accounts for 15–30 % dry 
weight of the primary cell wall and 20-35 of the secondary walls. Its apparently simple primary 
structure is that of a homopolymer consisting of long linear chains of β-(1-4)-linked D-
glucopyranose residues associated into the repeating disaccharide unit of cellobiose. The degree 
of polymerization (DP) of cellulose extends between 2000 - 14000 residues. It is an insoluble 
polysaccharide which possesses a tension resistance comparable to steel. The β configuration of 
the (1-4)-linked D-glucopyranosidic residues with the two equatorial positions of the aldehydic 
bond confers stiffness to the molecule and is responsible for its particular resistance to acid 
hydrolysis and for its remarkable mechanical strength. It has an extended conformation which 
gives rise to fibrous structures. (For comparison, note that starch and glycogen which also are 1-4 
D glucans but with glycosidic linkage in α configuration are soluble polysaccharides and have 
completely different conformations and different physical properties). 
The regular repetitive structure of native cellulose chains results in a particular arrangement 
organized into microfibrils in which crystalline and amorphous (para-crystalline) domains coexist. 
Aggregates of 30-40 β-(1-4)-linked-D-glucan chains are hydrogen bonded to one another into the 
fundamental microfibril (MF), the dimensions of which vary slightly between primary and secondary 
walls, with a width in the range of 3-5 nm depending on the origin and developmental stage, and 
a length of a few µm. Nishiyama, 2010 According to the formation of intra- and inter-molecular 
hydrogen bonds, several allomorphs of crystalline cellulose have been defined. The most 
represented of these allomorphs are found in the plant cell walls and consist of cellulose I. This 
latter consists of a mixture of the crystalline forms Iα and Iβ, the former corresponding to a triclinic 
one chain unit, whereas the latter adopts a monoclinic two-chain unit cell. Sugiyama et al, 1991 
The fine structure and hydrogen bonding system in cellulose Iα and Iβ was resolved from 
synchrotron X-ray and neutron fiber diffraction. Nishiyama et al, 2002, 2003 The long debate as to 
whether the chains were packed in a parallel or antiparallel manner was cleared by a combination 



of reducing end labeling and electron crystallography concluding to the parallel-up arrangement. 
Koyama et al, 1997 
The deposition of cellulose fibrils perpendicular to the axis of elongation, determined by the 
orientation of cortical microtubules, influences the direction in which the cell elongates by 
restricting lateral swelling and allowing longitudinal expansion. Thomas et al 2013  
For a review of the structure of cellulose, see S. Perez, Glycopedia, and Structure and Engineering 
of Celluloses, S. Perez & D. Samain, 2010

Structure in plants: other glycan polymers

Cellulose and other polymers: e.g alginate: 
Manuronic acid and Guluronic acid polymers

beta 1-4 manuronic acid and  
alpha 1-4 Guluronic acid

Kelp forest like the Macrocystis pyrifera along the California coast are also very appropriate 
models of the cell surface glycocalyx: hydrated and very flexible, as glycosidic bonds can rotate 
(unlike the much stiffer peptide bonds), causing glycans to flop and wobble around….

Acid fast stain

Gram stain 
crystal violet 

Why can you stain some bacteria with Gram stain but not others? 
Structure: physical barriers

Escherichia coli,
Pseudomonas aeruginosa
Chlamydia trachomatis
Yersinia pestis. 

Bacillus anthraces
Streptococcus
Staphilococcus
Listeria

Conceptual organization of the cell envelopes of Gram-negative bacteria, Gram-positive bacteria, and mycobacteria. The 
schematic comparison of the cell walls (or cell envelopes) of Gram-negative bacteria, Gram-positive bacteria, and 
mycobacteria illustrates the major classes of structural glycoconjugates and their locations. Each envelope type possesses 
peptidoglycan located outside the cytoplasmic membrane (CM) as a major component conferring shape and integrity to the 
cell wall. In Gram-negative bacteria, a selectively permeable asymmetric outer membrane (OM) usually contains 
lipopolysaccharides. In Gram-positive bacteria, the much thicker peptidoglycan layer is augmented by covalently linked wall 
teichoic acids (WTAs) and a variety of lipogylcans (including lipoteichoic acids [LTAs]) embedded in the cell membrane. 
Mycobacteria also possess an “outer membrane,” but it is much different from the Gram-negative OM. The major lipid 
components are long-chain mycolic acids, linked via a branched arabinogalactan structure to the peptidoglycan. 
Mycobacterial walls possess a wide diversity of lipoglycans in the cytoplasmic and OMs. All three wall types may be covered 
with capsular and extracellular polysaccharides. 



Jeremy Smith, UT/ORNL

Structure: Wood (Cellulose Hemicellulose, and Lignin) Wood is a very resistant compound material made of cellulose and hemicellulose combined with 
Lignin (phenolic polymer).

Resistance of Cellulose

Hydrogen bonds between glucose in same strand and between strands to form fibrils. 

“Spun” one strand at a time through rosette terminal complex on cell membrane of plant. 

Fibers combine with other glycans and glycoproteins e.g. O-glycosylated extensin to make 
a cell wall, elastic and dynamic!

Starch gels in water around 80°C.

Cellulose requires 320°C and 25 MPa of pressure 

to get amorphous!

Both starch and cellulose are polymers of pure glucose. Starch is readily digestible by 
humans and gelatinizes when heated. Cellulose is non-digestible for most animals and 
requires high temperature and pressure to become amorphous.

Anne Endler,	 Clara Sánchez-Rodríguez & Staffan Persson Nature Chemical Biology (2010)

Structure: 
Schematic model of the cellulose synthesizing machinery in Acetobacter xylinum

(a) Schematic model of the cellulose synthesizing machinery (A2B2)4C8D8 in A. xylinum, as 
suggested by Hu et al.2. AxCESA, with eight to ten putative transmembrane regions (TMDs), is 
located in the cytoplasmic membrane and has been shown to bind the substrate UDP-Glc4. Free 
c-di-GMP is thought to allosterically activate AxCESA activity. The majority of the cellular c-di-GMP 
is bound to AxCESB, which is in close proximity to AxCESA3. Diguanylate cyclase (DGC) 
catalyzes the synthesis of c-di-GMP, whereas phosphodiesterase A (PDEA) degrades the 
molecule3. Prediction tools suggest that AxCESD is a soluble protein and AxCESC contains one 
TMD; we propose that AxCESC is located in the outer membrane, whereas AxCESD might be 
located in the intermembrane space or extracellularly. PPi, diphosphate; pGpG, 5′-
phosphoguanyl-(3′right arrow5′)-guanosine. (b) Cellulose is an unbranched polymer of β(1right 
arrow4) D-glucose units. The nascent chains aggregate and form a dense reticulated structure 
that is stabilized by intrachain (black) and interchain (green) hydrogen bonds (dashed lines). (c) 
Reticulated structure of A. xylinum cellulose (at 5,000× magnification). This scanning electron 
microscopy image is reproduced, with permission, from ref. 9.



Knox, J. P.  Current Opinion Plant Biol.. (2008)

Structure: 
Distribution of different polymers across the plant stem

100 mm

Cell type and cell wall diversity in a plant organ. Immunofluorescence analysis of cell walls in 
transverse sections of young developing stems of industrial hemp. Moving in from the stem 
surface there is an epidermal cell layer, subepidermal cell layers, a collenchyma bundle, a band of 
developing (primary) phloem sclerenchyma fibres (arrowheads indicate distal edge), a region of 
parenchyma cells that contains phloem cells and where secondary phloem fibres develop, a 
cambium layer and xylem. Interior to the xylem is the pith parenchyma (not shown). Probes used 
are crystalline cellulose directed CBM3a, xylan monoclonal antibody LM11, pectic HG monoclonal 
antibody JIM7 and (1 ! 4)-b-galactan monoclonal antibody LM5. CBM3a binds to all cell walls 
although with differing intensities. LM11 binds to cells with secondary cell walls only (phloem fibres 
and xylem vessel elements) and JIM7 binds to primary cell walls and most abundantly to a 
subepidermal cell layer and to cortical parenchyma cells. The LM5 epitope is notably absent from 
cell walls of developing phloem fibre cells but abundant in adjacent parenchyma. Scale, 100 mm. 
Figure developed from micrographs provided by Blake et al.

Plant structure: Pectin, pectic polysaccharides

General scheme of the main constituents found in pectins: 
Complex heteropolymers…the glue to go with the cellulose fibers!

Rhamnogalacturonan RGI
xylogalacturonan Rhamnogalacturonan RGII

pectin:  
200 units,  
12 monosaccharide 21 linkage types! 
mixed sugars: arabinose, rhamnose, apiose, Kdo 
methylated and borate cross-linked!

Schematic structure of pectin one of the most complex polysaccharides in nature: Rhamnoglacturonan, a 
hemicellulose also known as pectin (πέκω = comb in Greek).



Three-dimensional representations of the interactions occurring between Ca2+ and one homogalacturonan chain (having two-fold conformation) and two-chains of homogalacturonan 
inducing the so-called "egg-box" structure (Braccini & Perez, 2000)

Homogalacturonan pectin “gel” Homogalacturonan (HG). This is the most represented form of pectic polymers, essentially 
localized in the primary walls, and consists of a unsubstituted backbone of α -1,4-linked D-GalpA 
residues. It is often referred to as polygalacturonic acid or linear galacturonan. A number of GalA 
residues within the backbone may have their carboxyl group at C-6 methyl esterified, and may be 
acetyl esterified at O-2 and/or O-3 positions, depending on the plant origin. HGs with more than 
50% methyl esterified residues are known as high methyl-esterified HGs. Blocks of galacturonate 
residues allow HGs to form gels by association of chains through divalent ions, particularly calcium 
ions. Braccini et al. 1999 Both methyl and acetyl esters influence the gelling characteristics of 
pectins.

Glyco-Biomaterials

fiber

wood paper

textiles

fuels

celluloid
gums, resins, glue

containers, gourds

In 1846 Louis-Nicolas Ménard and Florès Domonte discovered that cellulose nitrate could be 
dissolved in ether. They devised a mixture of ether (ethoxyethane) as the solvent and ethanol as a 
diluent that rendered cellulose nitrate into a clear gelatinous liquid. Collodion was first used 
medically as a dressing in 1847 by the Boston physician John Parker Maynard.The solution was 
dubbed "collodion" (from the Greek κολλώδης (kollodis), gluey) by Dr. A.A. Gould of Boston, 
Massachusetts. 
Glyco biomaterial have become essential to human culture, which in turn is shaping human 
biology! 

friction fire Hadza man (named Janjako) making a friction fire to light an herbal jazz cigarette: igniting cellulose 
to smoke cellulose…..enriched with some psychoactive alkaloids…



Bow drill friction fire here at UCSD (last week). 
Raoidly moving cellulose against cellulose under pressure can start a fire!

What is the second most common biopolymer? (exoskeleton) 

Chitin 

A repeating homopolymer of β1-4-linked N-acetylglucosamine residues; the main 
component of the cell walls of fungi and the exoskeletons of arthropods, among other 
functions.

β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4

This beta-linked, highly resistant polysaccharide of an N-acetylated sugar is 
crucial for the structure of most invertebrates and fungi.

Fungi: chitin and other beta glucans

chitin, beta linked, poly N-acetylglucosamine is the principal cell 
wall polymer of fungi

β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4 β1-4

Huitlacoche (corn smutt), a fungus that grows naturally on corn, is harvested as 
a delicacy in Mexico.Together with cellulose, chitin forms the most abundant 
biopolymers. 



Essentials of Glycobiology 
Second Edition

Structure: Yeast Glycans Fungi make lots of beta linked GlcNAc (chitin) beta glucans as well as tell-tale high mannose N-
glycans.

Essentials of Glycobiology 
Second Edition

PLANTS 	 VS 	 	 ANIMALS:
Extra Cellular Matrix 
(collagen) 
Glycosaminoglycans (Heparan 
sulfate, Chondroitin Sulfate,Dermatan 
Sulfate, Hyaluronic Acid) 
N-Glycans: 
Complex N-Glycans 
Sialic acids 
O-Glycans	 	    
Mucins & other O-Glycans 

Glycolipids: 
Gangliosides,Glycsophingolipids 
(GlcCeramide) 
 GPI anchors 

Cell walls  
(cellulose & xyloglucan)  
Pectin & hemicellulose 
Arabinogalactan proteins  

N-Glycans: 
Bisecting Xylose	              	  
Core Fucose 
O-Glycans:	 	 	  
Hydroxyproline-rich Glycoproteins	  
arabinogalactans 
Glycolipids: 
Glycoglycerolipids 	 	   
GPI anchors 
                                                   

Nutrients: Starch granules in grain of maize



Nutrients: Alpha Polymers of glucose
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Amylose: Repeating α1,4 

linkages 200-20000 units in 

Length. Forms a helical structure

Glycogen: Similar to amylopectin except 
branches occur approx. every 13 units Amylopectin: Repeating α1,4


linkages. α1,6 alpha branch of 20-30 units.

As large as 2million units per molecule

alpha-linked polygucose is eminently digestible by animals. 
Animals can synthesize glycogen, alpha-polyglucose extended from a protein core.

Essentials of Glycobiology 
Second Edition

Glcβ1,4Glc 
(cellulose)

Most abundant biopolymer

Plant Glycans: edible and not!

Glcα1,2Fru 
(sucrose)

The difference a glycosidic linkage can make!

rice

corn

wheat

potato

sweet

potato

Starch Granules

Demirkan et al. Process Biochem. (2005)

Scanning electron microscopy of untreated and treated raw starch granules by a 
-amylase of B. amyloliquefaciens mutant type. The A, B, C, D and E and A1, B1, 
C1, D1 and E1 micrographs show untreated and treated starch granules with 
enzyme, respectively. A: rice, B: corn, C: wheat, D: potato, E: sweet potato.



Nutrients: Seeds, start up package for next generation
100 um - 50 cm

Flowering plants evolved seeds of various sizes that can contain starch nutrients 
as well as proteins and fats to give the next generation a head start.

β1-4
glucosegalactose

Nutrients: Direct transfer to baby, lactose and more

Lactose and over ~200 forms of “elongated” lactose 

In humans ~70g of lactose plus 5-10g of MOs/Liter

Human Milk Oligosaccharides (MOs):

5-10g of  
oligosaccharides

70g of lactose

1 Liter 
of Milk

Milk Lactose and Oligosaccharides. Human milk contains about 70 g/liter of 
lactose and 5–10 g/liter of free oligosaccharides. More than 130 different 
glycan species have been identified with lactose at the reducing end, 
including poly-N-acetyllactosamine units. Some glycans are α2-3- and/or 
α2-6-sialylated and/or fucosylated in α1-2, α1-3, and/or α1-4 linkages. In 
contrast, bovine milk, the typical mainstay in human infant formulas, 
contains much smaller amounts of these glycans. These differences may 
account for some of the physiological advantages seen for breast-fed 
versus formula-fed infants.

Bode 2012 Glycobiology

Nutrients: Human Milk Oligosaccharides -Protective Effects The many roles of human milk oligosaccharides. Food, probiotic and decoy 
(manipulation of gut microbes) as well as immune modulation and possibly even 
brain food.



Nutrients: Manipulating animal pollinators Flowering plants have evolved sweet tasing nectar, mostly containing the 
disaccharide sucrose, to attract a large variety of animal pollinators.

Food storage by other species

Myrmecocystus mimicus Pogonomyrmex barbatus

Arizona Harvester Ant (Formicidae: Pogonomyrmex barbatus) Clearing 10 feet (3 m) across made 
by colony of harvester ants (Pogonomyrmex barbatus). The ants carefully remove all plants and 
competing root systems from their subterranean nest. They store large quantities of harvested 
seeds in underground chambers and fiercely defends these again rodents. 
Honey pot ants (Myrmecocystus mimicus) use fellow ants as storage containers for nectar they 
harvest. The living “pots” will regurgitate and share the honey they contain when stroked by their 
antennae!!

Human vs Ant Volume globally! (1 cubic km, rough estimates) Estimates of total volume of 7 billion plus humans ~ 1 cubic km is similar for eusocial ants the 
dominate most ecosystems.



Nutrients: Fruit, manipulating animal seed dispersers Sweet tasting fruit encase the seeds of many plants and serve as enticing 
method for animal seed dispersers.

pectin cellulose

Structural: making seeds slip through animal dispersers..

Tamara Western

Seed Science Res. (2012)

Mucin

Defensive Properties of Mucin Glycoproteins during Respiratory Infections—
Relevance for SARS-CoV-2 
Maitrayee Chatterjee, Jos P. M. van Putten, Karin Strijbis 
mBio Nov 2020, 11 (6) e02374-20; DOI: 10.1128/mBio.02374-20

Mucilage

Mucilage staining for pectin and cellulose in various species. Various roles of mucilage includes 
control of germination, adhesion to soil and seed dispersers and gut passage through seed 
dispersers. 
Animals make mucus, variable hydrated bogeys containing different combinations of mucin 
glycoproteins (can be >80% glycans in dry weight). These act as protective barriers and as 
lubricants for airways, gastrointestinal tract and reproductive trac.

Nutrients and Information: Fruit Ripening

Wakabayashi, K.  J. Plant Res. (2000)

Fruit signal readiness for seed dispersal by color changes and changes in 
firmness, mediated by pectinase enzymes that cleave hemicellulose, allowing 
fruit cell to move against each other. Color changes are also employed for the 
same purpose. Most frugivorous mammals have trichromatic (color) vision, 
allowing them to detect fruit ripeness.



Attractive Fruit, coopted by bower bird males to seduce females Colorful fruit, which have evolved to manipulate seed dispersion animals, can 
then further be used for manipulating potential mates by certain animals.

Cheating plants: Sugarless Sweetness

fake sugary fruit (sugar mimics), People in 
Cameroun, Africa use a plant they call “forget” 
(oubli). This African vine (Pentadiplandra brazzeana) 
makes a small protein that mimics the taste of 
sugar.  
Legend has it that children given berries from this 
plant forget the milk of their mother. Several other 
African tropical plants have evolved powerful 
peptide mimics of sugar.

Synsepalum dulcificum  miracle berry

Miraculin

Brazzein

Brazzein and miraculin are two intensely sweet proteins made by tropical plants. These plants 
evolved a more economical way to sweeten their berries. 
Western lowland Gorillas have evolved variants of their TAS1R3 gene that are not fooled by 
brazzein!

Surprising uses of glycans by plants

hunting gravity sensing heating

osmotic pump feeding symbionts

Insect trapping plants use lycans as trap glue, most plants use the higher gravity of starch 
granules to sense gravity, many flower generate heat to dissipate scents for attracting pollinators, 
acacia trees that keep ant symbionts reward these by producing extra floral nectar, trees “pay” 
symbiotic mycorrhiza with sugars, and luminous plants pay their symbiotic nitrogen fixing rhizobia 
bacteria with sugar as well.



Information: Molecular identity of cell types

RBC

sperm

epithelium

leukocyte

Different cell types have stage- and cell-type specific glycocalyx compositions. Together 
with distinct combination oof expressed cell surface proteins, these impart molecular 
identity. 
They all share highly sialylated surfaces.

SSEA 4 SSEA 4

Information: Stage-specific embryonal antigens Stage-specific embryonal antigens are often defines by distinct glycans of glycolipids. 
Mice and humans have distinct stem cell glycans.

Information: Cell surface lectin–carbohydrate interactions.

Sharon & Lis  Glycobiology  (2004)

Cell surface lectin–carbohydrate interactions. Lectins serve as means of attachment of different 
kinds of cell as well as viruses to other cells via the surface carbohydrates of the latter. In some 
cases, cellsurface lectins bind particular glycoproteins (e.g., asialoglycoproteins), whereas in other 
cases the carbohydrates of cell surface glycoproteins or glycolipids serve as sites of attachment 
for biologically active molecules that themselves are lectins (e.g. carbohydrate-specific bacterial 
and plant toxins, or galectins). Based on an original diagram from BioCarbAB 
(Lund, Sweden).



Information: Fucosylation of receptor proteins: patterns

Fringe enzyme elongates fucose on Notch protein -> patterns

Fucosylated Notch is a substrate for an N-acetylglucosaminyltransferases encoded by the fringe 
gene. Elongation of O-linked Fuc with GlcNAc yields Notch protein that is more efficiently activated 
by Delta than by Serrate/Jagged.  
Therefore, O-linked glycosylation functions as a switch that activates the Notch receptor and alters 
its ligand preference.Cell fate choices dependent on Notch require appropriate glycan expression.   
(A) notch mutations were originally identified based on aberrant wing morphology. Changes in cell 

fate generate wings that are notched at their margins (arrow). Wing notches arise from 
insufficient numbers of nonneural cells in the developing wing. In the embryo, loss of Notch 
signaling expands neural tissue at the expense of nonneural ectodermal cell fates. (B,C) 
Staining with a neuron-specific antibody reveals increased neural cell numbers in a notch 
mutant (C) compared with wild-type (B). In comparison to wild-type (D), loss of the egghead or 
brainiac genes (E), which are essential for glycosphingolipid synthesis, results in neurogenic 
phenotypes similar to loss of Notch signaling. (B,C, Reprinted, with permission of the 
Company of Biologists, from Lai EC. 2004. Development 131: 965–973; D,E, reprinted, with 
permission of the Company of Biologists, from Goode S, et al. 1992. Development 116: 177–
192.)

Information: Crucial Handshakes mediated by glycans

Egg jelly Glycans

(Top left) The purple sea urchin Strongylocentrotus purpuratus. (Reprinted, with permission, 
courtesy of Charles Hollahan, Santa Barbara Marine Biologicals.) (Top right) Sperm binding to a 
sea urchin egg. (Reprinted, with permission, courtesy of M. Tegner and D. Epel.) Many of the key 
discoveries regarding glycans and their role in determining species-specific sperm–egg binding 
and blocks to polyspermy were made in sea urchins. (Bottom) Structures of sulfated α-fucans and 
a sulfated α-galactan (marked as Echinometra lucunter) from sea urchin egg jelly are shown. The 
specific pattern of sulfation, the position of the glycosidic linkage, and the constituent 
monosaccharide vary among sulfated polysaccharides from different species. These structures 
were deduced from analysis by nuclear magnetic resonance (NMR) spectroscopy. (Redrawn, with 
permission, from Vilela-Silva AC, et al. 2002. J Biol Chem 277: 379–387, © American Society for 
Biochemistry and Molecular Biology.) 



Information: Sialyl Lewis X on Zona Pellucida N-glycans

Poh-Choo Pang et al. Science 2011;333:1761-1764 

Comparison of hemizona 
binding, with competitive 
inhibitors

Poh-Choo Pang et al. Science 2011;333:1761-1764 

SLEX beads binding 
to human sperm

SLEX staining of ZP on egg Blocking sperm binding 
with anti-SLEX Ab

Pang et al. Science (2011)

Removing Sialic acid

Reduces sperm binding

Removing Sialic acid

Reduces sperm binding

Sialyl-Lewisx is involved in sperm-ZP binding. (A) Comparison of hemizona binding index (HZI) of 
capacitated spermatozoa incubated in the presence of sialyl-Lewisx (SLEX), Lewisx (LEX), and 
sialyl-N-acetyllactosamine (SLN) oligosaccharide or their BSA conjugates with medium alone 
(control). Each point represents the mean ± SEM of the results of 10 hemizona assays. *, P < 0.05 
when compared with the corresponding untreated control. †, P < 0.05 when compared with the 
desialylated counterpart. (B) Representative fluorescent images of capacitated spermatozoa 
incubated with Alexa Fluor-594 labeled sialyl-Lewisx-BSA. N = 5 separate experiments. (C) 
Immunostaining of sialyl-Lewisx sequences on hemizona. Matching hemizona were incubated with 
antibody to sialyl-Lewisx (CSLEX1), antibody to 6-sulfo lacNAc sequences on extended core 1 O-
glycans (MECA-79), antibodies to Lewisx, or preabsorbed antibodies. N = 5 separate 
experiments. (D) Effect of CSLEX1 and antibody to Lewisx on sperm-ZP binding in hemizona 
binding assays. Matching hemizona were incubated with the antibodies or preabsorbed antibody 
as outlined in the supporting online material. N = 5 hemizona binding assays using five oocytes 
and five different sperm samples. *, P < 0.05 when compared with the control. (E) (Left) Effect of 
desialylation of solubilized ZP (1 μg/ml) on sperm-ZP binding in hemizona binding assays. N = 5 
hemizona binding assays using five oocytes and five different sperm samples. (Right) 
Representative photographs of the binding of native or desialylated ZP to spermatozoa.

Mouse Blastocyst 
stained for Neu5Gc 

sialic acid Genbacev et al. Science (2003)

Information: Glycan-mediated implantation

MECA-79 antibody 
Binds sialylated Mucins 
Peripheral node addressing (PNA)

Implantation in humans involves a number of the molecular mechanisms that mediate leukocyte 
emigration from the blood to sites of inflammation or injury. The diagram was made from a 
combination of images: MECA-79 antibody staining of uterine tissue sections and L-selectin 
antibody staining 
of cultured embryos. Recently acquired evidence suggests that an implantation-competent human 
blastocyst expresses L-selectin on its surface (green). This receptor interacts with specialized 
carbohydrate ligands, including sulfated species, recognized by the MECA-79 antibody, which 
stains the uterine luminal and glandular epithelium. The specialized nature of these interactions 
translates into an unusual form of cell adhesion: rolling and tethering. In the uterus, MECA-79 
immunoreactivity peaks during the window of receptivity. This finding suggests that apposition, the 
first step in implantation, includes L-selectin–mediated tethering of the blastocyst to the upper 
portion of the posterior wall of the uterine fundus.



Ilekis. Potential placental molecular therapeutic targets. Am J Obstet Gynecol (2016)

Information: Placentation - Making our first home Mononuclear placental cytotrophoblasts invade the uterine wall and its resident vasculature (right 
panel). During this process, they transform spiral arteries into wide-bore vessels that perfuse the 
placenta. Its tree-like chorionic villi are covered by multinucleated syncytiotrophoblasts, which 
transport a variety of substances to and from the fetus, enabling normal fetal growth.

Gubbels et al.  Molecular Cancer (2010)

Information/Manipulation: Placentation  
MUC16 as NK cell suppressor

MUC16 interacts with Siglec 9 on NK cells

Cell surface (cs) MUC16 inhibits NK activating synapse formation. A. NK cells from healthy donors 
were mixed with ovarian tumor cells (csMUC16neg-OVC and csMUC16pos-OVC cells) and 
confocal microscopy was conducted using 10× magnification. White arrows indicate NK cells 
bound to tumor cells and some forming activating immune synapses. B. Immune synapses 
between the NK cells and csMUC16neg-OVC at 40× magnification are shown. NK cells are 
present in the vicinity of csMUC16pos-OVC cells but form significantly less conjugates and 
immune synapses. 
What evolved to help successful placentation can come back to haunt us during cancer !!
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Chapter 7, Figure 1. Essentials of Glycobiology, Third Edition 
Buy the Book

General Classification of the Biological Functions of Glycans General classification of the biological functions of glycans. A simplified and broad classification is 
presented, emphasizing the roles of organism-intrinsic and -extrinsic glycan-binding proteins in 
recognizing glycans. There is some overlap between the groups (e.g., some structural properties 
involve specific recognition of glycans). In the lower part of the figure, intrinsic recognition is 
represented by the binding shown on the left of the central “self” cell and extrinsic recognition is 
represented by the binding shown to the right of that cell. (Modified and redrawn, with permission 
of Oxford University Press, from Gagneux P, Varki A. 1999. Glycobiology 9: 747–755. Original art 
has been adapted and redrawn by R.D. Cummings.) 



Approaches for Elucidating the Biological Functions of Glycans
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Chapter 7, Figure 2. Essentials of Glycobiology, Third Edition 

Symbol Nomenclature for Glycans (SNFG)
Buy the Book

FIGURE 7.2. Approaches for elucidating the biological functions of glycans. The figure assumes 
that a specific biological role is being mediated by recognition of a certain glycan structure by a 
specific glycan-binding protein. Clues to this biological role could be obtained by various different 
approaches (for discussion of each approach, see text). 
(Note: For a key to symbols used for monosaccharides, use the SNFG link. Embedded links are 
present but live only in the slide display mode.) 

Legumes, large seeds in pods,  
rhizobial symbioses and plenty of lectins

Plants of the legume family are conspicuous in producing large amounts of lectin proteins in their 
seeds. 
Conveniently, many of these lectins have specificity for binding animal glycans, thus providing a 
good tool kit for lectin staining and other glycoscience methods.

Plant lectin–carbohydrate interactions.

De Schutter & Van Damme

Molecules (2015)

Example of plant lectin and their glycan ligands.



Famous Plant Lectins

Treculia africana  
African Bread fruit

Artocarpus altilis 
bread fruit

Maclura pomifera 
osage orange

Artocarpus  
heterphyllus 

Jackfruit


Summary 
Biological Roles of Glycans

Glycan polymers are the most abundant  biopolymers. 
Multicellular life forms use structural glycans to form barriers and to organize their tissues.
Structural glycan polymers can be very resistant (thanks to the super-stable beta linkage).
Glycans are also used for nutrient storage and traffic (starch & sucrose).
Cross-generational transfer of glycans  is important (endosperm starch and lactose in mammalian milk)
Plants use  glycan nutrients to entice pollinators, seed dispersers and symbionts.
Plants use  glycan for a range of additional functions.
Cellular molecular identity is defined by glycans. 
Glycan binding proteins (lectin) interact with glycan patterns.
Multicellular development depends on many glycan-protein interactions.
So does fertilization, implantation and placentation.



Pathogen Sia-
Binding Proteins

Extrinsic 
Recognition 
“Non-self”

Influenza 
Plasmodium 

Cholera 
Helicobacter 
Mycoplasma 

Rotavirus 
Polyoma virus 
Coronavirus 

Pertussis  
Tetanus etc.

Viruses 
Bacteria 

& 
Toxins 

Protozoa

Biological Roles of Sialic Acids 
Structural/Biophysical  Roles (charge repulsion / neuronal migration/ glomerular filtration etc.)

Siglec Family (16 members) 
Factor H 
Selectins (3 members) 
PILRs

Self Sia-Binding Lectins

Self

Intrinsic 
Recognition 

“Self”

Gamete or Fetus

Intra-
species 

Recognition

Self

P. Gagneux, modified from  
Varki, A. Trends Mol. Med. 2008

Sialylated Glycan

Sia-Binding Protein

Cell

E.coli 
Gonococcus 

Meningococcus 
Campylobacter 
Trypanosoma 
Streptococcus 

etc.

Sia Molecular 
Mimicry

Bacteria 
& 

Protozoa

Between a rock and a hard place: Sialic acids: vertebrate self glycans caught in 
between conserved endogenous functions and rapidly evolving external 
interactions with pathogens…..


