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Biopolymer…………

Polypeptides: The monomeric amino acids are linked through an amide bond (the 
carboxylic acids of one AA with the α-amino group of a second)

peptide (< 50 amino acids)
protein  (> 50 amino acids)

Biopolymers are natural polymers produced by the cells of living organisms. Biopolymers 

consist of monomeric units that are covalently bonded to form larger molecules.

Classification: There are three main classes of biopolymers, classified according to the 

monomeric units used and the structure of the biopolymer formed: 

polynucleotides, Polypeptides and polysaccharides





Proteins are linear heteropolymers of α-amino acids

• α-Amino carboxylic acids

• The “building blocks” from which proteins are made of..

• Note: except for glycine (R = H), all α-amino acids are chiral molecules

• Amino acids share many features, differing only at the R substituent

• There are 20 genetically encoded α-amino acids found in peptides and proteins

• 19 are primary amines, 1 (proline) is a secondary amine

• 19 are “chiral”, 1 (glycine) is achiral;  the natural configuration of the α-carbon is L. 

Now the no.s are extended to 22

Amino acids:



• As with carbohydrates, it is traditional to use the D and L nomenclature 
with amino acids – based on the configuration of glyceraldehyde

• Naturally occurring amino acids generally have the same configuration as 
L-glyceraldehyde (S-configuration at the α-carbon):  
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D-Amino acids are found in the cell walls of bacteria. The D-
amino acids are not genetically encoded, but derived from the
epimerization of L-isomers



Properties of amino acids

• They decompose than melt at high temperature

• They conduct electricity in solid state

• They have high dipole moment

• Acid–Base Properties

• Since amino acids have both an acidic functionality and a basic functionality, we should expect the following 
equilibrium:

• In fact, the equilibrium lies to the right  all amino acids are charged at any pH!

• Such species that are overall neutral molecules but contain charged ends are called zwitterions 

• They are amphoteric in nature
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• Acid–Base Properties

• Amino acids can react as either acids or bases: 
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Amino Acids: Classification

Common amino acids can be classified in five basic groups depending 
on their R substituents:

• Nonpolar, aliphatic (7) (hydrophobic)

• Aromatic (3) (hydrophilic or hydrophobic)

• Polar, uncharged (5) (HO-, S-, and amide containing – hydrophilic)

• Positively charged (3) (hydrophilic)

• Negatively charged (2) (hydrophilic)



Aliphatic side chains – hydrophobic

Polar side chains – text classifies as HO-, S-, and amide containing – hydrophilic



Acidic – hydrophilic Basic – hydrophilic



Heterocyclic/Aromatic – hydrophilic or hydrophobic

Hydrophobic



Other derived amino acids………….





Other uncommon amino acids………….



Some toxic amino acids…..

A search for compounds producing Yunnan Sudden 
Unexplained Deaths found related to eating a mushroom

Some essential amino acids……..
There are certain amino acids which are 
essential for growth of human being but 
are not synthesized by the body itself 
…called as Essential amino acids (10), 
examples are-V, F,I,L,M,T,W,H,K,R



Acidity of α-COOH Groups

• The average pKa of an α-carboxyl group is 2.19, which makes them 
considerably stronger acids than acetic acid (pKa 4.76)

• The greater acidity is accounted for by the electron-withdrawing 
inductive effect of the adjacent -NH3+ group



Acid-Base Behavior of Amino Acids………..

Amino acids exist as a zwitterion: a dipolar ion having both a formal 
positive and formal negative charge (overall charge neutral). 

Amino acids are amphoteric: they can react as either an acid or a

base.  Ammonium ion acts as an  acid, the carboxylate as a base.

Isoelectric point (pI): The pH at which the amino acid exists 

largely in a neutral, zwitter ionic form (influenced by the nature 

of the side chain)



Side Chain COOH Groups



Acidity of α-NH3+ Groups

• The average value of pKa for an α-NH3+ group is 9.47, compared with 
a value of 10.76 for 1° alkylammonium ions



Basicity of Guanidine Group

the side chain of arginine contains a guanidine group



The Imidazole Groups of His

The imidazole group is a heterocyclic aromatic amine



Note that the ax and by are between amino acid pK’s where the 
net charge is zero.  It is interesting to find the pI of amino acids 
with acidic and basic R groups.



Glycine Acid/Base Titration and electrophoresis

Electrophoresis: the process of separating compounds on the 
basis of their electric charge

electrophoresis of amino acids can be carried out using paper, 
starch, agar, certain plastics, and cellulose acetate as solid 
supports





Glutamate has 3 pKa’s Histidine has 3 pKa’s

Few acid base titration curves…………….



In summary……



Isoelectric Point (pI)





Compare Amino Acids to Simple Carboxylic Acids and Amines


