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Carbohydrates 

What are they? 

Carbohydrates are polyhydroxy (they contain multiple hydroxyl groups) 

aldehydes or ketones (they can either contain an aldehyde group or a ketone 

group).  

Saccharide is another name for a carbohydrate.  

What are their functions? 

A) Source of energy 

B) Structure : they are essential structural components of several classes of 

organisms. For example, cellulose is the major component of stem in plants. 

In addition to, chitin in insects (the hard shell of insects or certain animals). 

C) Building blocks : they are used to form larger molecules. 

D) Cellular recognition : most cells can recognize other cells by looking at the 

sugars that decorate the surface of these cells ( Ex: immune cells). 

Classification 1: They're classified by the number of units that constitute 

the sugar, to: 

1) Monosaccharides : one single sugar molecule (ex: glucose, fructose and 

mannose). 

2) Disaccharides : two monomers (monosaccharides) coming in together 

forming a two sugar molecule (ex: sucrose and lactose). 

3) Oligosaccharides : "Oligo" means short , so they are made of 3-10 

monosaccharides (ex: raffinose). 

4) Polysaccharides : more than 10 monosaccharides (ex: glycogen and starch). 

~ Most carbohydrates are found naturally in bound form rather than as 

simple sugars. Rarely, there are sugars in the body that are in the free 

form (not common). 

~ monosaccharides can be either integrated or conjugated or attached to 

other molecules like other monosaccharides, proteins (forming 

glycoproteins and proteoglycans), lipids (forming glycolipids), methyl 

groups (forming glycosides) and amino groups (forming GAGs) . 

Carbohydrates are classified according to different criteria:  
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~ The difference between glycoproteins and proteoglycans is the ratio 

between sugars and proteins. In the case of glycoproteins, the amount of 

proteins is greater than sugars, whereas in proteoglycans the amount of 

sugars is greater than proteins.   

 

                                                                               Note: carbohydrates     

                                                                               are considered to be a  

                                                                               part of the nucleic        

                                                                               acids (part of the          

                                                                               structure of  DNA &    

                                                                               RNA) .  

 

 

 

           As mentioned before, monosaccharides are single unit sugar 

and containing  O)n2(CH of basic chemical formula having amolecules, 

two or more hydroxyl groups .   

Notice that : In aldoses , the aldehyde group            

(carbonyl functional group) is located at carbon no.1. 

While in ketoses, the ketone group (carbonyl  

functional group) is located at carbon no.2. 

 ~ The name of every sugar ends with "ose". 

 

 

 

 

 

 

 

 

 

  

 

  

This bond is 

extended behind 

the molecule . 

The carbon with the main functional group always takes number 1 (we start 

numbering from it) .                                                                                           

When the molecule is drawn as a chain, the carbon with the functional group is 

located on the top of the molecule . 

 

 

This bond is 

extended in front of 

the molecule . 
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lucose is the G--

most famous 

.monosaccharide  

 

 

 

 

 

 
 

 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

You can find it in a lot of 

products like gums. 

 ~The simplest aldose is known as glyceraldehyde 

(three carbon sugar). 

~Ribose is involved in the structure of DNA & RNA 

(five carbon sugar). 

~ The structures with the borders are required. 
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Classification 2: they're classified by the number of carbons the sugar has .    
The simplest sugars are dihydroxyacetones and glyceraldehydes (trioses) .                      

Tetroses are 4 carbons , pentoses are 5 carbons , hexoses are 6 and so on ..    

a carbon that  is connected  to four different groups. 

Glyceraldehyde has a chiral carbon , whereas 

dihdroxyacetone doesn't  because of the double bond . 

~The simplest ketose is dihydroxyacetone 

(three carbon sugar).                                   

 ~ The most famous ketose is D-Fructose . 

chiral chiral A chiral A chiral 
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We can place these carbohydrates in different families according to their structures. 

We can say that they can be isomers … What does isomer mean?!                                    

If two molecules are isomers, they have the same number of carbon , hydrogen, oxygen 

and nitrogen atoms, but they are connected differently ( different chemical structure ) . 

These isomers can be either constitutional or stereoisomers. 

Constitutional isomers are molecules with the same molecular formula, but have 

different bonding patterns and atomic organization.   

Stereoisomers are isomers that have the same molecular formula and sequence of 

bonded atoms (constitution), but differ in the 3D structure orientations of their atoms in 

space.       

For example: in certain types of food, if something tastes sweet, the taste can be changed 

to bitter if we change the orientation. 
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One of these 16 molecules is glucose, these are all isomers having the same number of 

carbons, hydrogens and oxygens , but they're connected differently in space. 

So, how many isomers can a molecule make? It depends on the number of chiral carbons 

                olecule. number of chiral center in the mn : .  nis 2 it has, and the basic formula

--Glucose has 16 isomers, how many chiral carbons it has?! 4   

Some of the stereoisomers can be enantiomers. What does enantiomer mean?                  

Two stereoisomers that are mirror images of each other and are non-superimposable.  

Glyceraldehyde has it's mirror image and to 

differentiate between them, (L) and (D) designation 

are given (depending on how they absorb light or 

reflect light ).  

L means levorotatory, D means dextrorotatory.                                                             

Now look at the chiral carbon and the orientation of its hydroxyl group. If it's on the left 

side, it's (L) and if it's on the right side, it's (D).                                                                    

                                           

     How many chiral carbons it has? 2                                  

 

 

 

4=   22How many isomers can this molecule form?  
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How do we know if the molecule has (L) or (D) designation? Look at the chiral carbon 

that is farthest from the functional group. Then, look at the hydroxyl group that's 

connected to it. If it's on the left side, the designation is (L) and if it's on the right side, 

the designation is (D).   

In the 16 isomers of glucose, there 

are 2 glucose that are enantiomers 

(D&L) and the other 14 are all 

diastereomers (they are not mirror 

images of glucose). 

 ~ D-sugar and L-sugar are 

enantiomers. 

Now let’s talk about epimers. Epimer refers to one of a pair of stereoisomers whereby 

two isomers differ in configuration at only one chiral carbons (diastereomers that differ 

in the orientation of only one hydroxyl group).                                                                    

Each one of the following sugars contain 

four chiral carbons. D-mannose and      

D-glucose are epimers at carbon no.2 

(OH group is directed to the left in        

D-mannose while it’s directed to the right 

in D-glucose), D-galactose and D-glucose 

are epimers at carbon no.4 .                       

                         

 

Enantiomers 

Enantiomers 

Diastereomers 

D-mannose and D-galactose are just 

diastereomers (they are not epimers). 
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When there is an aldehyde and it reacts with an alcohol molecule, there is a formation of 

a hemiacetal (carbon linked with hydrogen atom, hydroxyl group, OR group and R 

group). You can have a reaction with another alcohol molecule forming acetal (carbon 

connected to a hydrogen atom, R group and two OR groups).  

When ketone reacts with an alcohol molecule, a hemiketal molecule is formed. And if it 

reacts with another alcohol molecule, a ketal molecule is formed.   

Notice that in hemiketal and ketal molecules there is an extra carbon (R group) attached 

instead of the hydrogen atom in hemiacetal and acetal molecules.  

Formation of a ring structure:                                                                                           

Rarely , we find a monosaccharide that exists in the chain structure . We find them as 

rings because it’s a more stable structure.                                                                            

The cyclization takes place as a result of interaction between the functional groups on 

distant carbons.   

The direction of this reaction goes from 

chain to ring more than ring to chain.  

Pyranose : When the hydroxyl group of C-5 

attacks the functional group (forming a 

covalent bond) , a 6 membered ring is 

formed . (one of the components is oxygen). 

Notice that C-6 is above the ring and C-1 is 

hemiacetal.                           

 Furanose : When the hydroxyl group of 

C-4 attacks the functional group , a 5 

membered ring is formed (one of the 

components is oxygen) . 
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-Pyranose is more stable than furanose, so most of the sugars exist as rings and mainly as 

pyranoses.  

Once you have the formation of a ring structure, all of the OH groups are fixed in place. 

They do not move or flip, except the one that is linked to the anomeric carbon. It can flip 

and undergo mutarotation and it can change places by being below the ring or above it (it 

can rotate), it is dynamic.                                                                                                     

So, there are two forms of the ring (sugar molecule), either α or β and they interchange.   

These two forms of a sugar molecule in the ring structure are known as anomers.  

If the hydroxyl group is below the ring, it’s known as α-sugar.                                            

If the hydroxyl group is above the ring, it’s known as β-sugar.                                            

To differentiate between them: α looks like a fish swims down (below) the sea and β is    

) you build it (above) the ground.   بيت(              

Fructose is a furanose because it forms 5 membered ring structure. Carbon no.2 in 

fructose is the anomeric carbon (because it has the ketone functional group). 

_______________________________________________________________________ 

 

 

 

 

 

 
Sugars that are present naturally in all organisms like our cells are always in the D 

formation. And if we take something that has L sugar we can’t utilize it because our 

enzymes cannot recognize L sugars. However, certain bacteria can utilize them.      

– Dextrose is another name for D-glucose.  
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 Look at the structures above :                                                                                             

If the hydroxyl group is on the right side , the sugar is in α form and if it’s on the left side 

the sugar is in β form . Because when we change the structure from a chain form to a ring 

form, the OH on the right will be below the ring and the one on the left side will be above 

the ring.  

 

 

 

 

 

___________________________________________________________________________________________ 

___________________________________________________________________________________________ 

 

 

 

 

 

 

 

 

FOCUS ON THE GOAL AND ENJOY THE 

OBSTACLES  



11 | P a g e  
 

 

 


