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Nucleus 

Eukaryotic cells possess an organised nucleus with a nuclear envelope. Nucleus as 
a cell organelle was first described by Robert Brown as early as 1831.  Flemming 
named the material of the nucleus stained by the basic dye, as chromatin. 
 
The interphase nucleus (nucleus of a cell when it is not dividing) has highly 
extended and elaborate chromatin (nucleoprotein fibers), nuclear matrix and one or 
more spherical bodies called nucleoli. The nuclear envelope, consists of two 
parallel membranes with a space between (10 to 50 nm) called the perinuclear 
space. And it is mechanically supported by a network of intermediate filaments 
called the nuclear lamina, which forms a thin sheet-like meshwork just beneath the 
inner nuclear membrane. The outer membrane of nuclear envelope remains 
continuous with the endoplasmic reticulum and has ribosomes on it. At many 
places the nuclear envelope is interrupted by minute pores, which are formed by 
the fusion of its two membranes. These nuclear pores are the passages through 
which movement of RNA and protein molecules takes place in both directions 
between the nucleus and the cytoplasm. Normally, there is only one nucleus per 
cell, variations in the number of nuclei are also frequently observed. For example 
Erythrocytes of many mammals and Sieve tube cells in plants do not contain 
nucleus. Cardiac muscle cell has multilple nuclei. 
 

Nucleoplasm 
The nuclear matrix is called as nucleoplasm. Nucleoplasm contains nucleolus and 
chromatin. The nucleoli (plural of nucleolus) are spherical structures present in the 
nucleoplasm. Nucleolus is is not a membrane bound structure and its content is 
continuous with the rest of the nucleoplasm. It is the site for active ribosomal RNA 
synthesis. The cells which are actively engaged in protein synthesis contains larger 
and more numerous nucleoli.  
Compartmentalization, of which the nucleus is an example, is an important 
principle of biology; it serves to establish an environment in which biochemical 
reactions are facilitated by the high concentration of both substrates and the 
enzymes that act on them. 
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Chromosome 
 
In eukaryotic cells, genes or the hereditary units are located on the chromosomes 
which exist as chromatin network in the non-dividing cell (interphase). 
In the early 1880s Walter Flemming revealed that during cell division the nuclear 
material organize themselves into visible thread like structures, which stains depep 
with basic dye later named as chromosomes. The term chromosome was coined by 
W. Waldeyer in 1888. Chrome means coloured and soma means body, hence they 
mean “colored bodies” and now defined as higher order organized arrangement of 
DNA and proteins. Chromosomes vary both in number and structure among 
organisms and the number of chromosomes is characteristic of every species. 
Benden and Bovery in 1887 reported that the number of chromosomes in each 
species is constant. W.S. Sutton and T. Boveri (1902) suggested that 
chromosomes are the physical structures which carried the heredity characters. 
There are normally 2 copies of each chromosome is present in every somatic cell. 
The number of unique chromosomes (N) in such a cell is known as its haploid 
number, and the total number of chromosomes (2N) is its diploid number. The 

Figure 1- A cross-sectional view of a typical cell nucleus. (A) Electron micrograph of a thin section through 
the nucleus of a human fibroblast. (B) Schematic drawing showing that the nuclear envelop consists of two 
membranes. (adapted from Bruce Alberts, The cell,  5th edition 2008) 
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suffix ‘ploid’ refers to chromosome ‘sets’. The haploid set of the chromosome is 
also known as the genome. 
 
Autosomes and sex chromosomes:  
 
In a diploid cell, there are two types of chromosome Autosome and Sex 
chromosome. Autosomes are present as homologus chromosomes but sex 
chromosome may be or may not be similar in a pair. For example, in humans one 
of the sex has two of the same kind of sex chromosomes (female with 2 X) and the 
other has one of each kind (male with 1 X and 1 Y). Therefore, in humans there are 
23 pairs of homologous chromosomes (2n=46). The human female has 44 non sex 
chromosomes, termed autosomes and one pair of homomorphic sex chromosomes 
given the designation XX. The human male has 44 autosomes and one pair of 
heteromorphic sex chromosomes, one X and one Y chromosome. 
 
Structure of Chromosome: 
 
A chromosome at mitotic metaphase (with duplicated DNA content) consists of 
two symmetrical structures called chromatids. Each chromatid contains a single 
DNA molecule and both chromatids are attached to each other by centromere. 
Chromatids start separating at the beginning of anaphase. The chromomeres are 
bead like accumulations of chromatin material that are sometimes visible along 
interphase chromosomes. The chromomere bearing chromatin has an appearance 
of a necklace in which several beads occur on a string. Chromomeres are regions 
of tightly folded DNA and become especially prominent in polytene chromosomes. 
Centromere in a chromosome contains specific DNA sequences with special 
proteins bound to them, forming a disc shaped structure, called kinetochore. In 
electron microscope the kinetochore appears as a plate or cup like disc, 0.20-0.25 
nm, in diameter situated upon the primary constriction or centromere. The 
chromosomes of most organisms contain only one centromere and are known as 
monocentric chromosomes. Some species have diffused centromeres, with 
microtubules attached along the length of the chromosomes and are termed 
holocentric chromosomes.  
Telomere is the chromosomal ends which prevents other chromosomal segments 
to be fused with it. Besides the primary constrictions or centromeres, chromosomes 
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also possess secondary constriction at any point of the chromosome and are 
constant in their position and extent. These constrictions are helpful in identifying 
particular chromosomes in a set. Chromosomes also contain nucleolar organizers 
which are certain secondary constrictions that contain the genes coding for 5.8S, 
18S and 28S ribosomal RNA and induce the formation of nucleoli. Sometimes the 
chromosomes bear round, elongated or knob like appendages known as satellites. 
The satellite remains connected with the rest of the chromosomes by a thin 
chromatin filament. 
 
CHROMOSOMAL DNA AND ITS PACKAGING IN THE CHROMATIN FIBER 

 
Chemical composition of chromosome  
 
Chromosomes are made up of Chromatin. Chromatin consists of DNA, RNA and 
protein. The protein of chromatin could be of two types: histones and non-histones. 
 
Thus chromatin is composed of an elementary repeating unit called the 
nucleosome, which is the major factor of DNA packaging in eukaryotic genomes. 
Nucleosomes are DNA-protein complexes, which are comprised of a core particle 
of 1.6 left-handed turns of DNA (roughly 146 bp) wound around a protein complex 
called the histone octamer (Figure 2). The histone octamer is a set of 8 basic 
proteins, which are among the most well conserved proteins known in eukaryotes. 
It is comprised of a central tetramer, (H3/H4)2, flanked by two H2A/H2B 1-3 
dimers. The structure of a single histone molecule includes three major α helices 
with positively-charged loops protruding at the N-terminals. 
Each nucleosome core particle is separated from the next by a region of linker 
DNA, which can vary in length from a few nucleotide pairs up to about 80. The 
term nucleosome refers to a nucleosome core particle plus one of its adjacent DNA 
linkers. On average, therefore, nucleosomes repeat at intervals of about 200 
nucleotide pairs. For example, a diploid human cell with 6.4 x 10e nucleotide pairs 
contains approximately 30 million nucleosomes. The formation of nucleosomes 
converts a DNA molecule into a chromatin thread about one-third of its initial 
length. 
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Wrapping of DNA around a nucleosome core compacts the DNA length about 
sevenfold. The overall compaction in a chromosome, however, is greater than 
10,000-fold—ample evidence for even higher orders of structural organization. In 
chromosomes isolated by very gentle methods, nucleosome cores seem to be 
organized into a structure called the 30 nm fiber. (Figure 3) This packing requires 
one molecule of histone H1 per nucleosome core. Organization into 30 nm fibers 
does not extend over the entire chromosome but is punctuated by regions bound by 
sequence- specific (non-histone) DNA-binding proteins. The 30 nm structure also 

Figure 2- Structural organization of the Nucleosome (Adapted from Bruce Alberts, 5th edition 2008) 
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seems to depend on the transcriptional activity of the particular region of DNA. 
Regions in which genes are being transcribed are apparently in a less-ordered state. 

The higher-order folding of chromatin involves attachment to a nuclear scaffold 
that contains histone H1, topoisomerase II, and SMC proteins. The SMC proteins, 
mainly cohesins and condensins, play important roles in keeping the chromosomes 
organized during each stage of the cell cycle.  
 
 
 
 

                     
 
 

Figure 3- A hierarchical view of chromatin structure (adapted from Hartel and Jones 1998) 

Level of packaging of DNA 2nm- 11nm- 30nm- 300nm- 700nm -1400nm 
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Chromosome Organization: Euchromatin and Heterochromatin  

 
Cytologists recognized that certain chromosomes remained condensed during 
interphase and prophase when other chromosomes were exceedingly long and thin. 
Such heterochromosomes, as they were called, proved in many cases to be sex 
chromosomes. In 1929, Heitz showed that differential condensation was not 
limited to sex chromosomes, but often characterized part of an otherwise normal 
chromosome. He suggested the terms heterochromatin and euchromatin to describe 
the unusually condensed and the more typical segments, respectively. He showed 
that regions next to centromeres, at the ends of chromosomes, and adjacent to the 
nucleolus tended to be heterochromatic, and numerous subsequent studies have 
confirmed his observations in many plants and animals. The heterochromatic 
regions may be of genetic "inactivity". In some cases, as in Drosophila, this means 
absence of detectable mutants in most of the Y and in the cytologically 
heterochromatic regions near the centromeres of the other chromosomes. In other 
cases, most clearly demonstrated by the mammalian X chromosome and the 
paternal set of chromosomes in mealy bugs, inactivity means suppression of 
function in an otherwise normal chromosome or set of chromosomes. Other 
characteristics include late replication during the S-period, differential replication, 
and absence of meiotic recombination, effects on euchromatic regions brought into 
proximity with heterochromatin, and even elimination of heterochromatin from 
certain cells. Some order was brought into the discussion of heterochromatin by 
Brown and Nur, who recognized two broad categories that they called facultative 
and constitutive heterochromatin. They defined these as heterochromatin present 
in only one homologue or in both homologues. This rather unusual definition 
distinguished heterochromatin as a state of an otherwise normal chromosome 
(facultative) from heterochromatin as a permanent condition (constitutive). 
 
End of the Chromosome (Telomeres):  
 
The end of the linear eukaryotic chromosome is called Telomeres. This is required 
for the replication and stability of the chromosome. McClintock showed, that if 
two chromosomes were broken in a cell, the ends were sticky and end of one could 
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attach to the other and vice versa. Telomere sequences remain conserved 
throughout vertebrates and they form caps that protect the chromosomes from 
nucleases and other destabilizing influences; and they prevent the ends of 
chromosomes from fusing with one another. The telomeric DNA contains direct 
tandemly repeated sequences of the form (T/A)xGy where x is between 1 and 4 
and y is greater than 1. Human telomeres contain the sequence TTAGGG repeated 
from about 500 to 5000 times. Certain bacteria possess telomeres in their linear 
genetic material which are of two types; one of the types is called a hairpin 
telomere. As its name implies, the telomeres bend around from the end of one 
DNA strand to the end of the complimentary strand. The other type of telomere is 
known as an invertron telomere. This type acts to allow an overlap between the 
ends of the complimentary DNA strands. 
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Read book (Reference 3, 4, 5) for further details on C-Value Paradox, DNA 
structure, and Telomere replication  
 

Assignment – 
 
Write notes on 

1. C-value paradox 
2. DNA helix 
3. Telomere replication 
4. Significance of heterochromatization 
5. Centromere  


