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1.1 INTRODUCTION TO THE CELL

It is the cell that makes an organism living in all living organisms. Each and every

organism is made up of cells, either single celled or multiple celled. The organisms which

have a single cell in them are called unicellular organisms and those organisms which are

made up of many cells are called multi-cellular organisms.

Unicellular organisms are capable of two things, firstly of independent existence and

secondly of performing the essential functions of life. Therefore, the cell is the one unit

which makes up the structure of the living organism and does all the functioning of the

living organism as well.

Scientist had observed many animal cells and found out that a thin outer layer was

present as the cover of the cells and called it the plasma membrane. Schwann had said that cells

were the basic units which made the animal and plant bodies and some cell products also

helped in making those bodies.

Later on, it was known as the cell theory which is stated as under:

(1) “All living organisms are composed of cells and cell products.”

(2) “All cells arise from pre-existing cells.”

The cell has an outer membrane which is its delimiting structure. Inside each cell, lies

a structure which has a membrane and is dense in nature and it is known as the nucleus.

The nucleus has chromosomes inside it and the chromosomes then contain the genetic

material more commonly referred to as the DNA.

The prokaryotic cells have a nucleus which is not bound by any membrane whereas

the eukaryotic cells have a nucleus which is bound by a membrane. Inside the cell beside

other organelles most of the volume is occupied by a half-fluid complex known as the

cytoplasm. The cytoplasm is the area where all the cellular activities take place in both plant

and animal cells. By cellular activity we mean the chemical reactions taking place which

make the cell's state living. Without the reactions the cell would end up in a dead state.
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Inside the cell, apart from the cytoplasm and the nucleus, many other structures

which are also known as the organelles are found. They are:

1. The Endoplasmic Reticulum

2. The Golgi Apparatus

3. Lysosomes

4. Mitochondria

5. Microbodies

6. Vacuoles

7. Ribosomes

The ribosomes are another type of organelles which also do not have a membrane and

are present in prokaryotic cells and eukaryotic cells. In prokaryotic cells, they are found

inside the cytoplasm and in eukaryotic cells they are found not only inside the cytoplasm

but attached to other organelles such as mitochondria and rough endoplasmic reticulum.

Centriole is one of the other organelles which does not have a membrane and their purpose

is to help in cell division.

1.2 PROKARYOTIC CELL

The prokaryotic cells are of the organisms such as bacteria, blue green algae, mycoplasma

and PPLO (pleuro pneumonia like organisms).

The prokaryotes have two walls delimiting the cell known as the cell wall which

surrounds the cell membrane.

The nucleus is not defined properly and most of the cell volume is filled with the

cytoplasm. The genetic material is not surrounded by the nuclear membrane. The genomic

DNA is in the form of a circular DNA or single chromosome. Apart from this, some small

circular DNAs are found in addition to the genomic DNA.

Small circular DNA

Single chromosome

Cell wall

Ribosome

Plasma
membrane

Cytoplasm

Ribosome

Fig. 1.1: The Cell
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Nuclear membrane is found only in eukaryotes and ribosomes are the only organelles

which are found in eukaryotes and prokaryotes.

In prokaryotes as well as eukaryotes, the cell is protected by a three layer unit which

consists of glycocalyx, the cell wall and the plasma membrane. The glycocalyx is the

outermost layer, then comes the cell wall and the inner most layer is the plasma membrane.

The function of the cell wall is to provide shape and structural support to the cell so that

the cell does not burst or collapse. The role of the plasma membrane is to contact the outside

environment. It is also semipermeable so that material can flow from inside to outside and

outside to inside.

The ribosomes in prokaryotes are mostly attached to the plasma membrane of the cell.

The ribosomes are around 15nm to 20nm long and are formed of two subunits 40S and 30S

which form the 70S prokaryotic ribosomes. The 40S is the large ribosomal unit and the 30S

is the small ribosomal unit. Ribosomes are the site of protein synthesis (that is where the

proteins are made). Many ribosomes are connected to one mRNA (messenger RNA) and

make up a sequence which is known as polyribosomes or polysome.

1.3 EUKARYOTIC CELL

The eukaryotes are of the type of plants, animals and fungi. The most distinguishing

feature of the eukaryotes is that the cytoplasm is separated from the other organelles by

the presence of membranes bound to those organelles. Also the nucleus is membrane bound

by a nuclear membrane. The genetic material of the eukaryotes is organized into chromosomes.

Fig. 1.2: The Eukaryotic Cell

The cell membrane is made up of lipids that are placed in a bi-layer fashion, also it

contains proteins and carbohydrates. In human beings, the membrane has 52% proteins

and 40% lipids. The proteins of the membrane are either known as integral or peripheral.
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Proteins that are on the periphery or the upper part are present on the outside of the

membrane and are known as the peripheral proteins, and the proteins which are internal

are present in the inner core of the membrane and they are called the integral proteins.

Fig. 1.3: The Plasma Membrane

The contribution of the plasma membrane is to transport the molecules across it. The

membrane is able to leak a number of molecules which are present on any side of it. Many

molecules can move easily through the membrane without the use of energy and this is

called the passive transport. While active transport is the one in which energy is utilized

that is ions move from the low concentration gradient to the high concentration gradient.

The role of cell wall is to provide shape and to protect the cell from mechanical damage

and infection. This forms the outer covering of the cell surrounding the plasma membrane.

In the cytoplasm, exists a network of tiny tubular structures called endoplasmic reticulum.

If the ER shows ribosomes on its surface then it is called the rough endoplasmic reticulum,

if it has no ribosomes on its surface then it is called the smooth endoplasmic reticulum.

The golgi apparatus appears as many flat disc shaped sacs of 0.5 µm to 1.0 µm diameter.

The golgi apparatus are placed parallely to each other.

The ribosomes are composed of ribonucleic acid and proteins and are not surrounded

by any membrane. The 80S ribosomes are of eukaryotic type while the prokaryotic counterparts

are 70S. The S over here stands for sedimentation coefficient which is a measure of density

and size for the ribosomes. The 70S and 80S ribosomes are made up of two subunits.

In eukaryotic ribosomes, the large ribosomal unit is of 50S and the small ribosomal unit is

of 30S.

The centrosome is an organelle containing two cylindrical structures called centrioles.

The 2 centrioles are placed perpendicularly to each other in the centrosome and each

of the centrioles has a cartwheel type of organization. The centriole's central part is also
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made up of proteins and is known as the hub. It is connected with three small peripheral

tubes in radial straight lines made of proteins.

When the nucleus is dividing, it is known as the metaphase nucleus and when the

nucleus is not dividing it is known as the interphase nucleus.

In the interphase nucleus, the nucleus is arranged into very comprehensive and detailed

fibres made up of nucleoprotein which are known as chromatin and the nuclear matrix

which is commonly known as the nucleoplasm is set inside it.

Interphase

Cell membrane

Nuclear membrane

Nucleolus

Centrosome
(Paired centrioles)

Chromatin

Fig. 1.4: The Interface Nucleus

During metaphase the nucleus has well defined chromosomes which contain the DNA,

the nucleolus and the nucleoplasm.

Chromosome = 2 sister chromatids,
joined at centromere

Centromere

Plasma membrane

Pericentriolar area
Centrioles Centrosome

Metaphase plate

Fig. 1.5: The Nucleus During Metaphase
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There are 2 parallel membranes covering the nuclear envelope to prevent materials to

escape into the cytoplasm. The space between the 2 parallel membranes is known as the

perinuclear space and is around 10 to 50 nm wide. It lets the materials stay inside the

nucleus. At distant intervals the nuclear envelope bears pores which are formed by fusion

of its two membranes. The nuclear pores allow the passage of RNA and protein molecules

outside to the cytoplasm and also in the opposite direction, i.e., from the cytoplasm to the

nucleoplasm.

The nucleoplasm is made up of chromatin fibres and the nucleolus. Spherical structures

present in the nucleoplasm are known as the nucleoli. The chromatin is a loose indistinct

network of nucleoprotein fibres which are present during the interphase nucleus. When

different stages of cell division take place specially during metaphase, cells show structured

chromosomes in place of nucleus.

The chromatin has DNA and also contains basic proteins known as histones, some

non-histone proteins and RNA.

A human cell is made up of 46 (23 pairs of) chromosomes which are present in a strand

of DNA which is of the length of 2 metres.

1.4 BIOMOLECULES

The living organisms are composed of elements and compounds such as carbon, hydrogen,

oxygen and many others. All these elements are also present in the earth's crust as well as

in a living tissue. The experiments reveal that the proportion of these elements' presence

is more in the living organisms than in the earth’s crust.

If we take a living tissue and grind it in trichloroacetic acid, we obtain the acid soluble

portion and the acid insoluble portion. In this acid—soluble pool, thousands of organic

compounds are found. All the carbon compounds that we get from living tissues are called

biomolecules. Living organisms are composed of inorganic elements and compounds, inorganic

elements does not have carbon compounds in them and organic has carbon compounds in

them. The amino acids are made up of compounds which are organic in nature and they

have 2 groups, first is an amino group and the second is an acidic group which take place

on the same carbon atom, i.e., the α-carbon. Therefore, they are known as the α-amino acids.

In the α-amino acids there are four different groups occupying four valency positions.

These are hydrogen, carboxyl, group, amino group and a variable group designated as

R-group. The amino acids are identified based on their variable group. There are 20 different

amino acids which occur in proteins.

H N2 C COOH

H

H

Glycine

H N2 C COOH

H

CH3

Alanine

H N2 C COOH

H

CH2

Serine

OH

The R-group in these proteinaceous amino acids is a hydrogen (glycine), a methyl

group (alanine), hydroxyl methyl (serine) etc.
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The amino and the carboxyl groups determine whether the amino acids are acidic

(glutamic acid), basic (lysine) or neutral (valine). There are some aromatic amino acids such

as tyrosine, phenylaline and tryptophan.

The amino acids are able to form ions and interact with other groups so their structure

changes. This is the property of NH
2
 and COOH groups.

Lipids are generally water insoluble, normally a fatty acid. A fatty acid has a carboxyl

group attached to an R-group. The R-group is either a methyl (CH
3
) or ethyl (C

2
H

5
) or any

higher number of CH
2
.

There are a number of carbon compounds which contain heterocyclic rings in living

organisms. Some of them contain nitrogen bases and are known as adenine, guanine, cytosine,

uracil and thymine. The nitrogen bases attached to a sugar are called nucleosides and if a

phosphate group is attached to the nucleosides it is called a nucleotide.

 

The nucleic acids DNA and RNA consist of nucleotides only, DNA and RNA function

as the genetic material.

1.4.1 Bio Macro Molecules

Biomolecules, i.e., chemical compounds found in living organisms are of two types. The

first ones have molecular weights less than one thousand Dalton and are usually referred

to as micromolecules or simple biomolecules and the second ones are those that have water.

The water insoluble fraction are macromolecules or biomacromolecules.
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1.5 PROTEINS

Proteins are polypeptides. They are linear chains of amino acids linked by peptide

bonds. The polymer of amino acids make proteins. There are 20 amino acids (alanine,

cysteine, proline, tryptophan, lysine etc.) which make up proteins.

The amino acids are essential or non-essential. The essential ones are those that we get

from our diet or food and the non-essential ones are those that our body makes.

In living organisms, proteins have different roles to play. The nutrients are transported

through the cell membrane with the help of proteins. Organisms that cause infection in the

body are fought by proteins. Hormones or Enzymes are also made up of proteins.

1.6 NUCLEIC ACIDS

Nucleic acids are also macromolecules to be found in the acid insoluble fraction. The

building block of a nucleic acid is a nucleotide and for a living tissue they comprise the true

macromolecular fraction. As stated above, a nucleotide has three components:

1. A heterocyclic compound

2. A monosaccharide

3. A phosphoric acid or a phosphate

The heterocyclic compounds in nucleic acids are the nitrogenous bases named adenine,

cytosine, guanine, thymine and uracil. Adenine and guanine are known as purines while

the other 3 are known as pyrimidines.

A monosaccharide (pentose) is the ribose sugar or it can be a deoxyribose sugar also.

The nucleic acid which contains the deoxyribose sugar is known as a deoxyribonucleic

acid or (DNA) and the one containing ribose sugar is called a ribonucleic acid or (RNA).

1.6.1 Bonding

In a polypeptide or a protein, a peptide bond links the amino acids. This is done by

the linking of a carboxyl group (COOH), of one amino acid with an amino group (NH
2
) of

another amino acid. A water molecule is also released in the process.

Glycosidic bond is the one that links many single monosaccharides into a polysaccharide.

This is done by the linking of two carbon atoms of two adjacent monosaccharides. A water

molecule is released in this process also.

In case of a nucleic acid, a phosphate links the 3′ carbon of one sugar of one nucleotide

to the 5′ carbon of the sugar of the succeeding nucleotide. The bond between the phosphate

and the hydroxyl group of sugar is an ester bond.

Below are shown the 3′ and 5′ ends of a ribose sugar:

O H

H H

H

OHOH

H

HO
5′

4′

3′ 2′

1′

Ribose
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The atoms in the ribose ring are numbered as 1′, 2′ etc. merely to distinguish them

from the base positions.

A nucleic acid chain, of whatever length has a free 5′ end which may or may not have

any attached phosphate groups and a free 3′ end which is most likely to be a free hydroxyl

group.

5  END′
O

P

O

O O CH2

O5′
4′ 1′

2′3′

–

G

PO O CH2

O

O

O–

H

PO O CH2

O

O

O–

H

T

PO O CH2

O

O

O–

H

A

OH   H
3  END′

C

 Fig. 1.6: The Nucleic Acid Side Chain
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