Plasmids

Introduction

o Bacteria are prokaryotic organisms with a single, circular chromosome.

e In addition to their main chromosome, many bacteria also possess
extrachromosomal, self-replicating DNA molecules called plasmids.

o First discovered by Joshua Lederberg (1952).

o Plasmids play a vital role in horizontal gene transfer, antibiotic resistance, toxin
production, and genetic engineering.

Definition

Plasmids are small, circular, double-stranded DNA molecules that exist independently
of the bacterial chromosome, replicate autonomously, and often carry genes beneficial
for survival under specific conditions.

General Features

o Size: Usually 1-200 kb.

o Shape: Circular, double-stranded.

e Independent replication (some may integrate into chromosome).

e Not essential for survival under normal conditions, but provide selective advantages.
e Transmitted to daughter cells during cell division.

e May be transferred between bacteria via conjugation.

Types of Plasmids (Based on Function)

1. Fertility (F) Plasmids

o Carry genes for sex pilus formation.

o Allow conjugation between bacteria (F* — F~ transfer).
2. Resistance (R) Plasmids

o Carry antibiotic resistance genes.

o Spread multidrug resistance among pathogens (e.g., E. coli, Klebsiella).
3. Col (Colicinogenic) Plasmids

o Produce bacteriocins (toxic proteins) that kill other bacteria.
4. Virulence Plasmids

o Carry genes for toxin production or invasiveness.

o Example: Bacillus anthracis plasmid encodes anthrax toxin.
5. Metabolic Plasmids

o Encode enzymes for metabolism of unusual substances.

o Example: TOL plasmid in Pseudomonas helps degrade toluene.
6. TiPlasmid (Tumor-inducing)

o Found in Agrobacterium tumefaciens.

o Causes crown gall disease in plants.

o Extensively used in plant genetic engineering.



Structure of a Typical Plasmid

e Origin of replication (ori): Initiates DNA replication.

o Selectable marker gene: e.g., antibiotic resistance gene (amp”R).

e Multiple cloning site (MCS): Location for insertion of foreign DNA.
e Promoter sequences: For gene expression.

e (In natural plasmids: genes for conjugation, resistance, virulence, etc.)

Examples of Plasmids

e Fplasmid in E. coli — conjugation.

e R100 plasmid — resistance to multiple antibiotics.

e ColE1 plasmid — encodes colicin.

e Tiplasmid — used in GM crops (Bt cotton, Golden rice).

Significance of Plasmids

1. In Nature
o Spread of antibiotic resistance.
o Contribute to bacterial evolution and adaptation.
2. In Medicine
o Responsible for multidrug-resistant strains (e.g., ESBL, MRSA).
o Important in epidemiology of hospital-acquired infections.
3. In Biotechnology
o Basis of cloning vectors in recombinant DNA technology.
o Used in gene therapy and vaccine development.
o Tiplasmid used for transgenic plants.
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Plasmids are key players in horizontal gene transfer and bacterial adaptation. Their
natural properties have been harnessed in genetic engineering, medicine, and agriculture,
making them one of the most important tools in biotechnology.



