
Carbohydrates  

and  

Glycobiology 



Compounds containing C, H and O 
 

General formula : Cn(H2O)n 
 

All have C=O and -OH functional groups. 
 

Classified based on  

• Size of base carbon chain 

• Number of sugar units  

• Location of C=O 

• Stereochemistry 

Carbohydrates 



Classifications based on number of sugar units 
in total chain. 

 

 Monosaccharides  - single sugar unit 

 Disaccharides - two sugar units 

 Oligosaccharides - 2 to 10 sugar units 

 Polysaccharides - more than 10 units 
 

Chaining relies on ‘bridging’ of oxygen atoms 

glycoside bonds 

Types of carbohydrates 



Monosaccharides 

Based on location of C=O 
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Number of carbon atoms in the chain 
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triose            tetrose        pentose         hexose 
 

Can be either aldose or ketose sugar. 

Monosaccharide classification 



Representative Monosaccharides 



Structures of the D-Aldoses 



Structures of the D-Ketoses 



ISOMERS OF 

CARBOHYDRATES 



Stereoisomers 

Stereochemistry 

 Study of the spatial arrangement of molecules. 
 

 

Stereoisomers have 

• the same order and types of bonds. 

• different spatial arrangements. 
 

• different properties. 
 

Many biologically important chemicals, like sugars, exist as 

stereoisomers. Your body can tell the difference. 

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

stereoisomers. 



Pairs of stereoisomers 
 

   Designated by D- or L- at the start of the name.  
 

 They are mirror images that can’t be overlapped or 

superimposed. 

If you don’t believe it, 

give it a try! 

Enantiomers 



Enantiomers 

Enantiomers 



Chiral center. 

 Asymmetric carbon - 4 different things are attached 

to it. 

             Cl 
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       I -    C  -  F 
      | 

             Br 

You must have at least one asymmetric carbon to have 

stereoisomers. 

Chiral center 

Enantiomers 



L- and D- glyceraldehyde 
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D means the lowest OH group 

is right 

L means the lowest OH group is 

left 



Most of the hexoses of living organisms are D isomers 



Different configurations at one or more of the equivalent stereocenters 

and are not mirror images of each other. 

Diastereomers 



Epimers 
  Two diastereoisomers differ from each other at only one 

stereocenter 

  Conversion of one epimer into other is catalysed by epimerase and 

is called epimerisation 



Formation of cyclic structures 

If optical isomers weren’t enough, sugars also form rings.  For 

many sugars, its the most common form. 
 

 hemiacetal - forms from alcohol and aldehyde 
 

 hemiketal   - forms from alcohol and ketone 



Formation of the 

two cyclic forms of 

D-glucose 

In aqueous solution 

monosaccharides with 

five or more carbons 

occur as cyclic structures. 

 

Two stereoisomers are 

produced and called 

alpha (a) and beta (b). 



The  and  forms are in equilibrium so one form can 

convert to the other - mutarotation. 
 

Haworth projections can be used to help see  and  

orientations. 

O O

Intramolecular cyclization 



Fischer vs. Haworth projections 
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Cyclization of D-fructose 

This can also happen 

 to ketose sugars. CH  2  OH 
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Disaccharides contain a glycosidic bond 



Common 

Disaccharides 





Amylopectin and Glycogen 

Starch Structure 



Cellulose 



French Fries versus Fiber 

Humans digest starch and glycogen ingested in their 

 diet using α-amylases, enzymes that hydrolyze  

 (α 14) glycosidic bonds. 

 

Humans cannot hydrolyze (β14) linkages of 

 cellulose.  Therefore cellulose is not a fuel source 

 for humans.  It is fiber. 

 

Certain microorganisms have cellulases, enzymes that 

 hydrolyze (β 14) linkages of cellulose. 

Cattle have these organisms in their rumen. 

Termites have them in their intestinal tract. 



Chitin is the principal component of the exoskeleton of 

arthropods like insects, lobsters, and crabs 

Linear homopolysaccharide of N-acetylglucosamine in β(14) linkage  



Agarose is a heteropolysaccharide found in the 

cell walls of some seaweed 



Glycosaminoglycans 

are found in the 

extracellular matrix 





Cellular location of carbohydrates 



Proteoglycan 

aggregate of the 

extracellular 

matrix 



Lipopolysaccharide 

of the outer 

membrane of the 

bacterium 

Salmonella 

typhimurium 



Role of lectin-ligand interaction in leukocyte 

movement to the site of an infection or injury 




