
CARBOHYDRATES AND
GLYCOBIOLOGY



Carbohydrates are the most abundant biomolecules on Earth. 

Each year, photosynthesis converts more than 100 billion 
metric tons of CO2 and H2O into cellulose and other plant 
products.

The oxidation of carbohydrates is the central energy-yielding 
pathway in most nonphotosynthetic cells.

Insoluble carbohydrate polymers serve as structural and 
protective elements in the cell walls of bacteria and plants 
and in the connective tissues of animals.

More complex carbohydrate polymers covalently attached to 
proteins or lipids act as signals that determine the 
intracellular location or metabolic fate of these hybrid 
molecules, called glycoconjugates.



Carbohydrates are polyhydroxy aldehydes or ketones, or 
substances that yield such compounds on hydrolysis.

Many, carbohydrates have the empirical formula (CH2O)n; 
some also contain nitrogen, phosphorus, or sulphur.

Monosaccharides, or simple sugars, consist of a single 
polyhydroxy aldehyde or ketone unit. 

The most abundant monosaccharide in nature is the six-
carbon sugar D-glucose.

Monosaccharides of more than four carbons tend to 
have cyclic structures.



Oligosaccharides consist of short chains of mono-
saccharide units, or residues, joined by characteristic
linkages called glycosidic bonds. 

The most abundant are the disaccharides, with two 
monosaccharide units.

Typical is sucrose (cane sugar), which consists of the
six-carbon sugars D-glucose and D-fructose.

The polysaccharides are sugar polymers containing more 
than 20 or so monosaccharide units, and some have 
hundreds or thousands of units. 



Some polysaccharides, such as cellulose, are linear 
chains; others, such as glycogen, are branched. 

Both glycogen and cellulose consist of recurring units of 
D-glucose, but they differ in the type of glycosidic
linkage and consequently have strikingly different 
properties and biological roles.



1. Monsaccharides and 
Disaccharides



The monosaccharides, are either aldehydes or ketones with 
two or more hydroxyl groups.

Many of the carbon atoms to which hydroxyl groups are 
attached are chiral centers, which give rise to the many 
sugar stereoisomers found in nature.



The two families of monosaccharides are aldoses and 
ketoses

Monosaccharides are colourless, crystalline solids that are 
freely soluble in water but insoluble in nonpolar solvents.

Most have a sweet taste. 

The backbones of common monosaccharide molecules are 
unbranched carbon chains in which all the carbon atoms 
are linked by single bonds. 

In the open-chain form, one of the carbon atoms is double-
bonded to an oxygen atom to form a carbonyl group.

Each of the other carbon atoms has a hydroxyl group.



If the carbonyl group is at an end of the carbon chain (that 
is, in an aldehyde group) the monosaccharide is an 
aldose.

If the carbonyl group is at any other position (in a ketone
group) the monosaccharide is a ketose. 

The simplest monosaccharides are the two three-carbon 
trioses: glyceraldehyde, an aldotriose, and dihydroxy-
acetone, a ketotriose.

Glyceraldehyde, 
an aldotriose

Dihydroxyacetone, 
a ketotriose



Monosaccharides with four, five, six, and seven carbon atoms in 
their backbones are called, respectively, tetroses, pentoses, 
hexoses, and heptoses. 

There are aldoses and ketoses of each of these chain lengths: 
aldotetroses and ketotetroses, aldopentoses and ketopentoses, 
and so on. 

The hexoses, which include the aldohexose D-glucose and the 
ketohexose D-fructose, are the most common mono-
saccharides in nature. 

D-glucose, 
an aldohexose

D-fructose, 
a ketohexose



The aldopentoses D-ribose and 2-deoxy-D-ribose are 
components of nucleotides and nucleic acids.

D-ribose is a component of ribonucleic acid (RNA), and 2-deoxy-D-
ribose is a component of deoxyribonucleic acid (DNA).

D-ribose, 
an aldopentose

2-Deoxy-D-ribose, 
an aldopentose



Monosaccharides have asymmetric centers

All the monosaccharides except dihydroxyacetone contain one or 
more asymmetric (chiral) carbon atoms and thus occur in 
optically active isomeric forms. 

The simplest aldose, glyceraldehyde, contains one chiral center,
therefore has two different optical isomers, or enantiomers.

The stereoisomers are mirror images of each other.

Three ways to represent the two stereoisomers of glyceralde-
hyde:

Ball-and-stick models

Fischer projection formulas

Perspective formulas



Ball-and-stick models

Ball-and-stick models show the actual configuration of molecules.



Fischer projection formulas
By convention, in Fischer pro-

jection formulas, horizontal 
bonds project out of the plane of 
the paper, toward the reader; 
vertical bonds project behind the 
plane of the paper, away from 
the reader.

Perspective formulas
In perspective formulas, solid 

wedge-shaped bonds point 
toward the reader, dashed 
wedges point away.



In general, a molecule with n chiral centers can have 2n

stereoisomers. 

Glyceraldehyde has 21 = 2; aldohexoses, with four chiral
centers, have 24 = 16 stereoisomers. 

The stereoisomers of monosaccharides of each carbon-
chain length can be divided into two groups that differ in 
the configuration about the chiral center most distant 
from the carbonyl carbon. 

Those in which the configuration at this reference carbon 
is the same as that of D-glyceraldehyde are designated 
D isomers, and those with the same configuration as 
L-glyceraldehyde are L isomers.



Most of the hexoses of living organisms are D isomers.

The carbons of a sugar are numbered beginning at the end of 
the chain nearest the carbonyl group. 

Each of the eight D-aldohexoses, which differ in the 
stereochemistry at C-2, C-3, or C-4, has its own name: D-
glucose, D-galactose, D-mannose.

Aldoses and ketoses
The series of D-aldoses and D-ketoses 

having from three to six carbon atoms.
The carbon atoms in red are chiral centers.
In all these D isomers, the chiral carbon 

most distant from the carbonyl carbon 
has the same configuration as the chiral
carbon in D-glyceraldehyde.

The sugars named in boxes are the most 
common in nature. 

Aldoses Ketoses



Aldoses:

Ketoses:



Six carbons aldoses



Six carbons ketoses



Two sugars that differ only in the configuration around one 
carbon atom are called epimers.

D-glucose and D-mannose, which differ only in the 
stereochemistry at C-2, are epimers, as are D-glucose and D-
galactose (which differ at C-4).

Epimers
D-Glucose and two of 

its epimers are shown 
as projection formulas.

Each epimer differs 
from D-glucose in the 
configuration at one 
chiral center (shaded 
red).



The common monosaccharides have cyclic structures

In aqueous solution, aldotetroses and all monosaccharides
with five or more carbon atoms in the backbone occur 
predominantly as cyclic (ring) structures in which the 
carbonyl group has formed a covalent bond with the 
oxygen of a hydroxyl group along the chain.

The formation of these ring structures is the result of a 
general reaction between alcohols and aldehydes or 
ketones to form derivatives called hemiacetals or 
hemiketals, which contain an additional asymmetric 
carbon atom and thus can exist in two stereoisomeric
forms.



Formation of hemiacetals and hemiketals

An aldehyde or ketone can react with an alcohol in a 1:1 ratio to yield 
a hemiacetal or hemiketal, respectively, creating a new chiral center
at the carbonyl carbon.

Substitution of a second alcohol molecule produces an acetal or ketal. 

When the second alcohol is part of another sugar molecule, the bond 
produced is a glycosidic bond.



D-glucose exists in solution as an intramolecular
hemiacetal in which the free hydroxyl group at C-5 has 
reacted with the aldehydic C-1, rendering the latter 
carbon asymmetric and producing two stereoisomers, 
designated α and β.

These six-membered ring compounds are called pyranoses
because they resemble the six-membered ring compound 
pyran. 

The systematic names for the two ring forms of D-glucose 
are α-D-glucopyranose and β-D-glucopyranose.



D-glucose

α-D-glucopyranose

β-D-glucopyranose

Formation of the two cyclic forms of D-glucose

Reaction between the aldehyde
group at C-1 and the hydroxyl 
group at C-5 forms a hemiacetal
linkage, producing either of two 
stereoisomers, the α and β
anomers, which differ only in 
the stereochemistry around the 
hemiacetal carbon. 



The pyranose forms of 
D-glucose and the 

furanose forms of D-
fructose



Aldohexoses also exist in cyclic forms having five-
membered rings, which, because they resemble the five-
membered ring compound furan, are called furanoses.

Isomeric forms of monosaccharides that differ only in their 
configuration about the hemiacetal or hemiketal carbon 
atom are called anomers.

The carbon atom is called the anomeric carbon.

The α and β anomers of D-glucose interconvert in aqueous 
solution by a process called mutarotation.

A solution of α-D-glucose and a solution of β-D-glucose 
consists of about one-third α-D-glucose, two-thirds β-D-
glucose.



Ketohexoses also occur in α and β anomeric forms.

In these compounds the hydroxyl group at C-5 reacts with 
the keto group at C-2, forming a furanose ring containing a 
hemiketal linkage.

The six-membered pyranose ring is not planar, but tends to 
assume either of two “chair” conformations.

The specific three-dimensional conformations of the 
monosaccharide units are important in determining the 
biological properties and functions of some poly-
saccharides.



Conformational formulas of pyranoses

Substituents on the ring carbons may be either 
axial (ax), projecting parallel to the vertical 
axis through the ring, or equatorial (eq), 
projecting roughly perpendicular to this axis.

Another conformation, the “boat” (not shown), 
is seen only in derivatives with very bulky 
substituents.

Two chair forms of 
the pyranose ring

A chair conformation 
of α-D-glucopyranose.



Organisms contain a variety of hexose derivatives

There are a number of sugar derivatives in which a hydroxyl 
group is replaced with another substituent, or a carbon 
atom is oxidized to a carboxyl group. 

In glucosamine, galactosamine, and mannosamine, the 
hydroxyl at C-2 of the parent compound is replaced with 
an amino group. 

The amino group is nearly always condensed with acetic 
acid, as in N-acetylglucosamine. 

This glucosamine derivative is part of many structural 
polymers, including those of the bacterial cell wall.



Oxidation of the carbonyl (aldehyde) carbon of glucose to 
the carboxyl level produces gluconic acid, other aldoses
yield other aldonic acids. 

Oxidation of the carbon C-6 of glucose, galactose, or 
mannose forms the corresponding uronic acid: 
glucuronic, galacturonic, or mannuronic acid.

In the synthesis and metabolism of carbohydrates, the 
intermediates are very often not the sugars themselves but 
their phosphorylated derivatives (glucose 6-phosphate).

Sugar phosphorylation within cells is to trap the sugar 
inside the cell.

Most cells do not have plasma membrane transporters for 
phosphorylated sugars.



Some hexose derivatives important in biology I.

In amino sugars, an −NH2
group replaces one of the 
−OH groups in the parent 
hexose.



Some hexose derivatives important in biology II.

Substitution of −H for −OH produces a 
deoxy sugar; note that the deoxy sugars 
shown here occur in nature as the L 
isomers.

Glucose family

The acidic sugars contain a carboxylate group, which confers a negative charge at 
neutral pH. 

D-Glucono-δ-lactone results from formation of an ester linkage between the C-1 
carboxylate group and the C-5 (also known as the δ carbon) hydroxyl group of D-
gluconate.



Monosaccharides are reducing agents

Monosaccharides can be oxidized by relatively mild 
oxidizing agents.

The carbonyl carbon is oxidized to a carboxyl group. 

Glucose and other sugars capable of reducing ferric or 
cupric ion are called reducing sugars. 

This property is the basis of Fehling’s reaction, a qualitative 
test for the presence of reducing sugar.



Sugars as 
reducing 

agents

Oxidation of the anomeric carbon of glucose and other sugars is the basis for 
Fehling’s reaction. 

The cuprous ion (Cu2+) produced under alkaline conditions forms a red cuprous 
oxide precipitate. 

In the hemiacetal (ring) form, C-1 of glucose cannot be oxidized by Cu2+.
However, the open-chain form is in equilibrium with the ring form, and 

eventually the oxidation reaction goes to completion.
The reaction with Cu2+ is not as simple as the equation here implies; in addition 

to D-gluconate, a number of shorter-chain acids are produced by the 
fragmentation of glucose.



D-glucose + O2 D-glucono-δ-lactone + H2O2

Blood glucose concentration is commonly determined by 
measuring the amount of H2O2 produced in the reaction 
catalyzed by glucose oxidase. 

In the reaction mixture, a second enzyme, peroxidase,
catalyzes reaction of the H2O2 with a colorless compound 
to produce a colored compound, the amount of which is 
then measured spectrophotometrically.

glucose oxidase



Disaccharides contain a glycosidic bond

Disaccharides consist of two monosaccharides joined 
covalently by an O-glycosidic bond, which is formed 
when a hydroxyl group of one sugar reacts with the 
anomeric carbon of the other. 

This reaction represents the formation of an acetal from a 
hemiacetal and an alcohol (a hydroxyl group of the
second sugar molecule).

When the anomeric carbon is involved in a glycosidic
bond, that sugar residue cannot take the linear form and 
therefore becomes a nonreducing sugar.



A disaccharide is formed from two  
monosaccharides (two molecules 
of D-glucose) when an −OH 
(alcohol) of one glucose molecule 
(right) condenses with the 
intramolecular hemiacetal of the 
other glucose molecule (left), 
with elimination of H2O and 
formation of an O-glycosidic
bond. 

The reversal of this reaction is 
hydrolysis − attack by H2O on the 
glycosidic bond. 

The maltose molecule retains a 
reducing hemiacetal at the C-1 not 
involved in the glycosidic bond.

Formation of maltose

Because mutarotation interconverts the and forms of the hemiacetal, the bonds at this position are 
sometimes depicted with wavy lines, as shown here, to indicate that the structure may be either 
α or β.

hemiacetal

alcohol

acetal hemiacetal



The disaccharide maltose contains two D-glucose residues 
joined by a glycosidic linkage between C-1 (the anomeric
carbon) of one glucose residue and C-4 of the other. 

Because the disaccharide retains a free anomeric carbon, 
maltose is a reducing sugar.

Abbreviations for common monosaccharides and some of 
their derivatives 

Abequose Abe Glucuronic acid GlcA 
Arabinose Ara Galactosamine GalN 
Fructose Fru Glucosamine GlcN 
Fucose Fuc N-Acetylgalactosamine GalNAc
Galactose Gal N-Acetylglucosamine GlcNAc
Glucose Glc Iduronic acid IdoA 
Mannose Man Muramic acid Mur 
Rhamnose Rha N-Acetylmuramic acid Mur2Ac
Ribose Rib 
Xylose Xyl 

N-Acetylneuraminic acid 
(a sialic acid)  Neu5Ac

 



Sucrose (table sugar) is a disaccharide of glucose and 
fructose. 

It is formed by plants but not by animals. 

In contrast to maltose and lactose, sucrose contains no free 
anomeric carbon atom; the anomeric carbons of both 
monosaccharide units are involved in the glycosidic bond.

Sucrose is therefore a nonreducing sugar.

Sucrose is a major intermediate product of photosynthesis.

In many plants it is the principal form in which sugar is
transported from the leaves to other parts of the plant body.



The disaccharide lactose, which yields D-galactose and D-
glucose on hydrolysis, occurs naturally only in milk. 

The anomeric carbon of the glucose residue is available 
for oxidation, and thus lactose is a reducing 
disaccharide. 

Its abbreviated name is Gal(β1 4)Glc. 

Trehalose, Glc(α1 1α)Glc − a disaccharide of D-glucose
that, like sucrose, is a nonreducing sugar.



Summary for „Monosaccharides and Disaccharides” I.
• Sugars (also called saccharides) are compounds containing an 

aldehyde or ketone group and two or more hydroxyl groups.

• Monosaccharides generally contain several chiral carbons and 
therefore exist in a variety of stereochemical forms. Epimers
are sugars that differ in configuration at only one carbon 
atom.

• Monosaccharides commonly form internal hemiacetals or 
hemiketals, in which the aldehyde or ketone group joins with 
a hydroxyl group of the same molecule, creating a cyclic 
structure. The anomeric carbon can assume either of two 
configurations, α and β. In the linear form, which is in 
equilibrium with the cyclized forms, the anomeric carbon is 
easily oxidized.



• A hydroxyl group of one monosaccharide can add to the 
anomeric carbon of a second monosaccharide to form an 
acetal. In this disaccharide, the glycosidic bond protects 
the anomeric carbon from oxidation.

• Oligosaccharides are short polymers of several 
monosaccharides joined by glycosidic bonds.

• The common nomenclature for di- or oligosaccharides 
specifies the order of monosaccharide units, the 
configuration at each anomeric carbon, and the carbon 
atoms involved in the glycosidic linkage(s).

Summary for „Monosaccharides and Disaccharides” II.



2. Polysaccharides



Most carbohydrates found in nature occur as poly-
saccharides, polymers of medium to high molecular 
weight.

Polysaccharides, also called glycans, differ from each 
other in the identity of their recurring monosaccharide 
units, in the length of their chains, in the types of bonds 
linking the units, and in the degree of branching. 

Homopolysaccharides contain only a single type of 
monomer; heteropolysaccharides contain two or more 
different kinds.



Homo- and heteropolysaccharides

Polysaccharides may be composed of one, two, or several different 
monosaccharides, in straight or branched chains of varying length.



Some homopolysaccharides serve as storage forms of 
monosaccharides that are used as fuels; starch and 
glycogen are homopolysaccharides of this type. Other 
homopolysaccharides (cellulose and chitin) serve as 
structural elements in plant cell walls and animal 
exoskeletons.

Unlike proteins, polysaccharides generally do not have 
definite molecular weights.

Proteins are synthesized on a template (messenger RNA) of 
defined sequence and length.

For polysaccharide synthesis there is no template.



Some homopolysaccharides are stored forms of fuel
The most important storage polysaccharides are starch in plant 

cells and glycogen in animal cells. 
Both polysaccharides occur intracellularly as large clusters or 

granules. 
Starch and glycogen molecules are heavily hydrated.

Electron micrographs of starch 
granule

Large starch granules in a single  
chloroplast. 

Starch is made in the chloroplast 
from D-glucose formed photo-
synthetically.



Electron micrographs 
of glycogen granule

Glycogen granules in a 
hepatocyte. 

These granules form in 
the cytosol and are 
much smaller (~0.1 μm) 
than starch granules 
(~1.0 μm).



Starch:
Starch contains two types of glucose polymer, amylose and 

amylopectin.

The former consists of long, unbranched chains of D-glucose 
residues connected by (α1→4) linkages. 

Such chains vary in molecular weight from a few thousand to 
more than a million.

Amylopectin also has a high molecular weight (up to 100 
million) but unlike amylose is highly branched.

The glycosidic linkages joining successive glucose residues in 
amylopectin chains are (α1→4).

The branch points (occurring every 24 to 30 residues) are 
(α1→6) linkages.



Amylose

A short segment of amylose, a linear polymer of D-glucose 
residues in (α1→4) linkage.

A single chain can contain several thousand glucose residues.

Amylopectin has stretches of similarly linked residues between 
branch points.



Amylopectin

An (α1→6) branch point of amylopectin.



A cluster of amylose and amylopectin
A cluster of amylose and amylopectin like that believed to occur in 

starch granules.

Glucose residues at the nonreducing ends of the outer branches are 
removed enzymatically during the mobilization of starch for energy 
production. 

Glycogen has a similar structure but is more highly branched and more 
compact.



Glycogen:

Glycogen is the main storage polysaccharide of animal cells. 

Glycogen is a polymer of (α1→4)-linked subunits of glucose, 
with (α1→6)-linked branches, but glycogen is more 
extensively branched (every 8 to 12 residues) and more 
compact than starch. 

Glycogen is especially abundant in the liver, it may constitute as 
much as 7% of the wet weight; it is also present in skeletal 
muscle.

Each branch in glycogen ends with a nonreducing sugar unit, a 
glycogen molecule has as many nonreducing ends as it has 
branches, but only one reducing end. 



When glycogen is used as an energy source, glucose units are 
removed one at a time from the nonreducing ends. 

Degradative enzymes that act only at nonreducing ends can 
work simultaneously on the many branches, speeding the 
conversion of the polymer to monosaccharides.

Dextrans:

Dextrans are bacterial and yeast polysaccharides made up of 
(α1→6)-linked poly-D-glucose.

All have (α1→3) branches, and some also have (α1→2) or 
(α1→4) branches.



Some homopolysaccharides serve structural roles
Cellulose:

Cellulose, a fibrous, water-insoluble substance, is found in the cell 
walls of plants.

Cellulose constitutes much of the mass of wood, and cotton is 
almost pure cellulose.

The cellulose molecule is a linear, unbranched homopoly-
saccharide, consisting of 10,000 to 15,000 D-glucose units.

In cellulose the glucose residues have the β configuration.
The glucose residues in cellulose are linked by (β1→4) glycosidic

bonds.
This difference gives cellulose and amylose very different 

structures and physical properties.



Glycogen and starch ingested in the diet are hydrolyzed by α-
amylases, enzymes in saliva and intestinal secretions that 
break (α1→4) glycosidic bonds between glucose units.

Most animals cannot use cellulose as a fuel source, because they
lack an enzyme to hydrolyze the (β1→4) linkages.

Termites readily digest cellulose, but only because their 
intestinal tract harbors a symbiotic microorganism, that 
secretes cellulase, which hydrolyzes the (β1→4) linkages.



Two units of a cellulose chain; 
the D-glucose residues are in  
(β1→4) linkage. 

The rigid chair structures can 
rotate relative to one 
another.

Scale drawing of segments of 
two parallel cellulose 
chains, showing the con-
formation of the D-glucose 
residues and the hydrogen-
bond cross-links.

The structure of cellulose



Cellulose breakdown by wood fungi

A wood fungus growing on an oak log. 

All wood fungi have the enzyme cellulase, which breaks the (β1→4) 
glycosidic bonds in cellulose, such that wood is a source of metabolizable
sugar (glucose) for the fungus. 

The only vertebrates able to use 
cellulose as food are cattle 
and other ruminants (sheep, 
goats, camels, giraffes). 

The extra stomach compartment 
(rumen) of a ruminant teems 
with bacteria and protists that 
secrete cellulase.



Chitin:

Chitin is a linear homopolysaccharide composed of N-
acetylglucosamine residues in β linkage.

The only chemical difference from cellulose is the replacement
of the hydroxyl group at C-2 with an acetylated amino group. 

Chitin forms extended fibers similar to those of cellulose, and 
like cellulose cannot be digested by vertebrates. 

Chitin is the principal component of the hard exoskeletons of 
nearly a million species of arthropods − insects, lobsters, and 
crabs, for example − and is probably the second most 
abundant polysaccharide, next to cellulose, in nature.



Chitin

A short segment of chitin, a homo-
polymer of N-acetyl-D-glucosamine
units in (β1→4) linkage. 

A spotted June beetle (Pellidnota
punetatia), showing its surface 
armor (exoskeleton) of chitin.



Steric factors and hydrogen bonding influence 
homopolysaccharide folding

Subunits with a more-or-less rigid structure dictated by 
covalent bonds form three-dimensional macromolecular 
structures that are stabilized by weak interactions within 
or between molecules:

– hydrogenbond,

– hydrophobic, 

– van der Waals interactions, 

– electrostatic interactions (for polymers with charged 
subunits).



Hydrogen bonding has an especially important influence on 
their structure. 

Glycogen, starch, and cellulose are composed of pyranoside
subunits, can be represented as a series of rigid pyranose
rings connected by an oxygen atom bridging two carbon 
atoms (the glycosidic bond). 

There is, free rotation about both C−O bonds linking the 
residues, but rotation about each bond is limited by steric
hindrance by substituents.



Conformation at the 
glycosidic bonds of 

cellulose, amylose, and 
dextran

The polymers are depicted 
as rigid pyranose rings 
joined by glycosidic
bonds, with free rotation 
about these bonds.

Note that in dextran there 
is also free rotation about 
the bond between C-5 
and C-6.



The most stable three-dimensional structure for starch and 
glycogen is a tightly coiled helix, stabilized by interchain
hydrogen bonds. 

In amylose (with no branches) this structure is regular enough to 
allow crystallization.

For cellulose, the most stable conformation is that in which each 
chair is turned 180° relative to its neighbours, yielding a 
straight, extended chain. 

All −OH groups are available for hydrogen bonding with 
neighbouring chains. 

Several chains lying side by side, a stabilizing network of 
interchain and intrachain hydrogen bonds produces straight, 
stable supramolecular fibers of great tensile strength.



The structure of starch (amylose)

In the most stable conformation, 
with adjacent rigid chairs, the 
polysaccharide chain is cur-
ved, rather than linear as in 
cellulose.

Scale drawing of a segment of amylose. 

The conformation of (α1→4) linkages in 
amylose, amylopectin, and glycogen 
causes these polymers to assume tightly 
coiled helical structures.



Bacterial and algal cell walls contain structural 
heteropolysaccharides

The rigid component of bacterial cell walls is a heteropolymer of 
alternating (β1→4)-linked N-acetylglucosamine and N-
acetylmuramic acid residues.

The linear polymers lie side by side in the cell wall, crosslinked
by short peptides, the exact structure of which depends on the 
bacterial species. 

The peptide cross-links weld the polysaccharide chains into a 
strong sheath that envelops the entire cell and prevents cellular 
swelling and lysis due to the osmotic entry of water. 

The enzyme lysozyme kills bacteria by hydrolyzing the (β1→4) 
glycosidic bond between N-acetylglucosamine and N-
acetylmuramic acid.



Shown here is the peptidoglycan of 
the cell wall of Staphylococcus 
aureus, a gram-positive bacterium. 

Peptides (strings of colored spheres) 
covalently link N-acetylmuramic
acid residues in neighboring
polysaccharide chains. 

Note the mixture of L and D amino 
acids in the peptides. 

Gram-positive bacteria have a 
pentaglycine chain in the cross-
link. 

Gram-negative bacteria, such as E. 
coli, lack the pentaglycine; instead, 
the terminal D-Ala residue of one 
tetrapeptide is attached directly to a 
neighbouring tetrapeptide through 
either L-Lys or a lysine-like amino 
acid, diaminopimelic acid.

Peptidoglycan



Certain marine red algae, have cell walls that contain agar, a 
mixture of sulfated heteropolysaccharides made up of D-
galactose and an L-galactose derivative ether-linked 
between C-3 and C-6.

The two major components of agar are the unbranched
polymer agarose.

The gel-forming property of agarose makes it useful in the 
biochemistry laboratory.



A three-dimensional matrix that traps large amounts of 
water. 

Agarose gels are used as inert supports for the 
electrophoretic separation of nucleic acids, an essential 
part of the DNA sequencing process. 

Agar is also used to form a surface for the growth of 
bacterial colonies. 

Commercial use of agar is for the capsules in which some 
vitamins and drugs are packaged; the dried agar material 
dissolves readily in the stomach and is metabolically inert.



Structures and roles of some polysaccharides



*Each polymer is classified as a homopolysaccharide (homo-) or 
heteropolysaccharide (hetero-).

†The abbreviated names for the peptidoglycan, agarose, and hyaluronate
repeating units indicate that the polymer contains repeats of this 
disaccharide unit. For example, in peptidoglycan, the GlcNAc of one 
disaccharide unit is (β1→4)-linked to the first residue of the next 
disaccharide unit.



Summary for „Polysaccharides” I.

• Polysaccharides (glycans) serve as stored fuel and as 
structural components of cell walls and extracellular
matrix.

• The homopolysaccharides starch and glycogen are stored 
fuels in plant, animal, and bacterial cells. They consist 
of D-glucose with linkages, and all three contain some 
branches.

• The homopolysaccharides cellulose, chitin, and dextran
serve structural roles. Cellulose, composed of (β1→4)-
linked D-glucose residues, lends strength and rigidity to 
plant cell walls. Chitin, a polymer of (β1→4)-linked N-
acetylglucosamine, strengthens the exoskeletons of 
arthropods.



• Homopolysaccharides fold in three dimensions. The chair 
form of the pyranose ring is essentially rigid, so the 
conformation of the polymers is determined by rotation 
about the bonds to the oxygen on the anomeric carbon. 
Starch and glycogen form helical structures with intrachain
hydrogen bonding; cellulose and chitin form long, straight 
strands that interact with neighbouring strands.

• Bacterial and algal cell walls are strengthened by 
heteropolysaccharides − peptidoglycan in bacteria, agar in 
red algae. The repeating disaccharide in peptidoglycan is 
GlcNAc(β1→4)Mur2Ac; in agarose, it is D-Gal(β1→4)3,6-
anhydro-L-Gal.

Summary for „Polysaccharides” II.



3. Glycoconjugates; 
Proteoglycans, Glycoproteins, 

and Glycolipids



In addition to their important roles as stored fuels and as 
structural materials polysaccharides and oligosaccharides 
are information carriers.

They serve as destination labels for some proteins and as 
mediators of specific cell-cell interactions and interactions 
between cells and the extracellular matrix. 

Specific carbohydrate-containing molecules act in cell-cell 
recognition and adhesion, cell migration during 
development the immune response.

In most of these cases, the informational carbohydrate is 
covalently joined to a protein or a lipid to form a 
glycoconjugate, which is the biologically active 
molecule.



Proteoglycans are macromolecules of the cell surface or 
extracellular matrix in which one or more glycos-
aminoglycan chains are joined covalently to a mem-
brane protein or a secreted protein.

Glycoproteins have one or several oligosaccharides of 
varying complexity joined covalently to a protein. 
They are found on the outer face of the plasma
membrane, in the extracellular matrix, and in the 
blood.
Inside cells they are found in specific organelles such 
as Golgi complexes, secretory granules, and 
lysosomes.

Glycolipids are membrane lipids in which the hydrophilic 
head groups are oligosaccharides, which, as in glyco-
proteins, act as specific sites for recognition by 
carbohydrate-binding proteins.



Summary for „ Glycoconjugates: Proteoglycans, 
Glycoproteins, and Glycolipids I.

• Proteoglycans are glycoconjugates in which a core protein is 
attached covalently to one or more large glycans. The glycan
is the greater portion (by mass) of the molecule. Bound to the 
outside of the plasma membrane by a transmembrane peptide 
or a covalently attached lipid, proteoglycans provide points of 
adhesion, recognition, and information transfer between cells, 
or between the cell and the extracellular matrix.

• Glycoproteins contain covalently linked oligosaccharides that 
are smaller but more structurally complex, and therefore more 
information-rich, than glycosaminoglycans. 

• Glycolipids and lipopolysaccharides are components of the 
plasma membrane with covalently attached oligosaccharide 
chains exposed on the cell’s outer surface.


