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Glossary of Terms for “Plants & Lectins”
ABA: Abscisic Acid, plant hormone involved development bud dormancy.
Agarose: Linear polymer of of alternating galactose and 3,6-anhydro-Lgalactopyranose linked by α1,3 and β1,4 linkages.
Angiosperm: Flowering plants, seeds develop inside and ovary.
Amylopectin: Branched polyglucose found in many grains, especially sticky rice.
Apiose: Plant sugar named after Apiaceae family, including parsiley.
Arabinose: An aldopentose originally described in gum Arabic, the sap of an
West African Acacia (Acacia senegal).
Arabinogalactan glycoproteins (Plant proetoglycans): glycoproteins with
abundant glycosylation, mostly O-linked arabinogalactans linked to
hydroxyproline and cosist of up to 90% of glycans by mass.
Anti-nutrients: Plant compounds that interfere with nutrient up-take in potential
herbivores and seed predators (e.g. lectins and tannins, D-amino acids).
Callose: 1,3 linked glucose polysaccharide common in pollen cell wall and in
plasmodesmata (plant cell wall channels).
Carrageenan: Sulfated galactan polymer from red algae (“carraigín” little rock in
Irish. Now harvested from a variety of seaweed species and used as thickener.
Double fertilization: Process by which two sperm from one pollen fertilize the
ovum and the cell giving rise to the endosperm in angiosperms.
Effector (glycans): External or self glycans that trigger plant defenses.
Endosperm: Triploid tissue that contains seed nutrients in angiosperm.
Ethylene: Plant hormone (ripening, maturation).
Extensin: Family of flexible, rod-like hydroxyproline-rich glycoproteins of the
plant cell wall.
Fucose: Monosaccharide named after brown algae Fucus spp.which yields
fucoidan, a sulfacted polyfucose.
Gametophyte: Haploid generation of a plant’s life cycle,
Glycoside: Heavily modified glycans
Cyanigenic glycosides: Amygdalin
Cardiac glycosides: Cardiac glycosides inhibit sodium-potassium pumps, so that
sodium cannot be extruded: intracellular sodium concentration therefore
increases. Steviol glycoside:
Guar gum: A galactomannan from ground endosperm of guar (cluster) beans
Cyamopsis tetragonoloba. A linear chain of β 1,4-linked mannose residues to
which galactose residues are 1,6-linked at every second mannose. Used as food
emulsifier and for fracking as gelling agent to increase viscosity, similar to carob
gum.
Gum Arabic: Sap harvested from wounded Acacia senegal trees consisting of
mixture of arabinogalactan polysaccharides.
Gymnosperm: “Naked” seed producing plant with distinct fertilization process
from angiosperm (flowering plants), include conifers and Ginko.
Hemicellulose; Glycan heteropolymers (matrix polysaccharides), such
as arabinoxylans, present along with cellulose in almost all plant cell walls. While
cellulose is crystalline, strong, and resistant to hydrolysis, hemicellulose has a
random, amorphous structure with little strength.
Inulin: Heterogeneous collection of fructose polymers. (fructan)
Lignin: Cross-linked phenolic polymers important for the formation of plant cell
walls in vascular plants, major component of wood.
Mannose: Epimer of glucose named after the Manna ash Fraxinus ornus.
Meristem: Tissue of plants containing undifferentiated cells.

walls in vascular plants, major component of wood.
Mannose: Epimer of glucose named after the Manna ash Fraxinus ornus.
Meristem: Tissue of plants containing undifferentiated cells.
Mucilage: Thick gluey substance produced by nearly all plants consisting of
polar glycoproteins and exopolysaccharides. Critical for storage of water and
food in plants and during seed germination and root growth.
Pectin:Structural heteropolysaccharide contained in the primary cell walls of land
plants. Pectic polysaccharides contain 12 differenrt monosaccharides and up to
21 different glycosidic linkages.
Phloem: Plant vessels transporting assimilates (products of photosynthesis)
Pollen: Male microgametophyte in plants.
Pollen recognition: The stigma of the female flower interacts with molecules on
the pollen to prevent self-pollination or pollination by different species.
Pollen tube: special cell of the haploid gametophyte.
Primary cell wall: Elastic wall composed of cellulose.
Rhamnose: 6-deoxy hexose, isolated from buckthorn (Rhamnus spec.)
Rhamnogalacturonan 1 (RGI): Polymer of alternating rhamnose and galuctonic
acid wih side chains of arabinose or arabiniogalactose.
Rhamnogalcturonan II (RGII): Polymer of 1,4 Galcturonic acid with side chains
of Apiose, Fucose, arabinose and various modifications.
Raffinose: Trisaccharide Gal 1,6 Glc 1,2 Frct
Secondary cell wall: Non-expandable extra-cellular polysaccharide rich
structure that can also contain lignin.
Secondary Metabolites (compounds): Organic compounds that are not directly
involved in growth,development or reproduction of an organism, e.g. alaloids,
glycosides, terpenoids
Self-incompatibility: Many flowering plants have molecular mechanisms of self
incompatibility to prevent selfing.
Sporophyte: Diploid generation of a plant’s life cycle.
Trehalose: Glucose disaccharide 1,1 linked, named after trehala manna a
substance from the cocoons of weevils Larinus maculates. Found in plants
mushroom and arthropods. Used by tardigrade as desiccation agent.
Sporopollenin: Durable outer pollen cell wall.
Stachyose: Tetrasaccharide Gal1,6 Gal 1,6 Glc 1,2 Frct
Tapetum: Inner layer of anther locule where pollen walls are synthesized.
Tryphine (pollen kit): Polymer consisting of hydrophobic mixture of aliphatic and
aromatic strucxtures including waxes, lipids, sterols, sugars and proteins. This
complex molecular mix provides the interface between pollen and environment.
Verbascose: Pentasaccharide Gal1,6 Gal1,6 Gal 1,6 Glc 1,2 Frct
Xylem: Plant vessels transporting water.
Xylogalacturonan: Polymer of galacturonic acid with side chains of xylose.
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Global Photosynthesis

Provided by the SeaWiFS Project, Goddard Space Flight Center and ORBIMAGE - http://oceancolor.gsfc.nasa.gov/SeaWiFS/BACKGROUND/Gallery/index.html and from en:
This diagram of the fast carbon cycle shows the movement of carbon between land, atmosphere, and oceans in billions of tons per year. Yellow numbers are natural fluxes, red are human contributions,
Image:Seawifs global biosphere.jpg
adapted
from U.S. DOE, Biological and Environmental Research Information System. - http://earthobservatory.nasa.gov/Features/CarbonCycle/
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 DifferenceDiagram
Vegetation
Index (NVDI).

white indicate stored carbon.

Plant Glycans

Glcβ1,4Glc
(cellulose)

Most abundant biopolymer

Glcα1,2Fru
(sucrose)
Essentials of Glycobiology
Second Edition
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Polymers of glucose

Schematic model of the cellulose synthesizing machinery in Acetobacter xylinum,

Amylopectin: Repeating α1,4
linkages. α1,6 alpha branch of 20-30 units.
As large as 2million units per molecule
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

Cellulose: Repeating β1,4linkages.
Form rod-like structures, similar in
size to amylose. Unlike amylose is
not soluble in water.

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

Wood: Cellulose and Matrix

Resistance of Cellulose
•
•
•
•
•

starch gels in water around 70°C.
cellulose requires 320°C and 25 MPa to get
amorphous!
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!

Nikita Aigner,ETH Zürich

Model of the primary cell wall (type I) found in most flowering plants

Wood: Cellulose Hemicellulose, and Lignin

Jeremy Smith, UT/ORNL

Essentials of Glycobiology
Second Edition

Chapter 22, Figure 4
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Repeating subunit found in xyloglucan

Hemicellulose

cellulose 300-1700 units in wood pulp/ 800

pectin

- 10 000 in cotton

starch
Essentials of Glycobiology
Second Edition

Essentials of Glycobiology
Second Edition

Anatomy of wood

xyloglucan
+ lignin + tannins

Schematic structure of pectin
Rhamnogalacturonan RGI

xylogalacturonan

Rhamnogalacturonan RGII

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

Plant Nucleotide Sugars

Bar-Peled & O’Neil, Ann. Rev. Plant Biol. (2011)

Plant Nucleotide Sugars

Bar-Peled & O’Neil, Ann. Rev. Plant Biol. (2011)
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Distribution of diﬀerent polymers across the plant stem

100 mm

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

Arabinogalactan Proteins

large aggregate of AGP from carrot suspension cultures

wattle blossom

twisted hairy rope

Ellis, M. et al. Plant Physiol. (2010)

Cell wall N- and O-Glycans

Ellis, M. et al. Plant Physiol. (2010)

carrot cells that form somatic embryos
have diﬀerent AGP

N-glycan!

AGP !
O-glycan!

O-glycan on !
Extensin!
Nguema-Ona, E. et al. Frontiers in Plant Sc. (2014)

Ellis, M. et al. Plant Physiol. (2010)
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Glycoglycerol lipids
Most abundant plant galactolipids

Essentials
EssentialsofofGlycobiology
Glycobiology
Second
Edition
Second
Edition

Chapter 22, Figure 3

GPI anchors

Plant Glycotools

Seeds
100 um - 50 cm
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starch granules in grain of maize

Starch
Granules

rice

corn

wheat

potato
sweet
potato
Demirkan et al. Process Biochem. (2005)

Ménage à trois Symbiotic Origin!

pectin

cellulose

Cyanobacterium!
Amoeba!
Chlamydial symbiont!

Mucilage
not Mucin

Stephen Ball,!
CNRS!
Cenci, U. et al. Trends in Plant Sci. (2014)!

Flowers
100 um - 2.4 m

Tamara Western
Seed Science Res. (2012)

Animal pollinators

Wolﬃa augusta

Ophrys apifera

Raiﬄesia
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Pollen

Plant N-Glycans

10-100 um

Pollen Antigenicity
Mugwort, Artemisia vulgaris

Art V 1 protein

Altmann, F. Int Arch Allergy Immunol (2007)

Antigenicity of bisecting
Xylose and Core Fucose:
•
•
•

Patients with circulating IgE specific for
these epitopes.
Issue for plant based production of
plantibodies and vaccines.
Bee venom phospholipase A2 carries
the xylose as well, key antigen.

•
•
•
•
•
•
•

Leonard, R. et al. JBC (2005)

Glyco-Engineering Plants
Plants with suppressed beta 1,2 Xylose to
core Man-Transferase.
Plants with suppressed alpha 1,3 to core
GlcNac Transferase
Plants with sialic acid expression.
Plants appear remarkably tolerant
Immunogenic glycans on plant products have
immune modulating activity:
e.g. Ara 1 stimlates Th2 response acting
through DC Sign
Built in adjuvant?
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Nectar Ants and Caterpillar

Thisbe irenea: drugs and rock’n roll

DeVries, P.J. Zool. J. Linn. Soc (1988)

Fruit
1mm - 2 m

Wolﬃa augusta

Cucurbita pepo
700 kg

Attractive Fruit

Fruit Ripening

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

Determination of GUS transcript level and activity (histochemical and fluorometric assays) in
HP::GUS and CaMV 35S::GUS tomato fruits.

beta-glucuronidase

Mohammad Irfan et al. J. Exp. Bot. 2014;jxb.eru324

© The Author 2014. Published by Oxford University Press on behalf of the Society for
Experimental Biology.

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

Surprising uses of glycans by plants

hunting

gravity sensing

Plant glycan classes
Polysaccharides

•

Glycosides

Glycolipids
Proteoglycans
(arabinogalactan prots)
GPI-anchors
N-Glycans
O-Glycans
O-GlcNac

Cell surface lectin–carbohydrate interactions.

heating

Sharon & Lis Glycobiology (2004)

osmotic pump
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Famous Plant Lectins

Treculia africana
African Bread fruit

Artocarpus altilis
bread fruit

Maclura pomifera
osage orange

Artocarpus
heterphyllus
Jackfruit

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

Essentials of Glycobiology
Second Edition

Plant lectin–carbohydrate interactions.

Plant lectins as
antinutrients?
•
•
•
•

Tubers and their lectins:
the 5 big: potato, manioc, sweet
potato, taro and yam, all have lectins
Grass seed lectins: WGA
cooking rapidly inactivates the lectins
and turns them into available protein.

De Schutter & Van Damme
Molecules (2015)

L-type lectins
•
•
•
•
•

Named after leguminous plants/
(Papilionaceae) 100 + diﬀerent seed
lectins
Up to 10% of the seed storage proteins
Mice fed raw beans lose weight and
starve.
Wide variety of specificity
All require Ca++ and Mn or other
transition metal ion

Legume Agglutinins
•
•
•
•

Red kidney bean lectin PHA-E used to
agglutinate RBC and obtain clean
leukocyte preps (erythrocyte agglutinin)
Also activate cell division in leucocytes
Used for generating karyotypes
Considerable homology between seed
lectins, but structure does not simply
predict specificity.
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jelly roll

L-lectin structure
•

Anti-parallel beta sheets connected by
short loop and beta bends, usually devoid
of any alpha helical structure

•
•

Jelly roll fold or lectin fold

beta -trefoil

Lectin folds can also exits in absence of
homology in distantly related lectins.

•

variations in quaternary lectin structures

all are multimeric di- or tetrameric

Animal L-type lectins
•
•

Calnexin
Calreticulin

Animal L-type lectins
•

Animal L-type lectins
•
•
•

ERGIC 53, VIPL and VIP36
ER Golgi traﬃcking lectins, cargo
delivery
each with their own glycan recognition
and localization in ER Golgi.

NICTABA - O-GlcNAc binding

pentraxins C-reactive proteins, serum
amyloid Protein (SAP) , acute phase
reaction pattern recognition receptors
(PRR).
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Glycan Elicitors

Plant Sensing with Lectins

De Schutter & Van Damme
Molecules (2015)

Glycans from fungal and plant cell walls that elicit plant
defense responses

Necrosis, formed by
plant in response to
free glycan signal

Oligosaccharide elicitors:
free glycans
Essentials of Glycobiology
Second Edition

PLANTS VS

Essentials of Glycobiology
Second Edition

ANIMALS:

Cell walls
Extra Cellular Matrix
(cellulose & xyloglucan) –
(collagen)
Pectin & hemicellulose
Arabinogalactan proteins –
Glycosaminoglycans (HS, CS, DS, HA)
N-Glycans:
Bisecting Xylose
–
Sialic acids
Core Fucose
O-Glycans
–
Hydroxyproline
–
Mucins & other O-Glycans
Rich Glycoproteins
arabinogalactans
Glycolipids:
Glycoglycerolipids
–
Gangliosides, GPI anchors
Glycsophingolipids (GlcCeramide)
GPI anchors
Essentials of Glycobiology

Chapter 22, Figure 7

Plant Glycobiology
•
•
•
•
•
•
•
•

most plants are sessile
long lived
have propagules with stored resources (seeds)
use cell walls and turgor for rigidity
engage in symbioses with fungi
autotroph
make their own sugars
can turn lipids into glycans (e.g. coconut sprouting)

Second Edition
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C3 C4 photosynthesis

•

stable isotopes, corn in US Americans
and sedges in Australopyhecines

Nature 451, 293-296 (17 January 2008) | doi:10.1038/nature06592; Published online 16 January 2008
An Earth-system perspective of the global nitrogen cycle
Nicolas Gruber1 & James N. Galloway2

Root nodules:
homes for nitrogen-fixing bacterial symbionts

Essentials of Glycobiology
Second Edition
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