
Amino Acids 
   Amino Acids are the building units of proteins. Proteins are 
polymers of amino acids linked together by what is called “ 
Peptide bond. There are about 300 amino acids occur in nature. 
Only20 of them enter in proteins synthesis. 
Structure of amino acids: 
  Each amino acid has 4 different groups attached to α-carbon. 
These 4 groups are : amino group, COOH group, Hydrogen 
atom and side Chain (R). 

"  

Classification of amino acids 
A. Amino acid classification based on the structure : 

1. Amino acids with aliphatic side chains : 

   These are monoamino monocarboxylic acids. This group 
consists of the  

▪ neutral amino acids: glycine, alanine  

▪ branched aliphatic side chains: Leucine, Isoleucine, 
Valine 

2. Hydroxyl group containing amino acids :Serine, threonine 
and tyrosine are 
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3. Sulfur containing amino acids : Cysteine and 
methionine. Cystine, another  
important sulfur containing amino acid, is formed by 
condensation of two  
molecules of cysteine. 

4. aromatic amino acids: Phenyl alanine, Tyrosine 

5. Acidic amino acids and their amides :Aspartic acid and 
glutamic acids are dicarboxylic monoamino acids while 
asparagine and glutamine are their while asparagine and 
glutamine are their respective amide derivatives. 

6. Basic amino acids : The three amino acids lysine, 
arginine (with guanidino group)  
and histidine (with imidazole ring)respective amide 
derivatives. 

7. Aromatic amino acids : Phenylalanine, tyrosine and 
tryptophan (with indole ring). 

8. Imino acids : Proline containing pyrrolidine ring is a 
unique amino acid. 

 "

B. Classification of amino acids based on polarity : Amino 
acids are classified into 4 groups based on their polarity. 
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1. Non-polar amino acids : These amino acids are also 
referred to as hydrophobic (water hating). They have no 
charge on the ‘R’ group.( alanine, leucine, isoleucine, 
valine, methionine, phenylalanine, tryptophan and 
proline). 

2. Polar amino acids with no charge on ‘R’group : These 
amino acids, as such, carry no charge on the ‘R’ group. 
They however possess groups such as hydroxyl, sulfhydryl 
and amide and participate in hydrogen bonding of protein 
structure.  (glycine, serine, threonine, cysteine,glutamine, 
asparagine and tyrosine) 

3. Polar amino acids with positive ‘R’ group :( lysine, 
arginineand histidine ) 

4. Polar amino acids with negative ‘R’ group :(aspartic 
acid and glutamic acid . 

 "

 "

C. Nutritional classification of amino acids : 
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1. Essential or indispensable amino acids :The amino acids 
which cannot be synthesized by the body and, 
therefore ,need to be supplied through the diet are called 
essential amino acids. They are required for proper growth 
and  maintenance of the individual.(Arginine, Valine, 
Histidine, Isoleucine, Leucine, Lysine, Methionine, 
Phenylalanine, Threonine, Tryptophan.) 

2. Semi essential amino acids: These are formed in the body 
but not in sufficient amount for body requirements 
especially in children. arginine and histidine 

3. Nonessential amino acids: These are the rest of amino 
acids that are formed in the body in amount enough for 
adults and children. They are the remaining 10 amino 
acids. 

D. Amino acid classification based on their metabolic fate :  

1. Ketogenic amino acids: which give ketone bodies . Lysine 
and Leucine are the only pure ketogenic amino acids. 

2. Mixed ketogenic and glucogenic amino acids: which give 
both ketone bodies and glucose. These are: isoleucine, 
phenylalanine, tyrosine and tryptophan. 

3. Glucogenic amino acids: Which give glucose.  

 Proteins
 Proteins are polymers of amino acids , Proteins on complete 
hydrolysis (with concentrated HCl for several hours) yield L-D-
amino acids. This is a common property of all the proteins. 
Therefore, proteins are the polymers of L-D-amino acids. 

 20 amino acids are commonly found in protein. These 20 amino 
acids are linked together through “peptide bond forming 
peptides and proteins (what’s the difference?). 
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- The chains containing less than 50 amino acids are called 
“peptides”, while those containing greater than 50 amino acids 
are called “proteins”. 

Peptide bond formation: 
  α-carboxyl group of one amino acid (with side chain R1) 
forms a covalent peptide bond with α-amino group of another 
amino acid ( with the side chain R2) by removal of a molecule 
of water. The result is : Dipeptide ( i.e. Two amino acids linked 
by one peptide bond). By the same way, the dipeptide can then 
forms a second peptide bond with a third amino acid (with side 
chain R3) to give Tripeptide. 

    Each polypeptide chain starts on the left side by free amino 
group of the first amino acid enter in chain formation . It is 
termed (N- terminus).- Each polypeptide chain ends on the right 
side by free COOH group of the last amino acid and termed (C-
terminus). 

Peptide bond formation: 
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"  
 

"  
  
Examples on Peptides: 
1- Dipeptide ( tow amino acids joined by one peptide bond): 
Example: Aspartame which acts as sweetening agent being used 
in replacement of cane sugar. It is composed of aspartic acid and 
phenyl alanine. 
2- Tripeptides ( 3 amino acids linked by two peptide bonds). 
3- octapeptides: (8 amino acids) 
Examples: Two hormones; oxytocine and vasopressin 
4- polypeptides: 10- 50 amino acids: e.g. Insulin hormone 
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Physical properties of amino acids 

Solubility : Most of the amino acids are usually soluble 
in water and insoluble in organic solvents. 

Melting points : Amino acids generally melt at higher 
temperatures, often above 200°C. 

Taste : Amino acids may be sweet (Gly,Ala, Val), tasteless 
(Leu) or bitter (Arg, Ile).Monosodium glutamate is used 
as a flavoring agent in food industry. 

Optical properties : All the amino acids except glycine 
possess optical isomers due tothe presence of asymmetric 
carbon atom. 

Amino acids as ampholytes : Amino acids contain both 
acidic 

 ( COOH) and basic ( NH2) groups. They can donate a proton 
or accept a proton, hence amino acids are regarded as 
ampholytes. 

Zwitter ion (or dipolar ion) is a hybrid molecule containing 
positive and negative ionic group. 

 The amino acids rarely exist in a neutral form with free 
carboxylic ( COOH) and free amino( NH2) groups. In strongly 
acidic pH (low pH),the amino acid is positively charged 
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(cation)while in strongly alkaline pH (high pH), it is negatively 
charged (anion). 

 Protein classification based on chemical nature and
 solubility

1) Simple proteins 

A. Globular proteins : These are spherical or oval in shape, 
soluble in water or other solvents and digestible. 

1. Albumins : Soluble in water and dilute salt solutions and 
coagulated by heat. e.g. serum albumin,  

2. Globulins : Soluble in neutral and dilute salt solutions 
e.g. serum globulins. 

3. Glutelins : Soluble in dilute acids and alkalies and mostly 
found in plants.  

4. Prolamines : Soluble in 70% alcohol. 

5. Histones : Strongly basic proteins, soluble in water and 
dilute acids but insoluble in dilute ammonium hydroxide . 

6. Protamines : They are strongly basic and resemble 
histones but smaller in size and soluble in NH 4OH  

7. Lectins are carbohydrate-binding proteins, and are 
involved in the  
interaction between cells and proteins   

 Fibrous proteins : These are fiber like in shape, insoluble in 
water and resistant to digestion.  

1. Collagens are connective tissue proteins lacking 
tryptophan.  
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2. Elastins : These proteins are found in elastic tissues such 
as tendons and arteries 

3. Keratins : These are present in hair and nails, horns.  

2) Conjugated proteins 

1. Nucleoproteins : These are basic proteins ( e.g. 
histones)conjugated with nucleic acid (DNA or RNA).  

2. Glycoproteins: proteins conjugated with sugar 
(carbohydrate) e.g. – Mucin 

3. Lipoproteins : Protein found in combination with lipids 
e.g. serum lipoproteins. 

4. Phosphoproteins : Phosphoric acid is the prosthetic 
group Chromoproteins : The prosthetic group is 
coloured in nature e.g. hemoglobins. 

5. Metalloproteins : These proteins contain metal ions 
such as Fe, Co, Zn, Cu, Mg etc., e.g.  ceruloplasmin 
(Cu), carbonic anhydrase (Zn). 

Structure of protein 

1. Primary structure : The linear sequence of amino acids 
forming the backbone of proteins (polypeptides). 

2. Secondary structure : The spatial arrangement of 
protein by twisting of the polypeptide chain  

3. Tertiary structure : The three dimensional structure of 
a functional protein. ). 

4. Quaternary structure : Some of the proteins are 
composed of two or more polypeptide chains referred to 
as subunits.  
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Denaturation  

 Denaturation is a process in which proteins or nucleic acids lose 
the quaternary structure, tertiary structure and secondary 
structure which is present in their native state, by application of 
some external stress or compound such as a strong acid or base, 
a concentrated inorganic salt, an organic solvent (e.g., alcohol or 
chloroform), radiation or heat. If proteins in a living cell are 
denatured, this results in disruption of cell activity and possibly 
cell death.   

If proteins in a living cell are denatured, this results in 
disruption of cell activity and possibly cell death. Protein 
denaturation is also a consequence of cell death. Denatured 
proteins can exhibit a wide range of characteristics, from 
conformational change and loss of solubility to aggregation due 
to the exposure of hydrophobic groups. Denatured proteins lose 
their 3D structure and therefore cannot function. 

Protein folding 

 Protein folding is key to whether a globular protein or 
a membrane protein can do its job correctly. It must be folded 
into the right shape to function. But hydrogen bonds, which play 
a big part in folding, are rather weak, and it doesn't take much 
heat, acidity, varying salt concentrations, or other stress to break 
some and form others, denaturing the protein. This is one reason 
why tight homeostasis is physiologically necessary in many life 
forms.
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