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General Introduction

In Prokaryots (e.g. bacteria, blue-green algae (Cyanobacteria) and mycoplasma et
definite nucleus is absent while incipient nu s or prokaryon is present (doubl

nuclear membrane is absent
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Figure: Nucleus in a eukaryotic cell

Nucleus is made up of the following

Parts

1. Nuclear Membrane
2. Nucleoplasm

3. Nucleolus

4. Chromosomes

Shape of nucleus is variable
(spherical, oval, elongated or
flattened). The branched nuclei are
sometimes present in glandular cells.
In some cells nucleus is irregular
(e.g. in some leukocytes.

Size of the nucleus is variable (5-30
W). Size is larger in metabolically
active cdl as compared to
metabolically inactive cell.

Chemically the nucleus consist of
proteins (about 70%), phospholipids
(about 5%) DNA (about 10%), RNA
(about 2-3%).

Below the nuclear envelop present a
filamentous network of protein called
nuclear lamina, which attach
chromosomes to nuclear envelop and to
help in the growth of nuclear envelop

1. Nucleur membrane (Nuclear envelope or Karyotheca
Enclosing nucleoplasm, double membranal structure and
space between these two membranes (outer and inner) is called as
‘perinuclear space’ of 15 nm or more. The outer nuclear
is il with the of i
Reticulum has attached ribosomes on it. Nuclear pores (about 10
to 100 nm size) on nuclear membrane can pass the molecules or
particles of 20-25 nm like ribosome. Nucleur pores are plugged
with distinct fibrous material ‘annulus’ (only in animal cells)
Nuclear pore complexes are multiprotein aqueous channels that
penetrate the nuclear envelope connecting the nucleus and the
cytoplasm.
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Fig.Nuclear pore complex in nucleus of an animal cell

Nucleolus is made up of four parts:

1 Granular part is made up of ribonucleoprotein
granules (t-RNA and proteins are present in ratio
2:1) having a diameter of 150 A to 200 A. These
granules are also called nucleolar ribosomes

2.Nucleoplasm:

The nucleoplasm has a complex chemical composition
inside the nuclear envelope, it is composed mainly of
the nuclear proteins but it also contains other
inorganic and organic substances such as nucleic
acids, proteins (histone and non-histone), enzymes,
lipids and minerals. The common nucleic acids of the
are the DNA and RNA, both near curve

2. Fibrillar part is made up of fibrils of
called having a

diameter of 50 A.
3. Amorphous matrix or pars amorpha: This is a

homogeneous substance having protein granules
and fibrils.

4. Chromatin: It is feulgenpositive and is of two

typesti. Perinucleolar chromatin which covers the

nucleolous andinternucleolar chromatin is present

inside the nucleolous. i. Intranucleolar chromatin is

presentinside the nucleolous.

in the natural molecular state or in the form of the
monomer nucleotides. Nucleoplasm is the site to
perform various enzymatic activities and the synthesis
of nucleic acids (DNA and RNA) and ribosomal
subunits. Chromatin materials and nucleolus are
present in the nucleoplasm.
3. Nucleolus:
It was discovered by Felice Fontana (1781) and ter med
asnucleolus by Donald Bowmen (1840).
In the nucleoplasm, it is spherical, dense, colloidal
body remains attached with nucleolar organizing
chromosomes. visible during the interphase of the cell
division under the microscope. The nucleolus is a
dynamic structure that assembles around the clusters of
rRNA gene repeats during late telophase, persists
i and then di: as cells

enter mitosis.
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Figure: DNA structure and composition
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4. Chromatin threads or Chromosomes

During interphase, chromatin threads are present in the form of a network called chromatin reticulum.
At the time of cell division, these thread like structures of chromatin reticulum become visible as
independent structures.

E. Strashurger(1875) discovered these distinct structures during cell division.

Wilhelm von Waldeyer (1888) gave the term chromosomes to them because they get stained with
basic dyes like basic fuschine and aceto-carmine. In all eukaryotes, the nucleus contain definite number
of chromosomes having definite size and shape.

Structure or morphology of Chromosome

Each chromosome consiits of two coiled filaments throughout its length, called chromonemata by Vej-
dowsky.Chromonemata have bead-like structures chromomeres, which are to be the gene-bearing
portions of chromosomes.

Chromatid is a half or daughter The two daughter ids are connected
at the centromere or primary constriction. Structure of chromosome is clearly visible at metaphase.
The ae in the genetic substance known as matrix which is bounded by a

sheath called pellicle. Matrix and pellicle both are achromatic and present only a metaphase when
nucleolous is disappear.

Fig. Ultrastructure of
chromosome
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Heterochromatin or
Euchromatin

These terms were given by
Emil Hertz (1928). It was
observed  that  when
chromosomes are stained
with basic dyes like
acetocarmine or feulgen
(basic fuchsine), then two
types of regions are
distinguished. i
Heterochrom: region

[
(genetically inactive
region) and ii. Euchromatin
region (active region, rich

R in DNA).
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Shape of chromosome can be determined at ‘anaphase’

Depending upon the position of centromere or Kinetochore (a point where Spindle fibres attach during cell

division) the shape of the chromosome may be:

Telocentric (the centromere present at one end, the shape of chromosome is rod like)

Acrocentric (centromere is present at terminal position , slightly away from end, one chromosome has a

long and another a very short arm)

Sub-metacentric (centromere is located near the centre, so the chromosome has one long and another

slightly shorter arm, the chromosome may be ‘U’ shaped.

Metacentric (centromere is present in centre of the chromosome, hence both the arms are equal, ‘V’

shaped chromosomes).

Acentric ( when centromere is absent)

The pair of chromosomes that regulate the somatic characters of the body are known as autosomes, whereas
the pair of chromosomes that determines the sex of an organism, as they regulate the sex-linked traits are
known as sex chromosomes or allosomes

On the basis of sex and other body characters chromosomes in eukaryotes are :

1.Autosomes- present in somatic body and 2. Sex or Idi These
chromosomes concerned with sex (are ‘X’ and ;Y; type , e s
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For example, humans have a diploid genome that usually contains 22 pairs of autosomes and one allosome pair (46
chromosomes total)

B-chromosomes

These are a type of supernumerary chromosomes, that may or may not be present In an organisms as extra chromosomes over

and above standard of standard are called These are

not found in all individuals of a species and in all cells of an individual. These are generally smaller in size as compared to A-

chromosomes and are not homologous with any of the A-chromosomes. They are genetically inert, show non-Mendelian
Most effect of th on seed and pollen fertility.

m Found in certain tissues e.p.,
livury glutuds of larvae, gul
epithelium, M i
tnbules and some fat hudi--—_
of s3ome Dipte
Sl I

e very

= Henee they are
; }

Polytene chromosomes or Salivary gland

chromosomes: are large chromosomes which have
thousands of DNA strands They provide a high level of function
in certain tissues such as salivary glands. Polytene
chromosomes were first reported by E.G.Balbiani in 1881 in
salivary gland cells of insects of Diptera. The size of these
chromosomes increases upto 200 times or more than normal.
There occurs polytenye i.e, number of chromonemata or fibrils
increases  upto 2000 or more per chromosome. A
Folytene chromasome characteristic feature of these chromosome is that somatic

% pairing occurs in them and hence their number appears half of

 MURIGSCINE  ormal somatic cels. These chromosomes show distinct dark
and light bands i.e. chromatic (dark) and achromatic (light)
regions . They form puffs or loops (in region of dark bands.
Which are called Balbiani puffs or Balbiani rings where
synthesis of m-RNA occurs.
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Lamp brusi chromosome
Fig, Speclal types of hrowosomes

L (LBCs) are ipti active (length-800-1

1) found in the germinal vesicle (GV) of large oocytes of many vertebrate and invertebrate animals and
also in the giant singlecelled alga Acetabularia. Also present in spermatocyte nuclei of fruitfly
(Drosophila) They were first described by Walther Flemming in 1882. These chromosomes are having a
main axis made of DNA on which are present chromomeres and from each chromomere , 1-9 loops
arise in pairs. The loop axis is again made of DNA which is surrounded by a matrix on both side made of
RNA and proteins. Due to pair of loops look like a lampbrush hence called Lampbrush chromosomes

Nucleosome s a basic unit of DNA packaging in eukaryotes, consisting of a segment of DNA wound in
sequence around eight histone protein cores. This structure is often compared to thread wrapped around a
spool Nucleosomes form the fundamental repeating units of eukaryotic chromatin, which is used to pack
the large eukaryotic genomes into the nucleus while still ensuring appropriate access to it (in mammalian
cells approximately 2 m of linear DNA have to be packed into a nucleus of roughly 10 pm diameter).

Nucleosomes are folded through a series of i higher order to form a
chromosome; this both compacts DNA and creates an added layer of regulatory control, which ensures
correct gene expression. Nucleosomes are thought to carry epigenetically inherited information in the
form of covalent modifications of their core histones

Thename nucleosome was given by P.Outdet (1975) for these repeating units of chromatin which are
present as beads on string.

*Thediameter of nucleosome is 12.5 nm.

*Theadjacent nucleosomes arejoined by internucleosomal DNA or linker DNA and hence can be
separated from chromosomes by being treating chromatin with nuclease enzyme.

*According to A.Klug(noble Prize winner, 1982), the chain of nucleosomes is further folded or coiled to
form a‘solenoid’(having six nucleosomes per turn).
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