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Microbiology Subject Notes 

Lecture 1: Introduction to Microbiology 

Prokaryotes vs Eukaryotes 
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Infectious Disease 

 

Biofilms 
 A biofilm is any group of microorganisms in which cells stick to each other on a surface 

 These adherent cells are frequently embedded within a self-produced matrix of extracellular 

polymeric substance (EPS) 

 In nature microorganisms typically live in communities (Biofilms), not as single species 

colonies as in the laboratory plates 

 Biofilms improve survival by trapping nutrients, protecting against the environment, and 

allowing for favourable metabolic conditions 

 

Microorganisms and Agriculture 
 Positive impacts 

o Nitrogen-fixing bacteria 

o Cellulose-degrading microbes in the rumen 

o Regeneration of nutrients in soil and water 

o Dairy products (e.g., cheeses, yogurt, buttermilk) 

o Other food products (e.g., sauerkraut, pickles, leavened breads, beer) 

o The role of microbes in biofuels production 

 Negative impacts 

o Diseases in plants and animals 

o Food spoilage by microorganisms 
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Metabolic Diversity 
 Chemoorganotrophs:  Obtain their energy from the oxidation of organic molecules 

 Chemolithotrophs: Obtain their energy from the oxidation of  inorganic molecules, a 

process found only in prokaryotes 

 Phototrophs: Contain pigments that allow them to use light as an energy source 

 Autotrophs: Use carbon dioxide as their carbon source, sometimes referred to as 

primary producers 

 Heterotrophs: Require one or more organic molecules for their carbon source, 

feed directly on autotrophs or live off products produced by autotrophs 

 

Lecture 2: Microbial Anatomy, Nutrition, and Growth 

Cell Morphology 
 Major cell morphologies 

o Coccus (pl. cocci): spherical or ovoid  

o Rod: cylindrical shape  

o Spirillum: spiral shape 

 Cells with unusual shapes  

o Spirochetes 

o Appendaged bacteria 

o Filamentous bacteria  
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Determining Cell Shape 
 Morphology typically does not predict  physiology, ecology, phylogeny, etc of a cell  

 Selective forces may be involved in setting the morphology, such as: 

o Optimization for nutrient uptake (those with high surface-to-volume ratio)  

o Swimming motility in viscous environments (helical or spiral-shaped cells)  

o Gliding motility (filamentous bacteria) 

 Cell Size 

o Size range for prokaryotes: 0.2 µm to 700 µm in diameter  

o Most cultured rod bacteria are between 0.5  and 4.0 µm wide and <15 µm long  

o Size range for eukaryotic cells: 10 to >200 µm in diameter 

The Cytoplasmic Membrane in Bacteria 
 The membrane is a thin structure that surrounds the cell, about 6–8 nm thick consisting of a 

phospholipid bilayer with integrated proteins and carbohydrates 

 It is a highly selective permeable barrier; enables concentration of specific metabolites and 

excretion of waste products 

 The outer surface of cytoplasmic membrane can interact with a variety of proteins that bind 

substrates or process large molecules for transport  

 The inner surface of cytoplasmic membrane interacts with proteins involved in energy-

yielding reactions  

 and other important cellular functions 

 Integral membrane proteins are firmly embedded in the membrane, while peripheral 

membrane proteins have one portion anchored in the membrane 
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Transport Proteins 
 Three major classes of active transport systems in prokaryotes  

o Simple transport  

o Group translocation  

o ABC system  

o All require energy in some form, usually proton motive force or ATP 

 

 Simple Transport example: Lac Permease of Escherichia coli, where lactose is transported 

into E. coli by the simple transporter lac permease, a symporter  
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 Group Translocation example: Phosphotransferase System in E. coli, where the substance 

transported is chemically modified during transport across the membrane. Used to move 

glucose, fructose, and mannose  into the cells. Five proteins required  

 

 ABC (ATP-Binding Cassette) transport Systems: transmembrane proteins that utilize the 

energy of adenosine triphosphate (ATP) binding and hydrolysis to carry out certain biological 

processes including translocation of various substrates across membranes. Often involved in 

uptake of organic compounds (e.g., sugars, amino acids), inorganic nutrients (e.g., sulfate, 

phosphate), and trace metals 
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 Translocases: a general term for a protein that assists in moving another molecule, usually 

across a membrane. For example, the sec translocase system exports proteins and inserts 

integral membrane proteins into the membrane 

Cell Walls 
 Peptidoglycan: a polymer consisting of sugars and amino acids that forms a mesh-like layer 

outside the plasma membrane of most bacteria, forming the cell wall 

 The sugar component consists of alternating residues of N-acetylglucosamine and N-

acetylmuramic acid. Attached to the N-acetylmuramic acid is a peptide chain of three to five 

amino acids. The peptide chain can be cross-linked to the peptide chain of another strand 

forming the 3D mesh-like layer 

 

 Structural differences between cell walls of gram-positive and gram-negative Bacteria are 

responsible for differences in the Gram stain reaction 

 The peptidoglycan layer is substantially thicker in Gram-positive bacteria (20 to 80 

nanometers) than in Gram-negative bacteria (7 to 8 nanometers). Thus, presence of high 

http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Sugars
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Plasma_membrane
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/N-Acetylglucosamine
http://en.wikipedia.org/wiki/N-Acetylmuramic_acid
http://en.wikipedia.org/wiki/N-Acetylmuramic_acid
http://en.wikipedia.org/wiki/Gram-positive
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Gram-negative
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levels of peptidoglycan is the primary determinant of the characterisation of bacteria as 

gram-positive 

 

 Gram positive: Can contain up to 90% peptidoglycan, common to have teichoic acids (acidic 

substances) embedded in the cell wall   

 

 Gram negative: a class of bacteria that do not retain the crystal violet stain used in the Gram 

staining method of bacterial differentiation. They have a thin peptidoglycan layer, an Outer 

membrane containing lipopolysaccharide (LPS), porins in the outer membrane which act like 

pores for particular molecules, and a space between the peptidoglycan layer and the 

secondary cell membrane called the periplasmic space. No teichoic acids are present 

http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Crystal_violet
http://en.wikipedia.org/wiki/Gram_staining
http://en.wikipedia.org/wiki/Gram_staining
http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Bacterial_outer_membrane
http://en.wikipedia.org/wiki/Bacterial_outer_membrane
http://en.wikipedia.org/wiki/Lipopolysaccharide
http://en.wikipedia.org/wiki/Periplasmic_space
http://en.wikipedia.org/wiki/Teichoic_acid
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 Mycoplasmas: a genus of bacteria that lack a cell wall around their cell membrane. Without 

a cell wall, they are unaffected by many common antibiotics such as penicillin or other beta-

lactam antibiotics that target cell wall synthesis 

Cell Surface Structures 
 Capsules and Slime Layers: polysaccharide layers surrounding the cell wall or membrane that 

assist in attachment to surfaces, protect against phagocytosis, and help resist desiccation. 

Mutant strains of S. pneumoniae that have lost the ability to form a capsule are readily taken 

up by white blood cells and do not cause disease 

 Fimbriae: an appendage composed of curlin proteins that can be found on many Gram-

negative and some Gram-positive bacteria that is thinner and shorter than a flagellum. 

Fimbriae are used by bacteria to adhere to one another and to adhere to animal cells and 

some inanimate objects 

 Pili: filamentous protein structures typically longer than fimbriae, which assist in surface 

attachment and facilitate genetic exchange between cells (conjugation) 

 

Endospores 
 An endospore is a dormant, tough, and non-reproductive structure produced by certain 

bacteria from the Firmicute phylum 

 The name "endospore" is suggestive of a spore or seed-like form (endo means within), but it 

is not a true spore (i.e., not an offspring). It is a stripped-down, dormant form to which the 

bacterium can reduce itself 

 Endospore formation is usually triggered by a lack of nutrients, and usually occurs in Gram-

positive bacteria 

http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Antibiotics
http://en.wikipedia.org/wiki/Penicillin
http://en.wikipedia.org/wiki/Beta-lactam
http://en.wikipedia.org/wiki/Beta-lactam
http://www.britannica.com/EBchecked/topic/69685/blood
http://www.britannica.com/EBchecked/topic/165521/disease
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/Gram-positive
http://en.wikipedia.org/wiki/Flagellum
http://en.wikipedia.org/wiki/Dormancy
http://en.wikipedia.org/wiki/Firmicute
http://en.wikipedia.org/wiki/Spore
http://en.wikipedia.org/wiki/Gram-positive_bacteria
http://en.wikipedia.org/wiki/Gram-positive_bacteria
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 Endospores enable bacteria to lie dormant for extended periods, even centuries. Revival of 

spores millions of years old has been claimed 

 Endospores can survive without nutrients. They are resistant to ultraviolet radiation, 

desiccation, high temperature, extreme freezing and chemical disinfectants 

 Up to 20% of the dry weight of the endospore consists of calcium dipicolinate within the 

core, which is thought to stabilize the DNA 

 The core contains the spore chromosomal DNA which is encased in chromatin-like proteins 

known as SASPs (small acid-soluble spore proteins), that protect the spore DNA from UV 

radiation and heat 

 

Flagella and Motility 
 A flagellum is a lash-like appendage that protrudes from the cell body of certain prokaryotic 

and eukaryotic cells. The word flagellum in Latin means whip 

 The primary role of the flagellum is locomotion but it also often has function as a sensory 

organelle 

 The bacterial flagellum is made up of the protein flagellin. Its shape is a 20 nanometer-thick 

hollow tube. It is helical and has a sharp bend just outside the outer membrane; this "hook" 

allows the axis of the helix to point directly away from the cell 

 Several genes are required for flagellar synthesis and motility. It is synthesised progressively, 

from the base upwards  

http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Ultraviolet_radiation
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Dipicolinic_acid
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Chromatin
http://en.wikipedia.org/wiki/Prokaryotic
http://en.wikipedia.org/wiki/Eukaryotic
http://en.wiktionary.org/wiki/flagellum
http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Whip
http://en.wikipedia.org/wiki/Animal_locomotion
http://en.wikipedia.org/wiki/Organelle
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Flagellin
http://en.wikipedia.org/wiki/Nanometer
http://en.wikipedia.org/wiki/Helix
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Gliding Motility 

 Gliding motility is the non-flagellar movement of bacteria on surfaces. 

 Slower and smoother than swimming  

 Movement typically occurs along long axis of cell 

 Requires surface contact, and works by excretion of polysaccharide slime and gliding-specific 

proteins 
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Microbial Taxes 
 Taxis: directed movement in response to chemical or physical gradients 

 Chemotaxis: Bacteria respond to temporal difference in chemical concentration, with 

attractants and receptors sensed by chemoreceptors 

 Phototaxis: response to light  

 Aerotaxis: response to oxygen  

 Osmotaxis: response to ionic strength  

 Hydrotaxis: response to water 

 Measured by inserting a capillary tube containing an attractant or a repellent in a medium of 

motile bacteria 

 

Lecture 3: Microbial Genetics 
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DNA Structure 

 

 

DNA Supercoiling 
 DNA supercoiling refers to the over- or under-winding of a DNA strand, and is an expression 

of the strain on that strand. Supercoiling is important in a number of biological processes, 

such as compacting DNA 

 Supercoiling of DNA reduces the space and allows for much more DNA to be packaged with 

the cell 

 Supercoiling is also required for DNA/RNA synthesis. The region ahead of the polymerase 

complex will be unwound; this stress is compensated with positive supercoils ahead of the 
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complex. Behind the complex, DNA is rewound and there will be compensatory negative 

supercoils 

 Topoisomerases, enzymes which regulation under or overwinding of DNA, such as DNA 

gyrase (Type II Topoisomerase) play a role in relieving some of the stress during DNA/RNA 

synthesis by forming negative supercoils 

 Negative supercoiling: double helix is underwound. (predominantly found in nature) 

 Positive supercoiling: double helix is overwound 

 

 

Types of Genetic Material  
 Chromosome: a genetic element with “housekeeping” genes. The presence of essential 

genes is necessary for a genetic element to be called a chromosome 

 Plasmid: a genetic element that is expendable and rarely contains genes for growth under all 

conditions. Usually circular and contain beneficial characteristics, like antibiotic resistance 

http://en.wikipedia.org/wiki/Topoisomerases
http://en.wikipedia.org/wiki/DNA_gyrase
http://en.wikipedia.org/wiki/DNA_gyrase
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 Transposable Elements: segment of DNA that can move from one site to another site on the 

same or a different DNA molecule. Three main types: insertion sequences, transposons, 

special viruses 

Escherichia coli Chromosome 
 Escherichia coli is a useful model organism for the study of biochemistry, genetics, and 

bacterial physiology 

 Many genes encoding enzymes of a single biochemical pathway are clustered into operons 

 

The Biology of Plasmids 
 A cell can contain more than one plasmid, but it cannot be closely related genetically due to 

plasmid incompatibility 

 Plasmids belonging to same Inc group exclude each other from replicating in the same cell 

but can coexist with plasmids from other groups 

 Some plasmids (episomes) can integrate into the cell chromosome; similar to situation seen 

with prophages 

 Conjugative plasmids can be transferred between suitable organisms via cell-to-cell contact 

 Genetic information encoded on plasmids is not essential for cell function under all 

conditions but may confer a selective growth advantage under certain conditions 
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 R plasmids are resistance plasmids; confer resistance to antibiotics and other growth 

inhibitors; many are conjugative 

 In several pathogenic bacteria, virulence characteristics are encoded by plasmid genes 

 Bacteriocins: proteins produced by bacteria that inhibit or kill closely related species or even 

different strains of the same species 

DNA Replication 
 DNA synthesis is bidirectional in prokaryotes: two replication forks moving in opposite 

directions 

 Replisome: complex of multiple proteins involved in replication 

 Mutation rates in cells are 10^-8 to 10^-11 errors per base inserted 

 Polymerase can detect mismatch through incorrect hydrogen bonding 

 

 



17 
 

Polymerase Chain Reaction 
 The polymerase chain reaction (PCR) is a technology in molecular biology used to amplify a 

single copy or a few copies of a piece of DNA across several orders of magnitude, generating 

thousands to millions of copies of a particular DNA sequence 

 Developed in 1983 by Kary Mullis, PCR is now a common and often indispensable technique 

used in medical and biological research labs for a variety of applications 

 Steps: 

o Add DNA 

o Add primer 

o Add DNA polymerase 

o Heat and cool (repeated) 

 The method relies on thermal cycling, consisting of cycles of repeated heating and cooling of 

the reaction for DNA melting and enzymatic replication of the DNA. Primers (short DNA 

fragments) containing sequences complementary to the target region along with a DNA 

polymerase, are key components to enable selective and repeated amplification 

 As PCR progresses, the DNA generated is itself used as a template for replication, setting in 

motion a chain reaction in which the DNA template is exponentially amplified 

 

RNA Transcription 
 Transcription (DNA to RNA) is carried out by RNA polymerase from 5' to 3' 

 Only one of the two strands of DNA are transcribed by RNA polymerase for any gene 

 Promoters: site of initiation of transcription, recognized by sigma factor of RNA polymerase 

 Transcription stops at specific sites called transcription terminators 

 Most genes encode proteins, but some RNAs are not translated (i.e., rRNA, tRNA). There are 

three types of rRNA: 16S, 23S, and 5S. rRNA and tRNA are very stable, while mRNAs have 

short half-lives (a few minutes) 

 Prokaryotes often have genes clustered together to be transcribed all at once as a single 

polycistronic mRNA. An operon is a group of related genes cotranscribed on a polycistronic 

mRNA 

http://en.wikipedia.org/wiki/Thermal_cycler
http://en.wikipedia.org/wiki/DNA_melting
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/DNA_replication
http://en.wikipedia.org/wiki/Primer_%28molecular_biology%29
http://en.wikipedia.org/wiki/DNA_polymerase
http://en.wikipedia.org/wiki/DNA_polymerase
http://en.wikipedia.org/wiki/Chain_reaction
http://en.wikipedia.org/wiki/Exponential_growth
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Protein Structure and Synthesis 
 Start codon: translation begins with AUG 

 Stop codons: terminate translation (UAA, UAG, and UGA) 

 Open reading frame (ORF): AUG followed by a number of codons and a stop codon in the 

same reading frame 

 A transfer RNA is a molecule composed of RNA, typically 76 to 90 nucleotides in length, that 

serves as the physical link between the nucleotide sequence of nucleic acids (DNA and RNA) 

and the amino acid sequence of proteins 

 tRNA and amino acid brought together by aminoacyl-tRNA synthetases 

 Anticodon: three bases of tRNA that recognize three complementary bases on mRNA 

 Ribosomes: sites of protein synthesis, thousands per cell, composed of two subunits (30S 

and 50S in prokaryotes) 

 Translation is broken down into three main steps: Initiation, where two ribosomal subunits 

assemble with mRNA beginning at AUG; Elongation, where amino acids are brought to the 

ribosome and are added to the growing polypeptid; and Termination, when ribosome 

reaches a stop codon and Release factors (RF) recognize stop codon and cleave polypeptide 

from tRNA 

 Polysomes: a complex formed by ribosomes simultaneously translating a single mRNA 

http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Nucleotides
http://en.wikipedia.org/wiki/Nucleic_acids
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Amino_acid


19 
 

 

 



20 
 

Mutations and Mutants 
 Mutation: Heritable change in DNA sequence that can lead to a change in phenotype 

(observable properties of an organism) 

 Mutant: A strain of any cell or virus differing from parental strain in genotype (nucleotide  

 sequence of genome) 

 Wild-type strain: Typically refers to strain isolated from nature 

 Selectable mutations: Those that give the mutant a growth advantage under certain 

conditions 

 Nonselectable mutations: Those that usually have neither an advantage nor a disadvantage 

over the parent. Detection requires examining a large number of colonies and looking for 

differences (screening) 

Types of Mutations 
 Silent mutation: Does not affect amino acid sequence  

 Missense mutation: Amino acid changed; polypeptide altered 

 Nonsense mutation: Codon becomes stop codon; polypeptide is incomplete 

 Frameshift mutations: Deletions or insertions that result in a shift in the reading frame 

 Reversion: Alteration in DNA that reverses the effects of a prior mutation. Point mutations 

are typically reversible 

 

Mutagenesis 
 Mutagens: chemical, physical, or biological agents that increase mutation rates 

 Nucleotide base analogs: resemble nucleotides  

 Chemical mutagens: induce chemical modifications, for example, alkylating agents like 

nitrosoguanidine 
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 Mutagens that cause frameshift mutations, for example, intercalating agents like acridines 

 Non-ionizing (UV radiation): purines and pyrimidines strongly absorb UV, and a pyrimidine 

dimer is one effect of UV radiation 

 Ionizing (X-rays, cosmic rays, and gamma rays): ionize water and produce free radicals, 

which can damage macromolecules in the cell 

 The Ames test makes practical use of bacterial mutations to detect for potentially hazardous 

chemicals. It looks for an increase in mutation rate of bacteria in the presence of suspected 

mutagen 

Genetic Recombination 
 Recombination: Physical exchange of DNA between genetic elements 

 Homologous recombination: Process that results in genetic exchange between homologous 

DNA from two different sources 

 Recombinant DNA (rDNA) molecules are DNA molecules formed by laboratory methods of 

genetic recombination (such as molecular cloning) to bring together genetic material from 

multiple sources, creating sequences that would not otherwise be found in biological 

organisms 

Transformation 
 Transformation: A genetic transfer process by which DNA is incorporated into a recipient cell 

and brings about genetic change 

 Discovered by Fredrick Griffith in the late 1920s working with Streptococcus pneumoniae 

 Competent cells: cells capable of taking up DNA and being transformed. In naturally 

transformable bacteria, competence is regulated. In other strains, specific procedures are 

necessary to make cells competent 

 Electricity can be used to force cells to take up DNA (electroporation) 

Transduction 

 Generalized transduction: DNA derived from virtually any portion of the host genome is 

packaged inside the mature virion 

 Defective virus particle incorporates fragment of the cell’s chromosome randomly 

 

Conjunction 
 Bacterial conjugation (mating): mechanism of genetic transfer that involves cell-to-cell 

contact 

http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Genetic_recombination
http://en.wikipedia.org/wiki/Molecular_cloning
http://en.wikipedia.org/wiki/DNA_sequence
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 F (fertility) plasmid: a circular DNA molecule about 100 kbp long, which contains genes that 

regulate DNA replication and transposable elements that allow the plasmid to integrate into 

the host chromosome 

 Sex pilus is essential for conjugation, only produced by donor cell 

 Contains tra genes that encode transfer functions 

 DNA synthesis is necessary for DNA transfer by conjugation: rolling circle replication 
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Lecture 4: Microbial Evolution and Systematics 

Origin of Cellular Life 
 Latest research suggest liquid water present 4.3 million years ago- conditions compatible 

with life  

 First evidence for microbial life can be found in rocks 3.45 billion years old. Microbial 

formations called stromatolites common 

 Early Earth was anoxic (anaerobic) and much hotter than present day 

 Thought that life originated around hydrothermal springs on the ocean floor 

 First self-replicating systems may have been RNA-based (RNA world theory), as RNA can bind     

small molecules (e.g., ATP, amino acids, proteins, other nucleotides), and has catalytic 

activity; may have catalyzed its own synthesis from sugars, bases and phosphate 

 DNA, a more stable molecule, eventually became the genetic repository 

 Other Important Steps in Emergence of Cellular Life: Buildup of lipids, synthesis of 

phospholipid membrane, vesicles that enclosed the cell’s biochemical and replication 

machinery, proteins in lipids  
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The Evolutionary Process 
 Prokaryotes are genetically haploid therefore genetic changes are immediately expressed 

 Mutations are changes in the nucleotide sequence of an organism’s genome which occur 

because of errors in replication, UV radiation, and other factors 

 Phylogeny: evolutionary history of a group of organisms inferred indirectly from nucleotide 

sequence data  

 Molecular clocks (chronometers): certain genes and proteins that are measures of 

evolutionary change. Major assumptions of this approach are that nucleotide changes occur 

at a constant rate, are generally neutral, and are random 

 The most widely used molecular clocks are small subunit ribosomal RNA (SSU rRNA) genes  

found in all domains of life 

 Carl Woese pioneered the use of SSU rRNA for phylogenetic studies in 1970s, and so 

established the presence of three domains of life: Bacteria, Archaea, and Eukarya 

 Comparative rRNA sequencing is a routine procedure that involves the amplification of the 

gene encoding SSU rRNA, sequencing of the amplified gene, and analysis of sequence in 

reference to other sequences 

Phylogenetic Tree 

 Graphic illustration of the relationships among sequences 

 Branches define the order of descent and ancestry of the nodes  

 Branch length represents the number of changes that have occurred along that branch 

 The universal phylogenetic tree based on SSU rRNA genes is a genealogy of all life on Earth 
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Microbial Phylogeny 
 Domain Bacteria contains at least 80 major evolutionary groups (phyla)  

 Many groups defined from environmental sequences alone —i.e., there are no cultured 

representatives  

 Many groups are phenotypically diverse - physiology and phylogeny not necessarily linked 

 Signature sequences: short oligonucleotides unique to certain groups of organisms 

Phylogenetic Methods 
 A hybridization probe is a fragment of DNA or RNA of variable length (usually 100-1000 

bases long) which is used in DNA or RNA samples to detect the presence of nucleotide 

sequences (the DNA target) that are complementary to the sequence in the probe 

 Can be labeled with fluorescent tags and hybridized to rRNA in ribosomes within cells   

 Ribotyping  (DNA Fingerprint) is a method of identifying microbes from analysis of DNA 

fragments generated from restriction enzyme digestion of genes encoding SSU rRNA 

 By performing a Gel electrophoresis with the digested samples, the fragments can be 

visualised as lines on the gel, where larger fragments are close to the start of the gel, and 

smaller fragments further down. After blotting onto a matrix and probing, these lines form a 

unique pattern for each species and can be used to identify the origin of the DNA 
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Microbial Taxonomy 
 Taxonomy: The science of identification, classification, and nomenclature (naming organisms)  

 Systematics: The study of the diversity of organisms and their relationships  

 Bacterial taxonomy incorporates multiple methods for identification and description of new 

species: phenotypic analysis, genotypic analysis, phylogenetic analysis 

Phenotypic Analysis 
 Examines the morphological, metabolic, physiological, and chemical characters of the cell 

 Morphology: Gram reaction, physical structure ,spores, cell size and shape  

 Motility: flagellar, amoeboid, gliding, swarming 

 Metabolism:- chemoorganotroph, chemolithtroph, phototroph  

 Physiology: pH, temperature, salt, response to oxygen  

 Chemistry: cell lipid and wall chemistry  

 Other traits: pigments, serotype, antibiotic sensitivity 

Genotypic Analysis 
 DNA–DNA hybridization: genomes of two organisms are hybridized to examine proportion of 

similarities in their gene sequences. Provides rough index of similarity between two 

organisms, especially useful for differentiating very similar organisms 

 DNA profiling: Several methods can be used to generate DNA fragment patterns for analysis 

of genotypic similarity among strains, including ribotyping, which focuses on a single gene, 

and repetitive extragenic palindromic PCR (rep-PCR) and amplified fragment length 

polymorphism (AFLP), which focus on MANY genes located randomly throughout genome 

 Multilocus sequence typing: characterizes isolates of microbial species using the DNA 

sequences of internal fragments of multiple housekeeping genes. Approximately 450-500 bp 

internal fragments of each gene are used, as these can be accurately sequenced on both 

strands using an automated DNA sequencer. Has sufficient resolving power to distinguish 

between very closely related strains 

 GC ratios: Percentage of guanine plus cytosine in an organism’s genomic DNA. Vary from 20 

to 80% among Bacteria and Archaea. Generally accepted that if GC ratios of two strains 

differ by 5% they are unlikely to be closely related 

http://en.wikipedia.org/wiki/Housekeeping_gene


27 
 

 

 

Species in Microbiology 
 No universally accepted concept of species for prokaryotes; biological species concept 

(interbreeding population)not meaningful as prokayotes are haploid and do not undergo 

sexual reproduction 

 Current definition of prokaryotic species relates to a collection of strains sharing a high 

degree of similarity in several independent traits  
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 Most important traits include:  70% or greater DNA–DNA hybridization and 97% or greater  

16S rRNA gene sequence identity 

 Phylogenetic analysis: 16S rRNA gene sequences are useful in taxonomy; serve as “gold 

standard” for the identification and description of new species. It is proposed that a 

bacterium should be considered a new species if its 16S rRNA gene sequence differs by more 

than 3% from any named strain, and a new genus if it differs by more than 5% 

 The lack of divergence of the 16S rRNA gene limits its effectiveness in discriminating 

between bacteria at the species level; thus, a multigene approach can be used 

 Multigene sequence analysis uses complete sequences and comparisons are made using 

cladistic methods 

 Ecotype: population of cells that share a particular resource. Different ecotypes can co-exist 

in a habitat 

 New genetic capabilities can also arise by horizontal gene transfer; the extent among 

bacteria is variable, and can be between species 

 

Classification and Nomenclature 
 Nearly 7,000 species of Bacteria and Archaea are presently known –  based primarily on 16s 

rRNA gene sequencing  

 Prokaryotes are given descriptive genus names and species epithets following the binomial 

system of nomenclature used throughout biology: e.g. Staphylococcus aureus and 

Micrococcus luteus  

 The genus name is always written with a capital letter and species name with a small letter. 

Both are in italics, with latin roots frequently used 

 Note that Salmonella Typhimurium is not true species, so have a second capital letter 



29 
 

 Assignment of names for species and higher groups of prokaryotes is regulated by the 

International Code of Nomenclature of Bacteria 

 Formal recognition of a new prokaryotic species requires deposition of a sample of the 

organism in two culture collections, and official publication of the new species name and 

description in the International Journal of Systematic and Evolutionary Microbiology  

Classification Techniques 
 Taxonomists efforts in classifying organisms according to their ancestry has resulted in less 

emphasis on comparison of physically and chemical traits 

 However in routine testing laboratories phenotypic characteristics are still frequently used 

to identify organisms 

 Physical characteristics: colony morphology on various media, shape and ability to react to 

various stains 

 Biochemical tests: fermentation of carbohydrates, utilization of specific substrates  eg starch, 

citrate, gelatin, amino acids, production of waste products, fatty acid composition  

 Serological tests: antibody /antigen agglutination test distinguish between species and 

strains within a species – highly specific eg E. coli O157:H7 

 Phage typing: phages are specific for the hosts they infect – a strain is susceptible but a 

related strain will be resistant. Used for typing Salmonella  

 Nucleic acids: PCR and nucleotide sequencing,  determination of GC ratio in a cell  

Taxonomic Keys 
 Keys organize the above characteristics so they can be used to efficiently to identify an 

unknown organism via dichotomous keys 

 A dichotomous key is a series of paired statements worded such that only one of two 

choices applies to the particular microorganism 

 In the tests selected >90% of strains must respond yes or no to the test. Tests where the 

response is less than 90% are ancillary tests and useful supporting data but should not be 

used for preparation of a dichotomous key 
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Lecture 5: Microbial Interactions with Humans 

Overview of Human–Microbial Interactions 
 Most microorganisms are benign: few contribute to health and even fewer pose direct 

threats to health 

 The human microbiome (or human microbiota) is the aggregate of microorganisms, a 

microbiome that resides on the surface and in deep layers of skin (including in mammary 

glands), in the saliva and oral mucosa, in the conjunctiva, and in the gastrointestinal tracts 

 Microbial colonization in the human body begins shortly after birth, and average adults 

possess 10 times more microbial cells than human cells 

 Pathogenicity: the ability of a parasite to inflict damage on the host 

 Virulence: measure of pathogenicity 

 Opportunistic pathogen: causes disease only in the absence of normal host resistance 

 Infection: situation in which a microorganism is established and growing in a host, whether 

or not the host is harmed 

 Disease: damage or injury to the host that impairs host function 

 Infections frequently begin at sites in the animal’s mucous membranes 

 

Microflora of the Skin 
 The skin is generally a dry, acid environment that does not support the growth of most 

microorganisms 

 The total number of bacteria on an average human has been estimated at 1012 (1 trillion). 

Most are found in the superficial layers of the epidermis and the upper parts of hair follicles 

 Skin flora is usually non-pathogenic, and either commensals (are not harmful to their host) 

or mutualistic (offer a benefit). The benefits bacteria can offer include preventing transient 

pathogenic organisms from colonizing the skin surface, either by competing for nutrients, 

secreting chemicals against them, or stimulating the skin's immune system 

 Composition is influenced by environmental factors (e.g., weather) and host factors (e.g., 

age, personal hygiene) 

Microflora of the Oral Cavity 
 Saliva contains antimicrobial enzymes, but high concentrations of nutrients near surfaces in 

the mouth promote localized microbial growth 

 Bacteria colonize tooth surfaces by first attaching to acidic glycoproteins deposited there by 

saliva 
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 Extensive growth of oral microorganisms, especially streptococci, results in a thick bacterial 

layer (plaque). As plaque continues to develop, anaerobic bacterial species begin to grow 

 As dental plaque accumulates, the microorganisms produce high concentrations of acid that 

results in decalcification of the tooth enamel (dental caries) 

 

Microflora of the Gastrointestinal Tract 
 Microbial populations in different areas of the GI tract are influenced by diet and the 

physical conditions in the area, as well as the diet 

 The acidity of the stomach and the duodenum of the small intestine (pH 2) prevents many 

organisms from colonizing the GI tract  

 Many intestinal microorganisms grow in the ileum and colon, carrying out a variety of 

essential metabolic reactions that produce various compounds, including vitamins, gas, 

organic acids, and odor, enzymes 
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Microflora of Other Body Regions 
 A restricted group of organisms colonizes the upper respiratory tract, while the lower 

respiratory tract lacks microflora in healthy individuals 

 The bladder is typically sterile in both males and females. Altered conditions (such as change 

in pH) can cause potential pathogens in the urethra (such as Escherichia coli and Proteus 

mirabilis) to multiply and become pathogenic, causing urinary tract infections in women 

 The vagina of the adult female is weakly acidic and contains significant amounts of glycogen. 

Lactobacillus acidophilus, a resident organism in the vagina, ferments the glycogen, 

producing lactic acid, which maintains the local acidic environment 

Measuring Virulence 
 Virulence is the relative ability of a pathogen to cause disease 

 Virulence can be estimated from experimental studies of the LD50 (lethal dose 50), the 

amount of an agent that kills 50% of the animals in a test group 

 Toxicity: Organism causes disease by means of a toxin that inhibits host cell function or kills 

host cells. Toxins can travel to sites within host not inhabited by pathogen 

 Invasiveness: Ability of a pathogen to grow in host tissue at densities that inhibit host 

function. Can cause damage without producing a toxin 

 Many pathogens use a combination of toxins, invasiveness, and other virulence factors to 

enhance pathogenicity 
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Entry of the Pathogen 
 Pathogen Invasion starts at the site of adherence, and may spread throughout the host via 

the circulatory or lymphatic systems 

 Bacterial adherence can be facilitated by extracellular macromolecules that are not 

covalently attached to the bacterial cell surface, such as slime layer or capsule, and also by 

fimbriae and pili 

 The availability of nutrients is most important in affecting pathogen growth 

 Pathogens produce enzymes that enhance virulence by breaking down or altering host tissue 

to provide access to nutrients (for example, hyaluronidase), and also to protect the 

pathogen by interfering with normal host defense mechanisms (for example, coagulase) 

 

Exo- and Endo- Toxins 
 Exotoxins are proteins released from the pathogen cell as it grows 

 Cytolytic toxins: work by degrading cytoplasmic membrane integrity, causing cell lysis and 

death. Toxins that lyse red blood cells are called hemolysins  
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 AB toxins: consist of two subunits, A and B, which work by binding to host cell receptor  (B 

subunit) and transferring the damaging agent (A subunit) across the cell membrane. 

Examples include the diphtheria toxin, tetanus toxin, and botulinum toxin 

 

 Enterotoxins: exotoxins whose activity affects the small intestine, usually cause massive 

secretion of fluid into the intestinal lumen, resulting in vomiting and diarrhea 
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 Endotoxins: also known as lipoglycans, are large molecules consisting of a lipid and a 

polysaccharide composed of O-antigen, outer core and inner core joined by a covalent bond; 

they are found in the outer membrane of Gram-negative bacteria, and elicit strong immune 

responses in animals. Generally less toxic than exotoxins 

 Exotoxins are mainly found in gram positive bacteria, while endotoxins are found only in 

gram negative bacteria 
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Resistance to Infection 

 

Lecture 6: Control of Microbial Growth 

Action of Antimicrobial agents  
 The mode of action of all physical and chemical control agents can be divided into two basic 

categories 

 Alteration of cell walls or membranes: punching holes in the cell wall causes water to move 

in or out, leading to cell lysis. Likewise damage to the phospholipid membrane can lead to 

leakage or failure of uptake systems, leading to cell death 

 Damage to Proteins or Nucleic acids: heat, radiation, and chemicals can cause proteins to 

denature and damage nucleic acids, thus disrupting cell function 

Key Definitions 
 Sterilization: the killing or removal of all viable organisms bacteria and viruses 

 Inhibition: effectively limiting microbial growth 

 Disinfection: directly targets the removal of all pathogens, not necessarily all microorganisms, 

on inanimate objects 

 Antisepsis: inhibition or killing or organisms (particularly pathogens) on the skin  

 Sanitization: reduction of pathogens and non pathogenic bacteria from surfaces and utensils; 

particularly used in the food industry  

 Decontamination: the treatment of an object to make it safe to handle eg used petri dishes, 

used surgical equipment  
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 Pasteurization: A process used to kill pathogens and control some other microbes that can 

cause spoilage in food and beverages 

Temperature 
 Heat sterilization is the most widely used method of controlling microbial growth, kills all 

cells and spores 

 Decimal Reduction Time: amount of time required to reduce viability of the organism tenfold 

 An autoclave is a sealed device that uses steam under pressure at 121 degrees; used to 

sterilise medical equipment, agar plates, canned food 

 Load: the quantity and type of material to be processed and the numbers and types of 

organisms (bioburden) 

 Bacillus stearothermophilus spores are used for verification for steam sterilization 

 Pasteurization is the process of using precisely controlled heat to reduce the microbial load 

in heat-sensitive liquids  

 It does not kill all organisms, but rather is designed to kill relevant pathogens and reduce 

potential spoilage organisms 

 Times and temperatures vary depending on the organism and matrix: milk at 71˚C for 15 

seconds or 63˚C for 30 minutes 

 Lowering temperature slows or stops microbial growth, however psychrotolerant organisms 

can grow at refrigeration temperatures (some at -2 to -3ºC)  

 Freezing to -20ºC prevents growth but organisms can remain viable, so growth will occur 

when product thawed (usually rapid due to release or water and nutrients from tissues) 

Radiation 
 Microwaves, UV, X-rays, gamma rays, and electrons can affect microbial growth 

 UV and other radiation have sufficient energy to cause modifications and breaks in DNA 

 UV is useful for decontamination of surfaces, however it cannot penetrate solid, opaque, or 

light-absorbing surfaces 

 The presence of organic material reduces the efficacy of UV 

 Ionizing radiation like xrays, gamma rays, and electron beams are used for sterilizing 

disposable hospital equipment syringes, needles, cannulas etc. They can affect material 

some plastics change density and become opaque, brittle 

 Some microorganisms are more resistant to radiation than others, e.g. Deinococcus 

(Micrococcus) radiodurans 

 The amount of energy required to reduce viability tenfold is analogous to D value 

Filtration 
 Filtration avoids the use of heat on sensitive liquids and gases  

 Pores of filter are too small for organisms to pass through, but allow liquid or gas to pass 

 Bacterial filter pore sizes range from 0.45 to 0.22 micron 

 Some small cells e.g. Pseudomonas diminuta can pass through the 0.45 micron filter 
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Dehydration 
 Osmosis is the movement of water across a semi-permeable membrane; water moves from 

area of high water concentration to area of low concentration  

 Cells in a hypertonic salt/sugar solution loose water and so the cell shrinks, inhibiting cellular 

metabolism 

 Foods preserved by this method include jams, honey, salted fish 

 Water activity (0-1) is the measure of the free water available for metabolic processes 

o Perishable foods Aw 0.98-0.99  

o Moulds and yeasts more tolerant of low water activity than bacteria   

o Xerophilic moulds can grow at Aw 0.65-0.66 

External Chemical Microbial Control 
 An antimicrobial agent is a natural or synthetic chemical that kills or inhibits the growth of 

micro-organisms 
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 Antimicrobial agents can be classified as bacteriostatic (stops growth), bacteriocidal (kills 

cells), and bacteriolytic (kills and destroys cells) 

 

 

 Bacteriostatic agents frequently inhibit protein synthesis -  eg bind to ribosomes. If the 

concentration drops the agent can be released from the ribosome and growth resumes  

 Bacterocidal agents bond tightly to cellular targets, are not removed by dilution and kill the 

cell 

 Bacteriolytic agents kill by cell lysis and release of cytoplasmic  contents eg. detergents that 

rupture cytoplasmic membrane  

 External antimicrobial agents can be divided into three categories:  

o Products used to control microorganisms in commercial and industrial applications, 

such as chemicals in foods, air-conditioning cooling towers, textile and paper 

products, fuel tanks  

o Products designed to prevent growth of human pathogens on inanimate 

environments  

o Products for use on external body surfaces 

 Steriliants: destroy all forms of microbial life including endospores, used where it is 

impractical to use heat, such as hospital lens, instruments, catheters, reusable medical 

equipment such as respirometers   

 Disinfectants: kill microorganisms but not endospores, used on inanimate objects, include 

ethanol, cationic detergents used for floors, benches, tables, walls etc   

 Sanitizers: agents that reduce (but may not eliminate) microbial numbers to levels 

considered safe, used for food contact surfaces  
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 Preservatives: chemical agents that that are added to products to inhibit microbial growth, 

used in food, pharmaceuticals, personal care products. Examples include nitrite, potassium 

sorbate, isothiazoline 

 Antiseptics and Germicides: chemical agents that kill or inhibit growth of microorganism and 

are sufficiently non toxic they can be applied to living tissue; used for hand washing, surgical 

scrubs surface wounds 

Measuring Antimicrobial Activity 
 The minimum inhibitory concentration (MIC) is the smallest amount of an agent needed to 

inhibit growth of a microorganism  

 MIC is not a constant : it varies with the organism used, inoculum size, temperature, pH, 

presence of organic material incubation time, temperature, aeration etc 

 To determine the MIC, a series of culture tubes is prepared with the same medium same 

numbers of organisms, and a decreasing concentration of the antimicrobial is added usually 

diluting 1:2  

 The tubes incubated and checked for turbidity, and the lowest concentration of the agent 

that completely inhibits growth is the MIC 

 The Kelsey Sykes Capacity Test involves making a suspension of known concentration 

bacteria added to known concentration of chemical 

 Samples are removed at predetermined intervals, the chemical reaction inactivated, and the 

number of surviving cells determined. This can measure the minimum time for the 

disinfectant to be effective 

 The most direct test of actual efficacy in use is to swab and plate before and after 

application of the antibiotic 

 Normal practice is to alternate use of different disinfectants to limit  development of 

resistance 

 

Antimicrobial Drugs Used In Vivo 
 Chemical agents discussed previously are too harsh and toxic to be used in vivo 

 Antimicrobial drugs are classified on the basis of their molecular structure, mechanism of 

action, and spectrum of antimicrobial activity 
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 Synthetic growth factor analogs: are structurally similar to growth factors but do not 

function in the cell hence disrupting cell metabolism. Analogs similar to vitamins, amino 

acids, purines pyrimidines and other compounds 

 Sulfa drugs (sulfanilamide) is an example, as p-aminobenzoic acid part of folic acid and 

nucleic acid precursor, however resistance has developed because bacteria have developed 

the ability to take up folic acid from the environment 

 Antibiotics: naturally produced antimicrobial agents produced by a variety of bacteria and 

fungi, many are derived from species of Streptomyces. Less than 1% of known antibiotics are 

clinically useful – host toxicity or lack uptake by host cells. Each antimicrobial agent affects a 

limited and well defined group of organisms 

  -Lactam antibiotics  are one of the most important groups of antibiotics of all time, 

including penicillins, cephalosporins, and cephamycins, accounting for over half of all 

antibiotics used worldwide 

 Penicillins are primarily effective against gram-positive bacteria, as they block 

Transpeptidation, the cross linking of two glycan linked peptide chains during cell wall 

synthesis. Also stimulates autolysin enzymes - digest cell wall. Some synthetic forms are 

effective against some gram-negative bacteria eg ampicillin, carbenicillin 

 Penicillin G is sensitive to β lactamase, an enzyme produced by a number of bacteria 

 

Measuring Antimicrobial Activity 
 Susceptibility in vitro may be significantly different from that seen in vivo owing to host 

defences, other bacteria, and chemical sequestration (diversion) 

 Susceptibility testing should be reproducible, robust, and correct 

 Disc diffusion assay: many variables affect the zone diameter apart from the susceptibility of 

the organism, including rate of diffusion of antimicrobial agent, growth rate of the organism, 

inoculum size, composition of the medium, incubation conditions, etc 

Antimicrobial Drug Resistance 
 Antimicrobial drug resistance is the acquired ability  acquired ability of a microorganism to 

resist the effects of an antimicrobial agent to which it is normally susceptible  
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 Some form of antibiotic resistance is an inherent  property of any organism that produces an 

antibiotic eg Streptomyces – it must be able to neutralize or destroy its own antibiotics   

 Antibiotic resistance  can occur by horizontal transfer of resistance genes 

 Most drug-resistant bacteria isolated from patients contain drug-resistance genes located on 

R plasmids 

 Resistance mechanisms: 

o Lack structure antibiotic inhibits e.g. Mycoplasmas lack cell wall  

o Organism may alter the antibiotic to an inactive form e.g. β lactamases cleaves the β 

lactam ring of most penicillins  

o Organism may develop a resistant pathway eg able to use preformed folic acid from 

the environment rather than synthesis which is blocked by sulpha drugs  

o Organism may be able pump out the antibiotic - efflux 

o Organism may be able to prevent uptake of the drug, eg reduced permeability  

penicillins enteric bacteria Pseudomonas 

 A few pathogens have developed resistance to all known antimicrobial agents, such as some 

MRSA strains have shown reduced susceptibility to vancomycin 

 The widespread use of antibiotics in medicine, veterinary medicine and agriculture provides 

selective conditions for the spread of R plasmids 

Lecture 7: Virology 

What is a Virus? 
 A virus is a small infectious agent that replicates only inside the living cells of other 

organisms. Viruses can infect all types of life forms, from animals and plants to 

microorganisms, including bacteria and archaea 

 Virus particles (known as virions) consist of two or three parts: i) the genetic material made 

from either DNA or RNA; ii) a protein coat that protects these genes; and in some cases iii) 

an envelope of lipids that surrounds the protein coat when they are outside a cell 

 Viruses do not grow or divide, do not generate energy, do not synthesise proteins on their 

own, and rely on infecting cells to replicate 

 Cell Tropism: capacity for virus to infect specific population of cells. Depends upon the 

expression of receptor proteins on cell membrane surface; virus must have proteins that can 

attach to cell receptors in order for entry to occur 

 Viruses range from 20nm (parvovirus B19) to 1000nm (poxviruses) in size 
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 Viruses only ever have either DNA or RNA, never both 

 Most viruses encode for very few proteins, including those required for virion assembly and 

some enzymes required for viral replication 

 Genetic material inside the capsid can be linear, circular, or segmented into separate parts 

 Peplomer: a glycoprotein spike on a viral capsid or viral envelope. These protrusions will only 

bind to certain receptors on the host cell they are essential for both host specificity and viral 

infectivity 
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Classical Classification of Viruses 
 The Classical system codified by the International Committee on Taxonomy of Viruses (ICTV) 

is based on the morphology of virus (symmetry), the nucleic acid in the virion, whether it is 

enveloped or non-enveloped, and the genome architecture 

 It includes orders, family, genus, species and sub-species. In total there are 7 orders, 103 

families, 455 genera, about 2,827 species and over 4,000 types yet unclassified 

Baltimore Classification System 
 A virus classification system that groups viruses into families, depending on their type of 

genome (DNA, RNA, single-stranded (ss), double-stranded (ds)) and their method of 

replication 

 I: dsDNA viruses (e.g. Adenoviruses, Herpesviruses, Poxviruses) 

 II: (+)ssDNA viruses (e.g. Parvoviruses) 

 III: dsRNA viruses (e.g. Reoviruses) 

 IV: (+)ssRNA viruses (e.g. Picornaviruses, Togaviruses) 

 V: (−)ssRNA viruses (e.g. Orthomyxoviruses, Rhabdoviruses) 

 VI: ssRNA-RT viruses (e.g. Retroviruses) 

 VII: dsDNA-RT viruses (e.g. Hepadnaviruses) 
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Viral Morphology 
 Icosahedral Virus (e.g. Adenovirus): an icosahedron is a polyhedron with 20 faces. A regular 

icosahedron is the optimum way of forming a closed shell from identical sub-units. The 

minimum number of identical capsomers required is twelve, each composed of five identical 

sub-units 

 

 Helical Virus (e.g. Tabacco mosaic virus): composed of a single type of capsomer stacked 

around a central axis to form a helical structure, which may have a central cavity, or tube. 

This arrangement results in rod-shaped or filamentous virions: These can be short and highly 

rigid, or long and very flexible 
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 Complex Virus (e.g. bacteriophage T4): These viruses possess a capsid that is neither purely 

helical nor purely icosahedral, and that may possess extra structures such as protein tails or 

a complex outer wall. Some bacteriophages have a complex structure consisting of an 

icosahedral head bound to a helical tail, which may have a hexagonal base plate with 

protruding protein tail fibres. This tail structure acts like a molecular syringe, attaching to the 

bacterial host and then injecting the viral genome into the cell 

 

 Enveloped (e.g. influenza virus): Some species of virus envelop themselves in a modified 

form of one of the cell membranes, either the outer membrane surrounding an infected 

host cell or internal membranes such as nuclear membrane or endoplasmic reticulum, thus 

gaining an outer lipid bilayer known as a viral envelope. This membrane is studded with 

proteins coded for by the viral genome and host genome 
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Viral Transmission 
 Zoonotic Reservoirs: where the source of a viral infection is animals 

 Common sources include rodents (hantavirus, Lassa virus), birds (influenza, West Nile virus), 

pigs (influenza), and bats (Hendra, Nipah viruses) 

 A vector is an organism that does not cause disease itself but which transmits infection by 

conveying pathogens from one host to another. Common viral vectors for humans are bats, 

dogs, and mosquitoes 

Viral Replication 
 All viruses must undergo each of these stages regardless of their hosts in some form to 

complete their replication cycle, though details differ considerably. Time taken also differs, 

from hours or days in eukaryotes to minutes for bacteriophages 
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 Attachment: Virus attachment consists of specific binding of a virus-attachment protein (or 

'antireceptor') to a cellular receptor molecule (usually glycoproteins or glycolipids); no 

energy required  

 Penetration: Occurs shortly after attachment, and requires energy. Three types of entry are 

membrane fusion, endocytosis (using cell proteins only), and viral translocation 

 

 Uncoating: Relatively poorly understood. Involves the removal of the viral capsid by 

degradation by viral enzymes or host enzymes or simple dissociation; nucleic acid of the 

virus is released into the cell 

 
 Replication: involves synthesis of viral messenger RNA (mRNA) from "early" genes (with 

exceptions for positive sense RNA viruses), viral protein synthesis, possible assembly of viral 

proteins, then viral genome replication mediated by early or regulatory protein expression. 

This may be followed, for complex viruses with larger genomes, by one or more further 

rounds of mRNA synthesis. This step differs considerably between RNA, DNA, and retrovirus 
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 Assembly: Involves the collection of all components necessary for the formation of the 

mature virion at a particular site in the cell. Can occur either in the nucleus or the cytoplasm 

 Release: Viruses can be released from the host cell by lysis, a process that kills the cell by 

bursting its membrane and cell wall if present. Enveloped viruses (e.g., HIV) typically are 

released from the host cell by budding. During this process the virus acquires its envelope, 

which is a modified piece of the host's plasma or other, internal membrane 

 

 

Virus Assays 
 Used to determine quantity of viruses in a sample 

 Two types of approaches: Particle counts using electron microscope, and measuring the 

concentration of infectious units by lethal dose or plaque assays 

 ID50: the dose of an infectious organism required to produce infection in 50 percent of the 

experimental subjects 

 TCID50: amount of a pathogenic agent that will produce pathological change in 50% of cell 

cultures inoculated 
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 LD50: the individual dose required to kill 50 percent of a population of test animals 

 Plaque assays involve making dilutions of a virus and plating it onto a lawn of host bacterial 

cells. The number of plaques are counted in terms of the number of plaque-forming units 

 The pfu/mL result represents the number of infective particles within the sample on the 

assumption that each plaque formed is representative of one infective virus particle 

 

 

Growing Viruses 
 Animals such as mice, rabbits or monkeys can be used to grow viruses, though this usually 

requires killing the animals, and does not work for all viruses (e.g. HIV) 

 A cheaper method is growing viruses in embryonated eggs - still used or influenza vaccine 

production 

 Cell culture is the current preferred method, including primary cell lines (cultured directly 

from the host tissue and will stop dividing after a few generations), and immoral cell lines 

(cancer cells like HELA) 

Chemical Tests 
 Hybridisation analysis with probe specific to target nucleic acid isolated by southern (DNA) 

and northern (RNA) blots 

 Polymerase chain reaction with hybridisation probes 

 Probes can be radioactive, fluorescent, colorimetric 

 Haemagglutination inhibition test 
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Virus Pathogenesis 
 Pathogenicity - ability for one organism or agent to cause disease in another 

 Symptoms not due to virus replication directly, but mostly to side-effects of immune 

response - i.e. inflammation, fever, rash, pain due to interleukins and interferon, etc 

 Three main aspects of pathogenicity: direct cell damage, immune activation or suppression 

damage, cell transformation causing cancer 

Viruses and Cancer 
 Viruses are an established cause of cancer in humans and other species 

 Viruses accepted to cause human cancers include some genotypes of human papillomavirus, 

hepatitis B virus, hepatitis C virus, Epstein–Barr virus, Kaposi's sarcoma-associated 

herpesvirus and human T-lymphotropic virus 

 Cell Transformation: Process where cell acquires properties of cancer in response to a single 

infective viral particle. Mediated by proteins encoded by oncogenes 

 A direct oncogenic viral mechanism involves either insertion of additional viral oncogenic 

genes into the host cell or to enhance already existing oncogenic genes (proto-oncogenes) in 

the genome 

 Indirect viral oncogenicity involves chronic nonspecific inflammation occurring over decades 

of infection, as is the case for HCV-induced liver cancer 

Anti-viral Agents 
 Antiviral drugs are a class of medication used specifically for treating viral infections. Like 

antibiotics for bacteria, specific antivirals are used for specific viruses 

 Unlike most antibiotics, antiviral drugs do not destroy their target pathogen; instead they 

inhibit their development 

 Usually target replication cycle steps such as entry, uncoating, synthesis, release, or specific 

viral proteins or parts of proteins either in host cell or before entry 
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Lecture 8: Environmental Microbiology 

The Importance of Environmental Microbiology 
 Environmental microbiology is the study of microbial processes in the environment, 

microbial communities and microbial interactions 

 The total amount of bacterial biomass on the planet is estimated to be some 5,000 times 

that of all human biomass 

 Bacteria are involved in biogeochemical cycles, bioremediation of land and water, 

maintaining human health and agriculture, and the cycling of greenhouse gases 

 In a single teaspoon of garden soil, there are over 100,000 microbes, most of which have 

never been named or identified 

 Prokaryotes exist in all of the habitats on Earth, including many habitats where eukaryotic 

cells cannot survive 

Soil Microbes 
 It is estimated that there are several thousand bacterial species per gram of soil 

 The physical and chemical heterogeneity of the soil crates many gradients of nutrients and 

other factors that affect microbes, thus enhancing the capacity for diversity 

 Bacteria are responsible for the process of nitrogen fixation, which is the conversion of 

atmospheric nitrogen into nitrogen-containing compounds (like ammonia) which can be 

used by plants to uptake 

 Actinomycetes are soil microorganisms which are similar to both bacteria and fungi, and 

have characteristics linking them to both groups 

 They are similar to bacteria because they, like bacteria, are prokaryotic, are sensitive to 

antibacterial and affected in the same way that bacteria are by them 

 They are similar to fungi by their shape and branching properties, spore formation, which 

related to how fungi and actinomycetes reproduce by forming spores and duplicating 

 Protozoa are eukaryotic organisms which are some of the first microorganisms to develop a 

means of sexual reproduction, which is a huge evolutionary step from duplication of spores. 

Many of them feed on bacteria 
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The Great Plate Anomaly 
 Counts of cells obtained via cultivation are orders of magnitude lower than those directly 

observed via microscope 

 This is because microbiologists are able to cultivate only 1% of microbes using current 

techniques (e.g. solid agar plates) 

 It is unknown whether the microorganisms that are easily cultured in the laboratory are 

representative of all the other microbial species, or whether they represent a small and 

unique subset 

 

Biofilms 
 A biofilm is any group of microorganisms in which cells stick to each other on a surface. 

These adherent cells are frequently embedded within a self-produced matrix of extracellular 

polymeric substance (EPS) 

 Biofilm extracellular polymeric substance, which is also referred to as slime is a polymeric 

conglomeration generally composed of extracellular DNA, proteins, and polysaccharides 

 A microbial mat is a multi-layered sheet of microorganisms, mainly bacteria and archaea. 

Microbial mats grow at interfaces between different types of material, mostly on submerged 

or moist surfaces 

http://en.wikipedia.org/wiki/Microorganism
http://en.wikipedia.org/wiki/Cell_%28biology%29
http://en.wikipedia.org/wiki/Extracellular_polymeric_substance
http://en.wikipedia.org/wiki/Extracellular_polymeric_substance
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Polysaccharide
http://en.wikipedia.org/wiki/Microorganism
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Archaea
http://en.wikipedia.org/wiki/Interface_%28chemistry%29
http://en.wikipedia.org/wiki/Substrate_%28biology%29


54 
 

 Biofilms profide protection from the environment, and from protozoan predators and 

antibiotics and other harmful chemicals 

 Dental plaque is an example of a biofilm, as are the films known to form on artificial heat 

valves and hip joints 

Quorum Sensing 

 Many species of bacteria use quorum sensing to coordinate gene expression according to 

the density of their local population 

 Bacteria use quorum sensing to coordinate certain behaviors such as biofilm formation, 

virulence, and antibiotic resistance, based on the local density of the bacterial population 

 Quorum sensing can occur within a single bacterial species as well as between diverse 

species 

 Bacteria that use quorum sensing produce and secrete certain signaling molecules (called 

autoinducers or pheromones), and also have a receptor that can specifically detect the 

signaling molecule (inducer). When the inducer binds the receptor, it activates transcription 

of certain genes. There is a low likelihood of a bacterium detecting its own secreted inducer, 

so in order for gene transcription to be activated, the cell must encounter signaling 

molecules secreted by a sufficient number of other cells in its environment 

 Activation of the receptor induces the up-regulation of other specific genes, causing all of 

the cells to begin transcription at approximately the same time 

 Genes controlled in this way include those responsible for bioluminescence, secretion of 

virulence factors, biofilm formation, and sporulation  

Shotgun Sequencing of Sargasso Sea 
 'We have applied “whole-genome shotgun sequencing” to microbial populations collected 

en masse on tangential flow and impact filters from seawater samples collected from the 

Sargasso Sea near Bermuda ' 

 1.6 million sequence reads were recovered from 200L of seawater, including 60,000 

different 16S sequences 

 These data are estimated to derive from at least 1800 genomic species based on sequence 

relatedness, including 148 previously unknown bacterial phylotypes. We have identified over 

1.2 million previously unknown genes represented in these samples 

Lecture 9: Mycology 

Importance of Mycology 
 Fungi are an important source of food, and in producing dairy and other such products 

 Many plant pathogens are fungi, including wheat stem rust, responsible for the loss of some 

20% of crops 

 Human diseases like tinea and thrush are caused by fungal infections 

 Food spoilage is often caused by fungi, including ergotism which poisons grains, and post 

harvest disease in many fruits and vegetables. Even leather, paper, and wood can be 

damaged by fungal growth 

 Biotechnology applications in the production of beer, wine, bread, vegemite, and antibiotics 

 Dry rot and other forms of decay are caused by fungi 
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 Mycorrhiza essentially means 'fungus root', and is a symbiotic association between a fungus 

and the roots of a vascular plant 

Characteristics of Fungi 
 Shared features 

 With other eukaryotes: Like other eukaryotes, fungal cells contain membrane-bound nuclei 

with chromosomes that contain DNA with noncoding regions called introns and coding 

regions called exons. Fungi have membrane-bound cytoplasmic organelles such as 

mitochondria, sterol-containing membranes, and ribosomes of the 80S type. 

 With animals: Fungi lack chloroplasts and are heterotrophic organisms and so require 

preformed organic compounds as energy sources  

 With plants: Fungi have a cell wall and vacuoles. They reproduce by both sexual and asexual 

means, and like basal plant groups (such as ferns and mosses) produce spores. Similar to 

mosses and algae, fungi typically have haploid nuclei  

 With bacteria: The cells of most fungi grow as tubular, elongated, and thread-like 

(filamentous) structures and are called hyphae, which may contain multiple nuclei and 

extend at their tips. Each tip contains a set of aggregated vesicles—cellular structures 

consisting of proteins, lipids, and other organic molecules  

 Unique features 

 Some species grow as unicellular yeasts that reproduce by budding or binary fission. 

Dimorphic fungi can switch between a yeast phase and a hyphal phase in response to 

environmental conditions.  

 The fungal cell wall is composed of glucans and chitin; while the former compounds are also 

found in plants and the latter in the exoskeleton of arthropods, fungi are the only organisms 

that combine these two structural molecules in their cell wall. Unlike cell walls in plants and 

the oomycetes, those in fungi do not contain cellulose 

Fungal Nutrition 
 With a few exceptions, most fungi are obligate aerobes, with a temperature range of about 

0-50C. They grow best in high relative humidity, ≥95% 

 To grow fungi need organic carbon, nitrogen (preferably organic), essential minerals and 

vitamins 

Fungal Structure 
 Most fungi grow as hyphae, which are cylindrical, thread-like structures 2–10 µm in 

diameter and up to several centimeters in length 

 Septate hyphae are divided into compartments separated by cross walls (internal cell walls, 

called septa, that are formed at right angles to the cell wall giving the hypha its shape), with 

each compartment containing one or more nuclei 

 Coenocytic hyphae are not compartmentalized, and are in essence multinucleate supercells 

 Fungal mycelia can become visible to the naked eye, for example, on various surfaces and 

substrates, such as damp walls and spoiled food, where they are commonly called molds 

 The apothecium—a specialized structure important in sexual reproduction in the 

ascomycetes—is a cup-shaped fruit body that holds the hymenium, a layer of tissue 

containing the spore-bearing cells. Some of these can grow very large, and are called 

mushrooms 
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 Yeasts are unicellular, although some species with yeast forms may become multicellular 

through the formation of strings of connected budding cells known as pseudohyphae, or 

false hyphae, as seen in most molds. Most reproduce by budding 

 A sclerotium is a compact mass of hardened fungal mycelium containing food reserves. One 

role of sclerotia is to survive environmental extremes 

 Mycelial cords are linear aggregations of parallel-oriented hyphae. The mature cords are 

composed of wide, empty vessel hyphae surrounded by narrower sheathing hyphae. Cords 

may look similar to plant roots, and also frequently have similar functions; hence they are 

also called rhizomorphs 

 Conidia, sometimes termed asexual chlamydospores, or chlamydoconidia are asexual, non-

motile spores of a fungus 

 Relatively large and complex conidia are termed macroconidia while the smaller and more 

simple conidia are termed microconidia 

 

Fungal Classification 
 Deuteromycetes: fungi that show only asexual reproduction 

 Zygomycetes: produce small spherical spores formed in sporangium 

 Ascomycetes: sac fungi having large secual organs that look like sacs, though some are also 

asexual. Example: penicillin 

 Basidiomycetes: mushroom fungi, reproduce sexually and sometimes asexually 

 Conidia, sometimes termed asexual chlamydospores, or chlamydoconidia are asexual, non-

motile spores of a fungus 
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Types of Fundal Infections 
 Mycosis is a fungal infection of animals, including humans 

 Superficial mycoses are limited to the outermost layers of the skin and hair 

 Cutaneous mycoses extend deeper into the epidermis, and also include invasive hair and nail 

diseases. These diseases are restricted to the keratinized layers of the skin, hair, and nails 

 Subcutaneous mycoses involve the dermis, subcutaneous tissues, muscle and fascia. These 

infections are chronic and can be initiated by piercing trauma to the skin which allows the 

fungi to enter. These infections are difficult to treat and may require surgical interventions 

Yeast Infections 
 Candidiasis: a fungal infection which can affect the throat, mouth, tongue, and vagina, 

typically called thrust when affecting the mouth. Caused by candida albicans infection, yeast 

which can be identified by positive gram stain and positive germ test tube test 

 Tinea versicolor: superficial scaling of the skin owing to fungal growth. Caused by Malassezia 

genus of fungi with characteristic 'spaghetti and meatballs' appearance 

Dermatophyte Infections 
 Dermatophytes cause infections of the skin, hair and nails, obtaining nutrients from 

keratinized material. The organisms colonize the keratin tissues causing inflammation as the 

host responds to metabolic by-products 

 Hyphae can be seen growing in the skin 
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 Microsporum canis is a fungus that can cause tinea capitis in humans, and simple ringworm 

in pets. The organisms are shaped like spindles 

 

Aspergillus Infections 
 Aspergillosis is the name given to a wide variety of diseases caused by infection by fungi of 

the genus Aspergillus. These are typically systemic infections 

 The majority of cases occur in people with underlying illnesses such as tuberculosis or 

chronic obstructive pulmonary disease (COPD), but with otherwise healthy immune systems 

 On chest X-ray and CT, pulmonary aspergillosis classically manifests as a halo sign, and, later, 

an air crescent sign 

Production Fungi 

 Yeasts are used to leaven bread, fermenting sugar to produce CO2 which makes the bread 

rise by forming bubbles (Saccharomyces cerevisiae) 

 They are also used to ferment fruits and grains to make wine and beer 

 Yeast extracts are used to make special foods like vegemite 

 Penicillium fungi used in blue and green cheese production 

 Aspergillus oryzae  is a fungus used to ferment soy beans to make soy sauce 

http://en.wikipedia.org/wiki/Fungus
http://en.wikipedia.org/wiki/Tinea_capitis
http://en.wikipedia.org/wiki/Ringworm
http://en.wikipedia.org/wiki/Fungi
http://en.wikipedia.org/wiki/Aspergillus
http://en.wikipedia.org/wiki/Tuberculosis
http://en.wikipedia.org/wiki/Chronic_obstructive_pulmonary_disease
http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/Chest_X-ray
http://en.wikipedia.org/wiki/Halo_sign
http://en.wikipedia.org/wiki/Air_crescent_sign


59 
 

Mycotoxins 
 A toxic secondary metabolite produced by organisms of the fungi kingdom, commonly 

known as molds 

 Aflatoxins are a type of mycotoxin produced by Aspergillus species of fungi, such as A. flavus 

and A. parasiticus, and can cause liver cancer. They are largely associated with commodities 

produced in the tropics and subtropics, such as cotton, peanuts, spices, pistachios and maize 

 Ergot Alkaloids are compounds produced as a toxic mixture of alkaloids in the sclerotia of 

species of Claviceps, which are common pathogens of various grass species. The ingestion of 

ergot sclerotia from infected cereals, commonly in the form of bread produced from 

contaminated flour, cause the human disease ergotism  

 Trichothecenes are produced by over 50 species of Fusarium and have a history of infecting 

the grain of developing cereals such as wheat and maize 

Lecture 10: Food Microbiology 

Food Fermentation 
 Fermentation in food processing is the conversion of carbohydrates to alcohols and carbon 

dioxide or organic acids using yeasts, bacteria, or a combination thereof, under anaerobic 

conditions 

 The term "fermentation" is sometimes used to specifically refer to the chemical conversion 

of sugars into ethanol, a process which is used to produce alcoholic beverages such as wine, 

beer, and cider 

 Fermentation is also employed in the leavening of bread (CO2 produced by yeast activity) 

 It is also used in preservation techniques to produce lactic acid in sour foods such as 

sauerkraut, dry sausages, kimchi, and yogurt, and in pickling of foods with vinegar 

 For some products, such as sauerkraut and pickles, the original raw product carries enough 

of the desired organisms 

 Usually, however, controlled starter cultures are employed in the manufacture of fermented 

foods. These are usually prepared from stock cultures which have been freeze-dried 

 Fermentation is useful for extending shelf-life and also imparting new flavour. Spoilage is 

reduced by the desired bacteria out growing the undesirable bacteria, and also often by 

producing an unsuitable acidic environment 

 Homofermentative: produce only lactic acid 

 Heterofementative: produce lactic acid, CO2 and ethanol 

Examples of Fermented Products 
 Chocolate: fermentation of cocoa needed to break down bitter tasting compounds and 

produce familiar 'chocolate' taste 

 Yoghurt: fermentation of lactose in milk by yoghurt culture bacteria produces lactic acid, 

which acts on milk protein to give yogurt its texture and its characteristic tang 

 Sauerkraut: fermented cabbage 

 Salami: pork, beef, or poultry meat is allowed to ferment and then stuffed into a cellulose 

casing and allowed to cure. Sometimes also treated with mold 
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Probiotics 
 Probiotics are microorganisms that are believed to provide health benefits when consumed. 

 The term probiotic is currently used to name ingested microorganisms associated with 

beneficial effects to humans and other animals 

 Commonly claimed benefits of probiotics include the decrease of potentially pathogenic 

gastro-intestinal microorganisms; the reduction of gastro-intestinal discomfort; the 

strengthening of the immune system; the improvement of the skin's function; and the 

improvement of bowel regularity 

Food Spoilage 

 A product is deemed to be spoilt when it is no longer acceptable in sensory terms. This can 

be due to physical, chemical or microbial changes 

 A microbial spoilage organism must increase in numbers at a rate faster than other 

organisms present in the food, and also affect the food taste or consistency in some way 

 Whether a food is perishable, semiperishable, or nonperishable depends mainly upon its 

water activity and the available nutrients for microbes in the food, as well as pH 

 Proteolytic: breakdown of proteins leading to putrefaction 

 Lipolytic: breakdown of lipids leading to rancidity (desirable in some cheeses) 

 Fermentative: breakdown of carbohydrates leading to fermentation 

Temperature 
 D-value refers to decimal reduction time and is the time required at a certain temperature 

to kill 90% of the organisms being studied 

 Pasteurisation: reduce the number of viable pathogens by brief heating 

 Appertization: storage in airtight conditions, more recently modified atmosphere packaging 

 Cooked food should be cooled quickly so it spends the least time in the danger zone 

 Cooling food reduces growth rate, freezing it stops growth but will not kill organisms 

 Thermoduric bacteria are bacteria which can survive, to varying extents, pasteurisation. 

Species of bacteria which are thermoduric include Bacillus, Clostridium and Enterococci 
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Water Activity 
 Water activity can be altered by a number of methods 

 Drying: spray-drying, freeze-drying, concentrating, to make eg milk powders and 

concentrated food ingredients, can be spoiled xerophilic moulds and yeast  

 High salt: salted meat and fish eg ham, can spoiled by halophilic bacteria  

 High sugar: eg jams and syrups, can spoiled by osmophilic yeasts and mould   

 Will not kill organisms but stops growth so increases the shelf-life 
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Spoilage of Raw Meat 
 Initially carbohydrates are metabolised (more energy-efficient)   

 After depletion of carbohydrates proteins and lipids are degraded  

 Off odours are due to breakdown products of proteins begin to form 

 Bacteria attach to the surface and develop a biofilm seen as slime 

 Proteolytic enzymes promote penetration of meat by bacteria, causing breakdown of 

structure 

Foodborne Disease Agents 
 Bacteria, most common are Campylobacter and Salmonella 

 Viruses , most common is the norovirus  

 Mould producing mycotoxins (such as aflatoxins and ergot)  

 Protozoan (such as cryptosporidiosis and giardiasis )  

 Helminths such as tapeworm  

Food Poisoning 
 Ingestion of preformed toxin  

 Rapid onset (1-6 hours) (because the toxin is already formed) 

 Severity depends on toxin levels & individual susceptibility 

 Organisms need not be present, as toxins are secreted into food and still present even if 

bacteria killed by processing 

 Staphylococcus aureus, Bacillus cereus (vomitting), and Clostridium botulinum all produce 

toxins 

 Can also result from secretion of toxins by ingested bacteria, typically enterotoxins produced 

in the gut 

 Longer incubation periods than intoxication (due to toxin production in the gut after the 

bacteria have been ingested), and a longer duration  

 Usually profuse diarrhoea main symptom 

 Clostridium perfringens and Bacillus cereus (diarrhoeal) produce enterotoxins 

Food Infections 
 Food contains sufficient numbers of viable pathogens to cause infection and disease in the 

host. Often appears unspoiled and remains palatable so is still eaten 

 Foods must support their growth and the food is  held under conditions that permit growth 

(eg temperature / time abuse) 

 Organism colonises and grows in the intestines and then either  produces toxins in the gut 

(non-invasive) or invades intestinal wall cells and secrete toxins (invasive)  
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 Non-invasive: Enterotoxigenic  E. coli, Vibrio cholerae – enterotoxin causes reversal of 

uptake of water and ions in the gut resulting in outpouring of electrolytes and water, leading 

to profuse watery diarrhoea  

 Invasive: Salmonella, Campylobacter jejuni and coli, Pathogenic  E. coli, Listeria 

monocytogenes, and Shigella are invasive foodborne pathogens – Enterotoxin production in 

the intestine has either not been demonstrated or has not been shown to be sufficient to 

cause all symptoms. Clinical symptoms are often outside the intestinal tract (invade) and can 

be caused by a combination of several virulence genes 

Investigation of Outbreaks 
 Sampling foods is problematic 

o Must represent the sample (need to prevent contamination from outside sources)  

o Must deliver to the laboratory unchanged from when it was sampled and stored 

until tested unchanged 

o Microorganisms are not uniformly distributed in foods and the food matrix 

complicates detection 

 Outbreaks can be tracked using phenotypic typing (serotyping, phage typing, pathogenicity, 

biotyping), or by newer molecular methods (DNA banding patterns, DNA hybridisation, 

sequencing) 

Lecture 11: Industrial Microbiology 

What is Industrial Microbiology? 
 Industrial Microbiology focuses on the application and uses of microorganisms for large-

scale products and outcomes 

 Host organisms grown for Industrial Microbiology applications are microorganisms that are 

suitable for (large scale) culture 

 Examples of such organisms include fungi (including yeast), Bacteria, Viruses (including 

phage and baculoviruses), and even some mammalian cells 

 Examples of applications include foods, vaccines, washing powders with enzymes, insulin 

production, bioremediation, drug design, and bioleaching of metals 

 Industrial microbiology involves discovering some useful product or action of a microbe, 

improving upon it by screening, selection or engineering, purifying the product, and finding a 

way to do so in a cost effective marketable manner 

Microbial-based Drugs 
 Antibiotics: many of the main ones are derived from Streptomyces (Actinomycetales), which 

produce over two-thirds of the clinically useful antibiotics of natural origin (e.g., neomycin, 

cypemycin, grisemycin, bottromycins and chloramphenicol) 

 Phage therapy: therapeutic use of bacteriophages to treat pathogenic bacterial infection 

 Statins: cholesterol lowering drug isolated from various species of bacteria, works by 

inhibiting HMG-CoA reductase enzyme which is necessary for production of cholesterol 

 Biologics: any medicinal product manufactured in or extracted from biological sources, as 

distinct from chemically synthesized pharmaceutical products. Examples include vaccines, 

blood, allergenics, somatic cells, gene therapies, tissues, recombinant therapeutic protein  
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Recombinant Expression Systems 
 Yeast: Pichia pastoris, Saccharomyces cerevisiae, Kluyveromyces lactis  

 Bacteria: Escherichia coli (Quick, cheap, but leads to inclusion bodies)  

 Mammalian cells: CHO, 293 (Glycosylated antibodies can be produced)  

 Plant cells: tobacco and peas popular: also in transgenic plants with expression as kg/acre 

 Cell-free systems: individual components added for protein synthesis 

 Proper protein expression may require post-translational modifications and care to preserve 

the 3D structure and conformation of the molecule. This may require experimentation with 

differing expression methods 

 Must also guard the protein product against inactivation, proteases, aggregation, pH change, 

oxidation, detergents, denaturing agents, heat and cold 

 Cys residues may also pose a problem, because E. coli cannot form more than a few 

disulphide bonds 

 Codon optimization (use codons that are more easily expressed) for expression in E. coli can 

significantly increase the level of protein produced 

 Can purify the protein product using special tags, or solubility level, mass spectroscopy, and 

other methods. A ligand binding assay confirms the protein is functional 

 Transient expression:  utilises machinery of mammalian viruses, so following transfection the 

expression vector replicates to a very high level, ultimately leading to cell death 

 Constitutive expression: aims for stable expression at lower levels so that the cell can survive 

for much longer. Such systems are very popular for research use 

Screening Methods 
 Examining microbial disease using surrogate organisms (e.g. HIV studies on model organisms) 

 Modelling drug resistance in microbes using genetic engineering to determine cause of 

resistance mutations 

 Determining the detailed structure of important enzymes allows in silico screening to 

identify potential new drugs 

 Interaction screening allows rapid examination of some interaction with appropriate assays 

Lecture 12: Unusual Bacteria and Parisitology 

Rickettsias 
 Rickettsia is a genus of non-motile, Gram-negative, non-sporeforming bacteria that can 

present as cocci, rods or thread-like 

 Being obligate intracellular parasites, the Rickettsia survival depends on entry, growth, and 

replication within the cytoplasm of eukaryotic host cells (typically endothelial cells)  

 Because of this, Rickettsia cannot live in artificial nutrient environments and is grown either 

in tissue or embryo cultures 

 They are one of closest living relatives to bacteria that were the origin of the mitochondria 

organelle that exists inside most eukaryotic cells 

 Rickettsial organisms possess true cell walls similar to other Gram-negative bacteria 

 Rickettsia species are carried by many ticks, fleas, and lice 

 They are known to cause typhus and spotted fever 
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Mycoplasmas 
 Mycoplasma refers to a genus of bacteria that lack a cell wall around their cell membrane 

 Without a cell wall, they are unaffected by many common antibiotics such as penicillin or 

other beta-lactam antibiotics that target cell wall synthesis. Some rigidity provided by 

cholesterol in cell membrane 

 They are some of the smallest organisms capable of autonomous growth, about 0.2µ in 

diameter 

 Most are facultative anaerobes or microaerophilic. They have complex growth requirements, 

and are easily destroyed by heat 

 It can take up to 14 days on an agar media to grow the tiny 'fried egg' colonies, which are 

visible by low power microscopy. PCR is a preferred diagnostic method 

 Mycoplasma pneumoniae is a pleomorphic human pathogen which possesses a polar 

extension protruding from the pseudococcoidal cell body, which is used for adhering to host 

cells and gliding motility, as well as normal cell division 

Chlamydia 
 Chlamydia is a genus of bacteria that are obligate intracellular parasites. Chlamydia 

infections are the most common bacterial sexually transmitted diseases in humans and are 

the leading cause of infectious blindness worldwide 

 The gram negative bacteria have a small genome and very poor metabolic abilities, 

depending upon the host cell for most energy requirements 

 Chlamydia trachomatis is the sexually transmitted version, most common in young adults 

 Infections can be transmitted to the neonates and infants from the mother 

 Chlamydia has a unique two-stage development cycle in cells, alternating between 

elementary body (infectious non-replicating) and reticulate body (intracytoplasmic) forms 
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Entamoeba Histolytica 
 Entamoeba histolytica is an anaerobic parasitic protozoan. Predominantly infecting humans 

and other primates, E. histolytica is estimated to infect about 50 million people worldwide 

 Most commonly, this pathogen causes haemorrhagic dysentery and liver abscesses 

 

Giardia Lamblia 
 Giardia lamblia is a flagellated protozoan parasite that colonizes and reproduces in the small 

intestine, causing giardiasis 

 Stomach acid stimulates conversion of cysts to trophozoites , which live in duodenum and 

jejunum, attaching by a sucker and causing mild inflammation. Cysts passed in faeces   

 Produces foul smelling diarrhoea 

 Transmission is usually by contaminated food or water 
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Helminths 
 Helminths, also commonly known as parasitic worms, are large multicellular organisms, 

which when mature can generally be seen with the naked eye 

 They are often referred to as intestinal worms even though not all helminths reside in the 

intestines 

 Most obtain nutrients by ingestion through the mouth 

 Parasitic helminths life cycle mostly involve three stages: egg, larva and adult 

 Three main types: nematodes, trematodes, and cestodes 

Nematodes 

 Most common/important species  

 Enterobius vermicularis (pinworm): small, common in humans, no environmental 

development 
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 Ascaris lumbricoides (round worm): large worm (up to 35 cm in length), humans only 
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 Trichuris trichura (whipworm): human only, long incubation 

 

 Ancylostoma duodenale and Necator americanus (hookworms) 
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Trematodes 
 Most (except schistosomes) are hermaphrodites; male and female organs in the same worm  

 All have definitive and intermediate hosts, the intermediate hosts being mostly snails 

 Fasciola hepatica  (liver fluke): long worm, found worldwide 

 

 Schistosomes: cause schistosomiasis or snail fever, not seen in Australia 
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Cestodes 
 Cestoda is the name given to a class of parasitic flatworms, of the phylum Platyhelminthes 

 Hermaphrodites; male and female organs in the same worm 

 Consist of a head called a scolex with suckers and hooks for attachment to gut, and a series 

of segments called proglottids. They have no digestive system of their own 

 They lay eggs which must find intermediate host to continue cycle, living as cysts in tissue 

 Taenia saginata (beef tapeworm) and Taenia solium (pork tapeworm): humans the definitive 

host, cattle and pigs respectively the intermediate 

 

 Echinococcus granulosis (hydatid disease): dogs are definitive host, sheep the intermediate 

 

http://en.wikipedia.org/wiki/Parasitic
http://en.wikipedia.org/wiki/Flatworm
http://en.wikipedia.org/wiki/Platyhelminthes

