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Prokaryotes 
• The genomes of prokaryotes are having single• The genomes of prokaryotes are having single

chromosomes
• This single chromosome bears little• This single chromosome bears little

morphological resemblance to eukaryotic
chromosomes.

• Bacterial chromosomes are generally ∼1000 times• Bacterial chromosomes are generally ∼1000 times
longer than the cells in which they reside

• The bacterial chromosome is found in a region called

∼

• The bacterial chromosome is found in a region called
the nucleoid

• The nucleoid is not membrane-bounded -So the DNA is 
in direct contact with the cytoplasm 

 Bacteria may have 1 - 4 identical copies of the same 
chromosome - The number depends on the species and chromosome - The number depends on the species and 
growth conditions



Conti…
• Most of the Prokaryotic cells including bacteria are• Most of the Prokaryotic cells including bacteria are

having circular DNA that is a few million nucleotides
in length
– Escherichia coli ~ 4.6 million base pairs
– Haemophilus influenzae ~ 1.8 million base pairs

• Usually the entire genome is a single circle,• Usually the entire genome is a single circle,
but often there are extra circles
called plasmids.called plasmids.

• The DNA is packaged by DNA-binding
proteins.proteins.

• Single, circular DNA molecule located in
the nucleoid region of cell







A few hundred 
nucleotides in length

These play roles in DNA folding,  DNA These play roles in DNA folding,  DNA 
replication, and gene expression



• The number .of gene may be as high as 150 in
some larger bacteriophage genome.some larger bacteriophage genome.

• In E.coli, about 3000 to 4000 genes are organized
into its one circular chromosome.into its one circular chromosome.

• In contrast to the linear chromosomes found in
eukaryotic cells, the strains of bacteria initially studied
were found to have single, covalently closed, circular
chromosomes.

• The circularity of the bacterial chromosome was• The circularity of the bacterial chromosome was
elegantly demonstrated using electron microscopy in
both G+ (Escherichia coli) and G- (Bacillus subtilis).both G+ (Escherichia coli) and G- (Bacillus subtilis).

• Bacterial plasmids were also shown to be circular.



TheThe chromosomechromosome existsexists asas aa highlyhighly foldedfolded andand coiledcoiled structurestructure disperseddispersed
throughoutthroughout thethe cellcell..

TheThe foldedfolded naturenature ofof chromosomechromosome isis duedue toto thethe incorporationincorporation ofof RNARNA withwithTheThe foldedfolded naturenature ofof chromosomechromosome isis duedue toto thethe incorporationincorporation ofof RNARNA withwith
DNADNA..

ThereThere areare aboutabout 5050 loopsloops inin thethe chromosomechromosome ofof EE.. colicoli..ThereThere areare aboutabout 5050 loopsloops inin thethe chromosomechromosome ofof EE.. colicoli..

TheseThese loopsloops areare highlyhighly twistedtwisted oror supercoiledsupercoiled structurestructure withwith aboutabout fourfour
millionmillion nucleotidenucleotide pairspairs.. ItsIts molecularmolecular weightweight isis aboutabout 22..88 XX109109millionmillion nucleotidenucleotide pairspairs.. ItsIts molecularmolecular weightweight isis aboutabout 22..88 XX109109

Simple supercoil Complex supercoil



SupercoilingSupercoiling

Most common type 
of supercoiling

Right handed 
Left handed 



There are many supercoiled loops (~100 in E. coli) attached to a central core
protein. Each loop can be independently relaxed or condensed.

Topoisomerase enzyme – (Type I and II) that introduce or remove supercoiling.Topoisomerase enzyme – (Type I and II) that introduce or remove supercoiling.



Conti…
• Not all bacteria have a single circular chromosome:• Not all bacteria have a single circular chromosome:

1. some bacteria have multiple circular
chromosomes, andchromosomes, and
2. many bacteria have linear chromosomes and
linear plasmids.

• The circular nature of the chromosome is proved
using Pulsed field gel electrophoresis (PFGE) .

• Eg: Rhodobacter sphaeroides has two large circular• Eg: Rhodobacter sphaeroides has two large circular
chromosomes.

• One of the chromosomes is 3.0 Mb and the other is• One of the chromosomes is 3.0 Mb and the other is
0.9 Mb.

• Genes encoding rRNAs and tRNAs required for• Genes encoding rRNAs and tRNAs required for
translation, and metabolic enzymes are distributed
between the two chromosomes.



Conti…
• Multiple chromosomes have also been found in many• Multiple chromosomes have also been found in many

other bacteria, including Agrobacterium tumefaciens,
Vibrio cholerae

• There are examples of linear DNA molecules in• There are examples of linear DNA molecules in
bacteria that are protected by both types of telomeres:
palindromic hairpin loops are protected by the lack ofpalindromic hairpin loops are protected by the lack of
free double-stranded ends, and invertron telomeres
are protected by proteins that bind to the 5'-ends.

• Both of these mechanisms are also used by some• Both of these mechanisms are also used by some
phage, eukaryotic viruses, and eukaryotic plasmids



Mycoplasma pneumoniaeMycoplasma pneumoniae
• It is nearly a minimal cell with a genome that is

816 kbp long and only 688 genes.
• It is nearly a minimal cell with a genome that is

816 kbp long and only 688 genes.
• It has limited metabolism, no known regulation,

and very few DNA binding proteinsand very few DNA binding proteins
• The bacterial DNA is packaged in loops back

and forth.
• The bundled DNA is called the nucleoid.• The bundled DNA is called the nucleoid.
• It concentrates the DNA in part of the cell, but it

is not separated by a nuclear membrane (as inis not separated by a nuclear membrane (as in
eukaryotes.)

• The DNA does form loops back and forth to
a protein core, attached to the cell wall.a protein core, attached to the cell wall.



Conti..

• The DNA is accessible to enzymes that make RNA• The DNA is accessible to enzymes that make RNA
and protein.

• In the bacterial cell, the DNA gets transcribed to RNA,• In the bacterial cell, the DNA gets transcribed to RNA,
and the RNA gets translated to protein before it is
even completed.even completed.



Circular bacterial chromosome
• Circular bacterial chromosome are the bacterial chromosomes contained• Circular bacterial chromosome are the bacterial chromosomes contained

in a circular DNA molecule.
• Unlike the linear DNA of vertebrates, typical bacterial chromosomes contain

circular DNA.circular DNA.
• Most bacterial chromosomes contain a circular DNA molecule - there are no

free ends to the DNA.
• Free ends would otherwise create significant challenges to cells with respect

to DNA replication and stability.
• Cells that do contain chromosomes with DNA ends, or• Cells that do contain chromosomes with DNA ends, or

telomeres (most eukaryotes), have acquired elaborate mechanisms to
overcome these challenges.

• However, a circular chromosome can provide other challenges for cells• However, a circular chromosome can provide other challenges for cells
• After replication, the two progeny circular chromosomes can sometimes

remain interlinked or tangled, and they must be resolved so that each cell
inherits one complete copy of the chromosome during cell division.inherits one complete copy of the chromosome during cell division.



A circular bacterial chromosome, showing DNA
replication proceeding bidirectionally, with two replication
forks generated at the "origin".forks generated at the "origin".
Each half of the chromosome replicated by one
replication fork is called a "replichore". (Graphicreplication fork is called a "replichore". (Graphic
computer art by Daniel Yuen)



Replication of a circular bacterial chromosome

Bacterial chromosome replication is best
understood in the well-studiedunderstood in the well-studied
bacteria Escherichia coli and Bacillus subtilis.
Chromosome replication proceeds in three majorChromosome replication proceeds in three major
stages:
1. initiation,1. initiation,
2. elongation and
3. termination.3. termination.



Initiation Initiation 

• The E. coli bacterial replication origin,• The E. coli bacterial replication origin,
called oriC consists of DNA sequence
which recognised by the DnaA proteinwhich recognised by the DnaA protein

• DnaA protein plays a crucial role in the
initiation of chromosomal DNA replicationinitiation of chromosomal DNA replication

• This region also contains four “GATC”
sequencessequences



Elongation
• When the replication fork moves around the

circle, a structure shaped like the Greekcircle, a structure shaped like the Greek
letter theta Ө is formed.

• Replication occurs in a bidirectional manner• Replication occurs in a bidirectional manner
• DNA polymerase III holoenzyme, DNA

polymerase I, exonuclease, DNA ligase arepolymerase I, exonuclease, DNA ligase are
essential for this activity



Termination
• Termination is the process of fusion of

replication forks and disassembly of thereplication forks and disassembly of the
resplisomes to yield two separate and
complete DNA molecules.complete DNA molecules.

• It occurs in the terminus region, approximately
opposite oriC on the chromosomeopposite oriC on the chromosome

• The terminus region contains several DNA
replication terminator sites, or "Ter" sites.replication terminator sites, or "Ter" sites.


