MICROBIAL VARIATION IN BACTERIA

Bacteria variation can also occur by horizontal transfer of genetic material from one cell to another. Mutation and Gene transfer work together to accelerate the rate of bacterial evolution. The spontaneous changes required to produce a new function (e.g antibiotic resistance) may occur at a low frequency.

 overview of genetic variation in bacteria. 

When a bacterial cell divides, the two daughter cells are generally indistinguishable. Thus, a single bacterial cell can produce a large population of identical cells or clone. On solid medium, a clone is manifested as an easily isolated colony. Occasionally, a spontaneous genetic change occurs in one of the cells. This change (mutation) is heritable and passed on to the progeny of the variant cell to produce a subclone with characteristics different from the original (wild type) parent. This is termed vertical inheritance. If the change is detrimental to the growth of the cell, the subclone will quickly be overrun by the healthy, wild type population. However, if the change is beneficial, the subclone may overtake the wild type population. This is an example of how evolution is directed by natural selection. 
 Spontationeous mutations are of two classes:

 (1) point mutation, or change of a single nucleotide, and

 (2) DNA rearrangement, or shuffling of the genetic information to produce insertions, deletions, inversions, or changes in structure. 

DNA rearrangements can affect a few to several thousand nucleotides. Both types of mutations generally occur at a low frequency (roughly once in 106 to 108 cells for any particular gene) and lead to a continuous, slow evolution of bacterial populations. 

 Bacterial variation can also occur by horizontal transfer of genetic material from one cell to another. Consider two cells from different populations: bacterium B has features distinct from those of bacterium A. There are three possible mechanisms for transferring a trait from B to A: (1) transformation, release and uptake of naked DNA; (2) transduction, packaging and transfer of bacterial DNA by viruses, and (3) conjugation, bacterial mating in which cells must be in contact. For all three process, the transferred DNA must be stably incorporated into the genetic material of the recipient bacterium. This can occur in two ways: (1) recombination, or integration of the transferred DNA into the bacterial chromosome; or (2) establishment of a plasmid, i.e., the transferred material essentially forms a minichromosome capable of autonomous replication.  Mutation and gene transfer work together to accelerate the rate of bacterial evolution. The spontaneous changes required to produce a new function (e.g. antibiotic resistance) may occur at a low frequency. However, once the function has developed, it can readily spread to other bacterial populations. The limitation is the probability and efficiency of gene exchange between different bacteria. Under certain conditions, gene exchange is very efficient. 

HEREDITARY IN BACTERIA

 Most bacterial cells contain a single chromosome. The chromosome of 
Escherichia coli is a double stranded DNA circle of about 5 million base pairs encoding approximately 5,000 genes. Because there is only one chromosome, each gene (with occasional exceptions) is present in only one copy. Thus, bacteria are haploid. One important consequence of having a haploid genome is that genetic changes have an immediate effect on the phenotype or properties of the bacterial cell. This is a highly desirable characteristic for the isolation of mutants in the laboratory. The ability of bacterial cells to produce colonies on solid medium makes it possible to physically separate and identify mutant clones of bacteria. The short generation time and ability to produce large numbers of progeny make it possible to isolate virtually any kind of mutation. In nature, these 
properties means that revolution is rapid.Gene exchange between bacteria

A. Transformation.

 The uptake of naked DNA molecules and their stable maintenance in bacteria is called transformation. The phenomenon was discovered in 1928 by Griffith, who was studying the highly virulent pathogen Streptococcus pneumoniae. He showed that injecting into mice a mixture of heat killed virulent (smooth) S. pneumoniae with a live attenuated (rough) strain led to the development of a live virulent strain, which ultimately killed the mouse. Avery, MacCleod, and McCarty purified the transforming substance and identified it as DNA. This experiment was the first to demonstrate that DNA was the genetic material. It was also the first discovery of gene transfer between bacteria. Sincethen, other bacteria, including certain species of Haemophilus, Bacillus, Actinobacillus, and Neisseria, have been found to be naturally transformable. These bacteria have developed highly specialized functions that will bind DNA fragments and transport them into the cell. These mechanisms can be quite distinct. In the case of Bacillus subtilis, any DNA can be taken up. Bacillus and Streptococcus unwind the DNA and transport only a single strand. In contrast, Haemophilus, Actinobacillus, and Neisseria require a specific sequence to be present on the DNA fragments and transport double-stranded DNA fragments. 

Transformable organisms take up DNA when they are in a competent state. In Bacillus, this state is triggered by small diffusible molecules whose concentration indicates when the culture has reached a certain density. In Haemophilus, competence is induced by nutritional starvation. These signals somehow trigger the expression of proteins that enable the cells to bind and take up DNA. In nature, the DNA to be taken up is thought to be released into the environment by lysis of bacterial cells. Transformation is probably the least efficient mechanism of gene transfer because naked DNA is sensitive to nucleases in the environment. In the laboratory, mutant strains can be transformed to wild type by the addition of purified DNA extracted from a wild type strain. B. Homologous recombination.  How is the DNA fragment stably incorporated into the bacterial genome once it is taken up by the cells? One very efficient mechanism is homologous recombination. Two molecules of nearly identical sequence can readily exchange segments. In bacteria, the key protein for homologous recombination is RecA.

C. Transformation and pili antigenic variation in Neisseria. 

 The pathogenic Neisseria species are Neisseria gonorrhoeae (gonococci) and Neisseria meningitidis (meningococci), which are responsible for gonorrhea and meningitis, respectively. These organisms are Gram negative, non-motile, diplococci that prefer to grow aerobically in an atmosphere slightly enriched with CO2. Both the gonococci and the meningococci exist only in the human host; there is no other reservoir. Not surprisingly, they have evolved highly sophisticated mechanisms for colonization and invasion of human host tissues and evasion of host defenses. Consequently, untreated infections, especially those of the meningococci, can lead to a variety of serious complications, including death. Advances in DNA technology and the ability to genetically manipulate Neisseriain the last decade have allowed explosive progress in our understanding of the molecular basis of pathogenicity in these organisms. While there is much left to learn, these studies have already revealed some fascinating details.  The first step for gonococci to establish an infection is attachment to mucosal epithelial cells.

 E. Transduction

 Bacteriophages have the ability to transfer genes from one bacterial cell to another, a process known as transduction. There are two varieties of bacteriophage-mediated gene transfer: generalized transduction and specialized transduction

BACTERIAL RECOMBINATION. 

Bacterial recombination is a type of genetic recombination in bacteria characterized by DNA transfer from one organism called donor to another organism as recipient. This process occurs in three main ways:

1.transformation  , the uptake of exogenous DNA from the surrounding environment., the virus-mediated transfer of DNA between bacteria, the transfer of DNA from one bacterium to another via cell-to-cell contact.

 final result of conjugation, transduction, and/or transformation is the production of genetic recombinants, individuals that carry not only the genes they inherited from their parent cells but also the genes introduced to their genomes by conjugation, transduction, and/or transformation.

 in bacteria is ordinarily catalyzed by a RecA type of recombinase.These recombinases promote repair of DNA damages by homologous recombination.

The ability to undergo natural transformation is present in at least 67 bacterial species.Natural transformation is common among pathogenic bacterial species. In some cases, the DNA repair capability provided by recombination during transformation facilitates survival of the infecting bacterial pathogen.Bacterial transformation is carried out by numerous interacting bacterial gene products.

