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COURSE CONTENT 

Water: physical and chemical properties in
relation to its biological role, water balance.
acidity and alkalinity, pH and PKa values and
their effects on cellular activities. Buffers.
Biochemical applications of pH, pKa and Buffers.
Chemistry/structures of carbohydrates.
Chemistry of amino acids, proteins and their
derivatives; methods of isolation and
identification. Primary, secondary, tertiary and
quaternary structures of proteins; determination
and biochemical applications of these structures



INTRODUCTION



Chemistry of Amino Acids

Amino acids are a class
of organic compounds
containing

•a basic amino group
(-NH2),

•an acidic carboxyl
group (-COOH) and

•an organic alkyl
group as side chain as
basic structural
components



•Amino acids are building monomers of
proteins

•Amino acids may be proteinogenic (protein
creating) or non-proteinogenic (non-protein
creating)

•Some amino acids can be synthesized in the
body (non-essential) while some cannot be
synthesized (Nutritionally essential).

•Over 300 amino acids occurring in nature, each
differ but only 22 participate in protein formation



STRUCTURE OF THE FIRST 20TH AMINO ACIDS 















All the amino acids found in proteins are L- Isomer except glycine 



Chirality in amino acids
All Amino acids except glycine exhibit chirality as a 
compound because they have at least one chiral 
carbon atom (a carbon with 4 different attachment)





Nomenclature and symbol of amino acids

• The international Union of Biochemistry and
Molecular Biology has officially designated three
letters abbreviation and one letter symbol for
easier identification and representation of all the
proteinogenic amino acids

• For example, amino acid Alanine was designated
“Ala” as it three letters code representation and
letter “A” as one letter code



Nomenclature and symbol of amino acids



Classification of Amino acids 
Generally, amino acids are classified on the basis of 

the following criteria:

• Chemical nature of the amino acid in the solution 

• Chemical structure of the side chain of the amino 

acids 

• Nutritional requirement of amino acids 

• Metabolic product of amino acids 

• Polarity of the side chain of the amino acids

• Functional group of the side chain



Classification based on the chemical nature of 
the amino acid in the solution 

On the basis of chemical nature of amino acids in 
solution, all amino acids are classified into three 
groups namely:

•Acidic amino acids e.g. glutamic and aspartic acid

•Basic amino acids e.g. lysine, arginine and histidine

•Neutral amino acids. glycine and alanine



































Nutritionally essential or indispensable amino acids 

•This group of amino acids cannot be synthesized by
the body hence, they are required to be supply
through diet as they are required for proper growth
and maintenance of individual.

•Presently there are eight amino acids classified as
essential amino acids, these include:

Valine, Isoleucine, Leucine, Lysine, Methionine,
Phenylalanine, Threonine, Tryptophan.

•Their deficiency leads to impaired protein synthesis







Nutritionally non-essential amino acids

•These are amino acids that can synthesized in
the body in order to meet the metabolic
demand in a living system since they cannot
supply through diet.

•Examples includes glycine, alanine, serine,
cysteine, aspartate, asparagine, glutamate,
glutamine, tyrosine and proline.



Classification based on their metabolic fate

A. Glycogenic amino acids

The carbon skeleton of this group of amino acids can
serve as precursors for the synthesis of glucose or
glycogen. e.g. Glycine, alanine, serine, cysteine,
aspartic acid, aspargine, glutamic acid, glutamine,
proline, histidine, arginine, methionine, threonine,
and valine.

B. Ketogenic amino acids

The carbon skeleton of this group of amino acids are
ketogenic in nature (Ketone), and can serve as
precursors for the synthesis of ketone bodies.
Examples are leucine and lysine



•Glycogenic and ketogenic amino acids

The carbon skeleton of For this group has dual 
functions, as it can be serve as precursor of for 
synthesis both glucose and ketone bodies. 

Example includes isoleucine, phenylalanine, 
tryptophan and tyrosine



•This amino acid was discovered by biochemist 
Thressa Stadtman in 1974 was recently tagged as 
the 21st amino acid. 

•Synthesized from cysteine during translation process 
by replacement of it sulphur atom with selenium.

•Found at the active sites of some enzymes/proteins 
e.g glutathione peroxidase and glycine reductase

•The IUPBMB has officially assigned three later 
symbol SEC and one letter symbol U for this amino 
acid

Selenocysteine



Pyrrolysine

• It is the 22nd amino acid formed by modification of 
the amide group in lysine with 4-methylpyrroline-5-
carboxylate group as shown below

• It is exist in some protein present in methanogenic
archea and in some bacteria





NON-STANDARD AMINO ACIDS

•Besides the 20 standard amino acids present in the 
protein structure, there are several other amino 
acids which are biologically important

These includes

The amino acid derivatives found in proteins

Non-protein amino acids

D-amino acids.



The amino acid derivatives found in proteins

•Some of these amino acids undergo specific 
modification after the protein synthesis occurs. 

•This modification results in formation of  
derivatives which are very important for protein 
structure and functions. Examples include 

Cystine
γ-Carboxyglutamic acid is found in certain 
plasma proteins involved in blood clotting
4-hydroxyproline and 5-hydroxylysine which 
exist in abundant in structural protein Collagen





















General Properties of Amino acids 

Physical properties 

•Amino acids are colorless, crystalline solid.

•All amino acids have a high melting point greater 
than 200oC

•Solubility: They are soluble in water, slightly soluble 
in alcohol, and dissolve with difficulty in methanol, 
ethanol, and propanol.

•On heating to high temperatures, they decompose.

•All amino acids (except glycine) are optically active














































































