
 

 

 

Amino acid Structure and Functional Group Properties 

❖ The amino acids are regarded as building blocks of proteins.  
❖ Amino acids are nitrogenous compounds made of a central α-carbon atom attached with 

four different groups; an acidic carboxyl (— COOH), a basic amino (— NH2) group, a 
hydrogen and a R group.  

❖ R can be as simple as a hydrogen atom (H) or a methyl group (— CH3) or a more 
complex structure. 

❖ There are 20 amino acids (differ in their –R group) found in almost all the proteins called 
as standard amino acids 

❖ The α-carbon of all the amino acids is asymmetric except in glycine where the α-carbon 
is symmetric.  

❖ Amino acids (except glycine) are optically active and exist in two isomeric forms: those 
having — NH2 group to the right are designated as D-forms and those having — NH2 
group to the left as L-forms. 

❖ Naturally occurring amino acids in proteins are predominantly existed in L form although 
rare cases of  D-amino acids are also observed  
 

 

Figure 1: Structure of a typical amino acid and two isomeric forms of alanine 

Classification of Amino acid 

❖ Amino acid classification is based on the polarity of the R groups (i.e., their tendency to 
interact with water at biological pH) (around pH 7.0).  

❖ The polarity of the R groups varies widely, from non-polar and hydrophobic (water-
insoluble) to highly polar and hydrophilic (water-soluble). 

❖ 20 amino acids are divided into five major groups 
❖ Non-polar, aliphatic R groups amino acids 
❖ Aromatic R group amino acids  
❖ Polar, uncharged R groups amino acids 
❖ Positive charged R group amino acids 
❖ Negative charged R group amino acids 

A typical amino acid 



 

 

 
Non-polar, aliphatic R groups amino acids 

● The R groups in this class of amino acids are nonpolar and hydrophobic 
● The side chain R groups of Ala, Leu, Val and Ile are branched and highly hydrophobic. 

They tend to remain clustered in the interior of the proteins in order to stabilize 3D 
structure through hydrophobic interactions 

● Glycine has the simplest structure with no optical activities 
● The aliphatic side chain of the Pro is covalently linked to the amino group forming a 

cyclic structure (pyrrolidine group). The imino group of Pro residues is held in a rigid 
conformation that lowers the structural flexibility of polypeptide regions containing Pro. 
 

Table 1: Structure and properties of Non-polar, aliphatic R group amino acids 
 

 



 

 

 
Aromatic R group amino acids  

● Trp, Tyr and Phe have a non-polar aromatic group in their side chain R. 
● Trp and Tyr are significantly more polar than Phe, because of the tyrosine hydroxyl 

group and the nitrogen of the tryptophan indole ring. 
● Trp and Tyr, and to a much lesser extent Phe, absorb ultraviolet light at 280 nm and this 

property is exploited by researchers in the characterization of proteins  
 

Table 2: structure and properties of Aromatic R group amino acids  

 

 
Polar and uncharged R groups amino acids 

● The R groups Ser (-OH), Thr (-OH), Cys (-SH), Asn (-CONH2) and Gln (-CONH2) are 
polar and soluble in water.  

● Cysteine is readily oxidized to form a covalently linked dimeric amino acid called 
cystine, in which two cysteine residues are joined by a disulfide bond. 

● The disulfide-linked residues are strongly hydrophobic (nonpolar). 
● Disulfide bonds play a special role in the structures of many proteins by forming covalent 

links between parts of a polypeptide molecule or between two different polypeptide 
chains 

 
 
 
 
 
 
 



 

 

 
Table 3: Structure and properties of polar R group amino acids 
 

 

 
Positive charged R group amino acids 

● Lys, His and Arg possessed hydrophilic positively charged R groups (amino, imidazol and 
guanidinium group respectively) at physiological pH-7.0. 

● His residues facilitate many enzyme-catalyzed reactions by serving as proton 
donors/acceptors 

 
 
 
 
 
 



 

 

 
Table 4: structure and properties of positively charged R group amino acids  

 

Negative charged R group amino acids 
● The two amino acids having R groups with a net negative charge at pH 7.0 are aspartate 

and glutamate, each of which has a second carboxyl group 
 

Table 5: structure and properties of egatively charged R group amino acids  

 



 

 

Metabolic classification 

❖ Ketogenic amino acids are broken down into ketone bodies. Lysine and Leucine are the 
only pure ketogenic amino acids. 

❖ Mixed ketogenic and glucogenic amino acids degraded into both ketone bodies and 
glucose precursors. These include isoleucine, phenylalanine, tyrosine and tryptophan.  

❖ Glucogenic amino acids converted into precursors of glucose. They include the rest of 
amino acids.  

Nutritional classification 
• Humans are incapable of synthesizing half of the 20 common amino acids known as 

essential amino acids. 
•  These essential amino acids must be provided in the diet. 

 
Table 6: Nonessential and Essential Amino Acids for Humans and the Albino Rat 
 

 

Selenocystein: the 21st amino acid 

❖ Selenocysteine is a rare amino acid residue that is introduced during protein synthesis 
rather than created through a posttranslational modification.  

❖ It contains selenium rather than the sulfur of cysteine.  
❖ Derived from serine, selenocysteine is a constituent of a few known proteins such as 

glutathione peroxidase, glycine reductase 5’ –deiodinase, thioredoxin reductase.  

 

Non-standard amino acids 

❖ In addition to the 20 common amino acids, proteins may contain residues created by 
modification of common residues already incorporated into a polypeptide.  



 

 

❖ Among these uncommon amino acids are 4-hydroxyproline, a derivative of proline, and 
5-hydroxylysine, derived from lysine. The former is found in plant cell wall proteins, 
and both are found in collagen, a fibrous protein of connective tissues.  

❖ 6-N-Methyllysine is a constituent of myosin, a contractile protein of muscle. Another 
important uncommon amino acid is γ-carboxyglutamate-, found in the blood-clotting 
protein prothrombin and in certain other proteins that bind Ca+2 as part of their biological 
functions. More complex is desmosine, a derivative of four Lys residues, which is found 
in the fibrous protein elastin.  

❖ Some amino acid residues in a protein may be modified transiently to alter the protein’s 
function.  

❖ The addition of phosphoryl, methyl, acetyl, ADP-ribosyl, or other groups to particular 
amino acid residues can increase or decrease a protein’s activity. 

❖ Phosphorylation is a particularly common regulatory modification.  
❖ Some 300 additional amino acids have been found in cells. They have a variety of 

functions but are not all constituents of proteins.  
❖ Ornithine and citrulline are not found in the proteins. They are the key intermediates 

(metabolites) in the biosynthesis of arginine and in the urea cycle.  



 

 

 
Figure 2: Non-standard amino acids (a) some uncommon amino acids found in proteins are derived from 
common amino acids. Extra functional groups (red in color) added by modification reactions. Desmosine 
is formed from four Lys residues (b) Reversible amino acid modifications involved in regulation of 
protein activities. Phosphorylation, acetylation, methylation and ADP-ribosylation are the most common 
type of regulatory modification.  (c) Ornithine and citrulline are not found in proteins, they are 
intermediates in the urea cycle.  
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