                      Chemistry of Proteins 

Introduction 
The word protein is derived from the Greek word “proteios “which means primary .Proteins is high molecular weight
 (5, 000 to 25, 000, 00) substances. About half the dry weight of living materials is protein. They are the source to replace nitrogen as almost 15 g of nitrogen is lost everyday by an adult chiefly as urinary urea. 

Composition of Proteins 
In addition to C, H and O which are present in carbohydrates and lipids, proteins contain N. They are macro molecules. They are all polymers, that is, they are chainlike molecules produced by the linking together of a number of small units, chiefly [image: image1.png]
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These units are joined through the peptide bonds (C-O-NH-). The peptide linkage is formed between two amino acids by the release of one water molecule. The amino group of the first amino acid and the carbonyl group of the next amino acid are involved in the formation of peptide bonds 

Peptide Bonds 

When two amino acids are joined together by the peptide bond the resulting is called a dipeptide.  
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A tripeptide consists of 3 amino acids linked by 2 peptide bonds 
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A tripeptide composed of glycine , alanine , and serine . 

A polypeptide consists of a large number of amino acids hoined together by peptide bonds. Each polypeptide can have any number of any one or different types of amino acids which a can be present in any sequence. The individual amino acid of a peptide is called the amino acid residue. Each polypeptide has one free carboxylic acid (- COOH) at one end which is called the C-terminal and a free amino group at the other end called N- terminal. 
Structure of Proteins 
Proteins exhibit four levels of organization. 
Primary structure          refers to amino acid sequence 

Secondary structure     refers to folding of polypeptide chain into              


specific coiled structure which is repetitive 

Tertiary structure           refers to arrangement and interrelationship 

                                         of twisted chain into a three dimensional                                                                         


structure 

Quarternary                refers to the association of different                                          

                                      monomeric subunits into a composite 
                                      Polymeric protein 

Primary Structure 

The primary structure is the sequence in which the amino acids are arranged in a protein. The amino acid sequence of a protein determines the function of the protein. Even a change of just one amino acid in sequence drastically alters properties of the entire protein molecule. For example, the hemoglobin molecule has 574 amino acid units .Changing one specific amino acid in the sequence results in a defective hemoglobin found in patients suffering from sickle- cell anaemia. 
- Val – His – Leu – Thr-Pro-Glu- Glu- Lys 

                           Normal Hemoglobin 

- Val – His – Leu – Thr-Pro-Val - Glu- Lys 

                          Sickle cell Hemoglobin 

Insulin has 51 amino acids present in two polypeptide chains. These chains are cross linked at two places by disulphide bonds . One chain contains 21 amino acid units and other has 30 amino acids . The total relative molecular mass of insulin is 5733. 

Secondary Structure 
Secondary structure determines the coiling of the 
polypeptide chain into a helical structure because of folding 
or twisting of polypeptide chains into a  coiled or spiral 
forms due to hydrogen bonding .The hydrogen bonding 
arises due to the bonding between  the carbonyl oxygen and amide nitrogen . Since peptide bonds occur at regular intervals, the hydrogen bonding of the secondary structure also occurs regularly. The right handed helix, i.e. the alpha helix is the most preferred configuration. The diameter of the helix is 10 A[image: image3.png]


. 

Tertiary Structure  
Tertiary structure refers to the coiling of several helical portion of single helix into three dimensional structures. Interaction among amino acids relatively widely separated in primary position yield tertiary structure. The tertiary structure of proteins is stabilized by: 

a. Hydrogen bonding 

b. Disulphide bonding 

c. Ionic interaction 

d. Hydrophobic interaction 

e. Van der Waals forces 

The tertiary structure acquired by native protein is always thermodynamically most stable. 
Quarternary Structure 
This is the molecular arising from the interaction of individual
peptide chains to form a specific aggregate .Numerous globular proteins and enzymes possess quarternary structure. They are composed of a number of subunit peptide chains linked together by any or all of the forces that can act between amino acid sides – chains. Hemoglobin, the oxygen transporting protein of blood is an example of quarternary structure. This protein consists of four peptide chains of two types .Each of these subunits is itself complexly folded. The two pairs of folded peptides interact with each other to give a quite stable, compact bundle, which is the active protein, hemoglobin. 

Denaturation of Proteins      

Native state is the conformation of protein the most stable form as it exists in the cells or tissues of the living organism. If a protein is exposed to different set of environmental condition, its conformation may change, with attendant alteration in its physical properties and most significantly, in the ability of the proteins to perform its biological role. Such a change in a protein is termed denaturation. A number of relatively weak secondary bonds are broken and new bonds formed denaturation .The boiling of an egg is an example of denaturation. Raw egg white is a globular protein, a soluble form and on boiling gets converted into a fibrous form which coagulates and hardens .The formation of cheese is another example. When the pH of milk is brought down to 4-5 or below, casein (milk protein) precipitates and cheese, an insoluble form of milk protein is formed. During denaturation, the protein molecule uncoils from an ordered and specific configuration into a more random configuration and thus precipitates from the solution. Denatured protein molecules often tend to form large aggregates and precipitates from solution – a process described as Coagulation 

Classification of Proteins        

Classification as per Solubility 
 -- (Fibrous proteins and globular proteins) 

The fibrous proteins are insoluble in water and include the following: 

1. Collagens 

2. Elastins 

3. Keratins 

4. Myosins 

5. Fibrin 

-- Globular Proteins are soluble in water or in water with 5 % NaCl and include the following: 

1. Albumins

2. Globulins 

Classification as per Composition    

Proteins are classified into three groups as per their composition 

a. Simple proteins 

b. Conjugated proteins 
c. Derived proteins 

Reactions of Proteins 
 1. Ninhydrin reaction 

 2. Biuret reaction 

 3. Precipitation reaction 

Addition of neutral salt solution
 Proteins are precipitated from solution by the addition of concentrated salt solutions like ammonium sulphate and sodium sulphate. This process is also called Salting Out. Lesser concentration of salt is required for protein molecules of larger size and higher concentration is required for protein molecules of smaller size. 
Fractionation by solvents
Precipitation by salting out introduces the difficult problem of the added salt, particularly when pure fraction of plasma proteins are required for clinical purposes. This problem is overcome by alcohol fractionation at low temperature and drying the protein precipitated in vacuum. Addition of alcohol to an aqueous solution of protein lowers its dielectric constant, thus reducing the solubility of the proteins resulting in its precipitation. 

Addition of positive ions 
The commonly used positive ions for precipitation of proteins are those of heavy metals such as Zn, Hg, Fe, Cu and Pb. These ions precipitate proteins in alkaline solution, where the proteins are negatively charged and combine with the positively charged heavy metals to form insoluble metallic proteinate. Antidote for AgNO3 and HgCl2 taken internally is egg white. 

Addition of negative ions   
 Proteins are positively charged in acid medium and combine with negatively charged complex alkaloidal reagents like picric acid; sulphosalicylic acid, tannic acid and phosphotungstic acid get precipitated. 

Dialysis Protein 
Molecules being large in size may be dialyzed. This involves removal of smaller sized crystaloidal constituents from plasma other than proteins by selective diffusion through a semipermiable membrane 

Biomedical Importance of Proteins 
1. Proteins are the main dietary constituents for supply of Nitrogen and Sulphur .

2. Biochemical catalysts known as enzymes are proteins. 

3. Proteins called immunoglobulins are the frontline of defence against bacterial and viral infections. 

4. Structural proteins furnish mechanical support for the movement of muscles. 

5. Several hormones are proteins.

6. Some proteins present in cell membrane, cytoplasm and nucleus of the cell act as receptors. They bind specific substances such as vitamins, hormones, etc. and mediate their circular action. 
7.The transport proteins carry out the function of transporting specific substances either across the membrane or in body fluids.
8. Storage proteins bind with specific substances and store them, e.g. iron is stored as ferritin.

9. Some proteins are constituents of respiratory pigments present in the electron transport chain or respiratory chain, e.g. cytochromes, myoglobin, and hemoglobin. 
10. Proteins by means of exerting osmotic pressure help in main tenance of electrolyte and water balance in the body.  
Feedback and Assessment: For Discussion 

1. Define proteins 
2. What are the importance of proteins?

3. Mention the physical and chemical properties of proteins
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