Microbial

Genetics

Genetics—the study of heredity

Genome

Total of genetic material in cell
Chromosome

DNA and associated proteins

Linear in eucaryotes
Circular in procaryotes

Gene—unit of heredity
One gene—one characteristic

Structural genes code for protein

Regulatory genes control gene
expression

Some genes code for RNA
Genotype—genetic makeup

Phenotype—expression of
genotype, physical appearance

Deoxyribonucleic Acid—DNA

Polymer of nucleotides—double strand

Pentose—deoxyribose

Phosphate

Nitrogenous base
Purine bases—adenine, guanine
Pyrimidine bases—thymine,

cytosine

Precise base pairing

Q Guanine and Cytosine

.. Precise base pairing
Hydrogen bonds

Adenine and Thymine

DNA Replication
Linear Chromosome




Origin of replication

Replicon
origin of replication

(a) Replication origin. Short
RNA primers are positioned
to start replication.
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(b) Strands separate, \
two polymerase molecules - =
attach at origin. Arrows 5' 3
indicate direction of —
replication.

Replication forks

Forks

¥ Rapid replication
L~ of procaryotic DNA
() allows for rapid
cell division in
bacteria
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Daughter cell Daughter cell

Genes code for proteins

Protein function based on shape
of protein molecule

Tertiary structure dependent on
secondary structure

Secondary structure dependent
on primary structure

Primary structure dependent on
amino acid sequence

DNA blueprint for proteins

Proteins (enzymes) determine
characteristics of cell

Must convert blueprint into working
structure

RNA required for conversion

Ribonucleic Acid—RNA
Polymer of nucleotides—single strand
Pentose—ribose
Phosphate
Nitrogenous bases
Adenine, guanine cytosine, uracil

Converts nucleotide sequence of
DNA into amino acid sequence
of protein

Genetic code based on three base
sequence—codon (MRNA)

Triplet—three base sequence on DNA

Anticodon—complementary bases
to codon (tRNA)




Protein Synthesis Transcription
In procaryotic cells all DNA codes e romgr
for protein o | |
Genes organized in groups—operons ” ' S m—
Two step process P e e '
Transcription ‘
Copying DNA to mRNA ? o T oo

Translation Promoter region site of RNA
Converting nucleotide chain to polymerase attachment
amino acid chain
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Translation

MRNA
converted
to
amino acid
string
(protein)

Translation

Protein Synthesis in Eucaryotic Cells
DNA contains non-coding sequences
Genes scattered across genome

Primary mRNA transcript must be
edited before leaving nucleus
Remove introns and splice

together exons

Viral Nucleic Acid
Replication
dsDNA Viruses
Viral DNA
migrates to

nucleus
Viral genes

transcribed
Viral DNA
replicates in
nucleus

Virus matures
in nucleus

Viral Nucleic Acid
Replication
RNA viruses
single stranded
positive sense
Replicate a negative
sense template for
viral RNA

Positive sense viral Virus matures
RNA used

. in cytoplasm
for translation ytop




Viral Nucleic Acid Replication
Retro viruses

Contain RNA and reverse
transcriptase (enzyme)

Synthesize DNA from viral RNA

DNA migrates to nucleus
Acts like DNA virus

Genetic Regulation of Enzymes

Bacterial genes for a metabolic
pathway all together on DNA
Operon

Inducible enzymes produced when
substrate is available

Repressible enzyme production
halted by buildup of endproduct

Operon Structure

Regulator gene

Produces regulator protein
Promoter-operator

Site for RNA polymerase

attachment for production of

MRNA
Structural genes

Produce enzymes of
metabolic pathway

Inducible
Operon

Repressible
Operon

Some antibiotics affect protein
synthesis

Ribosomes and enzymes differ
in eucaryotic and procaryotic
cells

Mitochondria have 70S ribosomes
Rifampin binds RNA polymerase

Erythromycin interferes with mRNA
attachment to ribosome




Changes in Genetic Material Point Mutations
Substitution of one base in a base

Mutation pair
One codon affected

Missense—different amino acid
Faulty protein

Permanent, heritable change
in genetic information

Spontaneous Different functional protein
Induced No change
Mutagens Nonsense

STOP codon—no protein

Frame Shift Mutations

Deletion or addition of one or
more base pairs

Many codons affected

Several proteins altered

Repair of mutations Ames test uses back mutation to

. determine if substances mutagens
Proof-reading enzymes
UV damage repaired by
photoactive repair (requires visible Back mutation—gene mutates back to
light) normal in presence of mutagen

Excision repair—cuts out mistake
and replaces with correct info




Genetic Exchange

Conjugation

Cell to cell transfer
Transformation

Uptake of naked DNA
Transduction

Viral introduction of DNA
Transposons

“jumping genes”

Genjugation
Transformation
Generalized
Transduction Transposon

“Jumping Gene”




