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The nucleus
The nucleus is a highly specialized organelle that serves as the information processing and administrative center of the cell. This organelle has two major functions: it stores the cell's hereditary material (DNA), and it coordinates the cell's activities, which include growth, metabolism, protein synthesis, and reproduction (cell division).
The nucleus is present in all eukaryotic cells. The nucleus is surrounded by a nuclear membrane, whereas in prokaryotes the nuclear material is not surrounded by a nuclear membrane. Such a nuclear material is called a nucleoid. 
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Number: generally, the cell contains only one nucleus. But sometimes two or more nuclei are present. Based on the number of nuclei, the cells are classified into the following types:
Anucleate cell: In anucleate cells the nucleus is absent, e.g., erythrocytes of humans.
Mononucleate cell: In mononucleate cells, a single nucleus is present. e.g., Amoeba.
Binucleate cell: In binucleate cell, two nuclei are present. One of these nuclei is small called micronucleus and the other nucleus is large called macronucleus. e.g., Paramecium.
Multinucleate cell: It contains many nuclei. e.g., Opalina (Protist)
The position of the nucleus in a cell is variable. Usually, it is situated in the center of the cell. But in adipose cells or in eggs rich in yolk, the nucleus is forced to lie on the periphery. In glandular cells and in Acetabularia (Single-celled algae), it lies in the basal region.
The shape of the nucleus varies considerably. In most of the cells, it is spherical in shape. In cylindrical cells, it is elliptical (بيضوي).  In human neutrophils, it is trilobed. In Paramecium, the macronucleus is kidney-shaped. The nucleus of spinning gland(الغدد المغزلية) cells of insects is highly branched. In Vorticella (Protozoa), it is horseshoe-shaped. 
The size of the nucleus is variable. The size of the nucleus is directly proportional to the cytoplasm. A large nucleus will be surrounded by a large amount of cytoplasm (the larger the volume of the cytoplasm, the larger the size of the nucleus). R. Hertwig has formulated a relationship between the nuclear volume and the cytoplasmic volume, which is called the nucleoplasmic index (NP). The NP ratio acts as a stimulus to the cell division.
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The size is also correlated with the number of chromosomes and the DNA content.  
Nucleus structure 
The nucleus is composed of the following structures:
a. Nuclear Membrane          b. Nucleoplasm           c. Nucleolus                               d. Chromatin network (nuclear reticulum)
Nuclear Membrane
This is a double-layered membrane that separates the nucleoplasm from the cytoplasm. The nuclear membrane has minute pores, which allow the selective transfer of material between the nucleoplasm and the cytoplasm. The outer membrane is often continuous with the membrane of endoplasmic reticulum. The outer membrane is rough due to the presence of ribosomes, while the inner membrane is smooth. 
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Nucleoplasm
The nucleus contains a substance that suspends structures inside the nuclear membrane. The nucleolus and the chromatin network are suspended in the nucleoplasm.  
The main function of the nucleoplasm is to serve as a suspension substance for the organelles inside the nucleus. It also helps maintain the shape and structure of the nucleus, and plays an important role in the transportation of materials that are vital to cell metabolism and function.
Many substances, such as nucleotides and enzymes, are dissolved in the nucleoplasm. 
Nucleolus
The nucleolus is a round body located inside the nucleus of a eukaryotic cell. It is not surrounded by a membrane but sits in the nucleus. The nucleolus makes ribosomal subunits and ribosomal RNA (rRNA). It then sends the subunits out to the rest of the cell, where they combine into complete ribosomes. 
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Structure of nucleus

Chromatin
These are very fine, thread-like, coiled filaments uniformly distributed in the nucleoplasm. At the time of cell division, the chromatin becomes thick and ribbon-like and is known as chromosomes. In chromatin, double-helix DNA wraps around the histone core to form a supercoiled nucleoprotein fiber. The DNA wraps around the histones to form a bead-like structure called “nucleosome”.
The nucleosome is a complex of DNA and histones. The histone core particle contains 8 histone molecules (H2a, H2b, H3, and H4 - dimers). The surface of the core particle is surrounded by a flat superhelical strand of DNA that makes 1.75 turns. The adjacent nucleosomes are connected by linker DNA. A single histone H1 binds to the linker DNA. Histone core helps in the tight coiling of DNA.[image: ]







During interphase (the period of the cell cycle where the cell is not dividing), two types of chromatins can be distinguished:
Euchromatin: consists of DNA that is transcriptionally active. It seems less condensed regions of chromosomes.
Heterochromatin: consists of mostly inactive DNA. It seems to serve structural purposes during the chromosomal stages. It seems more condensed regions of chromosomes. Heterochromatin can be further distinguished into two types: 
· Constitutive heterochromatin: it is never expressed. 
· Facultative heterochromatin: it is sometimes expressed.
Chromosomes: are thread-like structures of condensed DNA located inside the nucleus of cells; they are visible only during cell division and are maximally condensed during the metaphase stage of the cell cycle.
The shape of the chromosome is specific and constant. During cell division, the molecules that compose chromosomes (DNA and proteins) suffer a condensation process, which forms a compact and small complex called a chromatid. The complexes containing the duplicated DNA molecules, the sister chromatids, are attached to each other by the centromere. The centromere divides each chromosome into two arms. 
Types of Chromosomes
The different types of chromosomes based on the position of the centromere are:
Metacentric: The centromere is at the center, and the chromosome is V-shaped during anaphase.
Sub-metacentric: The centromere is a little away from the center, and the chromosome gets an L-shape.
Acrocentric: The centromere is nearer to one end, and the chromosome is J-shaped.
Telocentric: The centromere is at the end, and the chromosome is l-shaped.
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Functions of Nucleus:
Metabolism: Nucleus controls the activities of cells. It is a regulatory organelle in cell metabolism.
Heredity: the nucleus contains DNA molecules in its chromosomes, it plays an important role in heredity.
Differentiation: It controls cell differentiation during the embryonic development.
Exchange of materials: The nuclear membrane is concerned with the exchange of materials between the cytoplasm and nucleoplasm.
Support: The nuclear membrane provides a surface for the attachment of structural elements of the cytoplasm, such microtubules and microfilaments.
RNA Synthesis: The synthesis of RNA occurs within the nucleus. From these mRNA, rRNA, tRNA, and various proteins are formed. 

[image: ]


[image: ]

[image: ]




[image: ]





[image: ]



[image: ]


6

image4.png
95 0w s N i k. P gateif o ppuieshiodis - fleley

Nucleus

Nucleolus

nner membrane

Outer membrane
Nucleoplasm





image5.png
H1 histone

Nucleosome

Core of 8 Histone Molecules

Nucleosome

http:/ fwww.accessexcellence.com/AB/GG/nucleosome.gif




image6.png
Cenhomeve

Chvomchds

oo Secondary
Primary So'elMe constriction
conhlcﬁon

[—Long arm ﬁ n

Metacentric Submetacentric Acrocentric Telocentric





image7.png
Long-range
fibre-fibre
interactions

30nm fibre?

g,

Chromatosome
core particle

i
Chromatosome
(variable and larger
than ~167 bp)
Nucleosome
core particle
=

Nucleosome
(variable and larger
than ~147 bp)

DNA





image8.png
N

Short region of B Al ) | |
iR 1 ALY AL A A A R
.
=
fibre of packed 30nm
A
4
-
Condensed i
i
4
S 100





image9.jpeg
~11nm

Histone

)
.
)

ocamErl




image10.png




image11.jpeg
Interphase chromatin

Chromosome

Heterochromatin
“Silent”

Euchromatin
“Active”

DNA




image12.png




image1.png
TS G0N Swcious

Figure 1




image2.png
Vn
NP =
Ve-Vn
Vi - Volumne of the nucleus
Ve - Voluine of the cytoplasm




image3.png




