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INTRODUCTION

The growth and development of every living organism depends on the growth and
multiplication of its cells. In unicellular organisms, cell division is the means of reproduction and
by this process two or more new individuals arise from the mother cell. In multicellular
organisms, new individuals develop from a single primordial cell, the zygote. Organisms grow
and repair themselves through the medium of cell division. The cell increases in size as a result
of growth, which is the characteristic feature of all the living beings. After attaining maximum

growth, the cell begins to divide.
Two kinds of cell-divisions occur in animals —
1. Mitosis: It takes place regularly in ordinary (somatic) cells of the body.
2. Meiosis: It occurs in germ cells in gonads and results in gamete formation.

MITOSIS

Mitosis is the process of cell division in which one cell gives rise to two genetically identical
daughter cells, resulting in cell duplication and reproduction. The number of chromosomes is
preserved in both the daughter cells. Mitosis is a short period of chromosome condensation,

segregation, and cytoplasmic division. It occurs in the somatic cells, and it is meant for the



multiplication of cell numbers during embryogenesis and blastogenesis of plants and animals.

As a process, mitosis is remarkably similar in all animals and plants.

Purpose of Mitosis

The process of mitosis is significant in both cell division as well as cell reproduction.
Some of the major significances/purposes are given below:

v/ Continuous mitosis results in the increase in the number of cells enabling the organism
to grow from a single cell to a complex living organism.

v’ Different cells in the body like the cells on the skin and red blood cells are continuously
replaced by mitosis. About 5x109 cells are formed per day in humans via mitosis.

v" Mitosis is also involved in the repairmen and regeneration of body structures like in the

starfish.In multiple organisms, mitosis is the method of asexual reproduction.

Stages of mitosis

Mitosis is a part of the cell cycle and is preceded by the S phase of interphase and usually
followed or accompanied by cytokinesis. Replication of chromosomes and synthesis of proteins

required for spindle fiber formation are formed prior to the onset of mitosis.
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Figure: Stages of mitosis. Image Source: Wikipedia (Ali Zifan).

Mitosis is divided into the following phases based on the completion of one set of activities and
the onset of the other. Before a dividing cell enters mitosis, it undergoes a period of growth
called interphase. About 90 percent of a cell's time in the normal cell cycle may be spent in

interphase.

G1 phase: The period prior to the synthesis of DNA. In this phase, the cell increases in mass in

preparation for cell division. The G1 phase is the first gap phase.


https://en.wikipedia.org/wiki/Mitosis#/media/File:Mitosis_Stages.svg

S phase: The period during which DNA is synthesised. In most cells, there is a narrow window of

time during which DNA is synthesized. The S stands for synthesis.

G2 phase: The period after DNA synthesis has occurred but prior to the start of prophase. The
cell synthesizes proteins and continues to increase in size. The G2 phase is the second gap

phase.

In the latter part of interphase, the cell still has nucleoli present. The nucleus is bounded by a

nuclear envelope and the cell's chromosomes have duplicated but are in the form of chromatin.

1. Interphase

Interphase is a part of the cell cycle where the cell copies its DNA as preparation for the M
phase (mitotic phase). In interphase, metabolism of the cell increases, and it is often termed the
most active phase of the cell cycle. A series of metabolic changes occur during this phase, all of

which are divided into three subgroups.

G1-phase or Pre-DNA synthesis phase: It is the longest phase of the cell cycle and is followed by
the M phase of the previous cell cycle. It is also termed as the “resting phase” as no DNA
synthesis takes place during this phase. However, during G1 phase, several cell organelles

increase in size and cell rapidly synthesizes different types of RNA and proteins.

Important events like the transcription of three types of RNAs, synthesis of regulatory proteins,
enzymes required for DNA synthesis, and tubulin proteins along with other mitotic apparatus

take place during this phase.

S-phase or DNA Synthesis phase: S-phase involves the replication of nuclear DNA and the
synthesis of histone proteins. The replication of cytoplasmic DNA can take place at any phase in
the cell cycle. Thus, at the end of the S phase, each chromosomes has two DNA molecules and a

duplicate set of genes. This phase lasts for about 6-10 hours.

G2-phase or Post DNA synthesis phas: G2 phase is termed the second gap phase or resting

phase of the interphase. During this phase, the synthesis of RNA and proteins required for the



cell continues. Cell division involves the enormous expenditure of energy, thus cell stores ATP in

the G2.
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Figure: Late G2. Image Source: Khan Academy.

By the end of this phase, the cell enters the division or M-phase of the cell cycle.

2. Prophase
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Figure: Prophase. Image Source: Wikipedia

Prophase is the first stage of mitosis which is characterized by the appearance of thin-thread
like condensing chromosomes. During prophase, the cell becomes spheroid while the
cytoplasm becomes more refractile and viscous and pale. The chromosome in the prophase is
composed of two coiled filaments, the chromatids, which are the result of the replication of
DNA during the S phase. As prophase progresses, the chromatids become shorter and thicker,
and two sister chromatids of each chromosome are held together by a special DNA-containing
region, called the centromere. Similarly, the chromosomes approach the nuclear envelope,

causing the central space of the nucleus to become empty. In the meantime, two pairs of


https://en.wikipedia.org/wiki/Mitosis
https://www.khanacademy.org/science/biology/cellular-molecular-biology/mitosis/a/phases-of-mitosis

centrioles surrounded by microtubules radiating in all directions migrate to opposite poles of

the cell.

Lastly, during prophase, the nucleolus gradually disintegrates, and this marks the end of
prophase.However, in some primitive classes of plants and animals, the nuclear envelope does

not dissolve during mitosis.

3. Prometaphase
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Figure: Prometaphase. Image Source: Wikipedia

Prometaphase is initiated with the breakdown of the nuclear envelope, which enables the
interaction of spindle fibers with the chromosomes. At this stage, the chromosomes are
violently rotated and oscillated back and forth between the spindle poles because their
centromeres are capturing the ends of microtubules and are being pulled by the captured
microtubules. By the end of prometaphase, the sister chromatids are attached to the spindle

fibers on the opposite ends and are held on the metaphase plate.

4. Metaphase
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Figure: Metaphase. Image Source: Wikipedia
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During metaphase, the chromosomes are shortest and thickest. Their centromeres of the sister
chromatids occupy the plane of the equator forming a metaphase plate, and the arms remain
directed towards the poles. Two chromatids of a chromosome repulse each other with the

microtubules remaining stationary and under tension.

5. Anaphase
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Figure: Anaphase. Image Source: Wikipedia

The anaphase begins abruptly with the synchronous splitting of each chromosome into its sister
chromatids, called daughter chromosomes, separating for the centromere. The splitting of each
centromere during prophase is caused by an increase in cytosolic Ca**. In anaphase, there is a
movement of chromatids towards the pole due to the shortening of the microtubules. During
their pole ward migration, the centromeres remain forward so that the chromosomes
characteristically appear U, V or J- shaped. Interzonal fibers expand and support the movement
of chromosomes towards the pole. A total of 30 ATPs are required to carry chromosomes to the

poles.

6. Telophase
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Figure: Telophase. Image Source: Wikipedia
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The end of the migration of the daughter chromosomes to the poles marks the beginning of the
telophase. During telophase, the events of prophase occur in reverse sequence. A nuclear
envelope reassembles around each group of chromosomes to form two daughter nuclei. Events
like the disappearance of mitotic apparatus, reduction in the viscosity of cytoplasm followed by
synthesis of RNA take place during telophase. The chromosomes resume their long, slender,

extended form and the nucleolus reappears at the end of telophase.

7. Cytokinesis
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Figure: Cytokinesis. Image Source: Wikipedia

Cytokinesis is the division of cytoplasm which is followed by mitosis, resulting in the formation
of two separate daughter cells. It usually begins in anaphase and continues through telophase
and into interphase. In animals, it occurs through constriction and furrow formation. The first
sign of cleavage in animal cells is constriction of the plasma membrane during anaphase. The
constriction invariably occurs in the plane of the metaphase plate, at right angles to the long
axis of the mitotic spindle apparatus. The constriction grows more in-depth from the outside to

the inside, and ultimately a cell divides into two daughter cells.

In plants, however, cytokinesis occurs by cell plate formation as constriction is not possible due
to the presence of a rigid cell wall. Golgi apparatus arrange themselves on the equator to form

phragmoplast, which later forms the cell plate in plants.
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