
Carbohydrates

Monosaccharides Structure

(CH2O)n

(n:3-9)

Types

Aldose Triose,Tetrose, Pentose, Hexose

Ketose Triose, Tetrose, Pentose, Hexose

Chiral centers Enantiomers (D,L), Epimers, Diasteromers, Epimers

Cyclic forms, 
(Anomeric)

Furanose

Envelope

Twist

Pyranose

Chair

Boat

Oligosaccharides

Variety of connections Reducing sugars

Types

Primary Raffinose

Secondary Fos, Cellobiose

Cyclic CyclodextrinesIs not free

Polysaccharides

Homo

Storage polysaccharides

Starch

Types

Amylose

Amylopectin

High quality starch
Glycogen

Structural polysaccharides

Cellulose Is it soluble in water?

Chitin

Hetero Glycosaminoglycans hyaluronic acid, chondroitin sulfate, dermatan sulfate, Heparin, heparan sulfate

Glycoconjugates

Proteoglycans Serglycin, Versican, Decorin, Syndecan, The proteoglycan aggregate in extracellular matrix

Peptidoglycans

Glycoproteins

Glycolipids

Lipopolysaccharides

Glycomics

Glycome

Carbohydrates as Informational 
Molecules: The Sugar Code

Oligosaccharide analysis is complicated, 
why?

Variety of linkages

High charge density

Synthesis of carbohydrates is difficult.

difficult to purify defined oligosaccharides in adequate quantities from 
natural sources

(هاکربوهیدرات)های زیستی ساختار ماکرومولکول



(CH2O)n n = 3-9
Sugar
Carbohydrates













In solution, the straight chain (aldehyde)
and ring (β-D-furanose) forms of free ribose
are in equilibrium.

In RNA, exists solely as β-D-ribofuranose.

In DNA, exists solely as 2’-β-D-

deoxyribofuranose.

Envelope: only a single atom is displaced
Twists: Two atoms is displaced 







Oligosaccharides and 
Polysaccharides





αα (Trehalose)

αβ (neotrehalose)

ββ (isotrehalose)



Primary oligosaccharides: 
Raffinose Gal α1→6 Glc α1 →2β Fru

Secondary oligosaccharides: 
Cellobiose, Fos, Isomaltose



Cyclic oligosaccharides: 
Cyclodextrins

The cyclodextrins are produced by 

the partial degradation of starch



non-reducing cyclic dextrins known as cyclodextrins
The cyclodextrins are complex cyclic carbohydrates whose structure resembles a 
hollow, truncated cone with a hydrophobic (water-hating) core and hydrophilic (water-
loving) exterior
 They are a vehicle for drug delivery. For example, cyclodextrins have been used in 
eyedrops to deliver the antibiotic chloramphenicol
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Peptidoglycan Is the Polysaccharide 

of Bacterial Cell Walls







The carbohydrate residue linked to the protein in O-linked saccharides is usually an N-

acetylgalactosamine, but mannose, galactose, and xylose residues linked to protein

hydroxyls are also found.











Carbohydrates as Informational Molecules: 
The Sugar Code

• Glycobiology, the study of the structure and function of glycoconjugates, is
one of the most active and exciting areas of biochemistry and cell biology.

• It is becoming increasingly clear that cells use specific oligosaccharides to
encode important information about intracellular targeting of proteins, cell-
cell interactions, cell differentiation and tissue development, and
extracellular signals.

• Our discussion uses just a few examples to illustrate the diversity of
structure and the range of biological activity of the glycoconjugates.



Carbohydrates as Informational Molecules: The Sugar Code
• Improved methods for the analysis of oligosaccharide and polysaccharide structure have revealed remarkable complexity and diversity in the

oligosaccharides of glycoproteins and glycolipids.

• Consider the oligosaccharide chains in Figure 7-30, typical of those found in many glycoproteins. The most complex of those shown contains

14 monosaccharide residues of four different kinds, variously linked as (1→2), (1→3), (1→4), (1→6), (2→3), and (2→6), some with the α and

some with the β configuration.

• Branched structures, not found in nucleic acids or proteins, are common in oligosaccharides.

• With the reasonable assumption that 20 different monosaccharide subunits are available for construction of oligosaccharides, we can

calculate that many billions of different hexameric oligosaccharides are possible; this compares with 6.4 × 107 (206) different hexapeptides

possible for the 20 common amino acids, and 4,096 (46) different hexanucleotides for the four nucleotide subunits.

• If we also allow for variations in oligosaccharides resulting from sulfation of one or more residues, the number of possible oligosaccharides

increases by two orders of magnitude.

• In reality, only a subset of possible combinations is found, given the restrictions imposed by the biosynthetic enzymes and the availability of

precursors.



 Another important tool in working with carbohydrates is chemical synthesis, which has proved to be a powerful

approach to understanding the biological functions of glycosaminoglycans and oligosaccharides.

 The chemistry involved in such syntheses is difficult, but carbohydrate chemists can now synthesize short

segments of almost any glycosaminoglycan, with correct stereochemistry, chain length, and sulfation pattern,

and oligosaccharides significantly more complex than those shown in Figure 7-30.

 Solid-phase oligosaccharide synthesis is based on the same principles (and has the same advantages) as peptide

synthesis, but requires a set of tools unique to carbohydrate chemistry: blocking groups and activating groups

that allow the synthesis of glycosidic linkages with the correct hydroxyl group.

 Synthetic approaches of this type currently represent an area of great interest, because it is difficult to purify

defined oligosaccharides in adequate quantities from natural sources.

Working with Carbohydrates


