Bacterial Genetics 

I. Bacterial Forms of DNA (5)

a. Nuclear DNA(Chromosome, Genome)

i. Nucleoid = bacterial nucleus

ii. Circular, dsDNA, no limiting membrane

iii. Spirochetes have linear DNA

b. Plasmids

i. Extra-chromosomal DNA w/its own gene for replication

ii. Circular, dsDNA

iii. Divide in synchrony with bacteria

iv. Can be transferred to other related bacteria 

v. Often contain genes for antibiotic resistance and toxins

c. Bacteriophages (Bacterial Viruses)

i. Exist free in bacterial cytoplasm or integrate into bacterial nucleus.

ii. Used to transfer bacterial genes 

d. Transposons (“Jumping genes”)

i. Small units of DNA that are present only in larger forms of DNA

ii. Contain genes for its own replication and antiobiotic resistance

e. Insertion sequences

i. Small, found in all bacterial sources of DNA
ii. Serve no function

iii. Have genes for only their own replication

II. Bacterial Recombination

a. Mutation = actual structural change within a gene

b. Many genetic changes in bacteria are a result of gene transfer(recombination) rather than mutation.

c. Results of errors by bacterial enzymes and occurs more often than mutations. 

d. Mechanism:

i. Sequence homology is important in allowing 2 pieces to align side-by-side. 

ii. Enzymes break 2 strands & when ligating enzymes unite the 1st & 2nd strand, a crossing over occurs.

iii. Now each original strand has a piece of the 2nd strand

III. Examples of Bacterial Recombination

a. Strand Invasion(Gene duplication)

i. Often genome is synthesized before cell division, so growing cells often have 2 nuclei. 

ii. If maternal & daughter DNA cut in slightly different loci and then crossed over, maternal DNA can enter daughter DNA

iii. Can result in gene duplication in 1 strand and loss of gene in another. 

b. Example: (Streptococcus pyogenes)
i. Responsible for soar throat
ii. Its M-protein is essential for virulence

iii. Humans develop Ab’s to M-protein to prevent reinfection

iv. Bacteria has altered M protein to allow it to escape Ab’s, so can get strep sore throat many times

v. An example of Phenotypic variation – no change in gene structure (not mutation)

c. Example: Bacterial Transformation
i. DNA from donor(exogenote) enters a homologous recipient(endogenote) and via recombination creates a permanent hereditary change in the recipient. 

ii. Griffith Experiment (1928)

1. Mice injected with heat-killed type 1 pneumococcal cells died.

2. Why? – DNA from killed cells escaped from bacteria and entered living bacteria via homologous recombination. (Transformation)

iii. Avery, McCarty & MacLeod (1944)

1. Showed that “transforming principle” was DNA

2. Was the 1st recognition that DNA was the basis of inheritance.   

iv. General Properties

1. Close homology of donor & recipient is required. 

2. Doubtful it occurs in nature b/c of widespread presence of nucleases. 

3. Gram (+) cells can only be transformed at certain times in the growth curve. 

d. Example: Bacterial Transduction (Generalized & Specialized)
i. Transfer of genes from one bacterium to another via bacteriophage as vector. 

ii. Lytic(virulent) phage – infect host and kill it shortly after

iii. Temperate(lysogenic) phage – integrate into host DNA for a few cell generations before they excise and then lyse the cell. 

iv. Generalized Transduction

1. Lytic λ w/bacterial DNA enters bacteria

2. Production of transducing phage – contains bacterial DNA

3. Transducing phage enters host

4. Injects exogenote DNA into host

5. Homologous recombination of DNA with endogenote DNA

6. No lysis because phage lacks all phage genes (defective phage)

7. Called generalized transduction b/c cannot predict which genes the transducing phage will have acquired. 
v. Specialized Transduction

1. Temperate phage integrates into special spot in host DNA, now known as prophage.

2. Integrated phage genes are not read. 
3. When an error of excision of the phage occurs it will take 1 gene and leave part of its DNA behind. 
4. Phage enters new host & transfers 1 of these new genes.
5. No lysis b/c defective phage.
IV. Lysogenic Conversion

a. Phage w/bacterial genes integrate into host and genes get expressed.

b. Expression of genes does not occur in specialized transduction. 
c. Examples:
i. Diptheria toxin is made by diptheria bacillus only when it is infected with beta phage of diptheria bacillus. Without phage it is avirulent
ii. Scarlet fever is due to erythrogenic toxin of Strep. Pyogenes which relies on a lysogenic phage infection
iii. Botulism toxin produced by lysogenized Clostridium botulinum w/the necessary phage. 
V. Bacteriophage Typing of Bacteria

a. Many bacterial species are subject to lytic infection by several different phages

b. If two strains are lysed by the same phage, may be able to conclude that two strains are identical. 

c. Useful in epidemiological studies for tracing the source of a bacterium in an epidemic.

VI. Bacterial Conjugation

a. Plasmids

i. Extra-chromosomal dsDNA containing genes of medical importance

ii. Reproduce in synchrony with their bacterial host

iii. Conjugative plasmids encode 2 major types of genes:

1. Tra(transfer genes) encode F, fertility or sex pili that aid attachment of cell to another. 

2. tra genes are grouped into 1 region of plasmid DNA called a cassette. 

3. 2nd set of genes for antibiotic resistance, toxin(tetanus toxin), and bacteriocins(small peptides that act as strain specific antiobiotics)

iv. Non-conjugative plasmids must be present in a cell that has a conjugative plasmid in order to be transferred. 

b. F+ Mating with F- Cells

i. Sex pilus binds the F+ cell to the F- cell 

ii. One strand of plasmid DNA is nicked and transferred to recipient cell. Strand left behind is replicated to reform plasmid in donor.

iii. Conversion of recipient from F- to F+
iv. Recipient also acquired any plasmid trait of the donor since plasmid genes are expressed in bacteria. 

c. Hfr Cell Mating with F- Cells

i. Hfr=high frequency recombinant cell

ii. Created when F plasmid integrates into chromosome of recipient. 

iii. Integrated plasmid can be excised and if retained in cytoplasm it converts the cell to an F+ cell. 

iv. If the excision is in error and the break occurs in the middle of the integrated plasmid, when plasmid is transferred to F- cell some bacterial genes & some plasmid genes get transferred, thus it remains F-

v. Donor is termed Hfr cell b/c it transfers bacterial genes with high frequency. 

d. Sexduction

i. Hfr plasmid is transferred in its entirety w/some bacterial genes. Happens when excision is at one end of the Hfr genes. 

ii. If recipient keeps plasmid in cytoplasm, known as F` plasmid.

iii. If F` x F- ( recipient is F` (Sexduction)
e. Gram (+) Bacteria

i. Lack pili thus use pheromones to attract F+ & F- bacteria 

VII. Plasmid Typing (Profiling)

a. If plasmid DNA from bacteria that are alike, are identical in size & other qualities it can be assumed that bacteria are identical.

b. Useful in epidemiology

VIII. Insertion Sequence (IS)

a. Small units of DNA devoid of any genes other than those needed for replication.

b. IS elements move to sites in larger DNA, while original copies remain at original site. 

c. Some transposons contain IS elements.

IX. Transposons (Tn)

a. Larger than insertion sequences & contain genes for antiobiotic resistance and replication.

b. Move like insertion sequences “jumping genes”
c. Some contain IS elements at each end that assist in their “jumping”

d. In plasmids, they are the source of antiobiotic resistance.

X. Recombinant DNA Technology  (Genetic Engineering)

a. Plasmids

i. Cleave plasmid (vector) and useful source of DNA w/same restriction endonuclease.

ii. Mix DNA and plasmid and add ligase enzymes.

iii. Transfection: form of transformation where vector is entered into host bacterium. 

1. May require treatment of endogenote w/permeability agents

iv. Plasmid genes will get expressed in host and DNA and the proteins it encodes will get expressed. 

v. Method is used to produce lymphokines, insulin, growth factors, and vaccines. 

b. Southern Blotting

i. Small piece of DNA is source of an important trait of bacterium & is prepared by use of restriction endonucleases. 

ii. Probe = DNA labeled with dye or isotope

iii. Fragmented DNA from bacterium suspected to produce toxin or Ag are electrophoresed. 

iv. Probe added, blot, expose on autorad, if it binds to DNA organism is identified to have toxin or Ag. 

v. Ex: Enterotoxic E. coli are recognized to be different from normal E. coli in this way. (Demonstrates toxin presence)

vi. Viruses in human specimens (HIV, Herpes) identified in this way.

c. PCR

i. Makes more DNA for southern blotting.  
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