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Introduction to Biochemistry 

Biochemistry is chemistry of life. Biochemists use physical and chemical principles to 

explain biology at the molecular level. Biochemistry is the study of chemical processes in 

living organisms. It deals with the structure and function of cellular components such as 

proteins, carbohydrates, lipids, nucleic acids and other bio-molecules. 

 

Principles of Biochemistry: Cells are highly organized and constant source of energy is 

required to maintain the ordered state. Living processes contain thousands of chemical 

reactions. Precise regulation of these reactions is required to maintain life.  

 

  

 

  

 

 

 

 

 

 

 

 

 



 

 

Proteins  

Proteins are nitrogenous compound made up of large no of amino acids joined together by 

peptide bond. 

Amino acids: These are the building blocks of proteins and amino acid with side chain 

R-bounded to form alpha carbon. 

Peptide linkage: These are acid amide linkage between carbonyl group of one amino acid 

and alpha amino group of another amino acid. One molecule of H2o is eliminated in peptide 

linkage. 

Importance:  

⚫ Proteins are structural components of cytoskeleton.  

⚫ Immunoglobin are proteins which are 1st line of defence against bacterial or viral 

infections.  

⚫ Several hormones are protein in nature.  

⚫ Proteins by means of exerting osmotic pressure helps to maintain electrolytes and H2o 

molecules.  

 

Essential amino acids: Amino acid which are not produced in the body.  

Non- essential amino acid: Amino acid which are synthesized in the body.  

 

Albumin: It is H2O soluble protein found in plants and animals. E-g legumin in plants and 

eggs in animals. They are coagulated by heat. They can be precipitated by full saturation with 

aluminium sulphate. 

Globulin: It is protein which is insoluble in H2O and soluble in salt solution. Globulin is also 

coagulated by heat. Globulin are more easily precipitated than albumin. It molecular wt 

ranges from 90,000 to 130,000.  

 

Test for Proteins:  

⚫ Biuret test  

⚫ Ninhydrin test  

⚫ Xanthoproteic test  



 

 

Amino acids Metabolism  

 

Metabolism of following amino acids will be discussed:  

 

⚫ Glutamate  

⚫ Glutamine 

⚫ Proline 

⚫ Lysine  

⚫ Threonine  

 

 

GLUTAMATE AND GLUTAMINE: 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

LYSINE:  

 

 

 

 

 



 

 

**LKR: Lysine-ketoglutarate reductase/saccharopine dehydrogenase  

SDH: Saccharoprine Dehydrogenase  

ASD: Adipic semi aldehyde Dehydrogenase  

**(Amino transferase) alpha ketoadipate  

Then get glutaryl coa  

Then acetyl coa   

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

THREONINE: 

 

 

 

 

 

 

 

 

 



 

 

 

 

Glycine formed directly:1) threonine aldolase  

***alpha ketobutyrate*then convert to propionyl coa,Then succinyl coa,That enters tca  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

PROLINE: 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

4) LIPIDS               

Definition of simple lipids: “Simple lipids are the esters of fatty acids with various alcohols” 

Types: 

 1. Natural Fats or TAG  

 2. Waxes  

 

FATS & OILS:   

a) These are esters of fatty acids with alcohols.  

b) These are natural fats because non-ionizable groups.  

 

1. Esterification of glycerol with 1FA makes monoglycerids.  

2. Esterification of glycerol with 2FA makes diglycerids.  

3. Esterification of glycerol with 2FA makes triglycerids.  

 

c) The difference is on the basis of their physical states at room temperature. A lipid is a fat if 

it is solid at 25 C and oil if it is a liquid at the same temperature.   

 

SOURCE: Nuts, Seed, Fats deposits of animals.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

STORAGE:   

Storage form of fats in adipocytes as source of energy. (Triglycerides)   

 

PHYSICAL PROPERTIES:  

1. Neutral fats are colorless, odorless and tasteless substances. The color and taste of some of 

the naturally occurring fats is due to extraneous substances.  

 

2. Solubility: They are insoluble in water but soluble in organic fat solvents. (e.g. chloroform)  

 

3. Specific gravity: The specific gravity of all fats is less than 1.0, consequently all fats float 

in water.  

 

4. Emulsification: Emulsions of fat may be made by shaking vigorously in water and by 

emulsifying agents such as gums, soaps and proteins which produce more stable emulsions. 

5.  



 

 

5. Melting point and consistency: The hardness or consistency of fats is related to their MP 

glycerides of lower FA melt at lower temperature than those of the higher fatty acids, and the 

unsaturated fatty acids glycerides at still lower temperature.  

 

CHEMICAL PROPERTIES:  

 

1. On Hydrolysis: Yield fatty acids + glycerol.  

 

2. Saponification: Boiling of triacylglycerols with alkalis e.g. NaOH, KoH from Soaps.  

 

3. Hydrogenation: It is the addition of hydrogen to unsaturated double bond present in oils 

which are then converted to saturated fatty acids.  

 

4. Halogenation: Unsaturated fatty acids in free or combined form react with halogens (F2, I2, 

Br2, Cl2) Addition takes place at double bond.  

 

5. Oxidation: Fats very rich in unsaturated fatty acids such as linseed oil undergo spontaneous 

oxidation at the double bond forming aldehydes, ketones and resins which form transparent 

coating on the surfaces to which the oil is applied. These are called drying oils and are used in 

the manufacture of paints and varnishes.  

 

6. Rancidity: The term Rancid is applied to any fat or oil that develops a disagreeable odor, 

taste or abnormal color after exposure to atmospheric oxygen, light, heat, moisture and 

bacterial or fungal contamination. Hydrolysis and oxidation reactions are responsible for 

causing rancidity. Saturated fatty acids resist the rancidity then unsaturated.  

 

WAXES:  

Waxes are the esters of fatty acid with alcohols other than glycerol usually monohydroxy 

alcohol.   

Waxes are distributed widely in plants and animals.  

Not a food source.  

There is no enzyme in humans to break them.  

 

  

 



 

 

Types OF WAXES:  

 

• True waxes are esters of higher fatty acids with acetyl alcohol (C16H33OH) or other higher 

straight chain alcohols. (Bee’s Wax)  

• Cholesterol esters are esters of fatty acid with cholesterol.  

• Vit A and Vit D esters are palmitic or stearic acids esters of Vit A (Retinol) or Vit D 

respectively.  

 

  

 

  

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5)LIPIDS METABOLISM:  
 

Lipid Transport in Blood   

 

Lipids are not water soluble so they are packed in proteins for transport  

 

**Four classes of lipoproteins   

 

◦◦ Chylomicrons   

 

◦◦ VLDL   

 

◦◦ LDL   

 

◦◦ HDL  

 

 

◦ Lipid Digestion/Absorption ◦ Five different phases:   

◦ hydrolysis of triglycerides (TG) to free fatty acids (FFA) and monoacylglycerols   

◦ solubilization of FFA and monoacylglycerols by detergents (bile acids) and transportation 

from the intestinal lumen toward the cell surface   

◦ uptake of FFA and monoacylglycerols into the cell and resynthesis to triglyceride   

◦ packaging of TG’s into chylomicrons   

◦ exocytosis of chylomicrons into lymph  

 

 

 

 

 

 



 

 

◦ Enzymes Involved in Digestion of Lipids   

 

} lingual lipase: provides a stable interface with aqueous environment of stomach   

◦} pancreatic lipase: major enzyme affecting triglyceride hydrolysis   

◦} colipase: protein anchoring lipase to the lipid   

◦} lipid esterase: secreted by pancreas, acts on cholesterol esters, activated by bile   

◦} phospholipases: cleave phospholipids, activated by trypsin  

 

◦ Repacking in the Liver:   

◦ } Lipid is repackaged in the liver to VLDL or very low density lipoprotein   

◦ } Lipoproteins are classified by density   

◦ } Lipoproteins transport lipid to the rest of the body   

 

◦ Lipid Transport   

 

◦ } Resynthesis of TAG and Cholesteryl ester   

◦ } Secretion from Enterocytes   

◦ } Use of Dietary Lipid  

◦ Free fatty acids transported as complex with albumin in blood   

◦ Glycerol converted to glycerol-3-phosphate, deliver to glycolysis pathway  

 

 ◦Oxidation of Fatty Acid   

 

◦β-Oxidation   

◦α-Oxidation   

◦ɷ-Oxidation  

 

◦ β-Oxidation ◦ LCFA enter in cell and form CoA derivatives in cytosol  

◦ Enzyme: Fatty acyl CoA synthetase 

 



 

 

◦ Carnitine derivatives ◦ LCFA Translocation  

 

 ◦ Transfer acyl group from CoA to carnitine by palmitoyltransferase-I   

 

◦ Acyl carnitine is transported into mitoch-matrix by carnitine-acylcarnitine translocase  

 

◦ Carnitine-palmitoyltransferase-II transfer acyl gp to CoA and regenerate free carnitine  

 

 

◦α- and Beta-oxidation of fatty acids are specialized pathways   

 

◦α -oxidation i.e., removal of one carbon at a time from the carboxyl end of the molecule has 

been detected in brain tissue. It does not generate CoA intermediates and does not generate 

high-energy phosphates.   

 

◦Beta-oxidation is a minor pathway and is brought about by cytochrome P450 in the 

endoplasmic reticulum. CH3 group is converted to a -CH2OH group that subsequently is 

oxidized to -COOH, thus forming a dicarboxylic acid. They subsequently undergo 

�-oxidation and are excreted in the urine  

 

◦Unsaturated Fatty Acids   

◦} Unsaturated fatty acids must be saturated before beta-oxidation   

◦◦ Isomerase converts cis to trans and moves double bond to the 2 position   

◦◦ In polyunsaturated: need reductase ◦– Add H’s to second double bond  

 

◦ Odd Chain Fatty Acids   

 

◦} Minor species, odd chains made by microbes, degradation of AA’s   

◦} B-oxidation occurs to end: ◦◦ Left with 3 carbon + CoA   

◦} Vitamin B12 cobalamin co-enzyme ◦◦ Catalyzes conversion of propionyl CoA (3 C) to 

succinyl-CoA (4 C)   

◦ – TCA cycle intermediate  



 

 

◦KETOGENESIS ◦ It occurs when there is a high rate of fatty acid oxidation in the liver.   

 

◦Acetoacetic acid ◦Hydroxybutyric acid ◦Acetone ◦These three substances are collectively 

known as the ketone bodies (also called acetone bodies or acetone).   

Enzymes responsible for ketone bodies formation are associated with mitochondria.  

 

◦The main factors which control Ketogenesis in the liver   

◦Availability of the substrate (Long Chain Fatty Acids) : from increased production by 

lipolysis with increased delivery of FA to the liver.   

◦The level of Malonyl Co A in the liver, with its influence to inhibit the Carnitine Palmitoyl 

Transferase I (CPT I)   

◦The Glucagon / Insulin Ratio : a high ratio increases lipolysis and activation of oxidative 

ketogenesis , a low ratio counteracts ketogenesis  

◦ Lipid Concentrations in the Blood:  

◦ TOTAL LIPIDS 360-820 mg/dL   

◦ TRIGLYCERIDES (TGs) 51-322 mg/dL   

◦ PHOSPHOLIPIDS (PL) 125-275 mg/dL  

◦ CHOLESTEROL: TOTAL 150-320 mg/dL  

◦ HDL-CHOLESTEROL 30-84 mg/dL   

◦ LDL-CHOLESTEROL 97-200 mg/dL   

◦ FREE FATTY ACIDS 6-16 mg/dL  

 

 

 

 

 

 



 

 

6)BIOSYNTHESIS OF 

PHOSPHOLIPIDS:  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

7) EICOSANOIDS: 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

8)LIPID STORAGE DISEASES:  

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

9)BIOCHEMISTRY OF RED BLOOD 

CELLS  

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

10)NUCLEOTIDES  

 

COMPOSITION ◦ Nucleotides are composed of:   

 

◦ Nitrogenous base  

 

 ◦ Pentose sugar  

 

 ◦ Phosphate groups  

 

 

NITROGENOUS BASES   

 

◦ • Aromatic and heterocyclic   

 

◦ • Derived from purine or pyrimidine   

 

◦ Important Purines ◦ Adenine and guanine are the principal purines of both DNA and RNA. 

Double cyclic ring   

 

◦ Important Pyrimidines ◦ Pyrimidines that occur in DNA are cytosine and thymine. 

Cytosine and uracil are the pyrimidines in RNA. Single cyclic  

 

  

Sugar & Phosphate group   

 

◦ Sugar ◦ • Pentoses (5-C sugars)   

 



 

◦ • Numbering of sugars is “primed”.  

 

 ◦ Phosphate Groups ◦ • Mono-, di- or triphosphates   

 

◦ • Phosphates can be bonded to either C2, C3 or C5 atoms of the sugar  

 

◦ Nucleosides ◦ • Result from linking one of the sugars with a purine or pyrimidine base 

through an N-glycosidic linkage   

 

◦ – Purines bond to the C1’ carbon of the sugar at their N9 atoms   

 

◦ – Pyrimidines bond to the C1’ carbon of the sugar at their N1 atoms  

 

 

Nucleotides ◦ ◦ Result from linking one or more phosphates with a nucleoside onto the 5’ end 

of the molecule   

 

◦ PHOSPHATE LINKAGE ◦ 5’ Phosphate ◦ 3’ Phosphate ◦ 2’ Phosphate  

 

◦Nomenclature  

◦ Nucleosides:   

◦ – Purine nucleosides end in “-sine” ◦ • Adenosine, Guanosine   

◦ – Pyrimidine nucleosides end in “-dine” ◦ • Thymidine, Cytidine, Uridine  

 

 ◦ Nucleotides: ◦ – Start with the nucleoside name from above and add “mono-”, “di-”, 

or “triphosphate”   

◦ • Adenosine Monophosphate, Cytidine Triphosphate, Deoxythymidine Diphosphate   

◦ • RNA (ribonucleic acid) is a polymer of ribonucleotides   

◦ • DNA (deoxyribonucleic acid) is a polymer of deoxyribonucleotides  

◦ • Both deoxy- and ribonucleotides contain Adenine, Guanine and Cytosine ◦ – 

Ribonucleotides contain Uracil ◦ – Deoxyribonucleotides contain Thymine  

 

  



 

 

  

◦Types of Nucleic Acids  

 

◦ • DEOXY RIBONUCLEIC ACID – DNA   

◦ • RIBO NUCLEIC ACID – RNA (mRNA ◦ – tRNA ◦ – rRNA)  

 

◦ DNA structure ◦ • B-DNA, A-DNA , Z-DNA forms  

◦ • B-DNA is most common   

◦ • Antiparallel   

◦ • stands complementary  

◦ – Very important for information transfer  

◦ – Each strand a template for the other.  

◦ • right handed   

◦ • major and minor groove   

 

 

◦ One Strand of DNA  

◦ • The backbone of the molecule is alternating phosphates and deoxyribose sugar   

◦ • The teeth are nitrogenous bases.  

 

◦ Chargraff’s Rule: 

◦ • Adenine and Thymine always join together   

◦ • Cytosine and Guanine always join together  

 

◦ RNA   

 

◦ • codes for protein   

◦ • single stranded   

◦ • Ribose instead of deoxyribose   

◦ • Thymine (T) replaced by Uracil  



 

 

  

 

◦ 1. Nucleotides are constantly ◦ undergoing turnover!  

 

 ◦ 2. There are many enzymes involved; ◦ Nucleotidases ◦ Nucleoside phosphorylases ◦ 

Deaminases ◦ Xanthine oxidases  

 

 ◦ Purine Degradation   

 

◦ • Purine Nucleotides from ingested nucleic acids or turnover of cellular nucleic acids is 

excreted by humans as uric acid.   

◦ • Humans excrete about 0.6 g uric acid every 24 hours.  

 

◦ Pyrimidine Degradation   

 

◦ • Pyrimidines are generally degraded to intermediates of carbon metabolism (for example, 

succinyl-CoA) and ammonia (NH4+).   

◦ • NH4+ is packaged as urea through the urea cycle and excreted by humans   

◦ • Defects in enzymes of pyrimidine degradation have been documented, resulting in 

increased levels of pyrimidines and neurological disorders  

 

◦ Functions of nucleic acids   

 

◦ • DNA is a basis of heredity   

◦ • DNA is carrier of genetic information   

◦ • DNA contains genes, the information needed to synthesize functional proteins and RNAs ◦ 

• DNA contains segments that play a role in regulation of gene expression  

◦ • Ribosomal RNAs (rRNAs) are components of ribosomes, playing a role in protein 

synthesis  

◦ • Messenger RNAs (mRNAs) carry genetic information from a gene to the ribosome   

◦ • Transfer RNAs (tRNAs) translate information in mRNA into an amino acid sequence  

 



 

  

 

11)ENZYMES  

 

What are Enzymes?  

 

◦Biological catalysts which speed up the rate of reaction without becoming part of the  

reaction  

◦Enzymes increases the rate of reaction by lowering the activation energy barrier, thus  

allowing reactions to proceed without an input of energy  

 

ENZYME NOMENCLATURE  

 

  ◦ Recommended Name:  

◦ Suffix “ase” attached to the susbtrate of the reaction  

◦ For example; Glucosidase, Urease  

◦ Systematic Name  

◦ IUBMB divided enzymes into six classes  

◦ The suffix “ase” is attached to describe complete chemical reaction and substrate name  

◦ For example; Pyruvate decarboylase  

 

Mechanism of Action of Enzyme    

◦ • Active site – a region of an enzyme comprised of different amino acids where catalysis  

occurs  

◦ • Substrate – the molecule being utilized and/or modified by a particular enzyme at its  

active site  

◦ • Co-factor – organic or inorganic molecules that are required by enzymes for activity.  

◦ Enzymes convert substrates into products  

◦ • What is a substrate?  

◦ – A substrate is the compound that is converted into the product in an enzyme catalyzed 

reaction  



 

 

 

 

 

PHYSICAL COMPOSITION  

 ◦ • Apoenzyme = the protein part of an enzyme without coenzymes or prosthetic  

groups that are required for the enzyme to have activity.  

◦ • Coenzyme = small organic molecules which is dialyzable, thermostable and loosely  

attached to the protein part.  

◦ • Prosthetic group = an organic substance which is dialyzable and thermostable  

which is firmly attached to the protein or apoenzyme portion.  

◦ • Cofactors= Inorganic molecules  

 

◦ Cofactors  

 

◦ • Non-protein molecules that help enzymes function.  

◦ • Bind to active site to enhance enzymatic reactions.  

◦ • Cofactors may be inorganic metals such as zinc, iron, or copper.  



 

 

 

 ◦ COENZYMES  

◦ • Heat stable, low mol wt organic compounds, non-covalently linked with enzymes, can be 

separated.  

◦ APO + CO = Holoenzyme  

◦ Act as intermediate or ultimate acceptor in group transfer  

 

◦ Important Coenzymes  

◦ • NAD+  

◦ • NADP+  

◦ • FAD  

◦ • Coenzyme A  

 

Classification  

◦ 1)Oxidoreducatse  

◦ 2)Transferase  

◦ 3)Hydrolase  

◦ 4)Lyase  

◦ 5)Isomerase  

◦ 6)Ligase  

 

 ◦ Factors Influencing Enzyme Activity  

◦ a) Enzyme concentration  

◦ b) Temperature  

◦ c) pH  

◦ d) Substrate concentration  

◦ e) Inhibitors  

 

  

 



 

  

 

◦ TYPES OF INHIBITORS  

◦ Reversible Inhibitor  

◦ Competitive  

◦ Non-Competitive  

◦ Uncompetitive  

◦ Irreversible Inhibitor  

 

ISOENZYMES 

 

◦ (1) Isozymes are physically distinct forms of the same enzyme.  

◦ (2) Isozymes may differ from each other by differences in their amino acid sequences  

◦ (3) The relative abundance of different isozymes varies for different tissues.  

◦ Lactate dehydrogenase on electrophoresis gives 5 different bands and has 4 protomers  

 

◦ Medical Relevance 

◦ • Many diseases are caused by the absence, malfunction, or inappropriate expression  

of a particular enzyme—SOD  

◦ • Enzymes serve as targets for a variety of drugs  

◦ • Enzymes are sometimes administered in the treatment of disease  

◦ • The presence or absence of specific enzymes can be used to diagnose specific  

diseases  

 

 

 

 

 



 

 

12) INSULIN 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

13)PARATHROID HORMONE AND 

CALCIUM HOMEOSTASIS:  

  

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 


