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BIOCHEMISTRY 
     Medical biochemistry is an essential component of curriculum 
for all categories of health professionals. Contemporary. 
Biochemistry plays a crucial role in the Medical field, be it 
metabolic pathways, storage diseases, mechanism action of varied 
biomolecules or inter and intra cellular communications. 
 
Medical biochemistry integrates and summarizes the essentials of 
the core subject.  
1.  Conformation of biomolecules, structure and their relationship        
to biological activity 
2. synthesis and degradation of major metabolites 
3. Production and storage of energy 
4. Biocatalysts and their application 
5. Intercellular communication by hormones 
6. Molecular events in gene expression and regulation 

 
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 ( 
which is C-atom next to COOH). These 4 groups are : amino 
group, COOH gp,Hydrogen atom and side Chain (R). 
 

 
 
• At physiological PH (7.4), -COOH gp is dissociated forming a 
negatively charged carboxylate ion (COO-)and amino gp is 
protonated forming positively charged ion (NH3+) forming Zwitter 
ion. 
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Classification of amino acids 
I- Chemical classification: According to number of COOH and 
NH2 groups i.e. according to net charge on amino acid. 
A- Monobasic& monocarboxylic amino acids i.e. neutral or 
uncharged: 
Subclassification of neutral amino acids: 
1- Glycine  
2- Alanine  
3- Branched chain amino acids: R is branched such as in: 
a - Valine  
b- Leucine  
c- Isoleucine  
4- Neutral Sulfur containing amino acids: 
e.g. Cysteine and Methionine. Cystine,not involved in 
proteins. It is dimer of cysteine linked by S-S ond(oxidized 
form) 
5- Neutral, hydroxy amino acids:e.g. Serine and Threonine 
6- Neutral aromatic amino acids: 
a- Phenyl alanine 
b- Tyrosine: - it is P- hydroxy phenyl alanine 
7- Neutral heterocyclic amino acids: 
a- Tryptophan: contains indole ring 
b- Proline: In proline, amino group enters in the ring formation 
being α-imino gp so proline is an α-imino acid rather than α-amino 
acid 
 
B- Basic amino acids:Contain two or more NH2 groups or 
nitrogen atoms that act as base i.e. can bind proton. 
At physiological pH, basic amino acids will be positively charged. 
e.g. 
a- Lysine 
b- Arginine: contains guanido group 
c- Histidine: 
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C- Acidic Amino acids: at physiological pH will carry negative 
charge.e.g. Aspartic acid (aspartate) and Glutamic acid 
(glutamate). 
Aspargine and Glutamine: They are amide forms of aspartate and 
glutamate in which side chain COOH groups are amidated. They 
are classified as neutral amino acids. 
 
II- Classification according to polarity of side chain (R): 
A- Polar amino acids: in which R contains polar hydrophilic 
group so can forms hydrogen bond with H2O. In those amino 
acids, R may contain: 
1- OH group : as in serine, threonine and tyrosine 
2- SH group : as in cysteine 
3- amide group: as in glutamine and aspargine 
4- NH2 group or nitrogen act as a base (basic amino acids ): as 
lysine,arginine and histidine 
5- COOH group ( acidic amino acids): as aspartic and glutamic . 
 
B- Non polar amino acids: 
     R is alkyl hydrophobic group which can’t enter in hydrogen 
bond formation. 9 amino acids are non polar ( glycine, alanine, 
valine,leucine, isoleucine, phenyl alanine, tryptophan, proline and 
methionine). 
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III- Nutritional classification: 
1- Essential amino acids: These amino acids can’t be formed in 
the body and so, it is essential to be taken in diet. Their deficiency 
affects growth, health and protein synthesis. e.g Valine , 
isoleucine,lysine,leucine, arginine, histidine, methionine,, 
tryptophan , threonine , phenyl alanine. 
2- Semiessential amino acids: These are formed in the body but 
not in sufficient amount for body requirements especially in 
children. arginine and histidine  
3- Non essential 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. 
 
IV- Metabolic classification: according to metabolic or 
degradation products of amino acids they may be: 
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 
ketonbodies and glucose.These are: isoleucine, phenylalanine, 
tyrosine and tryptophan. 
3- Glucogenic amino acids: Which give glucose. These amino 
acids by catabolism yields products that enter in glycogen and 
glucose formation. 
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peptides and Proteins 
     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?). 
- 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). 
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Peptide bond formation: 
 

 
 
 
 

 
  
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 
 
Classification of proteins 
I- Simple proteins: on hydrolysis gives only amino acids 
Examples: 
1- Albumin and globulins: present in egg, milk and blood 
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They are proteins of high biological value i.e. contain all essential 
amino acids and easily digested. 
Types of globulins: 
α1 globulin: e.g. antitrypsin 
α2 globulin: e.g. hepatoglobin 
β-globulin: e.g. transferrin 
γ-globulins = Immunoglobulins (antibodies)  
 
2- Globins (Histones): They are basic proteins rich in histidine 
amino acid.They are present in : 
 a - combined with DNA.  
b - combined with heme to form hemoglobin of RBCs. 
 
3- Scleroproteins: They are structural proteins, not digested. 
a- α-keratin: protein found in hair, nails, enamel of teeth and outer 
layer of skin. 
b- collagens: protein of connective tissues found in bone, 
teeth,cartilage, tendons, skin and blood vessels. 
C- Elastin: present in walls of large blood vessels (such as aorta). 
It is very important in lungs, elastic ligaments, skin, cartilage. 
 
Conjugated proteins 
1- Lipoproteins: 
These are proteins conjugated with lipids. 
2- Phosphoproteins: protein+ phosphate 
3- Glycoproteins: 
proteins conjugated with sugar (carbohydrate)e.g. – Mucin 
- Some hormones such as erythropoeitin 
4- Nucleoproteins: These are basic proteins ( e.g. 
histones)conjugated with nucleic acid (DNA or RNA). 
e.g. a- chromosomes: are proteins conjugated with DNA 
b- Ribosomes: are proteins conjugated with RNA 
5- Metalloproteins: These are proteins conjugated with metal like 
iron, copper, zinc, …… 
a- Iron-containing proteins: Iron may present in heme such as in - 
hemoglobin (Hb),- myoglobin ( protein of skeletal muscles and 
cardiac muscle) 
b- Copper containing proteins: 
e.g. - Ceruloplasmin which oxidizes ferrous ions into ferric ions. 
6-Chromoproteins: These are proteins conjugated with 
pigment. e.g.- All proteins containing heme (Hb, myoglobin,) 

- Melanoprotein:e.g proteins of hair or iris which contain melanin. 


