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BACTERIAL-GENETIC



احمد يحيى توفيق



Prokaryote Basics

The largest and most obvious division of living organisms is into prokaryotes vs.

eukaryotes.

•



Eukaryotes are defined as having their genetic material enclosed in a membranebound nucleus, separate from the cytoplasm. In addition, eukaryotes have other

membrane-bound organelles such as mitochondria, lysosomes, and endoplasmic

reticulum. almost all multicellular organisms are eukaryotes.



•



In contrast, the genome of prokaryotes is not in a separate compartment: it is

located in the cytoplasm (although sometimes confined to a particular region called

a “nucleoid”). Prokaryotes contain no membrane-bound organelles; their only

membrane is the membrane that separates the cell form the outside world. Nearly

all prokaryotes are unicellular.



Prokaryote vs. Eukaryote Genetics

Prokaryotes are haploid, and they contain a single circular chromosome.
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In addition, prokaryotes often contain small circular DNA molecules called “plasmids”, that

confer useful properties such as drug resistance. Only circular DNA molecules in prokaryotes

can replicate.



In contrast, eukaryotes are often diploid, and eukaryotes have linear chromosomes, usually

more than 1.

In eukaryotes, transcription of genes in RNA occurs in the nucleus, and translation of that

RNA into protein occurs in the cytoplasm. The two processes are separated from each

other.



In prokaryotes, translation is coupled to transcription: translation of the new RNA molecule

starts before transcription is finished.

Bacterial Mutants

Mutants in bacteria are mostly biochemical in nature, because we can’t generally see the

cells.

The most important mutants are auxotrophs. An auxotroph needs some nutrient that the

wild type strain (prototroph) can make for itself.

Chemoauxotrophs are mutants that can’t use some nutrient (usually a sugar) that

prototrophs can use as food.

Resistance mutants confer resistance to some environmental toxin: drugs, heavy metals,

bacteriophages, etc. For instance, AmpR causes bacteria to be resistant to ampicillin, a

common antibiotic related to penicillin.

Auxotrophs and chemoauxotrophs are usually recessive; drug resistance mutants are usually

dominant.

Replica Plating

•



A common way to find bacterial mutants is replica plating, which means making

two identical copies of the colonies on a petri plate under different conditions.

2



•



Colonies that grow on the permissive plate but not the restrictive plate are

(probably) trp- auxotrophs, because they can only grow if tryptophan is supplied.



Bacterial Sexual Processes

Eukaryotes have the processes of meiosis to reduce diploids to haploidy, and fertilization to

return the cells to the diploid state. Bacterial sexual processes are not so regular. However,

they serve the same aim: to mix the genes from two different organisms together.

The three bacterial sexual processes:

1. conjugation: direct transfer of DNA from one bacterial cell to another.

2. transduction: use of a bacteriophage (bacterial virus) to transfer DNA between cells.

3. transformation: naked DNA is taken up from the environment by bacterial cells.

1-Conjugation

•



Conjugation is the closest analogue in bacteria to eukaryotic sex.



•



The ability to conjugate is conferred by the F plasmid.



•



A plasmid is a small circle of DNA that replicates independently of the chromosome.

Bacterial cells that contain an F plasmid are called “F+”. Bacteria that don’t have an

F plasmid are called “F-”.



•



F+ cells grow special tubes called “sex pilli” from their bodies. When an F+ cell

bumps into an F- cell, the sex pilli hold them together, and a copy of the F plasmid is

transferred from the F+ to the F-. Now both cells are F+.



Hfr Conjugation

•



When it exists as a free plasmid, the F plasmid can only transfer itself. This isn’t all

that useful for genetics.



•



However, sometimes the F plasmid can become incorporated into the bacterial

chromosome, by a crossover between the F plasmid and the chromosome.



•



The resulting bacterial cell is called an “Hfr”, which stands for “High frequency of

recombination”.

Hfr bacteria conjugate just like F+ do, but they drag a copy of the entire

chromosome into the F- cell.
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Intracellular Events in Conjugation

•



The piece of chromosome that enters the F- form the Hfr is linear. It is called the

“exogenote”.



•



The F- cell’s own chromosome is circular. It is called the “endogenote”.



•



Only circular DNA replicates in bacteria, so genes on the exogenote must be

transferred to the endogenote for the F- to propagate them.



F-prime (F’)

The process of making an Hfr from an F+ involves a crossover between the F plasmid and the

chromosome. This process is reversible: an Hfr can revert to being F+ when the F plasmid

DNA incorporated into the Hfr chromosome has a crossover and loops out of the

chromosome forming an F plasmid once again.Sometimes the looping-out and crossing-over

process doesn’t happen at the proper place. When this happens, a piece of the bacterial

chromosome can become incorporated into the F plasmid. This is called an F’ (F-prime)

plasmid.

2-Transduction

Transduction is the process of moving bacterial DNA from one cell to another using a

bacteriophage.

Bacteriophage or just “phage” are bacterial viruses.

They consist of a small piece of DNA inside a protein coat. The protein coat binds to the

bacterial surface, then injects the phage DNA. The phage DNA then takes over the cell’s

machinery and replicates many virus particles.

Two forms of transduction:

1. generalized: any piece of the bacterial genome can be transferred

2. specialized: only specific pieces of the chromosome can be transferred.

General Phage Life Cycle

1. Phage attaches to the cell and injects its DNA.

2. Phage DNA replicates, and is transcribed into RNA, then translated into new phage

3. New phage particles are assembled.



4



3-Transformation

remove DNA from cells, manipulate it in the test tube, then put it back into living cells. In

most cases this is done by transformation. In the case of E. coli, cells are made

“competent” to be transformed by treatment with calcium ions and heat shock. E. coli

cells in this condition readily pick up DNA from their surroundings and incorporate it into

their genomes.
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