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Introduction

 Unlike prokaryotic chromosomes, eukaryotic chromosomes are made up of a single 

linear DNA molecule.

 Chromosomes are essentially located in the nucleus which is double layered cell 

organelle. 

 Double layered membrane covering nucleus is known as nuclear membrane which is 

structurally different to that of plasma membrane. 

 A cell may have one or more than one sets of chromosomes, i.e., a cell may be 

haploid, diploid or polyploid..

 Chromosomes are made of chromatin, which is basically a complex of nucleic acid 

and protein, i.e. a nucleoprotein.

 In extended and relaxed form, chromatin looks like beaded string or beads on a string. 

Bead is known as nucleosome.

 Nucleosome is about 10nm in diameter formed by wrapping of DNA over histone 

proteins.

 Formation of nucleosomes basically have two meanings – 1st, it initiated condensation 

and supercoiling of DNA, and 2nd, it protects DNA from enzymatic degradation.



Introduction

 In humans,, the average DNA molecule is about 6.5 x 107 bp in lentgth, which 

measures 1.8m in extended uncoiled form.

 This 1.8m of DNA is packed in a nucleus of just 6mm in diameter, therefore DNA 

needs supercoiling for packaging into the nucleus.

 Chromatin is in its least condensed state in interphase phase and appears loosely 

distributed throughout the nucleus, while most condensed at anaphase stage.

 In metaphase, chromosomes are in second most condensed form., and can be visible 

under light microscope.

 Condensation is required in order for the cell to divide properly.



Difference between prokaryotic and eukaryotic 

chromosome



Chromosome organization



Chromosome organization

Chromosome in a metaphase stage
Source: Molecular Cell Biology, 5th Edition 

© 2008 W. H. Freeman and Company



Chromosome organization

 As discussed previously, it is fibre of nucleoprotein, i.e. it is a thread like structure 
composed of chiefly of DNA and protein molecules. However, lesser amount of RNA is 
also present.

 An interphase chromaton is present as:

 Euchromatin – It is less dense. Mainly represent chromatin fibers containing 
expressed genes (transcription takes place).

 Heterochromatin – It is more dense. It can be constitutive (stably repressed 
genes, e.g. satellite genes) or facultative heterochromatin (convert between 
the states).

 DNA is wrapped around the proteins core.

 Proteins in chromatin fiber are of two types:

o Basic protein – These are positively charged at neutral pH. This category of 
proteins are mainly histones. The arginine and lysine confer positive charges 
to histone proteins.

o Acidic proteins – These are heterogeneous group of proteins which are 
negatively charges at neutral pH. These are collectively called as non-histone 
chromosomal proteins.

Chromatin
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Chromosome organization

 Histones are major protein components of chromatin. Most of the protein in eukaryotic 

chromatin consists of histones.

 There are five classes of histone proteins:

H1, H2A, H2B, H3 and H4

 H2A, H2B, H3 and H4 are core proteins. The core histones are small 

proteins, with masses between 10 and 20 kDa.

 H1 protein is little larger protein which have molecular weight of 23 kDa..

 All histone proteins have a large positive charge; between 20 to 30% of their sequence 

consist of the basic amino acids, lysine and arginine.

 Due to strong positive charge of the histone protein core, negatively charged DNA 

molecules wrapped around the core molecules in forming chromatin fiber.

 Members of the core histone class are very highly conserved between relatively unrelated, 

e.g. between plants and animals – denotes its important role in chromatin fiber.

 However, H1 histone shows some variation in sequences both between and within species 

than in the other classes.

 Core histone molecules form octamer in the nucleosome, each core histone having two 

copies in the octamer, while H1 interacts with linker DNA.

Histones



Chromosome organization

Nucleosome and histone protein organization



Packaging and supercoiling of DNA

 DNA is packaged and condensed by histone and other protein molecules associated 

with the DNA.

 Histone octamer wrapped around the DNA fragments and forms nucleosome. 

 Nucleosome is the basic unit of chromatin fiber.

Nucleosome
 It is composed of approximately 146 bo of DNA wrapped in 1:8 helical turns around an 

octamer.

 As mentioned elsewhere in this presentation, this histone octamer consits of two 

copies each of the histones H2A, H2B, H3, and H4.

 The space in between individual nucleosomes is referred to as a linker DNA, and can 

range in length from  8 to 114 bp (average 55 bp).

 Linker DNA interacts with the linker histone, called as H1 histone protein.



Packaging and supercoiling of DNA

Nucleosomal organization
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Packaging and supercoiling of DNA

Nucleosome and compaction of DNA



Packaging and supercoiling of DNA

 Bending of the DNA double helix into approximately 2 turns (1.7 turns) arounf the 

outer projection of octamer requires firm compression of the minor groove of the DNA 

helix.

Bending of DNA in a nucleosome

 A-T rich sequences in the minor groove are 

found to be easier in compression than the G-C 

sequences.

 A-T rich minor grooves are found inside and 

G-C rich major grooves are outside the 

helix. 

 Proteins other than histones, that are bound 

to the DNA, also influences this 

compression.

 Some sequence specific DNA-binding 

proteins are bound to the linker proteins that 

may lead to irregularities in the 30-nm fiber.

 H1 histones, ATP-driven chromatin 

remodeling protein and covalent 

modification of histone tails act as structural 

modulators. 



Packaging and supercoiling of DNA

Bending of DNA in a nucleosome



Packaging and supercoiling of DNA



Condensation and decondensation of DNA

Chromatin remodeling

 Chromatin organization is not a rigid structure. It has remodeling in structural 

organization continuously.

 The chromatin remodeling allow access of condensed genomic DNA to the regulatory 

transcription machinery proteins, and thereby control gene expression.



Condensation and decondensation of DNA

Chromatin remodeling

 Remodeling carried out by various molecules known as chromatin remodelers – allow 

transcription signal to reach at the destination on the DNA strand. 

 Chromatin remodelers are large, multiporotein complexes that use the energy of ATP 

hydrolysis to mobilize and restructure nucleosome.

 How energy by ATP is converted into mechanical force and how different remodeler 

complexes select which nucleosomes to move and restructure are largely unknown.

 Remodelers are classified into five families - SWI/SNF, ISWI, Nurd/Mi/CHD, SWR1, 

and INO80; each having specialized function. SWI/SNF is made up of 10-15 subunits 

and is frequently mutated in cancer.

 All remodelers have conserved ATPase, thought to be involved in movement of 

nucleosome.

 ATPase domain binds approximately 40 bp inside the nucleosome and initiate 

directional pumping of DNA around the histone-octamer. 

 Other proteins that are attached to the ATPase domain of remodeler complex also 

play an active role in nucleosome selection and regulate ATPase activity.

 These attendant proteins bind to histones and nucleosomal DNA, and their binding to 

these molecules is affected by the histone modification state.



Condensation and decondensation of DNA

Chromatin remodeling



Condensation and decondensation of DNA

Chromatin remodeling – histone modification

 C-terminus of histone forms globular domain that is packaged into the nucleosome, 

while N-terminus tail is flexible and capable of interacting of other proteins and DNA.

 Histone modification involves covalent bonding of various functional groups to the free 

nitrogens in the R-groups of lysines in N-terminal tail.

 Histones are modified by the process of acetylation (addition of acetyl group), 

methylation (addition of methyl group), phophorylation (addition of phophate groups), 

and post-trancriptional modification.

 Accetylation and methylation are more frequent – removes the positive charges –

loosening of the coil.

 The different types of modification of histone is known as histone code achieved by a 

variety of enzymes, which are yet to be explored.

 Modifications at a promoter can occur in independently regulate many steps, and 

additional modifications can occur from the point of the first modification toward the 

promoter.

 It permits selective binding of transcription factors that, in turn, recruit RNA 

polymerase II at the promoter site.

 The different modification approach may coincide with each other.



Condensation and decondensation of DNA

Chromatin remodeling – histone modification



Condensation and decondensation of DNA

Chromatin remodeling – histone modification



Banding pattern of chromosomes

 When chromosomes are stained with Giemsa stain, the mitotic chromosome appears 

to show a series of striations or a banding pattern, referred to as G-bands.

 Space between the bands which are lightly stained or unstained, is called as 

interband.s

 The G-bands are lower in G-C content than the interbands.

 Genes are concentrated in the G-C rich interbands.

 The banding pattern is specific to the chromosome and therefore utilized for the 

karyotyping (process of pairing and ordering all chromosomes) of an organism.

 Banding pattern is very helpful in regional division of a chromosome. P-region for 

shorter arm of the chromosome and Q-region is for longer arm of chromosome.

 P- & Q-arm are further subdivided and indicated with the number from free end 

towards centromere, e.g. 5p (loss may result in Cri du Chat syndrome), 21q (trisomy 

may lead Down syndrome).

G-bands
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G-bands



Banding pattern of chromosomes

 It is also called as Giant 

chromosome.

 Found in salivary glands of 

Drosophila,  Chironomus, 

Rhynchosciara.

 It is formed when repeated 

rounds of DNA 

replication without cell 

division. Many sister 

chromatids, thus produced, 

fused together.

 The sister chromatids can be 

identified by its distinct 

banding pattern.

 They are used to study the 

function of genes in 

chromosomes.

Polytene chromosome



Banding pattern of chromosomes

 Formed due to reciprocal 

exchange of short fragments of 

Chromosome 22 and with that of 

chromosome 9.

 It is discovered by Both 

Hungerford of the Fox Chase 

Cancer Center and Norwell of the 

University of Pennsylvania, 

located in Philadelphia state. 

Hence, it is named so.

 Actually it is type of genetic 

mutation that causes leukemia 

(Chronic myeloid leukemia) in 

human beings.

Philadelphia chromosome
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Identification of bands



Banding pattern of chromosomes

Telomeres

 Telomere consists of a simple repeat where a C-A rich strand has the sequence C>1 

(A/T)1-4 lying at the end of a chromosome (from 100 to 1000).

 The telomere is required for the stability of the chromosome end.

 The G-tail (14-16 bases) is probably generated because there is a specific limited 

degradation of the C-A rich strand.

 An enzime called telomerase uses the 3'-0H of the G+T telomeric strand as a primer 

for synthesis of tandem TTGGGG repeats.



Banding pattern of chromosomes

Telomeres



Banding pattern of chromosomes

Other banding methods

 There are different banding methods are applied to show the banding map of the 

chromosomes, such as C-banding, R-banding, Q-banding, etc.

 C-banding primarily stains chromosomes at the centromeres, which have large 

amount of AT-rich satellite DNA.

 C-banding is generally carried out to show the heterochromatic bands obtained in G-

banding. Flurochrome is applied in the banding of chromosomes.

 When chromosomes are heated in a phosphate buffer, then treated with Giemsa stain 

to produce a banding pattern, reverse of banding pattern that produced in G-banding, 

is observed, which is called as R-banding.

 R-banding is useful for analyzing genetic deletion and chromosomal translocations 

that involve the telomeres of chromosomes.

 In Q-banding, a fluorochrome quinacrine is used to satin the chromosome.

 The Q-banding allows the precise identification of the different chromosome pairs and 

also the identification of structural chromosome rearrangements.



Banding pattern of chromosomes

C-banding
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