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Fig. 2.14: Schematic view of centrioles

2.11 NvucLEUS

As compared to prokaryotes, eukaryotes have a well-
defined nucleus (Fig. 2.15), a master controller of cell
activities and a vast repository of genomic information. It
contains genetic material and regulates gene expression
by various mechanisms that are exclusive to eukaryotes.
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Fig. 2.15: Structure of a nucleus

2.11.1 The nuclear envelope

The nuclear envelope or nuclear membrane is a double lipid
bilayer similar to the plasma membrane that surrounds
the nucleus and acts as a barrier to keep molecules from
freely moving between nucleus and cytoplasm. The nuclear
envelope is porous, having pores called nuclear pores. At
nuclear pores, the outer and inner nuclear membranes
are continuous and each fitted with a proteinous nuclear
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pore complex. Each nuclear pore complex is composed of
structural protein subunits called nucleoporins, arranged
in a ring-like manner around a central channel (Fig 2.16).
It allows trafficking of RNA and proteins. The outer nuclear
membrane is continuous with the endoplasmic reticulum.
A fibrous network of lamin proteins is present below the
inner membrane called nuclear lamina that strengthens
the structural framework of the nucleus.

Nuclear pore complexes are exclusively designed to
transport proteins and RNA along with small polar and
charged molecules.
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Fig. 2.16: Structure of a nuclear pore complex

2.11.2 Nucleoplasm

The nuclear envelope encloses a clear fluid called
nucleoplasm or karyolymph or nuclear sap, which contains
protein fibrils called nuclear matrix. It helps to maintain
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the shape of the nucleus. The enzymes associated with
DNA replication and transcription are located in the
nuclear matrix. Nucleolus and chromatin are suspended
in the nucleoplasm.

2.11.3 Nucleolus

Nucleus comprises a distinct set of organelles referred to as
nuclear bodies, but they lack a well-defined membrane. It
helps in compartmentalising nuclear processes. Nucleolus
(Fig. 2.15) is one of the most distinct nuclear bodies,
involved in the synthesis of rRNA and ribosomes. Besides
nucleolus, various other structures present are involved
in many different activities that include transcriptional
regulation, gene silencing, DNA repair, rRNA transcription
and processing, and many others. The chromosomal
region occupied by nucleolus comprises a large number
of TRNA synthesising genes; therefore, it was named as
nucleolar organising region.

2.12 CHROMOSOME

A chromosome is a thread-like microscopic structure formed
by coiling of DNA packaged with protein containing all genetic
material of an organism. Chromosomes can be categorised
into two types: autosomes (body chromosome(s)) and
allosomes (sex chromosome(s)). Certain hereditary traits
are linked to a person’s sex and are passed on through
the sex chromosomes. Autosomes contain the rest of the
genetic information. Cells in human being have 23 pairs of
chromosomes (22 pairs of autosomes and one pair of sex
chromosomes), with a total of 46 per cell. Table 2.2 shows
the number of chromosomes in some plants and animals.
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animals has a fixed number of chromosomes.

~

Theophilus Painter, an American zoologist first declared the number of human
chromosomes as 24 pairs or 48 in 1923 on the basis of microscopic studies which were
wrong. It was corrected by Joe Hin Tjio, an Indonesia born American cytogeneticist in
1956 and declared the total number as 46. Every living organism including plants and

/
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Table 2.2: Number of chromosomes in different
eukaryotic organisms

Organism No. of Chromosomes
Arabidopsis thaliana (diploid) 10
Maize (diploid) 20
Wheat (hexaploid) 42
Common fruit fly (diploid) 8
Earthworm (diploid) 36
Mouse (diploid) 40
Human (diploid) 46
Elephant (diploid) 56
Donkey (diploid) 62
Dog (diploid) 78
Gold Fish (diploid) 100
Tobacco (tetraploid) 18
Oat (hexaploid) 12

Prokaryotes like bacteria or blue-green algae usually
contain single circular chromosome (called nucleoid) in
the cytoplasm as they do not contain well-defined nucleus
or other membrane-bound organelles. However, in some
prokaryotes there may be more than one chromosome for
example, Vibrio cholerae.

In eukaryotes, the chromosomes are present inside a
well-defined nucleus. During the interphase of cell cycle,
chromosomes are present in the form of long threads
called chromatin fibres. The chromatin fibre is composed
of nucleosomes. Nucleosomes consist of DNA wrapped
around histone proteins. Chromatin enables the long
strands of DNA molecules to fit into the cell nucleus. If all
of the DNA molecules in a single human cell are unwound
from the histones and placed end-to-end, they would
stretch to 6 feet. During cell division, chromatin fibres
condense further to form microscopically visible, long and
slender chromosomes. The structure of chromosomes
varies through the different phases of cell cycle. During
cellular division, chromosomes are replicated (along
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with its DNA), divided, and passed successfully to their
daughter cells. Sometimes, errors do occur leading to
changes in the number or structure of chromosomes in
new cells which may lead to serious problems.

SUMMARY

e Millions of tasks performed by our body become possible
due to the presence of ‘cell’, which is the ‘basic unit of
life’. Cells can be broadly categorised into two types,
prokaryotic (without membrane bound organelles and
presence of nucleoid) and eukaryotic (with membrane
bound organelles and presence of nucleus) cells.

* Both prokaryotic and eukaryotic cells are surrounded
by a plasma membrane. Plasma membrane is mainly
composed of phospholipids. It is selectively permeable and
facilitates transport of molecules in and out of the cell.
Besides plasma membrane, cells of bacteria, algae, fungi
and some higher plants are surrounded by a rigid cell wall.

 Eukaryotic cell has two major compartments: nucleus
and cytoplasm. Nucleus is enclosed by a nuclear envelope
which has nuclear pores. The nuclear envelope encloses
nucleoplasm, nucleolus and the genetic material in form
of chromatin. Nucleolus helps in rRNA synthesis. A pair
of centrioles form spindle apparatus during cell division
in animal cells. Centrosome and centrioles form the basal
body of the cilia and flagella which facilitate locomotion.

* Endomembrane system includes the endoplasmic
reticulum (ER), Golgi apparatus, lysosomes and vacuoles.
ER is constituted by tubules called cisternae. It is of
two types: rough (with ribosomes) and smooth (without
ribosomes). Ribosomes are non-membranous structures
involved in protein synthesis.

* Ribosomes may be present freely in the cytoplasm or in
bound state on rough ER.

e The function of the ER is to help in synthesis and transport
of proteins, lipoproteins and glycogen.

e Golgi apparatus is a membranous organelle composed
of flattened sacs. It performs the packaging of secretory
substances and their transport from the cell.

e Lysosomes are single membrane structures containing
enzymes for digestion of all types of macromolecules.
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Vacuoles are membrane bound organelles that function
in storage, structural support and recycling in the cell.

Peroxisomes and microbodies take part in oxidation
reactions within the cell. Glyoxysomes are peroxisomes
involved in fat metabolism.

Mitochondria are bound by two membranes. Its
inner membrane has infoldings called cristae. The
mitochondria help in oxidative phosphorylation and
generation of ATP.

In plant cells, pigment containing granules are called
plastids. The plastids containing the green pigment,
chlorophyll, are known as chloroplasts. Chloroplasts
are essential for photosynthesis.

EXERCISES

The Fluid Mosaic Model has been proposed by
(a) Robert Brown

(b) Schleiden and Schwann

(c) Robert Virchow

(d) Singer and Nicolson

Ribosomes are composed of
(a) only rRNA

(b) rRNA and proteins

(c) rRNA, proteins and DNA
(d) lipids, proteins and DNA

Tonoplast is

(a) a membrane covering the cell wall in plant cells
(b) the inner membrane of the mitochondria

(c) a membrane covering the vacuoles

(d) a membrane covering the plastids

Describe the various mechanisms of transport across
plasma membrane with the help of labelled diagrams.
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S.

10.

11.

12.

13.

Match the following

Column I Column II

(a) Nucleolus (i) Alcohol detoxification

) Pesesane (ii) Infoldings of inner mitochondrial

membrane
(c) Vacuoles (iii) Protein synthesis
(d) Cristae (iv) Disc shaped sacs in Golgi
(e) Ribosomes (v) rRNA synthesis

(vij Membranous extensions of

(f) Thylakoid plasma membrane

(g) Peroxisomes (vii) Storage and structural support

(h) Cisternae (viii) Membranous sacs in chloroplast

What is the significance of the ratio of protein and lipids in
membranes? How does varying the concentration of lipids
in a membrane affect its function?

State the importance of cell wall in prokaryotic cells.

A eukaryotic cell contains organelles which may be
bound by a single-membrane; double-membrane or
non-membrane bound organelles. Classify the various
eukaryotic organelles into these three types.

Mention the different types of vacuoles.

Peroxisomes share similarities as well as differences
with mitochondria and chloroplast. Comment.

What are glyoxysomes? Where are these present? Mention
their functions.

Cell is the structural and functional unit of life.
Justify the statement.

Distinguish between

(@) cilia and flagella

(b) primary and secondary cell wall
(c) lysosomes and vacuoles

(d) microtubules and actin filaments
(e) active and passive transport
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