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Chapter 7

Microbial Genetics

Chromosomes and genes
• Chromosome

– Prokaryotes
• Circular

– nucleoid

– Eukaryotes
• Linear

– Nucleus

• Gene - basic unit of heredity
– Locus - location of a gene on the chromosome
– Alleles - different versions of a gene at a locus

Basic structure of a nucleotide

P Nitrogen-containing
base

5-carbon
sugar

phosphate

E. coli - 5 million bases

Bases of nucleotides

Structure of DNA
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Double helix of DNA

Comparison of nucleic acids
DNA
• Double helix (ds)
• Deoxyribose
• Adenine, guanine,

cytosine, thymine

RNA
• Single helix (ss)
• Ribose
• Adenine, guanine,

cytosine, uracil

Informational transfer

Transfer of information Nucleotides to Nucleic Acids

dehydration
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DNA synthesis

DNA replication
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ori site
replication forks
leading strand
lagging strand
helicase
topoisomerase
primase
ss binding protein
RNA primers
Okazaki fragments
DNA polymerase
DNA ligase
3’ to 5’ directions

Semi-conservative replication

Semi-conservative replication

Transcription
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Forms of RNA
• Ribosomal RNA - rRNA

– Part of the ribosome subunits
• Messenger RNA - mRNA

– A template for protein synthesis (polypeptides)
• Transfer RNA - tRNA

– Transfers amino acids from the cytoplasm to the
ribosome

Forms of RNA

Eukaryote mRNA processing

Prokaryote mRNA tRNA
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tRNA Translation

Every three bases is a reading frame

Ribosomes
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Initiation

Initiation Initiation

Elongation Elongation - Termination
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Polyribosome or polysome
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Regulation
• Feedback inhibition

– End product inhibition
• Product inhibits the first enzyme in the pathway

– Threonine

• Enzyme induction
• Constitutive enzymes  - glucose metabolism

– Inductive enzymes
• Lactose
• Lac operon

• Enzyme repression
• Anabolism

– Tryptophan - attenuation

Feedback inhibition

Diauxic growth curve Lac operon (repression)

Lac operon (induction) Lac operon
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Lac operon Mutations
• Point mutations

– A single base substitution
• Changes the amino acid

• Frameshift mutations
– deletion or insertion of a base

• Change the reading frame

Point mutations Point mutations

Frameshift mutations Frameshift mutations
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Mutagens
• Base analog

– 5 bromouracil
• Replaces thymine - guanine during replication

– Caffeine
• Alkylating agents

– Nitrosamines
– Acridine

• quinacrine (Atabrine)

• Radiation
– X-rays
– UV rays - dimer

Base analog

Acridine - framshift mutagen UV - Thymine dimers

Repair of Thymine dimers
• Light repair

– Enzyme activated by light removes dimers
• Dark repair

– Segment of DNA is cut out and replaced

Thymine dimer repair
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Mutant selection (direct) Mutant selection (indirect)

Conditional mutant Replica plating-testing for resistance

Ames test
• Bruce Ames

– Salmonella auxotroph
• Histidine negative

– Mutagenic substances cause the Salmonella
auxotroph to mutate and grow on His negative
medium.
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Supercoiled DNA

Eukaryotic histones Wobble effect
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Negative regulation

Positive regulation Positive regulation

Auxotrophs Mutations are amplified
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