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OBJECTIVES 
To introduce the students to 
1. The principles of Biochemistry 

2. A basic understanding of the functions of biological systems in relation to Nutritional 

Biochemistry

UNIT: I

Biological macro molecules– CHO, protein, lipids, (structure and function) Micro molecules vitamins & minerals.

UNIT: II

Metabolism of macro molecules CHO, Protein, Lipids – metabolism, Catabolism, Oxidation reduction reaction.

UNIT: III

Enzymes – structure, type, Biomedical importance.

UNIT: IV

Water- water intake, output, balance, dehydration, factors affecting water balance, buffer system.

UNIT: V

Application of biochemistry in medicine & treatment in food science and nutrition



UNIT: I

Carbohydrates
 The carbohydrates are a group of naturally occurring carbonyl compounds (aldehydes or ketones) that also contain several 

hydroxyl groups.
 It may also include their derivatives which produce such compounds on hydrolysis.
 They are the most abundant organic molecules in nature and also referred to as “saccharides”.
 The carbohydrates which are soluble in water and sweet in taste are called as “sugars”.

Structure of Carbohydrates
 Carbohydrates consist of carbon, hydrogen, and oxygen.
 The general empirical structure for carbohydrates is (CH2O)n.
 They are organic compounds organized in the form of aldehydes or ketones with multiple hydroxyl groups coming off the carbon

chain.
 The building blocks of all carbohydrates are simple sugars called monosaccharides.
 A monosaccharide can be a polyhydroxy aldehyde (aldose) or a polyhydroxy ketone (ketose).

The carbohydrates can be structurally represented in any of the three forms:
 Open chain structure.
 Hemi-acetal structure.
 Haworth structure.

Open chain structure – It is the long straight-chain form of carbohydrates.
Hemi-acetal structure – Here the 1st carbon of the glucose condenses with the -OH group of the 5th carbon to form a ring structure.
Haworth structure – It is the presence of the pyranose ring structure.

Properties of Carbohydrates
Physical Properties of Carbohydrates 
 Stereoisomerism – Compound shaving the same structural formula but they differ in spatial configuration. Example: Glucose 

has two isomers with respect to the penultimate carbon atom. They are D-glucose and L-glucose.
 Optical Activity – It is the rotation of plane-polarized light forming (+) glucose and (-) glucose.
 Diastereo isomers – It the configurational changes with regard to C2, C3, or C4 in glucose. Example: Mannose, galactose.



 Annomerism – It is the spatial configuration with respect to the first carbon atom in aldoses and second carbon atom in ketoses. 
Chemical Properties of Carbohydrates 
 Osazone formation: Osazone are carbohydrate derivatives when sugars are reacted with an excess of phenylhydrazine. eg. 

Glucosazone
 Benedict’s test: Reducing sugars when heated in the presence of an alkali gets converted to powerful reducing species known as 

enediols. When Benedict’s reagent solution and reducing sugars are heated together, the solution changes its color to orange-red/ 
brick red.

 Oxidation: Monosaccharides are reducing sugars if their carbonyl groups oxidize to give carboxylic acids. In Benedict’s test, D-
glucose is oxidized to D-gluconic acid thus, glucose is considered a reducing sugar.

 Reduction to alcohols: The C=O groups in open-chain forms of carbohydrates can be reduced to alcohols by sodium 
borohydride, NaBH4, or catalytic hydrogenation (H2, Ni, EtOH/H2O). The products are known as “alditols”.

Properties of Monosaccharides
 Most monosaccharides have a sweet taste (fructose is sweetest; 73% sweeter than sucrose).
 They are solids at room temperature.
 They are extremely soluble in water: – Despite their high molecular weights, the presence of large numbers of OH groups make 

the monosaccharides much more water-soluble than most molecules of similar MW.
 Glucose can dissolve in minute amounts of water to make a syrup (1 g / 1 ml H2O).

Classification of Carbohydrates (Types of Carbohydrates
The simple carbohydrates include single sugars (monosaccharides) and polymers, oligosaccharides, and polysaccharides.
Monosaccharides
 Simplest group of carbohydrates and often called simple sugars since they cannot be further hydrolyzed.
 Colorless, crystalline solid which are soluble in water and insoluble in a non-polar solvent.
 These are compound which possesses a free aldehyde or ketone group.
 The general formula is Cn(H2O)nor CnH2nOn.
 They are classified according to the number of carbon atoms they contain and also on the basis of the functional group present.
 The monosaccharides thus with 3,4,5,6,7… carbons are called trioses, tetroses, pentoses, hexoses, heptoses, etc., and also as 

aldoses or ketoses depending upon whether they contain aldehyde or ketone group.
 Examples: Glucose, Fructose, Erythrulose, Ribulose.

Oligosaccharides
 Oligosaccharides are compound sugars that yield 2 to 10 molecules of the same or different monosaccharides on hydrolysis.



 The monosaccharide units are joined by glycosidic linkage.
 Based on the number of monosaccharide units, it is further classified as disaccharide, trisaccharide, tetrasaccharide etc.
 Oligosaccharides yielding 2 molecules of monosaccharides on hydrolysis is known as a disaccharide, and the ones yielding 3 or 4

monosaccharides are known as trisaccharides and tetrasaccharides respectively and so on.
 The general formula of disaccharides is Cn(H2O)n-1and that of trisaccharides is Cn(H2O)n-2 and so on.
 Examples: Disaccharides include sucrose, lactose, maltose, etc.
 Trisaccharides are Raffinose, Rabinose.

Polysaccharides
 They are also called as “glycans”.
 Polysaccharides contain more than 10 monosaccharide units and can be hundreds of sugar units in length.
 They yield more than 10 molecules of monosaccharides on hydrolysis.
 Polysaccharides differ from each other in the identity of their recurring monosaccharide units, in the length of their chains, in the 

types of bond linking units and in the degree of branching.
 They are primarily concerned with two important functions ie. Structural functions and the storage of energy.
 They re further classified depending on the type of molecules produced as a result of hydrolysis.
 They may be homopolysaccharidese, containing monosaccharides of the same type or heteropolysaccharides i.e., 

monosaccharides of different types.
 Examples of Homopolysaccharides are starch, glycogen, cellulose, pectin.
 Heteropolysaccharides are Hyaluronic acid, Chondroitin.

Functions
Carbohydrates are widely distributed molecules in plant and animal tissues.  In plants and arthropods, carbohydrates from the skeletal 
structures, they also serve as food reserves in plants and animals. They are important energy source required for various metabolic 
activities, the energy is derived by oxidation.
Some of their major functions include:
 Living organisms use carbohydrates as accessible energy to fuel cellular reactions. They are the most abundant dietary source of 

energy (4kcal/gram) for all living beings.
 Carbohydrates along with being the chief energy source, in many animals, are instant sources of energy. Glucose is broken down 

by glycolysis/ Kreb’s cycle to yield ATP.
 Serve as energy stores, fuels, and metabolic intermediates. It is stored as glycogen in animals and starch in plants.
 Stored carbohydrates act as an energy source instead of proteins. 

https://microbenotes.com/glycolysis-steps-atp-generation-and-significance/
https://microbenotes.com/tca-cycle-citric-acid-cycle-or-krebs-cycle/


 They form structural and protective components, like in the cell wall of plants and microorganisms. Structural elements in the 
cell walls of bacteria (peptidoglycan or murein), plants (cellulose) and animals (chitin). 

 Carbohydrates are intermediates in the biosynthesis of fats and proteins.  
 Carbohydrates aid in the regulation of nerve tissue and is the energy source for the brain. 
 Carbohydrates get associated with lipids and proteins to form surface antigens, receptor molecules, vitamins, and antibiotics. 
 Formation of the structural framework of RNA and DNA (ribonucleic acid and deoxyribonucleic acid). 
 They are linked to many proteins and lipids. Such linked carbohydrates are important in cell-cell communication and in 

interactions between cells and other elements in the cellular environment.
 In animals, they are an important constituent of connective tissues.
 Carbohydrates that are rich in fiber content help to prevent constipation. 
 Also, they help in the modulation of the immune system.

Proteins

Proteins are known as the building blocks of life because they are the most abundant molecules present in the body and forms about 60% of the dry 
weight of cells. They are the most common cells found in all living organisms. Apart from cells, most of the enzymes, regulatory and structural 
parts of the body are made up of proteins. As a result, they are essential for the growth and development of an individual.

Food like eggs, pulses, milk and other milk products form the major high protein foods for the body.

Also read:  Proteins, Denaturation of Proteins

Protein Structure

Proteins are a polymeric chain of amino acid residues. The structure of a protein is mainly composed of long chains of amino acids. The structure 
and position of amino acids give particular properties to the proteins. Amino acids are made up of an amino functional group (-NH2) and a carboxyl
group (-COOH).

https://byjus.com/biology/proteins/
https://byjus.com/biology/amino-acids/
https://byjus.com/chemistry/denaturation-of-proteins-and-its-causes/
https://byjus.com/biology/growth-development/
https://microbenotes.com/cell-wall-plant-fungal-bacterial-structure-and-functions/


Amino acids are linked together to form polypeptide chains. One or several of such chains fold differently to form a protein. Amino 
acids are substituted methane,  where the four valencies of the α- carbon are occupied by hydrogen, amino group, carboxyl group, and the fourth
valency is fulfilled by a variable R- group.

Depending on the R-group, there are different types of amino acids, out of which 20 are found in a polypeptide chain. All these properties of amino 
acids decide the ultimate structure and function of proteins.

The structure of the protein is classified at 4 levels:-

 

 Primary – The primary structure of a protein is the linear polypeptide chain formed by the amino acids in a particular sequence. Changing 
the position of even a single amino acid will result in a different chain and hence a different protein.

 Secondary – The secondary structure of a protein is formed by hydrogen bonding in the polypeptide chain. These bonds cause the chain to 
fold and coil in two different conformations known as the α-helix or β-pleated sheets. The α-helix is like a single spiral and is formed by 
hydrogen bonding between every fourth amino acid. The β-pleated sheet is formed by hydrogen bonding between two or more adjacent 
polypeptide chains.

 Tertiary – The tertiary structure is the final 3-dimensional shape acquired by the polypeptide chains under the attractive and repulsive 
forces of the different R-groups of each amino acid. This is a coiled structure that is very necessary for protein functions.

 Quaternary – This structure is exhibited only by those proteins which have multiple polypeptide chains combined to form a large complex.
The individual chains are then called subunits.

Also, Read: Creutzfeldt-Jakob Disease

https://byjus.com/biology/creutzfeldt-jakob-disease-cjd/


Functions of Protein

Proteins play multiple functions in the body and its structure gives it its functionality. Some prominent functions are:-

1. Digestion – Digestion is carried out by the digestive enzymes which are basically proteinaceous in nature.
2. Movement – Myosin is a protein found in muscles which enables the contraction of muscles making movement possible.
3. Structure and Support – Keratin is the structural protein which makes our hair, nails, and horns in animals.
4. Cellular communication – Cells communicate with other cells and the external environment via receptors present on the surface of cells.

These receptors are made of proteins.
5. Act as a messenger – These proteins function as the chemical messengers, which help in the communication between the cells, tissues, and 

organs.





lipids definition
 Lipids are a heterogeneous group of organic compounds that are insoluble in water and soluble in non-polar organic solvents.
 They naturally occur in most plants, animals, microorganisms and are used as cell membrane components, energy storage 

molecules, insulation, and hormones.

A

Properties of Lipids
 Lipids may be either liquids or non-crystalline solids at room temperature.
 Pure fats and oils are colorless, odorless, and tasteless.
 They are energy-rich organic molecules
 Insoluble in water
 Soluble in organic solvents like alcohol, chloroform, acetone, benzene, etc.



 No ionic charges
 Solid triglycerols (Fats) have high proportions of saturated fatty acids.
 Liquid triglycerols (Oils) have high proportions of unsaturated fatty acids.

1. Hydrolysis of triglycerols
Triglycerols like any other esters react with water to form their carboxylic acid and alcohol– a process known as hydrolysis.
2. Saponification:
Triacylglycerols may be hydrolyzed by several procedures, the most common of which utilizes alkali or enzymes called lipases. 
Alkaline hydrolysis is termed saponification because one of the products of the hydrolysis is a soap, generally sodium or potassium salts
of fatty acids.
3. Hydrogenation
The carbon-carbon double bonds in unsaturated fatty acids can be hydrogenated by reacting with hydrogen to produce saturated fatty 
acids.
4. Halogenation
Unsaturated fatty acids, whether they are free or combined as esters in fats and oils, react with halogens by addition at the double 
bond(s). The reaction results in the decolorization of the halogen solution.
5. Rancidity:
The term rancid is applied to any fat or oil that develops a disagreeable odor. Hydrolysis and oxidation reactions are responsible for 
causing rancidity. Oxidative rancidity occurs in triacylglycerols containing unsaturated fatty acids.
Structure of Lipids
 Lipids are made of the elements Carbon, Hydrogen and Oxygen, but have a much lower proportion of water than other molecules

such as carbohydrates. 
 Unlike polysaccharides and proteins, lipids are not polymers—they lack a repeating monomeric unit.
 They are made from two molecules: Glycerol and Fatty Acids.
 A glycerol molecule is made up of three carbon atoms with a hydroxyl group attached to it and hydrogen atoms occupying the 

remaining positions.
 Fatty acids consist of an acid group at one end of the molecule and a hydrocarbon chain, which is usually denoted by the letter 

‘R’.
 They may be saturated or unsaturated.
 A fatty acid is saturated if every possible bond is made with a Hydrogen atom, such that there exist no C=C bonds.
 Unsaturated fatty acids, on the other hand, do contain C=C bonds. Monounsaturated fatty acids have one C=C bond, and 

polyunsaturated have more than one C=C bond.

https://microbenotes.com/carbohydrates-structure-properties-classification-and-functions/


Structure of Triglycerides
 Triglycerides are lipids consisting of one glycerol molecule bonded with three fatty acid molecules.
 The bonds between the molecules are covalent and are called Ester bonds.
 They are formed during a condensation reaction.
 The charges are evenly distributed around the molecule so hydrogen bonds to not form with water molecules making them 

insoluble in water.
Classification (Types) of Lipids
Lipids can be classified according to their hydrolysis products and according to similarities in their molecular structures. Three major 
subclasses are recognized:
1. Simple lipids
(a) Fats and oils which yield fatty acids and glycerol upon hydrolysis.
(b) Waxes, which yield fatty acids and long-chain alcohols upon hydrolysis.
Fats and Oils
 Both types of compounds are called triacylglycerols because they are esters composed of three fatty acids joined to glycerol, 

trihydroxy alcohol.
 The difference is on the basis of their physical states at room temperature. It is customary to call a lipid a fat if it is solid at 25°C, 

and oil if it is a liquid at the same temperature.
 These differences in melting points reflect differences in the degree of unsaturation of the constituent fatty acids.

Waxes
 Wax is an ester of long-chain alcohol (usually mono-hydroxy) and a fatty acid.
 The acids and alcohols normally found in waxes have chains of the order of 12-34 carbon atoms in length.

2. Compound lipids
(a) Phospholipids, which yield fatty acids, glycerol, amino alcohol sphingosine, phosphoric acid and nitrogen-containing alcohol upon 
hydrolysis.
They may be glycerophospholipids or sphingophospholipid depending upon the alcohol group present (glycerol or sphingosine).
(b) Glycolipids, which yield fatty acids, sphingosine or glycerol, and a carbohydrate upon hydrolysis.
They may also be glyceroglycolipids or sphingoglycolipid depending upon the alcohol group present (glycerol or sphingosine).
3. Derived lipids:
Hydrolysis product of simple and compound lipids is called derived lipids. They include fatty acid, glycerol, sphingosine and steroid 
derivatives.
Steroid derivatives are phenanthrene structures that are quite different from lipids made up of fatty acids.



Functions

It is established that lipids play extremely important roles in the normal functions of a cell. Not only do lipids serve as highly reduced 
storage forms of energy, but they also play an intimate role in the structure of cell membrane and organellar membranes.  Lipids 
perform many functions, such as:

1. Energy Storage
2. Making Biological Membranes
3. Insulation
4. Protection – e.g. protecting plant leaves from drying up
5. Buoyancy
6. Acting as hormones
7. Act as the structural component of the body and provide the hydrophobic barrier that permits partitioning of the aqueous contents

of the cell and subcellular structures.
8. Lipids are major sources of energy in animals and high lipid-containing seeds.
9. Activators of enzymes eg. glucose-6-phosphatase, stearyl CoA desaturase and ω-monooxygenase, and β-hydroxybutyric 

dehydrogenase (a mitochondrial enzyme) require phosphatidylcholine micelles for activation.



LECTURE CONTENTS

 INTRODUCTION TO VITAMINS

 COMPOSITION OF VITAMINS

 CLASSIFICATION OF VITAMINS

 FAT SOLUBLE VITAMINS: STRUCTURE AND FUCTIONS

 WATER SOLUBLE VITAMINS AND FUNCTIONS

 COENZYMES AND FUNCTIONS

 MINERALS AND FUNCTIONS
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INTRODUCTION TO VITAMINS

 Vitamins are organic compounds required by the body in small amounts for 
metabolism, for protection, for maintenance of health and proper growth

 They cannot be synthesized by the body. Must be obtained by outside 
sources like diet, rumen of bacteria & sun.

 Vitamins also assist in the formation of hormones, blood vessels, nervous 
system chemicals and genetic materials

 They generally act as catalysts, combining with proteins to create 
metabolically active enzymes that 
are essential for life reactions

 Without enzymes, many of the reactions essential to life would slow down 
or cease
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COMPOSITION OF VITAMINS

 Vitamins are of different chemical nature. These are alcohols, aldehydes, 
organic acids, their derivatives and nucleotide derivatives
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CLASSIFICATION OF VITAMINS

 Vitamins are classified according to their ability to be absorbed in fat or 
water

 1. Fat Soluble Vitamins: these are oily and hydrophobic compounds, they are 
stored in the liver and not excreted out of the body. Bile salts and fats are needed
for their absorption. Vitamins A,D,E and K are fat soluble

 2. Water Soluble Vitamins: Vitamin B complex and Vitamin C are water soluble. 
They are not stored in the body, therefore are required daily in small amounts

5



CLASSIFICATION OF VITAMINS CONT’D

Fat Soluble Vitamins:
stored in tissues

Examples A

D E

K

Water Soluble Vitamins:

not  stored  in  tissues,  must  have constant
supply

Examples

B, B1, B2, B6 & B12

Niacin Folic Acid C
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FAT SOLUBLE VITAMINS

VITAMIN A

Vitamin A is a pale yellow primary alcohol 
derived from carotene. It include Retinol 
(alcoholic form), Retinal (aldehyde form) and 
Retinoic acid ( acidic form)

Sources, physiological functions and deficiency: 
refer to notes

STRUCTURE OF VITAMIN A
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FAT SOLUBLE VITAMINS

VITAMIN D(Calciferol)

This comprises a group of fat soluble sterol 
founds naturally in few foods.
The two major physiolgically relevant forms of 
vitamin D are D2 (ergocalciferol) and D3 
(cholecalciferol)

• Sources, physiological functions 
and deficiency: refer to notes

STRUCTURE OF VITAMIN D
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VITAMIN E
FAT SOLUBLE VITAMINS

STRUCTURE OF VITAMIN E

also called Tocopherol or

fertility hormone

Vitamin E is required in the human diet but its 
deficiency is rare except in pregnancy and the 
new born, where it is associated with hemolytic 
anaemia

• It exists in the diet as a 
mixture of eight closely 
related compounds called 
tocopherols

• Sources, physiological functions 
and deficiency: refer to notes
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FAT SOLUBLE VITAMINS

VITAMIN K

Also called phylloquinone or anti-hemorragic 
vitamin or coagulation vitamin. Vitamin K is a 
complex unsaturated hydrocarbon found in two 
forms, vitamin K1(phylloquinone) and vitamin 
K2(Menaquinone)

Sources, physiological
functions and deficiency: Refer to notes

STRUCTURE OF VITAMIN K
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WATER SOLUBLE VITAMINS

 These include the B-vitamins and vitaminC

 They are soluble in water and can therefore be excreted in the urine

 They share few common properties besides their solubility characteristics

 Most of these vitamins act as coenzymes

 Examples include thiamine (Vit B1), Riboflavin (B2), Niacin, Pantothenic acid (Vit 
B5), Vitamin B6 (Pyridoxine), Biotin, Vitamin B12 (Cobalamin) and folic acid
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WATER SOLUBLE VITAMINS

VITAMIN B1(Thiamine)

 It is a colourless and

crystalline substance

 It is readily soluble in water and 
slightly in ethyl alcohol

 Addition of a pyrophosphate(ppi) 
from ATP converts it to thiamine 
pyrophosphate (TPP), the 
coenzyme for all decarboxylation 
of alpha keto acids

 Source, physiological functions 
and deficiency: refer to notes

STRUCTURE OF VITAMIN B1
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WATER SOLUBLE VITAMINS

VITAMIN B2 (Riboflavin)

 It is a component of the flavin 
coenzymes, FAD and FMN.

 it is composed of an isoalloxazane 
ring system linked to ribitol

 It is mainly used in energy 
metabolism of sugars and 
lipids

 The activation of FMN and FAD is 
an ATP- dependent reaction

 Source, physiological function and 
deficiency: refer to notes

STRUCURE OF VITAMIN B2
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WATER SOLUBLE VITAMINS

VITAMIN B3(NIACIN OR NICOTINIC ACID)

 Niacin can be synthesized from 
tryptophan

 Niacin contains a substituted pyridine 
ring and when NAD+ activated forms 
NAD+ and its phosphorylated 
derivative NADP+, which are 
coenzymes of many dehydrogenases

 Sources, physiological functions and
deficiency: refer to notes

STRUCTURE OF VITAMIN B3
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WATER SOLUBLE VITAMINS

PANTOTHENIC ACID (VIT.B5)

 Also called coenzyme, pantothenic acid 
is a vitamin that forms an essential part
of acyl groups in general, including the 
acetyl group derived from pyruvate

 The coenzyme is derived metabolically 
from ATP, the vitamin pantothenic acid 
and β-mercaptoethylamine

 Sources, physiological functions and
deficiency: refer to notes

STRUCTURE OF VIT .B5
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WATER SOLUBLE VITAMINS

VITAMIN B6(PYRIDOXINE)

 Vit.B6 exists in three forms: 
Pyridoxine, Pyridoxal and 
Pyridoxamine and their 
corresponding phosphates

 Pyridoxal phosphate participates in 
transaminations, decarboxylations, 
racemizations and numerous 
modification of amino acid sequence 
side chains

 Sources, physiological functions 
and deficiency: Refer to notes

STRUCTURE OF VIT.B6

16



WATER SOLUBLE VITAMINS

VITAMIN B7 (BIOTIN)

 Biotin is a vitamin and a coenzyme 
commonly associated with enzyme 
performing carboxylation reactions

 Biotin is also known as “anti-egg 
white injury factor” or as H-factor

 Sources, physiological functions 
and deficiency: refer to notes

STRUCTURE OF B7
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WATER SOLUBLE VITAMINS

VITAMIN B9 or M or Bc (folic acid)

 The active form acid is 
tetrahydrofolate (THF)

 Coenzymes derived from the vitamin 
folic acid participates in the 
generation and utilization of single – 
carbon functional groups, methyl, 
methylene and formyl

 Sources, physiological functions 
and deficiency:Refer to notes

STRUCTURE OF VIT.B9
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WATER SOLUBLE VITAMINS

VITAMIN B12

(Cyanocobalamin)

 The metal cobalt in vitamin B12 is
coordinated with a tetrapyrole 
ring system, called a corin ring, 
which is similar to the porphyrin 
ringof heme compounds

 B12 requiring reactions involve 
methyl group transfer and 
adenosylcobalamin- dependent
isomerizations.

 Sources, physiological

functions and deficiency:

 Refer to notes

STRUCTURE OF B12
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WATER SOLUBLE VITAMINS

VITAMIN C (Ascorbic acid)

 It is a water soluble vitamin

 It is essential for the 
hydroxylation of proline and 
lysine in the formation of 
collagen

 Collagen is a fibrous protein 
with myriad connective and 
supportive functions

 Sources, physiological functions 
and deficiency:

 Refer to notes

STRUCTURE OF VIT.C

20



COENZYMES AND COFACTORS

 Cofactors essentially act as enzymes’ CHEMICAL TEETH

Cofactors

Essential ions Coenzymes

Activator ions (loosely bound) Metal ions of metalloenzymes
(tightly bound)

Cosubstrates (loosely bound) Prosthetic groups

(tightly bound)
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MANY VITAMINS ARE COENZYME

PRECURSORS
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MINERALS

 Minerals are inorganic elements needed for the functioning of the body

 They make up about 4%of body weight of adults, they cannot be changed 
or broken down

 Some which are needed in high quantities are referred to as macro-
elements, examples include Na, K, Mg, Cl etc.

 Others are needed in smaller quantities and are termed microelements,
they include Fe, Cu, F, I etc.
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MACRO-ELEMENTS

 The body requires relatively large amounts of about 7 minerals 
(macro-elements)

1 Calcium (Ca)

2 Phosphorus (P)

3 Sulphur

4 Magnesium

5 potassium

6 Chlorine

7 Sodium

24



MACRO-ELEMENTS

 Calcium ( Ca)

Functions: Calcium plays myriad of functions that includes

Bones and teeth formation, membrane transport, nerve transmission, muscle contraction, hearth 
rhythm, blood clotting and enzyme cofactor

Sources: milk, milk products and leafy vegetables Deficiencies : Osteoporosis and Bone fractures

Excesses: Nausea, vomiting, loss of appetite, kidney  toxicity, irregular heart beat, reduced absorption of
iron and zinc
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MACRO-ELEMENTS

  Phosphorus (P)

Functions: in bone and teeth formation, ATP formation, creatine phosphate, DNA and RNA, phospholipids and 
active transport

Source: Cheese, milk, nuts and eggs

Deficiencies: hypophosphatemia with symptoms similar to calcium deficiency

Excesses: Reduce body stores of calcium
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MACRO-ELEMENTS

3. Sulphur (S): needed by most proteins

4 Magnesium (Mg): it acts as coenzymes for enzymes

Sources: vegetables, cereals, beans, potatoes, cheese and animal tissues

Deficiencies: can result in poor calcium absorption

Excesses: Heart problems and difficulty in breathing

5 Potassium (K), 6 Chlorine (Cl) and 7 Sodium (Na)

Functions: Osmotic Balance, Nerve impulse, Muscle contractions
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MICRO-ELEMENTS

 The body requires only trace amounts of others (micro-elements). These 
includes

 1. Flouride (F)

Functions: it strengthens bones

Excesses: Browning of teeth, brittle bones, fatigue and muscle weakness

 2. Iodine (I)

Functions: Synthesis of thyroid hormones

Deficiences: Goiter, mental and physical retardation (cretinism)
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MICRO-ELEMENTS

 3. Iron (Fe)

Functions: Heamoglobin synthesis

Excesses: has been linked to arthritis, heart disease, diabetes, infectious disease and cancer

 4 Cobalt, 5 Chromium and 6 Manganese Functions: 

Cofactors for enzymes

 7 Copper

Functions: Cofactors for enzymes

Deficiency: Anemia, impaired immunity, altered iron metabolism

29

 8 Zinc MICRO-ELEMENTS



Functions: Cofactors for enzymes, synthesis of testosterone and sperm 
development

Deficiencies: Reduced immune functions, Vomiting, gastric upset and slow absorption of 
copper
 9 Molybdenum:
 Functions: Cofactors for enzymes
 Excesses: Increased secretion of copper
 10 Selenium
Functions: Cofactors for enzymes
Deficiencies: muscle pain or weakness and impaired immunity

Excesses: Fragile nails, hair loss, fatigue, abdominal pain, nausea and nerve damage
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UNIT II

Carbohydrate metabolism

Carbohydrate metabolism is the whole of the biochemical processes responsible for the metabolic formation, breakdown,
and interconversion of carbohydrates in living organisms.

Carbohydrates  are  central  to  many  essential metabolic  pathways.[1] Plants synthesize  carbohydrates  from carbon
dioxide and water through photosynthesis,  allowing  them  to  store  energy  absorbed  from  the  sunlight  internally.
[2] When animals and fungi consume plants, they use cellular respiration to break down these stored carbohydrates to make
energy available  to  cells.[2] Both  animals  and plants  temporarily  store  the  released  energy in  the  form of  high-energy
molecules, such as ATP, for use in various cellular processes.[3]

Although humans consume a variety of carbohydrates, digestion breaks down complex carbohydrates into a few
simple monomers (monosaccharides) for metabolism: glucose, fructose, and   galactose.[4] Glucose constitutes about 80% of
the products  and is  the primary structure that  is  distributed to  cells  in  the  tissues,  where  it  is  broken down or  stored
as glycogen.[3][4] In  aerobic  respiration,  the  main  form of  cellular  respiration  used  by  humans,  glucose  and oxygen are
metabolized to release energy, with carbon dioxide and water as byproducts.[2] Most of the fructose and galactose travel to
the liver, where they can be converted to glucose.[4]

Some  simple  carbohydrates  have  their  own enzymatic  oxidation pathways,  as  do  only  a  few  of  the  more  complex
carbohydrates.  The disaccharide lactose,  for  instance,  requires  the  enzyme lactase to  be  broken into its  monosaccharide
components, glucose and galactose.[5]

1Metabolic pathways
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Overview of connections between metabolic processes.

Glycolysis

Glycolysis is the process of breaking down a glucose molecule into two pyruvate molecules, while storing energy released
during  this  process  as ATP and NADH.]Nearly  all  organisms  that  break  down  glucose  utilize  glycolysis.[2] Glucose
regulation and product use are the primary categories in which these pathways differ between organisms. [2] In some tissues
and organisms, glycolysis is the sole method of energy production.[2] This pathway is common to both anaerobic and aerobic
respiration. [1]

Glycolysis consists of ten steps, split  into two phases.[2] During the first  phase, it  requires the breakdown of two ATP
molecules.[1] During the second phase, chemical energy from the intermediates is transferred into ATP and NADH. [2] The
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breakdown of one molecule of glucose results in two molecules of pyruvate, which can be further oxidized to access more
energy in later processes.[1]

Glycolysis can be regulated at different steps of the process through feedback regulation. The step that is regulated the most
is the third step. This regulation is to ensure that the body is not over-producing pyruvate molecules. The regulation also
allows  for  the  storage  of  glucose  molecules  into  fatty  acids. [6] There  are  various  enzymes  that  are  used  throughout
glycolysis. The enzymes are what help upregulate, downregulate, and feedback regulate the process.

Gluconeogenesis

Gluconeogenesis is the reverse process of glycolysis

It involves the conversion of non-carbohydrate molecules into glucose. The non-carbohydrate molecules that are converted
in this pathway include pyruvate, lactate, glycerol, alanine, and glutamine. This process occurs when there are lowered
amounts of glucose. The liver is the primary location of gluconeogenesis, but some also occurs in the kidney. [1] The liver is
the organ that breaks down the various non-carbohydrate molecules and sends them out to other organs and tissues to be
used in Gluconeogenesis.

This pathway is regulated by multiple different molecules. Glucagon, adrenocorticotropic hormone, and ATP encourage
gluconeogenesis Gluconeogenesis is inhibited by AMP, ADP, and insulin. Insulin and glucagon are the two most common
regulators of gluconeogenesis.

Glycogenolysis

Glycogenolysis refers to the breakdown of glycogen. In the liver, muscles, and the kidney, this process occurs to provide
glucose when necessary. A single glucose molecule is cleaved from a branch of glycogen, and is transformed into  glucose-
1-phosphate during  this  process This  molecule  can  then  be  converted  to glucose-6-phosphate,  an intermediate in  the
glycolysis pathway. 

Glucose-6-phosphate can then progress through glycolysis. Glycolysis only requires the input of one molecule of ATP when
the glucose originates in glycogen.[1] Alternatively, glucose-6-phosphate can be converted back into glucose in the liver and
the kidneys, allowing it to raise blood glucose levels if necessary. Glucagon in the liver stimulates glycogenolysis when the
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blood glucose is lowered, known as hypoglycemia.[7] The glycogen in the liver can function as a backup source of glucose
between meals.[2] Adrenaline stimulates the breakdown of glycogen in the skeletal muscle during exercise. [7] In the muscles,
glycogen ensures a rapidly accessible energy source for movement.[2]

Glycogenesis

Glycogenesis refers to the process of synthesizing glycogen[7] humans, excess glucose is converted to glycogen via this
process.[2] Glycogen  is  a  highly  branched structure,  consisting  of  glucose,  in  the  form of  glucose-6-phosphate,  linked
together.[2][7] The branching of glycogen increases its solubility, and allows for a higher number of glucose molecules to be
accessible for breakdown.[2] Glycogenesis occurs primarily in the liver, skeletal muscles, and kidney.[2]

Pentose phosphate pathway

The pentose phosphate pathway is an alternative method of oxidizing glucose It occurs in the liver, adipose tissue, adrenal
cortex, testis, milk glands, phagocyte cells, and red blood cells It produces products that are used in other cell processes,
while reducing NADP to NADPH.[7][8] This pathway is regulated through changes in the activity of glucose-6-phosphate
dehydrogenase.[8]

Fructose metabolism

Fructose must undergo certain extra steps in order to enter the glycolysis pathway. Enzymes located in certain tissues can
add a phosphate group to fructose. This phosphorylation creates fructose-6-phosphate, an intermediate in the glycolysis
pathway that can be broken down directly in those tissues This pathway occurs in the muscles, adipose tissue, and kidney In
the  liver,  enzymes  produce  fructose-1-phosphate,  which  enters  the  glycolysis  pathway  and  is  later  cleaved  into
glyceraldehyde and dihydroxyacetone phosphate.[2]

Galactose metabolism

Lactose, or milk sugar, consists of one molecule of glucose and one molecule of galactose. [7] After separation from glucose,
galactose travels to the liver for conversion to glucose. Galactokinase uses one molecule of ATP to phosphorylate galactose.
[2] The phosphorylated galactose is then converted to glucose-1-phosphate, and then eventually glucose-6-phosphate, which
can be broken down in glycolysis[2]
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Energy production

Many steps  of  carbohydrate  metabolism allow the  cells  to  access  energy  and store  it  more  transiently  in  ATP.[9] The
cofactors NAD+ and FAD are sometimes reduced during this process to form NADH and FADH2, which drive the creation
of  ATP in  other  processes.[9] A  molecule  of  NADH can  produce  1.5–2.5  molecules  of  ATP,  whereas  a  molecule  of
FADH2 yields 1.5 molecules of ATP.[10]

Energy produced during metabolism of one glucose molecule

Pathway ATP input
ATP
output

Net
ATP

NADH
output

FADH2 output
ATP
final
yield

Glycolysis
(aerobic)

2 4 2 2 0 5-7

Citric-acid
cycle

0 2 2 8 2 17-25

Typically, the complete breakdown of one molecule of glucose by aerobic respiration (i.e. involving both glycolysis and
the citric-acid  cycle)  is  usually  about  30–32  molecules  of  ATP.[10] Oxidation  of  one  gram  of  carbohydrate  yields
approximately 4 kcal of energy.[3]

Hormonal regulation

Glucoregulation is the maintenance of steady levels of glucose in the body.
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Hormones released  from  the pancreas regulate  the  overall  metabolism of  glucose  Insulin and glucagon are  the  primary
hormones involved in maintaining a steady level of glucose in the blood, and the release of each is controlled by the amount
of nutrients currently available. The amount of insulin released in the blood and sensitivity of the cells to the insulin both
determine the amount of glucose that cells break down.[4] Increased levels of glucagon activates the enzymes that catalyze
glycogenolysis,  and  inhibits  the  enzymes  that  catalyze  glycogenesis.  Conversely,  glycogenesis  is  enhanced  and
glycogenolysis inhibited when there are high levels of insulin in the blood

The level of circulatory glucose (known informally as "blood sugar") is the most important factor determining the amount of
glucagon or insulin produced. The release of glucagon is precipitated by low levels of blood glucose, whereas high levels of
blood glucose stimulates cells to produce insulin. Because the level of circulatory glucose is largely determined by the
intake of dietary carbohydrates, diet controls major aspects of metabolism via insulin. [12] In humans, insulin is made by beta
cells in the pancreas, fat is stored in adipose tissue cells, and glycogen is both stored and released as needed by liver cells.
Regardless of insulin levels, no glucose is released to the blood from internal glycogen stores from muscle cells.

Carbohydrates as storage

Carbohydrates  are  typically  stored as long polymers  of  glucose molecules  with glycosidic  bonds for  structural  support
(e.g. chitin, cellulose) or for energy storage (e.g. glycogen, starch). However, the strong affinity of most carbohydrates for
water makes storage of large quantities of carbohydrates inefficient due to the large molecular weight of the solvated water-
carbohydrate complex. In most organisms, excess carbohydrates are regularly catabolised to form acetyl-CoA, which is a
feed stock for the fatty acid synthesis pathway; fatty acids, triglycerides, and other lipids are commonly used for long-term
energy storage.  The hydrophobic  character  of  lipids  makes  them a much more compact  form of  energy storage than
hydrophilic carbohydrates. However, animals, including humans, lack the necessary enzymatic machinery and so do not
synthesize glucose from lipids (with a few exceptions, e.g. glycerol).[13]

In  some  animals  (such  as termites  [14]  )  and  some  microorganisms  (such  as protists and bacteria),  cellulose  can  be
disassembled during digestion and absorbed as glucose.[15]

Human disease
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 Diabetes mellitus  

 Lactose intolerance  

 Fructose malabsorption  

 Galactosemia  

 Glycogen storage disease  
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Citric Acid Cycle



The citric acid cycle is a series of reactions that produces two carbon dioxide molecules, one GTP/ATP, and reduced forms 
of NADH and FADH2.

Citric Acid Cycle (Krebs Cycle)

Like the conversion of pyruvate to acetyl CoA, the citric acid cycle takes place in the matrix of the mitochondria. Almost all
of the enzymes of the citric acid cycle are soluble, with the single exception of the enzyme succinate dehydrogenase, which 
is embedded in the inner membrane of the mitochondrion. Unlike glycolysis, the citric acid cycle is a closed loop: the last 
part of the pathway regenerates the compound used in the first step. The eight steps of the cycle are a series of redox, 
dehydration, hydration, and decarboxylation reactions that produce two carbon dioxide molecules, one GTP/ATP, and 
reduced forms of NADH and FADH2. This is considered an aerobic pathway because the NADH and FADH2 produced 
must transfer their electrons to the next pathway in the system, which will use oxygen. If this transfer does not occur, the 
oxidation steps of the citric acid cycle also do not occur. Note that the citric acid cycle produces very little ATP directly and
does not directly consume oxygen.



The citric acid cycle: In the citric acid cycle, the acetyl group from acetyl CoA is attached to a four-carbon oxaloacetate
molecule to form a six-carbon citrate molecule. Through a series of steps, citrate is oxidized, releasing two carbon dioxide
molecules for each acetyl group fed into the cycle. In the process, three NAD+ molecules are reduced to NADH, one FAD
molecule  is  reduced  to  FADH2,  and  one  ATP or  GTP (depending  on  the  cell  type)  is  produced  (by  substrate-level
phosphorylation). Because the final product of the citric acid cycle is also the first reactant, the cycle runs continuously in
the presence of sufficient reactants.



Steps in the Citric Acid Cycle

Step 1. The first step is a condensation step, combining the two-carbon acetyl group (from acetyl CoA) with a four-carbon 
oxaloacetate molecule to form a six-carbon molecule of citrate. CoA is bound to a sulfhydryl group (-SH) and diffuses away
to eventually combine with another acetyl group. This step is irreversible because it is highly exergonic. The rate of this 
reaction is controlled by negative feedback and the amount of ATP available. If ATP levels increase, the rate of this reaction
decreases. If ATP is in short supply, the rate increases.

Step 2. Citrate loses one water molecule and gains another as citrate is converted into its isomer, isocitrate.

Steps 3 and 4. In step three, isocitrate is oxidized, producing a five-carbon molecule, α-ketoglutarate, together with a 
molecule of CO2 and two electrons, which reduce NAD+ to NADH. This step is also regulated by negative feedback from 
ATP and NADH and by a positive effect of ADP. Steps three and four are both oxidation and decarboxylation steps, which 
release electrons that reduce NAD+ to NADH and release carboxyl groups that form CO2 molecules. α-Ketoglutarate is the 
product of step three, and a succinyl group is the product of step four. CoA binds the succinyl group to form succinyl CoA. 
The enzyme that catalyzes step four is regulated by feedback inhibition of ATP, succinyl CoA, and NADH.

Step 5. A phosphate group is substituted for coenzyme A, and a high- energy bond is formed. This energy is used in 
substrate-level phosphorylation (during the conversion of the succinyl group to succinate) to form either guanine 
triphosphate (GTP) or ATP. There are two forms of the enzyme, called isoenzymes, for this step, depending upon the type 
of animal tissue in which they are found. One form is found in tissues that use large amounts of ATP, such as heart and 
skeletal muscle. This form produces ATP. The second form of the enzyme is found in tissues that have a high number of 
anabolic pathways, such as liver. This form produces GTP. GTP is energetically equivalent to ATP; however, its use is 
more restricted. In particular, protein synthesis primarily uses GTP.

Step 6. Step six is a dehydration process that converts succinate into fumarate. Two hydrogen atoms are transferred to FAD,
producing FADH2. The energy contained in the electrons of these atoms is insufficient to reduce NAD+ but adequate to 
reduce FAD. Unlike NADH, this carrier remains attached to the enzyme and transfers the electrons to the electron transport 



chain directly. This process is made possible by the localization of the enzyme catalyzing this step inside the inner 
membrane of the mitochondrion.

Step 7. Water is added to fumarate during step seven, and malate is produced. The last step in the citric acid cycle 
regenerates oxaloacetate by oxidizing malate. Another molecule of NADH is produced.

Products of the Citric Acid Cycle

Two carbon atoms come into the citric acid cycle from each acetyl group, representing four out of the six carbons of one 
glucose molecule. Two carbon dioxide molecules are released on each turn of the cycle; however, these do not necessarily 
contain the most recently-added carbon atoms. The two acetyl carbon atoms will eventually be released on later turns of the 
cycle; thus, all six carbon atoms from the original glucose molecule are eventually incorporated into carbon dioxide. Each 
turn of the cycle forms three NADH molecules and one FADH2 molecule. These carriers will connect with the last portion 
of aerobic respiration to produce ATP molecules. One GTP or ATP is also made in each cycle. Several of the intermediate 
compounds in the citric acid cycle can be used in synthesizing non-essential amino acids; therefore, the cycle is amphibolic 
(both catabolic and anabolic).

Breakdown of Pyruvate

After glycolysis, pyruvate is converted into acetyl CoA in order to enter the citric acid cycle.

Protein metabolism ;

Amino acid catabolism is part of the larger process of the metabolism of nitrogen-containing molecules. Nitrogen enters the body in a

variety of compounds present in food, the most important being amino acids contained in dietary protein. Nitrogen leaves the body as

urea, ammonia, and other products derived from amino acid metabolism. The role of body proteins in these transformations involves

two important concepts: the amino acid pool and protein turnover. A. Amino acid pool Free amino acids are present throughout the



body, for example, in cells, blood, and the extracellular fluids. For the purpose of this discussion, envision all these amino acids as if

they belonged to a single entity, called the amino acid pool. 

This pool is supplied by three sources:

 1) amino acids provided by the degradation of body proteins,

 2) amino acids derived from dietary protein, and 

 3) synthesis of nonessential amino acids from simple intermediates of metabolism 

Conversely, the amino pool is depleted by three routes:

 1) synthesis of body protein,

 2) amino acids consumed as precursors of essential nitrogen-containing small molecules, and

 3) conversion of amino acids to glucose, glycogen, fatty acids or CO2 

In healthy,  well  fed individuals,  the input to the amino acid pool is balanced by the output,  that  is,  the amount of amino acids

contained in the pool is constant. The amino acid pool is said to be in a steady state.

Nitrogen Balance 

Catabolism of amino acids leads to a net loss of nitrogen from the body .This loss must be compensated by the diet in order to

maintain a constant amount of body protein ,Nitrogen balance studies evaluate the relationship between the nitrogen intake ( in the

form of protein ) and nitrogen excretion. 

Three situations are possible as follows:

1- Nitrogen equilibrium: ●In normal adults nitrogen intake = nitrogen excretion. The subject is said to be in nitrogen equilibrium or

balance. ●In this situation ,the rate of protein synthesis is equal to the rate of the rate of degradation. 

2. Positive nitrogen balance : ●In which nitrogen intake  nitrogen excretion ● It shows that nitrogen is retained in the body,˃

which means that protein is laid down. ●This occurs in growing infants and pregnant women.



3. Negative nitrogen balance: In which nitrogen intake  nitrogen excretion .this occurs during serious illness and major injury and˂

trauma ,in advanced cancer and following failure to ingest adequate or sufficient high quality protein ( malnutrition).If the situation is

prolonged, it will ultimately lead to death. 

Urea Cycle 

Urea is the major disposal form of amino groups derived from amino acids, and accounts for about 90% of the nitrogen-containing

components  of  urine.  One  nitrogen  of  the  urea  molecule  is  supplied  by  free  NH3,  and the  other  nitrogen  by aspartate.  [Note:

Glutamate is the immediate precursor of both ammonia (through oxidative deamination by glutamate dehydrogenase) and aspartate

nitrogen (through transamination of oxaloacetate by AST).] 

The carbon and oxygen of urea are derived from CO2. Urea is produced by the liver, and then is transported in the blood to the

kidneys for excretion in the urine.

A. Sequence of reactions of the cycle

 The sequence of reactions involved in the biosynthesis of urea , summarized in five steps as follows: 1- Formation of carbamoyl phosphate

 2-Formation of citrulline 

3- Formation of argininosuccinate

4.Formation of arginine and fumarate 

5-Formation of urea and ornithine 

The first two reactions leading to the synthesis of urea occur in the mitochondria, whereas the remaining cycle enzymes are located in the

cytosol 

Formation of carbamoyl phosphate: Formation of carbamoyl phosphate by carbamoyl phosphate synthetase I is driven by cleavage of two

molecules of ATP. Ammonia incorporated into carbamoyl phosphate is provided primarily by the oxidative deamination of glutamate by



mitochondrial glutamate dehydrogenase.ultimately, the nitrogen atom derived from this ammonia becomes one of the nitrogens of urea.

Carbamoyl phosphate synthetase I requires N-acetylglutamate as a positive allosteric activator (see Figure 9)

. 2-Formation of citrulline: Ornithine and citrulline are basic amino acids that participate in the urea cycle. [Note: They are not incorporated

into cellular proteins, because there are no codons for these amino acids Ornithine is regenerated with each turn of the urea cycle, much in the

same way that oxaloacetate is regenerated by the reactions of the citric acid cycle. The release of the high-energy phosphate of carbamoyl

phosphate as inorganic phosphate drives the reaction in the forward direction. The reaction product, citrulline, is transported to the cytosol.

 3-Synthesis of argininosuccinate: Citrulline condenses with aspartate to form argininosuccinate. The αamino group of aspartate provides

the second nitrogen that  is  ultimately incorporated into urea.  The formation of  argininosuccinate  is  driven by the cleavage of  ATP to

adenosine monophosphate (AMP) and pyrophosphate. This is the third and final molecule of ATP consumed in the formation of urea.

4-Cleavage of argininosuccinate: Argininosuccinate is cleaved to yield arginine and fumarate.  The arginine formed by this

reaction serves as the immediate precursor of urea. Fumarate produced in the urea cycle is hydrated to malate, providing a link

with several metabolic pathways. For example, the malate can be transported into the mitochondria via the malate shuttle and

reenter the tricarboxylic acid cycle. Alternatively, cytosolic malate can be oxidized to oxaloacetate, which can be converted to

aspartate or glucose.

5-Cleavage of arginine to ornithine and urea: Arginase cleaves arginine to ornithine and urea, and occurs almost exclusively in

the liver. Thus, whereas other tissues, such as the kidney, can synthesize arginine by these reactions, only the liver can cleave

arginine and, thereby, synthesize urea. 6-Fate of urea: Urea diffuses from the liver, and is transported in the blood to the kidneys,

where it is filtered and excreted in the urine. A portion of the urea diffuses from the blood into the intestine, and is cleaved to CO2



and NH3 by bacterial urease. This ammonia is partly lost in the feces, and is partly - 13 - reabsorbed into the blood. In patients

with kidney failure, plasma urea levels are elevated, promoting a greater transfer of urea from blood into the gut. The intestinal

action of urease on this urea becomes a clinically important source of ammonia, contributing to the hyperammonemia often seen

in these patients.

Lipid digestion[edit]

Digestion is the first step to lipid metabolism, and it is the process of breaking the triglycerides down into smaller monoglyceride units

with the help of lipase enzymes. Digestion of fats begin in the mouth through chemical digestion by lingual lipase. Ingested 

cholesterol is not broken down by the lipases and stays intact until it enters the epithelium cells of small intestine. Lipids then continue

to the stomach where chemical digestion continues by gastric lipase and mechanical digestion begins (peristalsis). The majority of 

lipid digestion and absorption, however, occurs once the fats reach the small intestines. Chemicals from the pancreas (pancreatic 

lipase family and bile salt-dependent lipase) are secreted into the small intestines to help breakdown the triglycerides,[10] along with 

further mechanical digestion, until they are individual fatty acid units able to be absorbed into the small intestine's epithelial cells.[11] It 

is the pancreatic lipase that is responsible for signaling for the hydrolysis of the triglycerides into separate free fatty acids and glycerol 

units.

Lipid absorption[edit]
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The second step in lipid metabolism is absorption of fats. Short chain fatty acids can be absorbed in the stomach, while most 

absorption of fats occurs only in the small intestines. Once the triglycerides are broken down into individual fatty acids and glycerols, 

along with cholesterol, they will aggregate into structures called micelles. Fatty acids and monoglycerides leave the micelles and 

diffuse across the membrane to enter the intestinal epithelial cells. In the cytosol of epithelial cells, fatty acids and monoglycerides are 

recombined back into triglycerides. In the cytosol of epithelial cells, triglycerides and cholesterol are packaged into bigger particles 

called chylomicrons which are amphipathic structures that transport digested lipids.[9] Chylomicrons will travel through the 

bloodstream to enter adipose and other tissues in the body.[6][2][3]

Lipid transportation[edit]

Due to the hydrophobic nature of membrane lipids, triglycerides and cholesterols, they require special transport proteins known as 

lipoproteins.[1] The amphipathic structure of lipoproteins allows the tryglycerols and cholesterol to be transported through the blood. 

Chylomicrons are one sub-group of lipoproteins which carry the digested lipids from small intestine to the rest of the body. The 

varying densities between the types of lipoproteins are characteristic to what type of fats they transport.[12] For example, very-low-

density lipoproteins (VLDL) carry the synthesized triglycerides by our body and low-density lipoproteins (LDL) transport cholesterol 

to our peripheral tissues.[6][1] A number of these lipoproteins are synthesized in the liver, but not all of them originate from this organ.[1]

Lipid catabolism[edit]

Once the chylomicrons (or other lipoproteins) travel through the tissues, these particles will be broken down by lipoprotein lipase in 

the luminal surface of endothelial cells in capillaries to release triglycerides.[13] Triglycerides will get broken down into fatty acids and 

glycerol before entering cells and remaining cholesterol will again travel through the blood to the liver.[14]
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In the cytosol of the cell (for example a muscle cell), the glycerol will be converted to glyceraldehyde 3-phosphate, which is an 

intermediate in the glycolysis, to get further oxidized and produce energy. However, the main steps of fatty acids catabolism occur in 

the mitochondria.[15] Long chain fatty acids (more than 14 carbon) need to be converted to fatty acyl-CoA in order to pass across the 

mitochondria membrane.[6] Fatty acid catabolism begins in the cytoplasm of cells as acyl-CoA synthetase uses the energy from 

cleavage of an ATP to catalyze the addition of coenzyme A to the fatty acid.[6] The resulting acyl-CoA cross the mitochondria 

membrane and enter the process of beta oxidation. The main products of the beta oxidation pathway are acetyl-CoA (which is used in 

the citric acid cycle to produce energy), NADH and FADH.[15] The process of beta oxidation requires the following enzymes: acyl-

CoA dehydrogenase, enoyl-CoA hydratase, 3-hydroxyacyl-CoA dehydrogenase, and 3-ketoacyl-CoA thiolase.[14] The diagram to the 

left shows how fatty acids are converted into acetyl-CoA. The overall net reaction, using palmitoyl-CoA (16:0) as a model substrate is:

7 FAD + 7 NAD+ + 7 CoASH + 7 H2O + H(CH2CH2)7CH2CO-SCoA → 8 CH3CO-SCoA + 7 FADH2 + 7 NADH + 7 H+

Lipid biosynthesis[edit]

In addition to dietary fats, storage lipids stored in the adipose tissues are one of the main sources of energy for living organisms.
[16] Triacylglycerols, lipid membrane and cholesterol can be synthesized by the organisms through various pathways.

Membrane lipid biosynthesis[edit]

There are two major classes of membrane lipids: glycerophospholipids and sphingolipids. Although many different membrane 

lipids are synthesized in our body, pathways share the same pattern. The first step is synthesizing the backbone 
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(sphingosine or glycerol), the second step is the addition of fatty acids to the backbone to make phosphatidic acid. Phosphatidic 

acid is further modified with the attachment of different hydrophilic head groups to the backbone. Membrane lipid biosynthesis 

occurs in the endoplasmic reticulum membrane.[17]

Triglyceride biosynthesis[edit]

The phosphatidic acid is also a precursor for triglyceride biosynthesis. Phosphatidic acid phosphotase catalyzes the conversion of 

phosphatidic acid to diacylglyceride, which will be converted to triacylglyceride by acyltransferase. Tryglyceride biosynthesis 

occurs in the cytosol.[18]

Fatty acid biosynthesis[edit]

The precursor for fatty acids is acetyl-CoA and it occurs in the cytosol of the cell.[18] The overall net reaction, 

using palmitate (16:0) as a model substrate is:

8 Acetyl-coA + 7 ATP + 14 NADPH + 6H+ → palmitate + 14 NADP+ + 6H2O + 7ADP + 7P¡

Cholesterol biosynthesis[edit]

Cholesterol can be made from acetyl-CoA through a multiple-step pathway known as isoprenoid pathway. Cholesterols are 

essential because they can be modified to form different hormones in the body such as progesterone.[6] 70% of cholesterol 

biosynthesis occurs in the cytosol of liver cells.

Beta-oxidation of Fatty Acid

 Beta-oxidation is the catabolic process by which fatty acid molecules are broken down in the cytosol in prokaryotes and in 

the mitochondria in eukaryotes to generate acetyl-CoA.
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 Acetyl-CoA enters the citric acid cycle while NADH and FADH2, which are co-enzymes, are used in the electron transport 

chain.

 It is referred as “beta oxidation” because the beta carbon of the fatty acid undergoes oxidation to a carbonyl group.

Figure: Schematic demonstrating mitochondrial fatty acid beta-oxidation and effects of long-chain 3-hydroxyacyl-coenzyme A 

dehydrogenase deficiency, LCHAD deficiency..

Location of Beta-Oxidation
Beta-Oxidation takes place in the mitochondria of eukaryotes while in the cytosol in the prokaryotes.

 Substrates: Free fatty acids; H2O.

 Products: One acetyl CoA, one NADH, and one FADH2 for every removal of a two-carbon group from the fatty acid chain.

https://microbenotes.com/tca-cycle-citric-acid-cycle-or-krebs-cycle/


The Pathway of Beta-Oxidation
 In the mitochondria, the fatty acid undergoes a series of oxidation and hydration reactions, which results in the removal of a 

two-carbon group (in the form of acetyl CoA) from the fatty acid chain as well as the formation of one NADH and one FADH2, 

which enter the electron transport chain to form five ATP.

 The acetyl CoA formed will enter the citric acid cycle and then the electron transport chain, leading to the formation of another

12 ATP. The cycle continues, with each turn of the cycle removing another two-carbon group, until the formerly long-chain fatty 

acid has been reduced to acetyl CoA or propionyl CoA.

 Propionyl CoA can be converted to succinyl CoA through three enzymatic events, which require biotin and vitamin B12 as 

cofactors, and then succinyl CoA can enter the citric acid cycle.

A. Activation of fatty acids
1. In the cytosol of the cell, long-chain fatty acids are activated by ATP and coenzyme A, and fatty acyl-CoA is formed. Short-

chain fatty acids are activated in mitochondria.

2. The ATP is converted to AMP and pyrophosphate (PPi), which is cleaved by pyrophosphatase to two inorganic phosphates (2 

Pi). Because two high-energy phosphate bonds are cleaved, the equivalent of two molecules of ATP is used for fatty acid 

activation.

B.Transport of fatty acyl-CoA from the cytosol into mitochondria

1. Fatty acyl-CoA from the cytosol reacts with carnitine in the outer mitochondrial membrane, forming fatty acylcarnitine. The 

enzyme is carnitine acyltransferase I (CAT I), which is also called carnitine palmitoyltransferase I (CPT I). Fatty acylcarnitine 

passes to the inner membrane, where it re-forms to fatty acyl-CoA, which enters the matrix. The second enzyme is carnitine 

acyltransferase II (CAT II).



2. Carnitine acyltransferase I, which catalyzes the transfer of acyl groups from coenzyme A to carnitine, is inhibited by malonyl-

CoA, an intermediate in fatty acid synthesis. Therefore, when fatty acids are being synthesized in the cytosol, malonyl-CoA 

inhibits their transport into mitochondria and, thus, prevents a futile cycle (synthesis followed by immediate degradation).

3. Inside the mitochondrion, the fatty acyl-CoA undergoes beta-oxidation.

C. β-Oxidation of even-chain fatty acids

β-Oxidation (in which all reactions involve the β-carbon of a fatty acyl-CoA) is a spiral consisting of four sequential steps, the first 

three of which are similar to those in the TCA cycle between succinate and oxaloacetate. These steps are repeated until all the carbons 

of an even-chain fatty acyl-CoA are converted to acetyl-CoA.

 FAD accepts hydrogens from a fatty acyl-CoA in the first step. A double bond is produced between the α- and β-carbons, and 

an enoyl-CoA is formed. The FADH2 that is produced interacts with the electron transport chain, generating ATP.

 Enzyme: Acyl-CoA dehydrogenase (Multiple variants of this enzyme)

 H2O adds across the double bond, and a β-hydroxyacyl-CoA is formed.

 Enzyme: Enoyl-CoA hydratase

 β -Hydroxyacyl-CoA is oxidized by NAD+ to a β-ketoacyl-CoA. The NADH that is produced interacts with the electron 

transport chain, generating ATP.

 Enzyme: L-3-hydroxyacyl-CoA dehydrogenase (which is specific for the L-isomer of the β-hydroxyacyl-CoA).

 The bond between the alpha and beta carbons of the β-ketoacyl-CoA is cleaved by a thiolase that requires coenzyme A. 

Acetyl-CoA is produced from the two carbons at the carboxyl end of the original fatty acyl-CoA, and the remaining carbons form

a fatty acyl-CoA that is two carbons shorter than the original.

 Enzyme: β -ketothiolase

 The shortened fatty acyl-CoA repeats these four steps. Repetitions continue until all the carbons of the original fatty acyl-CoA 

are converted to acetyl-CoA.





Figure: Beta oxidation of Saturated Fatty Acids with Even Carbon Chain Length. Source: Pharma X Change

Energy Yield for Even-chain Fatty Acids

 Energy is generated from the products of β-oxidation.

 The 16-carbon palmitoyl-CoA undergoes seven repetitions.

 In the last repetition, a 4-carbon fatty acyl-CoA (butyryl-CoA) is cleaved to two acetyl-CoAs.

1. When one palmitoyl-CoA is oxidized, seven FADH2, seven NADH, and eight acetyl-CoA are formed.

 The seven FADH2 each generate approximately 1.5 ATP, for a total of about 10.5 ATP.

 The seven NADH each generate about 2.5 ATP, for a total of about 17.5 ATP.

 The eight acetyl-CoA can enter the TCA cycle, each producing about 10 ATP, for a total of about 80 ATP.

 From the oxidation of palmitoyl-CoA to CO2 and H2O, a total of about 108 ATP are produced.

2. The net ATP produced from palmitate that enters the cell from the blood is about 106 because palmitate must undergo activation (a 

process that requires the equivalent of 2 ATP) before it can be oxidized (108 ATP − 2 ATP = 106 ATP).

3. The oxidation of other fatty acids will yield different amounts of ATP.

D. Oxidation of odd-chain and unsaturated fatty acids

 Odd-chain fatty acids produce acetyl-CoA and propionyl-CoA.

 These fatty acids repeat the four steps of the β-oxidation spiral, producing acetyl-CoA until the last cleavage when the 

three remaining carbons are released as propionyl-CoA.

 Propionyl-CoA, but not acetyl-CoA, can be converted to glucose.

 Unsaturated fatty acids, which comprise about half the fatty acid residues in human lipids, require enzymes in addition to the 

four that catalyze the repetitive steps of the β-oxidation spiral.

 The reaction pathway differs depending on whether the double bond is at an even- or odd-numbered carbon position.

 β -Oxidation occurs until a double bond of the unsaturated fatty acid is near the carboxyl end of the fatty acyl chain.



(1) If the double bond originated at an odd carbon number (such as 3, 5, 7, etc.), an isomerase will convert the eventual cis-Δ 3 to a 

trans-Δ 2 fatty acid.

(2) If the double bond originated at an even carbon number (such as 4, 6, 8, etc.), the eventual trans-Δ 2, cis-Δ 4 fatty acid will be 

reduced by a 2,4-dienoyl-CoA reductase, which requires NADPH and generates a trans-Δ 3-acyl-CoA and NADP1. The isomerase 

will convert the trans-Δ 3 fatty acyl-CoA to a trans-Δ 2 fatty acyl-CoA to allow β-oxidation to continue.



UNIT III

Enzymes

“Enzymes can be defined as biological polymers that catalyze biochemical reactions.” 
Majority of enzymes are proteins with catalytic capabilities crucial to perform different processes. Metabolic processes and other chemical 
reactions in the cell are carried out by a set of enzymes that are necessary to sustain life.

The initial stage of metabolic process depends upon the enzymes, which react with a molecule and is called the substrate. Enzymes 
convert the substrates into other distinct molecules and are called the products.

The regulation of enzymes has been a key element in clinical diagnosis because of their role in maintaining life processes. The 
macromolecular components of all enzymes consist of protein, except in the class of RNA catalysts called ribozymes. The word ribozyme is
derived from the ribonucleic acid enzyme. Many ribozymes are molecules of ribonucleic acid, which catalyze reactions in one of their own 
bonds or among other RNAs.

Enzymes are found in all tissues and fluids of the body. Catalysis of all reactions taking place in metabolic pathways are carried out by 
intracellular enzymes. The enzymes in plasma membrane govern the catalysis in the cells as a  response to cellular signals and enzymes 
in the circulatory system regulate clotting of blood. Most of the critical life processes are established on the functions of enzymes.

Enzyme Structure
Enzymes, as mentioned above, are biological catalysts. While they hasten or speed up a process, they are actually providing an alternative 
pathway for the process. But, in the process, the structure or composition of the enzymes remain unaltered.Enzymes are actually made up 
of 1000s of amino acids that are linked in a specific way to form different enzymes. The enzyme chains fold over to form unique shapes 
and it is these shapes that provide the enzyme with its characteristic chemical potential. Most enzymes also contain a non-protein 
component known as the co-factor.  

Enzymes are a linear chain of amino acids, which give rise to a three-dimensional structure. The sequence of amino acids specifies the 
structure, which in turn identifies the catalytic activity of the enzyme. Upon heating, enzyme’s structure denatures, resulting in a loss of 
enzyme activity, that typically is associated with temperature.

Compared to its substrates, enzymes are typically large with varying sizes, ranging from 62 amino acid residues to an average of 2500 
residues found in fatty acid synthase. Only a small section of the structure is involved in catalysis and is situated next to the binding sites. 
The catalytic site and binding site together constitute the enzyme’s active site. A small number of ribozymes exist which serve as an RNA-
based biological catalyst. It reacts in complex with proteins.
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Enzymes Classification

Earlier, enzymes were assigned names based on the one who discovered it. With further researches, classification became more 
comprehensive.

According to the International Union of Biochemists (I U B), enzymes are divided into six functional classes and are classified based on the 
type of reaction in which they are used to catalyze. The six kinds of enzymes are hydrolases, oxidoreductases, lyases, transferases, ligases
and isomerases.

Listed below is the classification of enzymes discussed in detail:

Types Biochemical Property

 Oxidoreductases
The enzyme Oxidoreductase catalyzes the oxidation reaction where the electrons tend to
travel from one form of a molecule to the other.

 Transferases
The Transferases enzymes help in the transportation of the functional group among 
acceptors and donor molecules.

 Hydrolases
Hydrolases are hydrolytic enzymes, which catalyze the hydrolysis reaction by adding 
water to cleave the bond and hydrolyze it.

 Lyases Adds water, carbon dioxide or ammonia across double bonds or eliminate these to 



create double bonds.

 Isomerases
The Isomerases enzymes catalyze the structural shifts present in a molecule, thus 
causing the change in the shape of the molecule.

 Ligases The Ligases enzymes are known to charge the catalysis of a ligation process.

Oxidoreductases

These catalyze oxidation and reduction reactions, e.g. pyruvate dehydrogenase, catalysing the oxidation of pyruvate to acetyl coenzyme A.

Transferases

These catalyze transferring of the chemical group from one to another compound. An example is a transaminase, which transfers an amino
group from one molecule to another.

Hydrolases

They catalyze the hydrolysis of a bond. For example, the enzyme pepsin hydrolyzes peptide bonds in proteins.

Lyases

These catalyze the breakage of bonds without catalysis, e.g. aldolase (an enzyme in glycolysis) catalyzes the splitting of fructose-1, 6-
bisphosphate to glyceraldehyde-3-phosphate and dihydroxyacetone phosphate.

Isomerases

They catalyze the formation of an isomer of a compound. Example: phosphoglucomutase catalyzes the conversion of glucose-1-phosphate
to glucose-6-phosphate (phosphate group is transferred from one to another position in the same compound) in glycogenolysis (glycogen is
converted to glucose for energy to be released quickly).

Ligases

Ligases catalyze the association of two molecules. For example, DNA ligase catalyzes the joining of two fragments of DNA by forming a 
phosphodiester bond.

https://byjus.com/biology/proteins/


Cofactors

Cofactors are non-proteinous substances that associate with enzymes. A cofactor is essential for the functioning of an enzyme. An enzyme 
without a cofactor is called an apoenzyme. An enzyme and its cofactor together constitute the holoenzyme.

There are three kinds of cofactors present in enzymes:

 Prosthetic groups: These are cofactors tightly bound to an enzyme at all times. A fad is a prosthetic group present in many 
enzymes.

 Coenzyme: A coenzyme binds to an enzyme only during catalysis. At all other times, it is detached from the enzyme. NAD+ is a 
common coenzyme.

 Metal ions: For the catalysis of certain enzymes, a metal ion is required at the active site to form coordinate bonds. Zn2+ is a metal 
ion cofactor used by a number of enzymes.

Functions of Enzymes
The enzymes perform a number of functions in our bodies. These include:

1. Enzymes help in signal transduction. The most common enzyme used in the process includes protein kinase that catalyzes the phosphorylation of
proteins.

2. They break down large molecules into smaller substances that can be easily absorbed by the body.
3. They help in generating energy in the body. ATP synthase is the enzymes involved in the synthesis of energy.
4. Enzymes are responsible for the movement of ions across the plasma membrane.
5. Enzymes perform a number of biochemical reactions, including oxidation, reduction, hydrolysis, etc. to eliminate the non-nutritive substances 

from the body.
6. They function to reorganize the internal structure of the cell to regulate cellular activities.

Uses Of Enzymes In Medicine Include:



 Analytical tests: Diabetics use strips of paper fertilised with aldohexose enzyme to

observe their glucose. The presence of enzymes wherever they must not be gift may

also facilitate to diagnose malady. For example, when the liver is diseased or damaged,

enzymes leak into the bloodstream. Testing the blood for these enzymes will ensure

liver injury.

 Therapeutic  accelerators:  Enzymes  area  unit  typically  used  as  medicines  to

interchange enzyme deficiencies in patients like is that the use of blood coagulation

factors  to  treat  bleeder’s  disease,  or  the  opposite  where  proteases  area  unit

accustomed degrade fibrin; to forestall the formation of dangerous blood clots. Nuclease

could  be  a  potential  medical  care  for  monogenic  disorder,  but  it  is  not  clear  how

commercialized and therapeutically successful this has been.

 Proteases  area  unit  accustomed  clean  wounds  and  thus  accelerate  the  healing

method.

 Drug  manufacture:  The  chemical  synthesis  of  complicated  medicine  is  usually

troublesome and corporations communicate enzymes to perform chemical conversions

 semi-therapeutic way; Enzymes area unit accustomed aid digestion, to supplement

the natural amylase, lipase and protease produced by the pancreas. People with lactose

intolerance lose the enzyme lactase. Lactase supplements facilitate to avoid abdomen

upsets 

https://infinitabiotech.com/blog/lactase-enzyme/


 These were the main uses of enzymes in medicine. As enzymes are specific biological

catalysts,  they  must  create  the  foremost  fascinating  therapeutic  agents  for  the

treatment of metabolic diseases.

. There are many uses of enzymes in medicine.

Being typically foreign proteins to the body, they’re substance and may elicit associate

degree  immune  reaction  which  can  cause  severe  and  severe  aversions,  notably  on

continued  use.  It  has  tested  attainable  to  bypass  this  downside,  in  some  cases,  by

disguising  the  protein  as  associate  degree  apparently  non-proteinaceous  molecule  by

valency  modification.  Asparaginase,  changed  by  valency  attachment  of  synthetic  resin

glycol,  has  been  shown  to  retain  its  anti-tumour  result  whereas  possessing  no

immunogenicity.  Clearly  the  presence  of  poisons,  pyrogens  and  alternative  harmful

materials  among  a  therapeutic  protein  preparation  is  completely  out.  Effectively,  this

encourages the utilization of animal enzymes, in spite of their high value, relative to those

of microorganism origin.

Enzymes Used To Treat Disorders:

Enzymes are used in three cases here

1. a) To break the internal blood clots.

2. b) To dissolve the hardening of walls of blood vessels.

3. c) To dissolve the wound swelling to promote healing.

https://infinitabiotech.com/blog/applications-for-enzymes/


In some disorders like low blood pressure, or head or spinal injuries, there are chances of

formation of blood clots. These clots lead to obstruction of blood flow to the target organ.

This can be life-threatening if it is in the brain or heart which require a constant supply of

oxygen and energy. The only way out then is to dissolve the clots.

These clots are usually removed by dissolution by enzymes that can break them.

Similarly, when there is atherosclerosis, hardening and thickening of blood vessel walls.

This  can  lead  to  heart  problems  if  untreated.  The  best  way  out  at  this  junction  is  to

decrease  the  fat  intake  and  also  dissolve  the  formed  thickenings.  Enzymes  like

serratiopeptidase and other work well.

For wound healing, the swelling formed might be painful and tend to form pus. Enzymes

trypsin, chymotrypsin, serratiopeptidase are used to dissolve the swelling.

Enzymes Used To Assist Metabolism

In previous or geriatric patients, the digestive capacity is low due to insufficient secretion of

digestive enzymes. Hence their gastrointestinal system cannot digest food materials with

efficiency. In such cases, they can experience malnutrition, constipation, bloating, etc. To

aid digestion, enzymes like Papain are administered orally after food for easier

digestion.

Enzymes Used To Assist Drug Delivery



Some medicines have to be compelled to penetrate deeper tissues for higher action. For

this, some enzymes are used along with drugs in intra-muscular injection forms to help

proper penetration of tissues. One of such enzymes is Hyaluronidase.

This  is  a  natural  human  protein  gift  in  human  spermatozoan  to  assist  spermatozoan

penetrate female internal reproductive organ tissue and fertilize with ova. Here the same

enzyme is manufactured by rDNA technology and administered along with drugs to enable

efficient drug delivery to the target site.

Enzymes To Diagnose Disorders

Enzymes of the liver,  kidney, skeletal muscle, heart, etc. leak into blood during related

disorders. Measuring the amount of the corresponding protein for his or her presence in

high or low levels in blood indicates the particular disorder. This is why it is important to

have enzymes in medicine.

Ex: Creatine kinase for muscle weakness and injury.

Similarly,  by  use  of  polymerase  chain  reaction  (PCR),  they  help  to  diagnose  genetic

diseases in the prenatal stage for disorders like sickle cell anaemia, Huntington’s disease,

beta-thalassemia, etc.

Enzymes Used In The Manufacture Of Medicines



Immobilized enzymes are used in the manufacture of many drugs and anti-biotic. This is

attainable as enzymes convert the pro-drug molecules to medication or beginning material

to medication. Also, steroidal drugs are manufactured by enzyme action on plant steroids.

Enzymes Used In Dentifrice

Enzymes of papaya and pineapple are utilized in the dentifrice. They are found to remove

the stain on teeth to give white and sparkling teeth.

UNIT 4 

On a typical day, the average adult will take in about 2500 mL (almost 3 quarts) of aqueous fluids. Although most 
of the intake comes through the digestive tract, about 230 mL (8 ounces) per day is generated metabolically, in the 
last steps of aerobic respiration. Additionally, each day about the same volume (2500 mL) of water leaves the body
by different routes; most of this lost water is removed as urine. The kidneys also can adjust blood volume though 
mechanisms that draw water out of the filtrate and urine. The kidneys can regulate water levels in the body; they 
conserve water if you are dehydrated, and they can make urine more dilute to expel excess water if necessary. 
Water is lost through the skin through evaporation from the skin surface without overt sweating and from air 
expelled from the lungs. This type of water loss is called insensible water loss because a person is usually unaware 
of it.

Regulation of Water Intake



Osmolality is the ratio of solutes in a solution to a volume of solvent in a solution. Plasma osmolality is thus the 
ratio of solutes to water in blood plasma. A person’s plasma osmolality value reflects his or her state of hydration. 
A healthy body maintains plasma osmolality within a narrow range, by employing several mechanisms that 
regulate both water intake and output.

Drinking water is considered voluntary. So how is water intake regulated by the body? Consider someone who is 
experiencing dehydration, a net loss of water that results in insufficient water in blood and other tissues. The 
water that leaves the body, as exhaled air, sweat, or urine, is ultimately extracted from blood plasma. As the blood 
becomes more concentrated, the thirst response—a sequence of physiological processes—is triggered. 
Osmoreceptors are sensory receptors in the thirst center in the hypothalamus that monitor the concentration of 
solutes (osmolality) of the blood. If blood osmolality increases above its ideal value, the hypothalamus transmits 
signals that result in a conscious awareness of thirst. The person should (and normally does) respond by drinking 
water. The hypothalamus of a dehydrated person also releases antidiuretic hormone (ADH) through the posterior 
pituitary gland. ADH signals the kidneys to recover water from urine, effectively diluting the blood plasma. To 
conserve water, the hypothalamus of a dehydrated person also sends signals via the sympathetic nervous system to 
the salivary glands in the mouth. The signals result in a decrease in watery, serous output (and an increase in 
stickier, thicker mucus output). These changes in secretions result in a “dry mouth” and the sensation of thirst.

On a typical day, the average adult will take in about 2500 mL (almost 3 quarts) of aqueous fluids. Although most 
of the intake comes through the digestive tract, about 230 mL (8 ounces) per day is generated metabolically, in the 
last steps of aerobic respiration. Additionally, each day about the same volume (2500 mL) of water leaves the body
by different routes; most of this lost water is removed as urine. The kidneys also can adjust blood volume though 
mechanisms that draw water out of the filtrate and urine. The kidneys can regulate water levels in the body; they 
conserve water if you are dehydrated, and they can make urine more dilute to expel excess water if necessary. 
Water is lost through the skin through evaporation from the skin surface without overt sweating and from air 
expelled from the lungs. This type of water loss is called insensible water loss because a person is usually unaware 
of it.



Regulation of Water Intake

Osmolality is the ratio of solutes in a solution to a volume of solvent in a solution. Plasma osmolality is thus the 
ratio of solutes to water in blood plasma. A person’s plasma osmolality value reflects his or her state of hydration. 
A healthy body maintains plasma osmolality within a narrow range, by employing several mechanisms that 
regulate both water intake and output.

Drinking water is considered voluntary. So how is water intake regulated by the body? Consider someone who is 
experiencing dehydration, a net loss of water that results in insufficient water in blood and other tissues. The 
water that leaves the body, as exhaled air, sweat, or urine, is ultimately extracted from blood plasma. As the blood 
becomes more concentrated, the thirst response—a sequence of physiological processes—is triggered. 
Osmoreceptors are sensory receptors in the thirst center in the hypothalamus that monitor the concentration of 
solutes (osmolality) of the blood. If blood osmolality increases above its ideal value, the hypothalamus transmits 
signals that result in a conscious awareness of thirst. The person should (and normally does) respond by drinking 
water. The hypothalamus of a dehydrated person also releases antidiuretic hormone (ADH) through the posterior 
pituitary gland. ADH signals the kidneys to recover water from urine, effectively diluting the blood plasma. To 
conserve water, the hypothalamus of a dehydrated person also sends signals via the sympathetic nervous system to 
the salivary glands in the mouth. The signals result in a decrease in watery, serous output (and an increase in 
stickier, thicker mucus output). These changes in secretions result in a “dry mouth” and the sensation of thirst.
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Decreased blood volume resulting from water loss has two additional effects. First, baroreceptors, blood-pressure 
receptors in the arch of the aorta and the carotid arteries in the neck, detect a decrease in blood pressure that results 
from decreased blood volume. The heart is ultimately signaled to increase its rate and/or strength of contractions to
compensate for the lowered blood pressure.

Second, the kidneys have a renin-angiotensin hormonal system that increases the production of the active form of 
the hormone angiotensin II, which helps stimulate thirst, but also stimulates the release of the hormone aldosterone 
from the adrenal glands. Aldosterone increases the reabsorption of sodium in the distal tubules of the nephrons in 
the kidneys, and water follows this reabsorbed sodium back into the blood.

If adequate fluids are not consumed, dehydration results and a person’s body contains too little water to function 
correctly. A person who repeatedly vomits or who has diarrhea may become dehydrated, and infants, because their 
body mass is so low, can become dangerously dehydrated very quickly. Endurance athletes such as distance 
runners often become dehydrated during long races. Dehydration can be a medical emergency, and a dehydrated 
person may lose consciousness, become comatose, or die, if his or her body is not rehydrated quickly.

Regulation of Water Output

Water loss from the body occurs predominantly through the renal system. A person produces an average of 1.5 
liters (1.6 quarts) of urine per day. Although the volume of urine varies in response to hydration levels, there is a 
minimum volume of urine production required for proper bodily functions. The kidney excretes 100 to 1200 
milliosmoles of solutes per day to rid the body of a variety of excess salts and other water-soluble chemical wastes,
most notably creatinine, urea, and uric acid. Failure to produce the minimum volume of urine means that metabolic
wastes cannot be effectively removed from the body, a situation that can impair organ function. The minimum 
level of urine production necessary to maintain normal function is about 0.47 liters (0.5 quarts) per day.

The kidneys also must make adjustments in the event of ingestion of too much fluid. Diuresis, which is the 
production of urine in excess of normal levels, begins about 30 minutes after drinking a large quantity of fluid. 
Diuresis reaches a peak after about 1 hour, and normal urine production is reestablished after about 3 hours.



Role of ADH

Figure 2. ADH is produced in the hypothalamus and released by the posterior pituitary gland. It causes the kidneys
to retain water, constricts arterioles in the peripheral circulation, and affects some social behaviors in mammals.

Antidiuretic hormone (ADH), also known as vasopressin, controls the amount of water reabsorbed from the 
collecting ducts and tubules in the kidney. This hormone is produced in the hypothalamus and is delivered to the 
posterior pituitary for storage and release (Figure 2.). When the osmoreceptors in the hypothalamus detect an 
increase in the concentration of blood plasma, the hypothalamus signals the release of ADH from the posterior 
pituitary into the blood.



ADH has two major effects. It constricts the arterioles in the peripheral circulation, which reduces the flow of 
blood to the extremities and thereby increases the blood supply to the core of the body. ADH also causes the 
epithelial cells that line the renal collecting tubules to move water channel proteins, called aquaporins, from the 
interior of the cells to the apical surface, where these proteins are inserted into the cell membrane. The result is an 
increase in the water permeability of these cells and, thus, a large increase in water passage from the urine through 
the walls of the collecting tubules, leading to more reabsorption of water into the bloodstream. When the blood 
plasma becomes less concentrated and the level of ADH decreases, aquaporins are removed from collecting tubule 
cell membranes, and the passage of water out of urine and into the blood decreases.



A diuretic is a compound that increases urine output and therefore decreases water conservation by the body. 
Diuretics are used to treat hypertension, congestive heart failure, and fluid retention associated with menstruation. 
Alcohol acts as a diuretic by inhibiting the release of ADH. Additionally, caffeine, when consumed in high 
concentrations, acts as a diuretic.

Decreased blood volume resulting from water loss has two additional effects. First, baroreceptors, blood-pressure 
receptors in the arch of the aorta and the carotid arteries in the neck, detect a decrease in blood pressure that results 
from decreased blood volume. The heart is ultimately signaled to increase its rate and/or strength of contractions to
compensate for the lowered blood pressure.

Second, the kidneys have a renin-angiotensin hormonal system that increases the production of the active form of 
the hormone angiotensin II, which helps stimulate thirst, but also stimulates the release of the hormone aldosterone 
from the adrenal glands. Aldosterone increases the reabsorption of sodium in the distal tubules of the nephrons in 
the kidneys, and water follows this reabsorbed sodium back into the blood.

If adequate fluids are not consumed, dehydration results and a person’s body contains too little water to function 
correctly. A person who repeatedly vomits or who has diarrhea may become dehydrated, and infants, because their 
body mass is so low, can become dangerously dehydrated very quickly. Endurance athletes such as distance 
runners often become dehydrated during long races. Dehydration can be a medical emergency, and a dehydrated 
person may lose consciousness, become comatose, or die, if his or her body is not rehydrated quickly.

Regulation of Water Output

Water loss from the body occurs predominantly through the renal system. A person produces an average of 1.5 
liters (1.6 quarts) of urine per day. Although the volume of urine varies in response to hydration levels, there is a 
minimum volume of urine production required for proper bodily functions. The kidney excretes 100 to 1200 
milliosmoles of solutes per day to rid the body of a variety of excess salts and other water-soluble chemical wastes,
most notably creatinine, urea, and uric acid. Failure to produce the minimum volume of urine means that metabolic



wastes cannot be effectively removed from the body, a situation that can impair organ function. The minimum 
level of urine production necessary to maintain normal function is about 0.47 liters (0.5 quarts) per day.

The kidneys also must make adjustments in the event of ingestion of too much fluid. Diuresis, which is the 
production of urine in excess of normal levels, begins about 30 minutes after drinking a large quantity of fluid. 
Diuresis reaches a peak after about 1 hour, and normal urine production is reestablished after about 3 hours.

Role of ADH

Figure 2. ADH is produced in the hypothalamus and released by the posterior pituitary gland. It causes the kidneys
to retain water, constricts arterioles in the peripheral circulation, and affects some social behaviors in mammals.



Antidiuretic hormone (ADH), also known as vasopressin, controls the amount of water reabsorbed from the 
collecting ducts and tubules in the kidney. This hormone is produced in the hypothalamus and is delivered to the 
posterior pituitary for storage and release (Figure 2.). When the osmoreceptors in the hypothalamus detect an 
increase in the concentration of blood plasma, the hypothalamus signals the release of ADH from the posterior 
pituitary into the blood.

ADH has two major effects. It constricts the arterioles in the peripheral circulation, which reduces the flow of 
blood to the extremities and thereby increases the blood supply to the core of the body. ADH also causes the 
epithelial cells that line the renal collecting tubules to move water channel proteins, called aquaporins, from the 
interior of the cells to the apical surface, where these proteins are inserted into the cell membrane. The result is an 
increase in the water permeability of these cells and, thus, a large increase in water passage from the urine through 
the walls of the collecting tubules, leading to more reabsorption of water into the bloodstream. When the blood 
plasma becomes less concentrated and the level of ADH decreases, aquaporins are removed from collecting tubule 
cell membranes, and the passage of water out of urine and into the blood decreases.

A diuretic is a compound that increases urine output and therefore decreases water conservation by the body. 
Diuretics are used to treat hypertension, congestive heart failure, and fluid retention associated with menstruation. 
Alcohol acts as a diuretic by inhibiting the release of ADH. Additionally, caffeine, when consumed in high 
concentrations, acts as a diuretic.

Buffering systems

Buffers are substances capable of releasing and binding H+. Short-term and acute changes in acid-base balance can

be balanced by buffers. Each buffer keeps its particular pH. This pH could be calculated by means of the Henderson-

Hasselbalch equation:

pH = pK + log [conjugated base]/[acid]



Henderson-Hasselbalch equation for bicarbonate buffer (HCO3
–/CO2):

pH = pKH2CO3 + log ([HCO3
–] / [H2CO3])

pH = pKH2CO3 + log ([HCO3
–] / α x pCO2)

α is conversion factor, that is used for calculation of molar concentration (mmol/l) from partial pressure of CO 2 (pCO2). α =

0,226 for pCO2 in kPA, α = 0,03 for pCO2 in mmHg).

pH = pK ± 1 is range where buffers work optimally.

In Henderson-Hasselbalch equation above you should notice that for pH that buffers keep depends primarily on ratio of

conjugated base and acid (Of course concentration of each component is important but not that much). Therefore it is

really important to know the ratio. Ratio of conjugated base and acid could be calculated from relation between pH and

pK. For example bicarbonate buffer (pH = 7,4; pK = 6,1):

pH = pKH2CO3 + log ([HCO3
–] / [H2CO3])

7,4 = 6,1 + log ([HCO3
–] / [H2CO3])

1,3 = log ([HCO3
–] / [H2CO3])

[HCO3
–] / CO2 ≈ 20 / 1

The ratio in bicarbonate buffer is 20:1 (HCO3
– : CO2)

There  are  several  buffer  systems  in  the  body.  The  most  important  include:  (1)  bicarbonate  buffer  (HCO 3
–/CO2),  (2)

haemoglobin buffer (in erythrocytes), (3) phosphate buffer, (4) proteins,  and (5) ammonium buffer. Their  importance

differs as it depends on localization.

Main buffer systems according to body compartments.

Localization Buffer Commentary

ISF
Bicarbonate Buffers metabolic acids



Phosphate Low concentration – limited significance

Proteins Low concentration – limited significance

Blood
Bicarbonate Buffers metabolic acids

Haemoglobin Buffers CO2 (carbonic acid production)

Plasma proteins Minor

Phosphate Low concentration – limited significance

ICF
Proteins Significant buffer

Phosphate Significant buffer

Urine
Phosphate

Responsible for majority of the titratable urine
acidity

Ammonium
Significant: elimination of ammonium nitrogen
and protons; cation

_

Following table shows buffering capacity of blood buffers.

Blood buffers and their buffer capacity

Buffer Plasma Erythrocytes Together

HCO3
– / CO2 35 % 18 % 53 %



Hb / Hb-H+

– 35 % 35 %

Plasma proteins
7 % – 7 %

Inorganic phosphate
1 % 1 % 2 %

Organic phosphate
– 3 % 3 %

43 % 57 % 100 %

_

Because of fact that all buffer systems are in equilibrium any kind of drift in pH causes response in all buffer systems.

Any concentration change of any component of any buffer influences both pH, and all buffer systems.

Bicarbonate buffer (HCO3
–/CO2)

Bicarbonate buffer is the most important buffer system in blood plasma (generally in the extracellular fluid). This

buffer consists of weak acid H2CO3 (pK1 = 6,1) and conjugated base HCO3
– (bicarbonate).

Bicarbonate  concentration  is  given  in mmol/l (average  value  is 24  mmol/l).  Since  carbonic  acid  is  very  unstable

molecule measurement of its concentration is very difficult. H2CO3 is  produced from CO2 hence it  is  possible  to

express  carbonic  acid  concentration  as partial  pressure  of  CO2 (pCO2) because  pCO2 is  directly  proportional  to

CO2 concentration.  pCO2 is  easily  measured  (kPa,  mmHg).  Average  value  in  arterial  blood  is 5,3  kPa  =  40

mmHg. pCO2 multiplied by α gives us molar concentration of dissolved CO2 (α = 0,226 for pCO2 in kPa, α = 0,03 if pCO2 for



mmHg). Conversion relationship between mmHg and kPa is: 1 Pa = 0,0075 mmHg (i.e. 760 mmHg ≈ 100 kPa). In normal

plasma pH is HCO3
–/CO2 ratio 20 / 1.

Henderson-Hasselbalch equation for bicarbonate buffer:

pH = pK + log [conjugated base] / [acid]

pH = pK + log ([HCO3
–] / [H2CO3])

pH = 6,1 + log ([HCO3
–] / pCO2 x α)

pH = 6,1 + log (24 / 40 x 0,03)

pH = 6,1 + 1,3

pH = 7,4

HCO3
–/CO2 is so called open buffer system. This means body is capable to actively alter both bicarbonate, and carbon

dioxide. pCO2 is  regulated  by respiratory  tract (by  means  of ventilation  – respiratory  rate  and  depth  of

breathing). HCO3
– levels are altered by the kidneys and the liver. HCO3

– could be both synthesized, and eliminated.

Now you should recall what is stated above: pH = pK ± 1 is range where buffers work optimally. This should mean that

bicarbonate buffer would work best in range 5,1-7,1, but in pH 7,4 it is very effective because it is open That is: organism

is able to actively change both components.

We use status of bicarbonate buffer for clinical evaluation of patient´s acid-base balance. (pH measurement, [HCO 3
–] a

pCO2)
Protein buffers

Body proteins (plasma proteins and intracellular)  are the most abundant and the most powerful buffer system in

whole  organism.  Some  amino  acids  have  acid  or  basic  side  chains  (His,  Lys,  Arg,  Glu,  Asp).  Among  blood

proteins haemoglobin is the most important.  It  provides 35 % of buffering capacity of  blood, remaining proteins

provide only 7 %.



Role of erythrocytes and haemoglobin in the acid-base balance

Intensive change of blood gases occurs in working tissue. CO2 diffuses to erythrocytes. In the red blood cell CO2 either

(1) binds to haemoglobin (and carbaminohemoglobin is formed), or (2) reacts with water. This reaction is catalysed

by carbonic anhydrase (CA, carbonate dehydratase):

CO2 + H2O ↔ H2CO3

Produced carbonic acid dissociates:

H2CO3 ↔ HCO3
– + H+

More than 70% of produced HCO3
– leave erythrocyte using special HCO3

–/Cl– antiport. That is bicarbonate is exchanged

for  Cl–.  This  process  is  called Hamburger´s  effect (chloride  shift).  In  carbonic  acid  dissociation  H+ is  produced.

Generated protons are buffered by haemoglobin. Deoxygenated haemoglobin is stronger base than oxygenated thus

deoxygenated is more capable of taking up protons.

In lungs HCO3
– is changed to CO2, using enzyme CA. CO2 is exhaled. Reaction HCO3

– → CO2 + H2O demands H+. Protons for

this process are taken from haemoglobin which affinity to H+ has lowered just when it arrived to lungs where is high

pO2 and  haemoglobin  become  oxygenated.  Reaction  catalysed  by  carboanhydrase  has  reverse  course  in  lungs  in

comparison to other tissues:

HCO3
– + H+ → CO2 + H2O

More information are in Chapter 6.

Phosphate buffer

Phosphate buffer consists of inorganic and organic bound phosphate (i.e. esters of organic substances, e.g. AMP, ADP,

and ATP). Phosphate buffer is important intracellular and urine buffer. In blood it accounts for only 5 % of buffering

capacity.

Urine buffers

There  are  two  important  urine  buffers:  (1) ammonium  buffer (NH3/NH4
+)  and  (2) phosphate  buffer. Every  day  is

excreted 30-50 mmol of NH4
+. This is important because excretion of NH4

+ is significantly regulated when the acid-base



balance  is  disturbed.  That  is  excretion  of  ammonium  could  be  much  decreased  or  much  increased.

In acidosis is glutaminase activated in the kidneys. Glutaminase splits  glutamine to glutamate and NH3.  NH3 is then

eliminated to the urine. This process includes also the liver, where less urea and more glutamine is produced in acidosis.

Every day is excreted 20 mmol of phosphates (i.e. titratable urine acidity). Physiologic urine pH is 4,4-8,0.

UNIT V:

An early objective in biochemistry was to provide analytical methods for the determination of various 
blood constituents because it was felt that abnormal levels might indicate the presence of metabolic diseases. The 
clinical chemistry laboratory now has become a major investigative arm of the physician in the diagnosis and 
treatment of disease and is an indispensable unit of every hospital. Some of the older analytical methods directed 
toward diagnosis of common diseases are still the most commonly used—for example, tests for determining the 
levels of blood glucose, in diabetes; urea, in kidney disease; uric acid, in gout; and bilirubin,
liver and gallbladder disease. With development of the knowledge of enzymes, determination of certain enzymes 
in blood plasma has assumed diagnostic value, such as alkaline phosphatase, in bone and liver disease; acid 
phosphatase, in prostatic cancer; amylase, in pancreatitis; and lactate dehydrogenase and transaminase, in cardiac 
infarct. Electrophoresis of plasma proteins is commonly employed to aid in the diagnosis of various liver diseases 
and forms of cancer. Both electrophoresis and ultracentrifugation of serum constituents (lipoproteins) are used 
increasingly in the diagnosis and examination of therapy of atherosclerosis and heart disease. Many specialized and
sophisticated methods have been introduced, and machines have been developed for the simultaneous automated 
analysis of many different blood constituents in order to cope with increasing medical needs.
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Analytical biochemical methods have also been applied in the food industry to develop crops superior in nutritive 
value and capable of retaining nutrients during the processing and preservation of food. Research in this area is 
directed particularly to preserving vitamins as well as colour and taste, all of which may suffer loss if oxidative 
enzymes remain in the preserved food. Tests for enzymes are used for monitoring various stages in food 
processing.

Biochemical techniques have been fundamental in the development of new drugs. The testing of potentially useful 
drugs includes studies on experimental animals and man to observe the desired effects and also to detect possible 
toxic manifestations; such studies depend heavily on many of the clinical biochemistry techniques already 
described. Although many of the commonly used drugs have been developed on a rather empirical (trial-and-error) 
basis, an increasing number of therapeutic agents have been designed specifically as enzyme inhibitors to interfere 
with the metabolism of a host or invasive agent. Biochemical advances in the knowledge of the action of natural 
hormones and antibiotics promise to aid further in the development of specific pharmaceuticals.

importance of biochemistry in MEDICINE

• Physiology: Biochemistry helps one understand the biochemical changes and related physiological alteration in
the  body.
• Pathology: Based on the symptoms described by the patient, physician can get clue on the biochemical change
and the associated disorder. For example if a patient complains about stiffness in small joints, then physician may
predict it to be gout and get confirmed by evaluating uric acid levels in the blood. As uric acid accumulation in
blood  results  in  gout.
• Nursing and diagnosis: In nursing importance of clinical biochemistry is invaluable. Also almost all the diseases
or disorders have some biochemical involvement. So the diagnosis of any clinical condition is easily possible by
biochemical estimations.

Importance of biochemistry in NUTRITION
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• Food chemistry gives an idea of what we eat. The nutrients value of food material can also be determined by
biochemical  tests.
•  Role  of  nutrients:  Due  to  biochemistry  the  importance  of  vitamins,  minerals,  essential  fatty  acids,  their
contribution to health were known. Hence there is frequent recommendation for inclusion of essential amino-acids,
cod  liver  oil,  salmon  fish  oil  etc.  by  physicians  and  other  health  and  fitness  experts.
• Physician can prescribe to limit usage of certain food like excess sugar for diabetics, excess oil for heart & lung
problem prone patients etc. As these carbohydrate and fat biochemical can inhibit the recovery rate from said
disorder. This knowledge is due to their idea on food chemistry and related

Nutrition

Biochemists  have  long  been  interested  in  the  chemical composition of  the  food  of  animals.  All  animals
require organic material in their diet, in addition to water and minerals. This organic matter must be sufficient in
quantity to satisfy the caloric,  or  energy,  requirements of  the animals.  Within certain limits, carbohydrate, fat,
and protein may  be  used  interchangeably  for  this  purpose.  In  addition,  however,  animals  have  nutritional
requirements for specific organic compounds. Certain essential fatty acids, about ten different amino acids (the so-
called essential amino acids), and vitamins are required by many higher animals. 

In spite of the large apparent differences in nutritional requirements of plants and animals, the patterns of chemical
change within the cell are the same. The plant manufactures all the materials it needs, but these materials are
essentially similar to those that the animal cell uses and are often handled in the same way once they are formed.
Plants could not furnish animals with their nutritional requirements if the cellular constituents in the two forms
were not basically similar.

Digestion
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The organic food of animals, including man, consists in part of large molecules. In the digestive tracts of higher
animals,  these  molecules  are  hydrolyzed,  or  broken  down,  to  their  component  building  blocks.  Proteins  are
converted to mixtures of amino acids, and polysaccharides are converted to monosaccharides. In general, all living
forms use the same small molecules, but many of the large complex molecules are different in each species. An
animal, therefore, cannot use the protein of a plant or of another animal directly but must first break it down to
amino  acids  and  then recombine  the  amino  acids  into  its  own characteristic  proteins.  The hydrolysis of  food
material is necessary also to convert solid material into soluble substances suitable for absorption. The liquefaction
of stomach contents aroused the early interest of observers, long before the birth of modern chemistry, and the
hydrolytic  enzymes  secreted  into  the digestive  tract were  among  the  first  enzymes  to  be  studied  in
detail. Pepsin and trypsin,  the proteolytic  enzymes of  gastric  and pancreatic  juice,  respectively,  continue to be
intensively investigated.

The products of enzymatic action on the food of an animal are absorbed through the walls of the intestines and
distributed  to  the  body  by  blood  and  lymph.  In  organisms  without  digestive  tracts,  substances  must  also  be
absorbed in some way from the environment. In some instances simple diffusion appears to be sufficient to explain
the transfer  of  a  substance  across  a  cell  membrane.  In  other  cases,  however  (e.g.,  in  the case  of  the transfer
of glucose from the lumen of the intestine to the blood), transfer occurs against a concentration gradient. That is,
the glucose may move from a place of lower concentration to a place of higher concentration.

In the case  of  the  secretion  of hydrochloric  acid into gastric  juice,  it  has  been shown that  active secretion is
dependent on an adequate oxygen supply (i.e., on the respiratory metabolism of the tissue), and the same holds for
absorption of salts by plant roots. The energy released during the tissue oxidation must be harnessed in some way
to provide the energy necessary for the absorption or secretion. This harnessing is achieved by a special chemical
coupling system. The elucidation of the nature of such coupling systems has been an objective of the biochemist.

Blood
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One of the animal tissues that has always excited special curiosity is blood. Blood has been investigated intensively
from the early days of biochemistry, and its chemical composition is known with greater accuracy and in more
detail than that of any other tissue in the body. The physician takes blood samples to determine such things as
the sugar content, the urea content, or the inorganic-ion composition of the blood, since these show characteristic
changes in disease.

The blood pigment hemoglobin has been intensively studied. Hemoglobin is confined within the blood corpuscles
and  carries  oxygen  from the  lungs  to  the  tissues.  It  combines  with  oxygen  in  the  lungs,  where  the  oxygen
concentration  is  high,  and  releases  the  oxygen  in  the  tissues,  where  the  oxygen  concentration  is  low.  The
hemoglobins of higher animals are related but not identical. In invertebrates, other pigments may take the place and
function  of  hemoglobin.  The  comparative  study  of  these  compounds constitutes a  fascinating  chapter  in
biochemical investigation.

The proteins of blood plasma also have been extensively investigated. The gamma-globulin fraction of the plasma
proteins contains the antibodies of the blood and is of practical value as an immunizing agent. An animal develops
resistance  to  disease  largely by antibody production.  Antibodies are  proteins with the ability  to  combine with
an antigen (i.e.,  an  agent  that  induces  their  formation).  When  this  agent  is  a  component  of  a  disease-causing
bacterium, the antibody can protect an organism from infection by that bacterium. The chemical study of antigens
and antibodies and their interrelationship is known as immunochemistry.

Metabolism and hormones

The cell is the site of a constant, complex, and orderly set of chemical changes collectively called metabolism. 
Metabolism is associated with a release of heat. The heat released is the same as that obtained if the same chemical 
change is brought about outside the living organism. This confirms the fact that the laws of thermodynamics apply 
to living systems just as they apply to the inanimate world. The pattern of chemical change in a living cell, 
however, is distinctive and different from anything encountered in nonliving systems. This difference does not 
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mean that any chemical laws are invalidated. It instead reflects the extraordinary complexity of the interrelations of
cellular reactions.

Hormones, which may be regarded as regulators of metabolism, are investigated at three levels, to determine

 (1) their physiological effects, 

(2) their chemical structure, and

 (3) the chemical mechanisms whereby they operate. 

The study of the physiological effects of hormones is properly regarded as the province of the physiologist. Such 
investigations obviously had to precede the more analytical chemical studies. The chemical structures of thyroxine 
and adrenaline are known. The chemistry of the sex and adrenal hormones, which are steroids, has also been 
thoroughly investigated. The hormones of the pancreas—insulin and glucagon—and the hormones of the 
hypophysis (pituitary gland) are peptides (i.e., compounds composed of chains of amino acids). The structures of 
most of these hormones has been determined. The chemical structures of the plant hormones, auxin and gibberellic 
acid, which act as growth-controlling agents in plants, are also known.

The first and second phases of the hormone problem thus have been well, though not completely, explored, but the 
third phase is still in its infancy. It seems likely that different hormones exert their effects in different ways. Some 
may act by affecting the permeability of membranes; others appear to control the synthesis of certain enzymes. 
Evidently some hormones also control the activity of certain genes.

Genes

Genetic studies have shown that the hereditary characteristics of a species are maintained and transmitted by the 
self-duplicating units known as genes, which are composed of nucleic acids and located in the chromosomes of 
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the nucleus. It was then shown that such a mutant had lost an enzyme essential for the synthesis of the amino acid 
in question. The subsequent development of techniques for the isolation of mutants with specific nutritional 
requirements led to a special procedure for studying intermediary metabolism.

https://www.britannica.com/science/nucleus-biology





	Proteins
	Proteins are known as the building blocks of life because they are the most abundant molecules present in the body and forms about 60% of the dry weight of cells. They are the most common cells found in all living organisms. Apart from cells, most of the enzymes, regulatory and structural parts of the body are made up of proteins. As a result, they are essential for the growth and development of an individual.
	Protein Structure
	Functions of Protein
	Structure of Triglycerides
	1. Simple lipids
	2. Compound lipids
	3. Derived lipids:

	Functions
	LECTURE CONTENTS

	INTRODUCTION TO VITAMINS
	COMPOSITION OF VITAMINS
	CLASSIFICATION OF VITAMINS
	CLASSIFICATION OF VITAMINS CONT’D

	FAT SOLUBLE VITAMINS
	FAT SOLUBLE VITAMINS
	FAT SOLUBLE VITAMINS
	FAT SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	WATER SOLUBLE VITAMINS
	COENZYMES AND COFACTORS
	Cofactors

	MINERALS
	MACRO-ELEMENTS
	MACRO-ELEMENTS
	MICRO-ELEMENTS

	MICRO-ELEMENTS
	Carbohydrate metabolism
	Metabolic pathway
	Glycolysis
	Gluconeogenesis
	Glycogenolysis
	Glycogenesis
	Pentose phosphate pathway
	Fructose metabolism
	Galactose metabolism

	Hormonal regulation
	Carbohydrates as storage
	Human disease
	Citric Acid Cycle
	Citric Acid Cycle (Krebs Cycle)
	Steps in the Citric Acid Cycle
	Products of the Citric Acid Cycle

	Breakdown of Pyruvate
	Lipid digestion[edit]
	Lipid absorption[edit]
	Lipid transportation[edit]
	Lipid catabolism[edit]
	Lipid biosynthesis[edit]
	Membrane lipid biosynthesis[edit]
	Triglyceride biosynthesis[edit]
	Fatty acid biosynthesis[edit]
	Cholesterol biosynthesis[edit]


	Beta-oxidation of Fatty Acid
	C. β-Oxidation of even-chain fatty acids
	D. Oxidation of odd-chain and unsaturated fatty acids
	UNIT III
	Enzymes
	Enzyme Structure
	Enzymes Classification
	Oxidoreductases
	Transferases
	Hydrolases
	Lyases
	Isomerases
	Ligases
	Cofactors

	Functions of Enzymes
	Uses Of Enzymes In Medicine Include:
	Enzymes Used To Treat Disorders:
	Enzymes Used To Assist Metabolism
	Enzymes Used To Assist Drug Delivery
	Enzymes To Diagnose Disorders
	Enzymes Used In The Manufacture Of Medicines
	Enzymes Used In Dentifrice

	Regulation of Water Intake
	Regulation of Water Intake
	Regulation of Water Output
	Role of ADH
	Regulation of Water Output
	Role of ADH
	Buffering systems
	Blood buffers and their buffer capacity
	Bicarbonate buffer (HCO3–/CO2)
	Protein buffers
	Phosphate buffer
	Urine buffers

	importance of biochemistry in MEDICINE
	Importance of biochemistry in NUTRITION


	Nutrition
	Digestion
	Blood

	Metabolism and hormones
	Genes


