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MICROBIAL GENETICS

Genetics – the study of the structure of 
genes, their function and how genes 
and their cumulative effects are 
passed between organisms (often 
referred to as heredity)



Microbial Genetics

• All information for life is stored in an organism’s genetic 
material, DNA, or for many viruses, RNA

• Heredity – the transmission of this information from an 
organism to its progeny (offspring)

• Chromosomes – a circular (in prokaryotes) or linear (in 
eukaryotes) threadlike molecule of DNA and its 
associated proteins



Microbial Genetics
• Plasmids – an extra-chromosomal circular strand of DNA 

that contains genetic information which supplements 
information in the chromosome. 
- it is self-sufficient in that it can replicate and transcribe 

mRNAs on its own.
- plasmids may be gained or lost without harm to the cell 
- under certain conditions, however, plasmids are an 

advantage to cells.
- plasmids may carry genes for such activities as 

antibiotic resistance, tolerance to toxic metals, the 
production of toxins and the synthesis of enzymes.

• Genome – the total sum of an organisms genetic 
information



• DNA - double chain of nucleotides

• Nucleotide - made up of sugar (5C sugar 
deoxyribose), a phosphate, and a base 
(adenine, guanine, cytosine or thymine)

• Arrangement – nucleotides arranged in helix, 
with the nucleotide base pairs held together by 
hydrogen bonds 

DNA STRUCTURE



DNA STRUCTURE



Microbial Genetics

• Gene 
– a linear sequence of nucleotides
- encoded in it are the information for the structure and 

function of an organism
• Allele

- different molecular forms of the same gene
• Mutation

- is a permanent alteration in DNA
- mutations usually change the sequence of nucleotides 
in DNA and thereby change the information in the DNA
- when the mutated DNA is passed on to the daughter 
cell, the daughter cell can be different from the parent 
cell in one or more characteristics



• Genetic information transfer  



DNA Replication (semi-conservative)

• Structurally, dsDNA is referred to as antiparallel, 
whereby the 2 strands are parallel but oriented in 
opposite directions.  

- DNA strands have direction, or orientation.  
5’ to 3’ direction refers to carbon 5 and carbon 3 of the 
deoxyribose molecule

- the 2 strands are held together by H-bonds 
between the bases adenine and thymine (A-T), and
cytosine and guanine    (C-T).



DNA Replication (semi-conservative)
• The process of replication always starts at a 

particular site in the DNA referred to as the origin of 
replication site, or OriC

- Helicase splits the dsDNA (by breaking the 
H-bonds) into 2 strands, creating 2 replication forks
traveling in opposite direction

-DNA polymerase then binds each strand and 
synthesizes a compliment strand in 5’ to 3’
direction.  DNA polymerase can synthesize one 
continuous complimentary strand, leading strand 

-The lagging strand is synthesized 
discontinuously as short fragments (Okazaki 
fragments) and then extended by DNA polymerase 

-Ligase then links the Okazaki fragments 
making one continuous strand



DNA Replication (semi-conservative)



DNA Replication (semi-conservative)



Transcription
Transcription is the synthesis of the complimentary strand 

of RNA from the DNA template
- only one strand of dsDNA can be used as the coding 

region for a gene since each strand reads the opposite 
nucleotides and therefore different codons

- enzyme RNA polymerase binds to one a sequence 
of DNA bases that indicates the start of the gene 
(promoter sequence)

- the transcript is called mRNA (messenger RNA)
- during transcription, the base uracil pairs with 

adenine and cytosine with guanine 
- mRNA is synthesized in the 5’ to 3’ direction
- the newly formed transcript is released from the 

template DNA



Transcription



Kinds of RNA

• Three kinds of RNA participate in protein 
synthesis

- ribosomal RNA (rRNA)

- messenger RNA (mRNA)

- transfer RNA (tRNA)



Kinds of RNA

• ribosomal RNA (rRNA)
- binds closely to certain proteins to form two kinds 

(30S and 50S) of ribosome subunits. A subunit of each 
kind combines to form a ribosome, sites of protein 
synthesis

- serve as binding sites for tRNA, and some of 
their proteins act enzymes that control protein 
synthesis

- after the two subunits join together around the 
strand of mRNA, the synthesis of a peptide begins  



ribosomal RNA (rRNA)



Kinds of RNA
• messenger (mRNA)

- is synthesized in units that contain sufficient information to 
direct the synthesis of one or more polypeptides chains

- one mRNA transcript corresponds to one or more genes
- the information coded in mRNA acts during translation to 

dictate the sequence of amino acids in the protein
- each triplet (sequence of three bases) in mRNA constitutes a 

codon.
- each codon specifies a particular amino acid or acts as a 

terminator of translation
- the first codon AUG acts as a start codon and codes for 

amino acid methionine
- codon (UAA, UAG or UGA) act as a terminator or stop 

codon



Genetic Code



Kinds of RNA
• transfer RNA (tRNA)

- transfers amino acids from the cytoplasm to the 
ribosomes

- consists of 75 to 80 nucleotides and is folded back 
on itself to form several loops that are stabilized by 
complementary base pairing

- each tRNA has a three-base anticodon, that is 
complementary to a particular mRNA codon

- It also has a binding site for a an amino acid –the 
particular amino acid specified by the mRNA codon

- The anticodon attaches by complementary base 
pairing to the appropriate mRNA codon



Transfer RNA
(tRNA)













Regulation of Metabolism

• Categories of regulatory mechanisms
- The mechanisms that control metabolism either 

regulate enzyme activity directly or regulate the 
synthesis of enzymes by turning on or off genes that 
code for particular enzymes.  The three well study 
mechanisms are: 

- feedback inhibition
- enzyme induction
- enzyme repression



Regulation of Metabolism

• Feedback inhibition
- also called end-product inhibition
- the end-product of a biosynthetic pathway directly 

inhibits the first enzyme in the pathway
- because feedback inhibition acts quickly and 

directly on a metabolic process, it allows the cell to 
conserve energy

- Requires less energy than the more complex 
processes that regulate gene expression 



Regulation of Metabolism

• Feedback inhibition



• Constitutive enzymes
– enzymes that are synthesized continuously 

regardless of the nutrients available to the organisms
– the genes that make these enzymes are always 

active

• Inducible enzymes 
– enzymes that are synthesized by genes that are 

sometimes active and sometimes inactive, depending 
on the presence or absence of substrates



• Repression
– is a regulatory mechanism that inhibits gene expression and 

decreases the synthesis of enzymes
– is usually a response to the overabundance of end product of a 

metabolic pathway
– mediated by regulatory proteins called repressors, which block 

the ability of RNA polymerase to initiate transcription from the
repressed genes 

• Induction
– Process that turns on the transcription of gene or genes
– Substances that induce gene transcription are called inducers

and the enzymes that are synthesized in the presence of 
inducers are called inducible enzymes



Regulation of Metabolism

• Operon model of gene expression
– A model that explains the regulation of some 

protein synthesis in bacteria
– An operon includes one or more structural genes, which 

carry information for the synthesis of specific proteins such as
enzyme molecules, and the operator and promoter

– The operator region is a short sequence that repressor-
proteins and inducer-proteins bind to in order to prevent or 
enhance transcription

– The promoter region is a common sequence that RNA 
polymerase recognizes, binds and begins transcription from

– The structural region of the gene is the actual coding-
sequence, which will represent the transcribed mRNA 
sequence



Regulation of Metabolism

• Enzyme induction (lac operon)



Regulation of Metabolism
•Enzyme induction (lac operon)



Regulation of Metabolism

• Enzyme repression (trp operon) 
– the structural genes are transcribed until they are 

turned off, or repressed.
– genes for enzymes involved in the synthesis of 

tryptophan are regulated by this mechanism
– When excess tryptophan is present, the tryptophan 

acts as a corepressor binding to the repressor
protein 

– The repressor protein then binds to the operator and 
stops further tryptophan synthesis  



• Genotype
– refers to the genetic information contained in the 

DNA of the organism

• Phenotype
– refers to the specific characteristics displayed by the 

organisms

• Mutations always change the genotype  
– such a change may or may not be expressed in the 

phenotype, depending on the nature of the mutation 



Mutations



Mutations



Inversions – when a segment of DNA 
is excised and reinserted upside 
down

Transposition – when a segment of 
DNA is excised and reinserted 
somewhere else

Mutations



• Phenotypic variations in mutated bacteria
– include alterations in colony morphology, colony color, 

or nutritional requirements
– impaired synthesis of certain cell surface substances
– organisms that typically form capsules may no longer 

form the external structures
– mutations that alter nutritional requirements generally 

increase the nutritional needs of organisms, usually by 
impairing the organism’s ability to synthesize one or 
more enzymes.  As a result the organism may require 
certain amino acids or vitamins in its medium  

– still another variation is temperature sensitivity



• Not all phenotypic variations are the result 
of mutations

• Some phenotypic variations may be 
caused by environmental factors aswell



• Spontaneous mutations
– occur in the absence of any agents known to cause 

changes in the DNA sequence
– they arise during replication of DNA and appear to be 

errors in base pairing of nucleotides in the old and new 
strands of DNA

• Induced mutations
– are produced by agents called mutagens
– increases rate of the mutation compared to 

spontaneous mutation rate
– mutagens include chemical agents and radiation





Repair of DNA Damage

• Many bacteria can repair certain kinds of damage to 
DNA
– light repair or photoreactivation, occurs in the 

presence of visible light in bacteria previously 
exposed to UV light  

– mutations that might have been passed along to 
daughter cells are corrected and the DNA is returned 
to its normal state

– Dark repair, which occurs in some bacteria in the 
presence or absence of light, requires several 
enzyme controlled reactions



THE END


