 Microbe History/ Introduction
· Ribosomal RNA is the machinery for transcription 
· rRNA consists of a large and a small subunit 
· Very few mutations exist for rRNA - Too essential to screw around with 
· By sequencing rRNA you can determine age of organism - less changes means older organism 
· 16S rRNA used as a clock to determine divergence of a species 
· 3 Domains: Archaea and Eukarya share a common ancestor; Bacteria is divergent and is the oldest of the three 
· Many Archaea live in extreme conditions (e.g. sulfur hot springs) 
· Carl Woese discovered the domains; father of molecular phylogeny 
· Reasons to grow organisms from a gene sequence: 
· To prove hypothesis, tell us our assumptions are correct 
· Tells us about physiology of microbe 
· Operons could be different depending on organism, could produce varying results 
· Bacteria and Archaea are all prokaryotes 
· All life forms except for plants & animals are microbial 
· Of microbial life, all but fungi are protozoan 
· Eukaryotes came along 1 billion years after Bacteria/Archaea 
· Aerobic respiration first arose in cyanobacteria; generated aerobic atmosphere 
· Haemophilus inﬂuenzae- First cellular microbe to have its genome sequenced 
· Viruses and Bacteriophages are acellular and mostly smaller than bacteria; Have genome covered by capsid - no organelles & Non-cellular 
· Spontaneous Generation - The idea that living creatures can arise without parent; disproved by Louis Pasteur 
· Microbes can also be supersized - Macroscopic 
· Complex communities of microbes are called biofilms  
· microbes differentiate into distinct types that complement each other, much like a multicellular organism 
· Incredibly difficult to kill 
· Problem for industry - decay and clog equipment 
· Winogradsky Column: a microbial ecosystem of river mud 
· Mini ecosystem to artificially grow biofilms 
· Helps us understand growth of different colonies 
· One side has light for phototrophs, other side is dark 
· Used for Phototrophy, Heterotrophy, Autotrophy, Anaerobic Respiration
· Koch's Postulates: 
· The microbe is found in all cases of the disease, but is absent from healthy individuals.  
· The microbe is isolated from the diseased host and grown in pure culture. 
· When the microbe is introduced into a healthy, susceptible host (or animal model), the same disease occurs. 
· The same strain of microbe is obtained from the newly diseased host. When cultured, the strain shows the same characteristics as before. 





· Important People 
 
	Robert Koch 
	Devised techniques to study single species in isolation. Further devised Koch's Postulates, a set of criteria to establish a causative link between an infectious agent and a disease. Used anthrax to demonstrate chain of infection 

	Louis Pasteur 
	Developed the first vaccine based on attenuated strains 

	Carl Woese 
	Discovered a domain called Archaea, a group of prokaryotes who's genetic sequence diverge equally from Bacteria and Eukarya. 

	Lynn Margulis 
	Proposed the Endosymbiosis theory: Eukaryotic organelles such as the mitochondria and chloroplasts evolved from prokaryotic cells engulfed by proto-eukaryotes.
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· Biofilms in the gut: 
· Aid in digestion 
· Provide vitamins  
· When they die we digest them 
· Train the immune system 
· Antibiotics are produced by microbes, bacteria, and mold 
· Louis Pasteur - Founder of medical microbiology 
· Cured rabies 
· Disproved the concept of spontaneous generation 
· Discovered fermentative metabolisms 
· Chain of Infection - An important principle of epidemiology; the transmission of a disease. 
· Pure Culture - A culture grown from a single parental cell


Microbe Interactions
· Vaccination 
· Inoculation of children with serum from a smallpox  pustule (naturally attenuated virus) led to basic immunization; still very dangerous 
· Edward Jenner confirmed that inoculation with cowpox virus would yield mild disease, but protection against smallpox; called this vaccination 
· [image: ]Louis Pasteur then recognized the importance of attenuation in vaccinations; A weakened strain of a disease will generate Immunity by stimulating the immune system 
· Alexander Fleming finds that a Staphylococcus mold spore produced a bacteria killing substance; discovers penicillin 
· Howard Florey and Ernst Chain then puriﬁed the substance, creating the ﬁrst commercial antibiotic to save human lives. 
 
Microbes and Natural Ecosystems 
· Lithotrophs - Organisms that metabolize inorganic minerals, such as ammonia, instead of the organic nutrients used by the microbes isolated by Koch.  
· [image: ]Enrichment Culture - The use of selective growth media that support certain classes of microbial metabolism while excluding others 
· Geochemical Cycling - The global inter-conversion of inorganic/organic forms of nitrogen, sulfur, phosphorus, and other minerals 
· Bacteria and archaea ﬁx nitrogen (N2) by reducing it to ammonia (NH3), the form of nitrogen assimilated by plants. This process is called Nitrogen Fixation  
· Endsymbionts -  Organisms  living symbiotically inside a larger organism. 
Microbial Family Tree 
· Endosymbiosis Theory: Eukaryotes evolved by merging with bacteria to form composite cells via endosymbiosis 
· Lynn Margulis proposed that early in the history of life, respiring bacteria similar to E. coli were engulfed by pre eukaryotic cells, where they evolved into mitochondria 
· This theory implied a polyphyletic ancestry instead of monophyletic where all species diverged from a common ancestor 
· Carl Woese replaced the five-kingdom theory with 3 equally distinct domains:  Bacteria, Archaea, and Eukarya  
· Both bacteria and archaea form similarly shaped rods, or bacilli, and cocci (spheres). Thus, rods and spherical shapes have evolved independently within different taxa 
Microscopy
·  Different microscopes are used to resolve various cells 
· [image: ]Magnification is the number of times an image's size is enlarged, while Resolution is a measurement of how well the smallest details can be discerned. For an object to be resolved, the wavelength of radiation must be equal or smaller than the object 
· Detection, the ability to determine the presence of an object 
· Differential Staining distinguishes different types of bacterial cells by their cell wall differences 
· Simple stains add colour to cell making it darker, the medium is not colored 
· Cells are fixed to the slide 
· Uses organic dyes that bind to the cell components 
· Gram stain works on the differences in the cell wall 
· Gram stain distinguishes two groups with distinctive cell wall structures: Proteobacteria, with a thin cell wall plus an outer membrane (gram negative), and Firmicutes, with a multiple-layered cell wall but no outer membrane (gram-positive) 
· Acid-fast stain uses lipophilic carbolfuchsin dye to stain mycolic acids of Mycobacterium species (causative agents of tuberculosis and leprosy) 
· Spore stains use malachite green to detect spores of Bacillus & Clostridium 
· Negative stains are dyes that color the background, making capsules more visible  
· Fluorescence Microscopy uses a fluorescence microscope and fluorochrome (UV fluorescent dye) 

· DAPI Dyes fluoresce blue; the dye binds to DNA of live and dead cells 
· Red fluorescent stain binds to the cell membranes, and the green stain is attached to a DNA-binding protein specific for a single gene 
· Fluorescent Antibody Staining: 
· Stain sample with an antibody linked to a fluorophore. Antibody binds to a strain or species-specific cell surface component 
· Examine in fluorescence microscope - determines presence of bacterial species-specific or strain-specific surface component  
· Rapidly identifies organisms that are difficult to grow 
· Electron Microscopy (EM) uses a beam of electrons instead of light for visualization 
· Transmission EM requires fixation and thin-sectioning 
· Scanning EM does not require fixation, but only provides a topographic (surface) view of microbe 
· Tomography or Cryo-EM allows 3D imaging of ice-embedded samples 
· Suspend sample in water and flash-freeze; no fixation 
· Maintains components  in their native state 
· Use lasers, CCD camera, EM to collect images 
· Images are combined digitally to visualize the entire object in 3D 
· Transmission Electron Microscopy 
· Sample 
· Fix with glutanyldehyde 
· Stain - gold, osmiumtetroxide 
· Embed in resin 
· Thin section 
· Scanning Electron Microscopy 
· Same process as TEM without the need for thin sectioning; electron beam reflects off surface 
· Confocal laser-scanning microscopy; visualization in 3D  
· Visible light from a laser light has more energy than from a light bulb 
· Laser penetrates through multiple focal lengths, collects image slices 
· Shorter the wavelength, better the resolution 
· Live/dead viability stains use a dye the fluoresces red in dead cells / green in live cells 
· X-ray Crystallography detects the interference pattern of X-rays entering the crystal lattice of a molecule. From the interference pattern, researchers build a computational model of the structure of the individual molecule, such as a protein or a molecular complex such as a ribosome 


Extremophillic Prokaryotes
· The prokaryotes (Bacteria + Archaea) share basic traits: 
· 70S ribosomes 
· Complex cell walls 
· Circular genome in a compact nucleoid 
· Bacteria and Archaea are found virtually everywhere on earth 
· Archaea are prokaryotes, look like bacteria but are NOT. They are as different from bacteria as are eukaryotes  
· Inhabit the widest diversity of ecological habitats  
· Mesophiles, Psychrophiles, Thermophiles, Extreme Thermophiles - What is the Optimum range of growth? 
 
· Psychrophiles: Methanogens/Archaea that live in Antarctica 
· Growth optimum ≤ 15 C, Very slow growth rate 
· Deep cold waters, deep ocean brine 
· Adapted to extreme nutrient limited condition 
· Include phototrophs, anaerobic heterotrophs, methanotrophs 
· Lipids in cytoplasmic membrane are highly unsaturated to prevent freezing 
· Methanogens are obligate anaerobes, oxygen is toxic to them 
· Derive energy through substrates producing methane. 
· Substrates include carbon dioxide, formic acid, acetic acid and methanol; require extreme anaerobiosis 
· Are not differentiated by Gram-staining 
· Major players in sewage treatment facilities 
· Have rigid cell walls of diverse composition in different species, including pseudo-peptidoglycan, protein, and sulfated polysaccharides.  
· Species of methanogens show a wide range of different shapes, including rods (single or ﬁlamentous), cocci (single or clumped), and spirals.  
· Acidophiles usually oxidize hydrogen sulfide and sulfur 
· Growth optimum ≤ pH 4, usually slow growing 
· Many acidophiles are also thermophillic 
· Lithotrophs may be used for biomining 
· Hyperthermophiles belong to archaea at deep sea vents: 
· Growth optimum ≥ 80 C 
· Barophiles - Can grow in very high pressures 
· Thermophiles, grow in hot springs 
· 45C ≤ Growth optimum ≤ 80C 
· Many are autotrophs; feed off of minerals in hot springs 
· Hot springs are oxygen deprived; tend to be anaerobic 
· Halophiles, archaea that live in extreme salt waters 
· Growth optimum ≥ 7.5% NaCl 
· Have to deal with osmotic pressure of the environment 
· Higher G=C than A=T in DNA to prevent from unraveling  
· Crenarchaeota are found throughout the world's oceans - Psychrophiles and Mesophiles  
· 
· 
· 5 Current Phyla of Archaea: 
· Euryarchaeota: Mainly methanogens & salt-loving extreme halophiles 
· Crenarchaeota: Most are extreme thermophiles in hot sulfur rich environments (solfataras). Contain Mesophiles, Pyschrophiles, and Methanogens 
· Thaumarchaeota: Mostly uncultured; studied by enrichment. Inhabit environments with extreme nutrient limitations (eg. Open ocean waters) 
· Nanoarchaeota: Hyperthermophile; Represented by a single species Nanoarchaeum equitans which is an obligate parasite of Ignococcus hospitalis 
· Korarchaeota: mostly uncultured Hyperthermophiles; a few observed by enrichment. Only 1 species identified and lives as part of a consortium 
 
· Sulfobales is an order in Crenarchaeota that that respire by oxidizing sulfur or catabolize organic compounds. They are therefore aerobic, and are thermoacidophiles 
· Oceans, soil, plant roots, and animals provide habitats for mesophilic and psychrophilic crenarchaeotes 
· Psychrophiles in marine sediment play a key role in recycling methane hydrates produced by methanogens.  
 




Prokaryotic Cell Structure
· [image: ]Basic structure of prokaryote cells  
· Majority of prokaryotes exist as free-living organisms 
· Subject to many environmental stresses: Predation, competition, nutrient limitations, fluctuations in temperate and water availability and pH 
· The Cytoplasmic membrane is the diffusion barrier that defines a cell: 
· Phospholipid bilayer + proteins - Selective permeability barrier 
· In prokaryotes It is the site of: Energy generation, chlorophylls, ETC,  
Proton Motive Force 
· Bacteriorhodopsin - Light driven proton pump 
· Selectively Permeable: 
· Any polar molecules (charged) or large molecules would not go through this membrane unless they go through a transporter protein 
· Weak acids and bases - In uncharged state (deprotonated) can easily diffuse; protonated cannot pass through 
· Small uncharged molecules will pass (eg oxygen) 
 
· Cytoplasmic Membrane Lipids (CM) - Phospholipids in CM of Bacteria, Eukarya, and some Archaea.  
· A macromolecule of glycerol ester-linked to two fatty acids and a phosphoryl head group; amphipathic molecule. 
· Tail-to-tail organization generating a bilayer; each layer is a leaflet 
· Know ester bond because it can be hydrolyzed by extreme pH and unstable a high temperature,  high salt concentration. Very unstable bond; lipid bond not stable 

· Archaeal Lipids are different from those of bacteria and eukaryotes  
· Use L-glycerol, not D-glycerol 
· Have ether (R-O-R) not ester (R-COO-R) links - very stable 
· Are branched chains of lipids, made from isoprenoid units 
· No unsaturations in lipids 
· Can be more exotic: Macrocyclic diether, Tetraether (makes monolayer), Cyclopentane rings  
 
Bacteria and Achaea cell structure 
· Peptidoglycan (PG) - A sacculus surrounding & enclosing the cytoplasmic membrane 
· Consists of a single interlocked molecule 
· Dynamic structure because cell modifies as it grows  
· Rigid - confers shape & rigidity, helps cells withstand turgor pressure due to osmosis 
· Growth of the cell is accompanied by synthesis, insertion, extension, and cross-linking of PG strands (antibiotics target this process) 
· Unique to Bacteria, as Achaea have Pseudo-peptidoglycan 
· Long polymers of two disaccharides- N-acetylglucosamine & N-acetylmuramic acid - bound to a peptide (4-6 AA 
· Peptidoglycan is a good antimicrobial target - enzymes required for biosynthesis make excellent targets for antibiotics 
· Pseudo-Peptidoglycan is resistant to all antibiotics - different sugars/bonds just same structure  
· Virulence factor - Fragments of PG induce fever during infection  
· Bacteria has thick PG and will always stay Gram-positive

Cell wall of Gram-positive bacteria 
· Gram-stain purple - Composed of thick multilayered peptidoglycan, & long polymers of Teichoic acids + Lipoteichoic acids 
· Some have Proteinaceous S-layer  
· Capsules, when present are located external to the glycosyl chains  
 
Cell wall of Gram-negative bacteria 
· Complex cell wall composed of: Outer-membrane + Periplasm (a thin 1-3 layer peptidoglycan) 
· Some have S-layer attached to the OM 
· OM has LPS on outer leaflet; has porin proteins 
· LPS is an important virulence factor and is an endotoxin 
 
· Lipopolysaccharide (LPS)  
· Composed of 3 parts - O-polysaccharide, Core Polysaccharides, Lipid A 
· Lipid A is an endotoxin, causes septic shock, binds to platelets and causes them to die 
· O-antigen induces LPS-specific antibodies; used in diagnostics & strain typing  
· LPS is an antimicrobial target 
Part 2
· Cell wall of a Mycobacteria  
· Mycobacterium tuberculosis & M. leprae cause tuberculosis and leprosy 
· Mycobacteria have complex, lipid –rich, multi-layered, thick cell walls 
· Thick layers of Peptidoglycan & unusual polymers 
· Unusual lipids (mycolic acids) and other glycolipids 
· Cell wall resist immune clearance; macrophage no kill 
· Require alternate differential staining (acid-fast stain); cells stain red 
 
· Some bacteria & archaea naturally lack a cell wall 
· Tenericutes/Mollicutes (soft skin) prokaryotes 
· Cells are polymorphic in shape, CM contain unusual proteins & glycoproteins  
 
· S-layer 
· An additional protective layer common in free-living bacteria and archaea 
· Crystalline layer of thick subunits consisting of protein or glycoprotein  
· Highly ordered structure, tightly covalently bonded, very resistant to falling apart 
· Present in all bacteria but not all archaea 
· Can act as scaffold or template for building proteins arrays, super-lattices for ‘molecular electronics’ 
· Capsules can be visualized by negative staining 
· Usually composed of polysaccharides , often called Extracellular Polysaccharides (ECPs) 
· Have anionic charges; bind metal cations; highly hydrated 
· Represent a diffusion barrier 
· Target for phage binding  
· Enhance adherences to surfaces & agglutination 
· Are virulence factors 
· Some are good vaccine candidates  
· LPS, Teichoic acids, capsules, fimbriae, pili - involved in attachment, biofilm formation, and virulence 
· Pili or Fimbriae 
· Pili longer and less numerous than Fimbriae 
· Pili are short straight filaments of pilin protein, used for attachment to other cells (biofilm, host, bacteria) 
· Sex Pili are used in conjugation; involved in transfer of extrachromasomal plasmid DNA from donor to recipient  
· Nanotubes form intercellular connections; pass material from one cell to the next 
· Prokaryote and Archaeal flagella  
· Prokaryotes swimming motility is generally via rotary flagella 
· Polar or peritrichous 
· The flagellar motor 
· Long spiral filament composed of flagellin protein  
· The flagellar motor is driven by the Proton Motive Force 
· Flagella is only used when necessary - Chemotaxis, Phototaxis, Magnetotaxis  
· Chemotaxis 
· The alternating runs and tumbles cause a random walk 
· Receptors detect attractant concentrations - Sugars, AA, light receptors in phototaxis  
· Attractant concentration increases and prolongs run - This term is a biased random walk


After Midterm - Eukaryotes
· Show the greatest range of size and shape of all 3 domains 
· Animals & Fungi are closely related 
· Land plants & algae are closely related 
· Protists are polyphyletic and highly divergent  
· Metamonda - amitochondriate, the most ancient eukaryotes 
· Amoebozoa - All heterotrophs  
· Protozoa - Combination of free living, amoeba, parasitic groups; described by nature of cell wall, motility, feeding 
· Excavata - Described by lack of organized mitochondria 
· Eukarya contain organisms that use sexual & asexual reproduction 
· Animas, true fungi, Microsporidia, Choanoflagellates fit in one clade - Opisthokonta 
· Choanoflagellates are the most ancient prokaryotes 
· Five immunoglobulin/antibody genes, yet have no immune system 
· Collagen, cadherin & integrin domains, yet have no cytoskeleton or matrix binding cells together 
· Have tyrosine kinase genes (function not known), yet are not known to communicate or signal intra-cellularly or inter-cellularly with each other 
 
· Fungi 
· Made of Chitin 
· Some are unicellular & some are multicellular 
· Yeasts are unicellular & molds are multicellular 
· Molds are made up Hyphae: branched multinucleate cell filaments; multiple hyphae form macroscopic mycelium 
· Mold produce fruiting bodies (eg. mushrooms) - contain spores 
· Fungi are natures decomposers & recyclers 
· Saprophytic heterotrophs 
· Absorptive nutrition - Secrete degradative enzymes - breakdown organic substrates - absorb broken down nutrients 
· Contain mitochondria, but yeasts may be fermentative 
· Yeasts are non-mycelial unicellular fungi  
· Fission yeasts reproduce by budding 
· Saccharomyces cerevisiae (Baker's yeast)  
· Some fungi are pathogens:  
· Chytridiomycota sp (responsible for massive frog die off) 
· Ophiocordyceps unilateralis (infects insects, enters ant's body through enzymatic damage to the chitin) 
· Symbiotic Fungal associations 
· Mycorrhizae - mycelial fungi on/in plant roots essential for plant health, growth, nutrient harvesting 
· Lichens - obligate mutualism of mycelial fungi + photosynthetic microbe (algae or cyanobacteria) 
· Algae are unicellular or multicellular 
· Cell walls: made of cellulose & glycoproteins 
· Contractile vacuole removes excess water 
· Metabolism: oxygenic photosynthesis 
· Has chloroplast & mitochondria 
· Algae are Primary producers in most ecosystems (eg. Phytoplankton) 
Protozoa 
· Are single-celled protists 
· Engulf/take up prey by phagocytosis 
· Their metabolism is heterotrophy 
· The protozoa lack cell walls; have a pellicle composed of a cytoplasmic + inner membrane + cytoskeleton  
· Protozoan parasites: 
· Plasmodium falciparum causes malaria. Invades human liver & blood cells 
· Trypanosomes - African sleeping sickness; tsetse fly vector 
· Giardia lamblia - Intestinal parasite (giardiasis, beaver fever) 
 
· Endospores - Only gram positive bacteria can create spores 
· Spores are not affected by antibiotics 
· Inert particles, completely dehydrated, can survive 1000's of yrs. 
· Bacillus, Streptomyces 
· VBNC state - Stops growing, down regulates metabolism, starts using up cell resources, shrinks to conserve energy, stops replicating, thickens cell wall, more saturated fatty acids 



Viruses
· Overview 
· A virus that is specific for a bacteria, will not infect host 
· Every life-form on earth has a virus that infects it 
· Tropism: What a virus infects depends on the receptor on the cell. It highjacks receptor already on cell for infection 
· Host Range: The range of organisms that can be infected by the virus 
· Viruses outnumber every other life-form on earth 
· Play a large role of the global cycle of nutrients, by killing hosts and releasing nutrients back into the cycle 
· When a virus is not in a host, referred to as a virium 
· Simply genetic information (DNA or RNA) enclosed in a protein coat 
· Cannot replicate, do not have any organelles, need host  
· Are vehicles for transfer of genetic information 
· A virus is as big as its genome; shape determined by genome 
 
Virus Morphology 
· Viroids are naked RNA; no capsids 
· RNA polymerase II creates mRNA; viroid hijacks the template so RNA polymerase II uses virus to make more copies of viral RNA  
· Infect plants 
· Replicated by host RNA polymerase II 
· Some are ribozymes - have catalytic ability; can act as enzymes 
· Transformation: When a cell has been infected by a virus and its phenotype has been affected 
· Transduction: The act of a phage moving genes in a bacteria 
· Transfection: Moving viral genomes in a mammalian cell 
· Prion proteins occur naturally in the brain; in the normal structure there Is no problem. Disease causing prions have abnormal conformations 
· Capsids are composed of repeated protein subunits 
· Packages/protects genome and delivers to the host cell 
· Capsids can be symmetrical, asymmetrical, or combination 
· Herpes simplex virus (HSV) & HIV have symmetrical Icosahedral capsids 
· Icosahedron: spherical polyhedron with 20 identical triangular faces 
· Capsid forms: Helical symmetry of filamentous phage 
· The capsid consists of a long tube of protein, with the genome coiled inside 
· [image: ]Vary in length 
depending on  
genome size  
· Includes  
bacteriophages  
as well as animal  
viruses  


· Asymmetric viruses lack obvious symmetry 
· Have multiple layers of proteins and membranes 
· Pox viruses (eg. small pox, cow pox) 
· Influenza virus - has multiple chromosomes, with each enclosed in a helical package; all are collectively packaged in a common capsid & envelope 
 
· Identifying/Classifying Organisms  
· Pre-genomic era: Used a combination of shared and unique features 
· Genomic era: using rRNA (Carl Woese) generated the Tree of Life 
· BarCoding: based on short DNA sequence [e.g. cytochrome c oxidase subunit 1 mitochondrial region] 
· The issue with viruses: multiple independent evolution, no common/shared phylogeny  
 
International Committee on Taxonomy of Viruses (ICTV) is based on several criteria: 
· Genome composition:  
· May be DNA or RNA 
· May be single-stranded or double-stranded  
· May be linear, circular, segmented  
· Capsid size, Envelope, Size of the virion, Host range 
· Highest taxonomic classification of viruses is the family; Family names have the suffix 'viridae' 
 
The Baltimore Virus Classification 
Proposed by David Baltimore, subdivides viruses into 7 classes, based on: 
· The nature of the genome: ss/ds and RNA/DNA 
· The behaviour of the genome once inside the host cell; specifically, the process/route used to express messenger RNA (mRNA) 
· ssRNA viruses may be +ve or -ve sense 
 
· Transcription & Translation review :  mRNA is generated by transcription of the negative or template strand of the double stranded genomic DNA. The mRNA sequence is therefore complimentary to the sequence of the negative or template DNA strand (and with the exception of RNA-specific bases) is an exact copy of the positive or coding DNA strand. Ribosomes translate mRNA to synthesize pro 


Bacteriphages
· Eukaryotic cells have a more complex structure than prokaryotic cells 
· Therefore, animal and plant viruses have greater complexity and diversity of viral replication cycles than we see in bacteriophages 
· Receptor imparts tropism & specificity of infection 
· Accessory proteins are never found in host; used directly upon infection 
· RNA dependent DNA polymerase - Reverse transcriptase 
· Random mutations occur frequently in HIV, allowing for change in the genome; makes treatments ineffective because of these random mutations 
[image: ] 
HIV Life cycle 
· RNA genome virus 
· Binds to T-cells, specifically CD4+ T helper cell - Utilized in the antibody immune response and the cell mediated immune response 
· HIV attacks CCR5 receptor as well 
· Use a VIRAL reverse transcriptase to copy / transcribe their RNA genomic sequence into DNA for insertion in the host chromosome 
· Once the genome is inside the host genome, it is not dormant- it is being transcribed all the time- acts as a factory producing new viruses constantly 
· HIV lyses the host cell- over time the specific T-cells will be killed off 
· High viral load means compromised immune system- no antibodies left to fight off simple infections such as colds 
 
Oncogenic Viruses 
· Any human cancers are caused by oncogenic viruses, such as Epstein-Barr virus (which causes lymphomas) and hepatitis C virus (which causes liver cancer) 
· Non-specific where they are inserted into the host cell- can enter different regions and affect different host processes 
· Usually mess with areas that control cell replication (tumors) 
· Mechanisms of oncogenesis include: Insertion of an oncogene into the host genome, integration of the entire viral genome, expression of viral proteins that interfere with host cell cycle regulation

· Bacteriophages may be cultured in either: 
· Batch culture (in liquid) 
· Isolated plaques (on cultured host cells) 
· Infection of host cells is not always lethal 
· To see infected cells, look for cytopathic effects 
· Cell lysis or plaques are not observed 
· Cell transformations, degradation, abnormalities occur over the time of infection


· Phage Lifecycles 
· Slow release replication - New phages produced & released without lysing or killing the host cell 
· Lytic -  Lysis of the host cell; phages are reproduced and burst the host cell to release progeny 
· Lysogenic - Phage genome integrates into host chromosome, does not kill 
 
· The “decision” between the two cycles is dictated by environmental cues & conditions 
· In general, events that threaten host cell survival trigger a lytic burst 
· The number of phages released = Burst size 
[image: ]




Mechanical Transmission/Microbial Ecology
Plant Viruses 
· Entry of plant cells have complex structures and cell walls 
· Entry of plant viruses into host cells usually requires mechanical transmission: 
· via damaged tissues 
· via vectors 
· via seed germ 
· After gaining entry into plant cells, the thick cell walls 
prevent a lytic burst or budding out of virions 
· Within plants, viruses are transmitted to uninfected  
cells by plasmodesmata 
 
Viral ecology 
· There is a virus for every life form 
· Viruses exist naturally within host organism 
· In natural ecosystems, acute viruses, are outnumbered by persistent viruses 
· Acute viruses are those that kill their host 
· Persistence is significant for ecological health 
· Many viruses interact positively with hosts; play a significant role in global nutrient cycling from decomposition 
· Play a large role in population control; like parasite 
 
Microbial Ecology 
· Ecosystem: populations of species + habitat & environment 
· Ecological Niche: An organism’s specific role 
· Microbe diversity in an ecosystem can be expressed as: Species richness & Species abundance  
· Microbes inhabit every environment on earth; Live in complex communities (biofilms) & usually in associations 
· Every molecule can be used (oxidized or reduced) by some microbe that is equipped to use it 
· The ability of a microbe to fill a niche depends on: 
· [image: ]The microbial genome 
· Environmental (abiotic & biotic) factors 
· Diazotrophs: Only thing that can take atmospheric nitrogen and turn it to ammonium; make nitrogen available to every microbe in an ecosystem
· The Great Plate Count 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 
· Isolation/identification and viable plate counting will not give an accurate answer 
 
· Microbes are major primary producers (autotrophs, diazotrophs) 
· Anaerobic respiration returns N2 to atmosphere 
· Environmental factors determine growth: 
· Light/photic zone (phototrophs) 
· Oxygen level (aerobes & facultative anaerobes) 
· Availability of other nutrients (N, P, S, minerals, high concentration or low concentration) 
· Temperature 
· pH 
 
· Nutrient levels, oxygen levels & pollution have drastic effects on aquatic microbial metabolism 
· Oligotrophic conditions are normal in unpolluted lakes 
· Eutrophication common from agricultural run‐off 
 



Biotechnology
· Winogradsky column 
· Add calcium, sulfur, mud, newspaper to mimic wetland ecosystem 
· Has O2 gradient (more at top) and pH gradient (acidic at bottom) 
· Lithotrophs will oxidize sulfur to sulfate, and further to sulfuric acid 
· Not only eukaryotes; prokaryotes and fungi also represented 
· Lithotrophy, heterotrophy, autotrophy, lithotrophy, anaerobic resp. 
· Lets you study change in community structure over time 
· Carotenoids - Found with chlorophyll, protect against oxygen damage 
 
Biotechnological applications of the microbes 
· Harnessing the microbes: 
· Data-mining/biotechnology, bioremediation, food, and pharmaceutical industries 
· Bioprospecting and exploitation of the microbes for biotechnology: 
· Bacteria & archaea are the most metabolically flexible life forms and fast/easy/cheap to grow 
· Can use lithotrophs for bio mining  
 
Bioremediation is the use of life forms, usually microbial, for biological degradation of pollutants into nontoxic forms 
· Through oxidation for energy generation 
· Through reduction in fermentation or as terminal e- acceptors 
· Exploits the phenomenon that heterotrophic microbes oxidize everything 
· Heterotrophic microbes collectively oxidize almost everything - natural and Xenobiotic 
· Everything feeds down to glycolysis and the TCA cycle 
· Everything Is eventually broken down to CO2 
· No matter how complex, organics generally filter through the same central pathways 
· Tailings pond water contains toxic heavy metals, polyaromatic hydrocarbons, & hepatoxic naphthenic acid 
· Few successes stories in bioremediation: 
· Sewage treatment plants & water treatment facilities 
· Secondary treatment contains anaerobic degradation 
· Artificial wetlands to replace wastewater treatment plants for agricultural operations 
· Use anaerobic heterotrophs, methanogens to metabolize organic wastes (animal waste, wastewater) 
· Biocontrol: Biological control of pests using microorganisms 
· Gypcheck control of Lymantria dispar (gypsy moth) 
· Bacillus thuringienisis or its purified insecticidal toxin for control of Spruce budworm 
· Bt crops - genetically modified to express one or more B. thuringienisis toxins  
Food Microbiology 
· Breakdown of proteins, carbohydrates or lipids into simpler forms.  
· In the cell this pathway is used to produce NAD for energy in the electron transport chain 
· Ethanolic fermentation products: Acetic acid, ethanol and CO2 
· Alkaline fermentation 
· Fermentation is an anaerobic process; all microbes used in fermentation are anaerobes or can survive in minimal O2 
· Gradual processing produces simple products (simple sugars, carbohydrates, AA) allows for easier digesting. Bacteria can produce vitamins 
· Fermentation can detoxify by metabolism 
· Flavours come from all the side compounds; esters 
· Microbe can remove harmful elements; soybeans have a mold living on the skin (Rbhizopus, Aspergillus) 
· Chocolate is due to the fermentation of the cacao bean, it occurs within the fruit pulp and involves three successive stages: 
· Anaerobic fermentation by yeast 
· Anaerobic fermentation by lactic acid 
· Aerobic respiration by Acetobacter species 
· Fermentation of bread and wine is by saccharomyces cerevisiae 
· CO2 causes bread to rise; ethanol is removed by baking 
· A prolonged fermentation, with extensive microbial activity, occurs in the dough for injera bread. Made from teff, a grain with no gluten 
· Edible fungi: 
· Mushrooms: fungal fruiting bodies 
· Source of proteins and minerals 
· Edible algae: seaweeds, nori (sushi) 
· Edible bacteria: 
· Nucleic acid often too concentrated for food  
· Cyanobacterium spirulina: single-celled protein



Food Spoilage/ Antibiotics
· Food spoilage: chemical changes to the biology of the food; productions of toxins that make the food unsafe 
· Fish/seafood - lots of unsaturated fat, oxidize easily 
· Milk - Anaerobic fermentation of lactose causes spoiled milk; proteins can also be broken down by psychrophiles 
· Fruit/veggies - soft tissues allow microbes to grow easily, penetrate tissues, breakdown food 
· Meat/poultry - Microbes can be used to tenderize; breakdown of peptides and AA by microbes causes spoilage, meat fat (triacylglycerides) spoils by oxidization 
· Aspergillus flavus - Aflatoxins grow on grains, carcinogens 
· Clostridium botulinum - BOTULISM 
· Water & food contaminated with pathogens can lead to food-borne bacterial and viral infections 
· Interactions between soils, animals, animal products, humans, water, plant foods 
· The gram positive Listeria monocytogenes is ubiquitous in the environment 
· Psychrotolerant- Can grow at 4°C  
· Storing in a cool place (refrigeration) promotes growth (eg unpasteurized milk in the fridge) 
· Food preservation: Prolong shelf life 
· Physical approaches: dehydration, freeze drying, refrigeration, freezing, CO2 storage, pasteurization 
· Chemical approaches: Acids, organic/inorganic compounds 
· New ideas in food preservation 
· Nisin- L-antibiotics class of bacteriophage encoded antimicrobial peptides. Inhibits murein synthesis & forms pores in membranes 
· Lysozyme- Murein hydrolase 
· Pediocin- Broad spectrum bacteriocin, gram positive targets  
· Zone of clearance - The wider the clearance the more potent the antibiotic  
· Naturally produced antibiotics are secondary metabolites of bacteria & fungi  
 
· Persister: Dormant variants of regular cells that form  in microbial populations and are highly tolerant to antibiotics  
· Most but not all intended bacteria is killed  
· Approx. 1% not-killed-off bacteria is dormant; not active or dividing, but existing    
· Hypothesis: Few cells which are stimulated to grow act like scouts (go out into environment and check environment); if it is ok to grow, reproduction occurs  
· Causes production of toxic oxygen radicals which can damage protein/DNA leading to cell death

· Transposons: Mobile elements carried on phage or bacteria that have more than one gene (i.e. resistance to antibiotics, toxins, etc.)   
· Flagged by sequences that allow them to recombine and plant themselves into genome   
· Can move from genome into plasmid or plasmid into genome  
· Very rapid transfer of multiple genes 
· Cassette: Number of genes they carry   
· When they integrate into gene, the entire cassette is integrated 
 


Antibiotic resistance  
· Once antibiotic resistance trait is acquired, it gives selective advantage in presence of antibiotics   
· Reasons for extensive antibiotic resistance  
· Inappropriate/over-use   
· Patient con-compliance   
· Non-prescription purchases of antibiotics  
· Agricultural use  
· Germicide additives in commercial products   
· Increase selective pressure and dissemination   
 
Bacterial drug resistance mechanisms   
· Efflux pump  
· Chemical modification of target methylation, acetylation  
· Secreted degradative enzymes (e.g. murein hydrolases such as β-lactamase degrades β-lactam antibiotics)   
· "MDR" efflux pump  
· Biofilm growth and persister cells   
 
Strategies to counter antibiotic resistance   
· Chemical modification of existing drugs in lab  
· Genetically engineering bacteria to make "unnatural natural" drugs   
· Integrated resistance monitoring   
· Combination therapy  
· Prohibit agricultural use 
 
Vaccine types:   
· Live attenuated (eg. Mycobacterium bovis (BCG))   
· Inactivated: Killed using heat (antigen is maintained) or chemically inactivated  (eg. Rabies, Influenza) 
· Subunit: Highly defined components of a particular pathogen (can be just a part of particular protein)   
· Toxoid: Inactivated toxins based on a single component; very good when you know that a particular pathogen has one or two toxins which causes disease   
· DNA vaccine: A technique for protecting an animal against disease by injecting it with genetically engineered DNA so cells directly produce an antigen



Biofilms
Biofilms 
· Formed by more than one species of prokaryotes 
· Growth on biotic or abiotic surfaces or floating pellicles 
· Different type of microbes means different types of metabolism  
· Formed of individual organisms that work together as if it were a single multicellular complex 
· Pellicle - Tend to form on the surface of fluids 
· Plaque in not equal to biofilms; bacteria that attach on the enamel, secrete polysaccharides in layers on the tooth 
· Biofilm- Complex and elaborate assemblages of bacterial micro-colonies attached to surfaces and surrounded in a porous sticky adhesive, exopolysaccharide, that they secrete 
· Biofilm bacteria seem to release pieces of DNA; help hold the biofilm together 
· Quorum Sensing - A regulatory system where bacteria communicate so that groups of bacteria know to replicate to a certain number before producing a certain product (protein/virulence factor) 
· As the numbers grow, the concentration of the communication molecule increases, and when it reaches a threshold it will initiate DNA replication for genes specific to the communication molecule 
· Exopolysaccharide is like a capsule but is not physically attached to the cells 
· Antibiotics kill the bacteria that are rapidly growing in the biofilm; many are dormant and not affected  
· Squid use quorum sensing to recruit Vibrio fisheri, a symbiont that produces bioluminescence in the light organ of the squid 
 
Microbial Associations 
· Symbiosis - Intimate association between organism of different species  
· Associations can be between microbe-microbe, microbe-plant, or microbe-animal 
· Types of symbiosis - Commensalism, mutualism, parasitism




Innate Immunity
· Immune system  
· A complex & interconnected system of lymphoid organs, tissues, cells & soluble products which work to recognize, neutralize & eliminate potential pathogenic threats; first line of defense  
· Barriers - physical / structural (skin, mucosal epithelium) 
· Physical & mechanical defenses - Cough/sneeze, peristalsis, urination, oral hygiene, mucociliary elevator  
· Chemical defenses -   
· Mucous, saliva, sweat, tears, sebum, defensins 
· Gut system has a gradient of pH, killed from low pH 
· Colon is completely anaerobic 
 
· Physical barriers 
· Skin: epidermis and dermis; dead cells held together by keratin, secrete oil (sebum) and salt 
· Skin‐associated lymphoid tissue (SALT) Langerhans cells in dermis can phagocytose microbes 
· Each defense system has its own lymphoid system 
· Defenses: Skin is always being replaced, mucous layers slough off, mucociliary elevator, defensins  
· Acne: Propionibacterium acnes 
· Sweat and mucous also contain Lactoferrin; iron binding protein, nearly all bacteria require iron, essential growth factor, by limiting the amount of iron available you limit growth; in blood its Transferrin 
 
· Innate defenses: Microbiota 
· Benefits of normal microbiota 
· Competition - prevent colonization 
· Nutrition & digestion 
· Make defensins - immunomodulin proteins (substances secreted by microbiota that modulate our immune system)  
· Potential use as vaccine delivery vehicles 
· Gut-associated lymphoid tissue - found in the small intestine; innate immune system 
· Includes tonsils and payer's patches 
· Specialized M(icrofold)-cells take up microbes from the intestine & release on the other side for macrophages. Brings in bacteria from the lumen to induce protective Mucosal-associated lymphoid tissue (MALT) responses 
· Virulence Factors; need to be able to: 
· Attach and grow 
· Acquire nutrients 
· Invade/disseminate and avoid defenses 
· Spread/replicate 
· Damage, suppress, or subvert host defense tactics 
· Maybe antibiotic resistance 
· Exit & transmission strategies  
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· 2 stem cell lineages - Lymphoid and Myeloid 
· WBCs or Leukocytes are formed by differentiation of Hematopoetic stem cells produced in the bone marrow 
 
Lymphocytes 
· T-cells, generals of the adaptive IR 
· Differentiated based on surface receptor molecules 
· Modulates immune responses via cytokines 
· B-cells - Produce antibodies to bind antigens 
· NK cells - Functions in both innate and adaptive systems 
· Destroy infected/cancerous host cells by contact-dependent cytotoxicity 
· Perforin proteins - pores in the cell membrane 
· Granzyme toxins - enter the cell, induce death by apoptosis; DNA broken in pieces, no swelling  
· Recognize altered MHC-1 expression in cell 
 
Myeloid Cells 
· Basophils & eosinophil - Function to kill microbes; release toxins to poison microbes, very effective vs parasites.  
· Neutrophils & Monocytes - Are phagocytes, act to engulf and destroy microbes/extracellular pathogens 
· Neutrophils are primarily in the blood stream (blood infection = sepsis) 
· NET's - A last resort to kill bacterial pathogens 
· Chromosomal DNA is spewed out forming a network of fibrils to entrap the bacteria 
· Signal neutrophils/monocytes to the site of infection 
 
· Phagocytosis - Take up the bacteria, break it into pieces, present antigen to T-cells 
· Links the innate and adaptive immune responses 
· Monocytes - Circulate in blood stream, attracted by cytokines to sites where needed 
· Differentiate into macrophages & dendritic cells 
· Migrate to tissues, adhere to surfaces. Secrete more cytokines to attract other phagocytes 

Innate/Adaptive Immunity
· Innate Immune Responses contd.  
· Phagocytosis 
· Binding  engulfment  phagocytic vesicle /phagosome  fusion with lysosome  Phagolysosome  killing & degradation 
· Sialic acid containing polysaccharides - receptors are anti-phagocytic, our own cells defense against our innate immune system 
· O2 independent killing - reactive nitrogen producing nitric oxide 
· Macrophages & dendritic cells are also called Antigen‐Presenting Cells (APCs) 
· They ingest /consume organisms & structures recognized as foreign/non‐self  
· Process/digest; then display ‘bits’ of them on their surface MHC‐II receptors for presentation to T‐cells 
· Form a link between the innate & adaptive immune systems 
· Inflammatory responses are a response to the presence of microbe &/or their products in tissues 
· Damaged tissues & Resident macrophages release vasoactive factors  
· Tissue MAST cells release HISTAMINE; increase permeability of capillaries & attract  phagocytes to infection site (swelling & redness 
· Prostaglandin release; stimulate nerve endings,  
pain, itching 
· How phagocytes detect pathogens (as non-self) 
· Phagocytes express pattern recognition molecules (PRMs) on their surfaces (eg. Toll-like receptors) 
· PRMs bind antigens that have pathogen-associated molecular patterns (PAMPs) 
· Eg. Bacterial LPS, flagellin, dsRNA peptidoglycan 
· Those that mimic host structures are virulence factors 
· Antigen presentation: some of the breakdown products are displayed on the phagocytes surface as activation  signal/mediator of antigen‐specific immune response by T‐lymphocytes 
· Phagocytosis is enhanced by Opsonization 
· Antibodies & serum complement proteins are opsonins, bind/coat target 
· Antibody opsonization also mediates toxin neutralization, and binds to viruses + prevents virus binding to receptors 
· Complement System 
· Goal is to create a hole/pores in the pathogen 
· Consists of about 20 proteins, activate each other via proteolytic cleavage  
· Pathway #1 - Antibody binds to antigen  
· Pathway #2 - Opsonization by C3b; binds to microbial PAMP (eg. LPS, flagella).  
· Barriers to phagocytosis & killing are virulence factors 
· Biofilms, ECPs, bacterial capsules all virulence factors 
· Is the ability to survive intracellularly in phagocytes 
· Inhibit phagosome- lysosome fusion in phagocytes 
· Secrete enzymes that neutralize ROS & RNI (e.g. Superoxide dismutase) 
· Adapted to survive within acidified phagolysosomes (Chlamydiae sp.)  
· Direct phagosome to fuse with other cellular compartments (eg. Legionella sp.)  
· Escape from the phagosome into the cytoplasm (eg. Shigella & Listeria sp.) 
 
· Adaptive Immune Response 
· Develops as the needs arises/ is acquired 
· T-cells, developed in the thymus, trained to not recognize self-antigens as to not attack them 
· Mature B and T-cells move to the lymph nodes, where they come into contact with antigens 
· Antigen - small piece that is specifically bound by a B or T-cell receptor; what causes an immune response 
· Each segment of an antigen that elicits an immune response is called an epitope; antigens can have multiple 
· B-cells bind directly to epitopes; T-cells need it to be presented on an MHC receptor for it to be recognized 
· Immunogenicity - The effectiveness by which an epitope initiates an immune response 
· Antigen-presenting cells (APCs) - Degrade/process pathogen proteins, generate numerous short frags. 
· APCs have both MHC I and MHC II 
· Attach the processed antigens to MHC for presentation to lymphocytes  
· APCs are: Dendritic cells, macrophages & B-cells, lymphocytes (only process soluble proteins) 
· Each T/B-cell recognize only one specific epitope 
· Proteins are the most effective antigens, form more diverse chemical forms and maintain tertiary structures; nucleic acids & lipids the worst

Adaptive Continued
· Humoral immunity (AMIR - Antibody-mediated immune responses) 
· Mediated by B-cells, produce antibodies (Ab) also called immunoglobulins (Ig) 
· Ab are highly antigen-specific 
· Cell-mediated immunity (CMIR - Cell-mediated IR) 
· Involve different types of T-cells 
· T-cells work together to recognize infected cells 
· Cytotoxic T-lymphocytes (Tc / TCTL) can directly kill infected host cells 
· Control antibody production by B-cells & activate Tc; are Helper T-cells (TH) 
· *Both types of adaptive immunity are intertwined* 
· AMIR and CMIR can cross-bind with similar epitopes, an antibody made for one response used for a different, but similar response 
· Beneficial in vaccines, detrimental in autoimmune diseases 
 
· AMIR and CMIR start when an antigen is recognized by B/T-cell receptors 
· B-cells have membrane immunoglobulins receptors for antigen binding; directly binds the antigen 
· Develop in the bone marrow 
· Progenitor B-cells can make any antibody/immunoglobulin isotype, but are programmed to bind/recognize only one epitope 
· When it comes in contact with specific antigen, will divide and multiply into progeny B-cells 
· T-cells have membrane T-cell receptors (TCR) 
· Recognize only processed antigens 
· Ag must be on MHC I or MHC II 
· IgM is the first antibody produced in response to antigen 
· Memory B-cells produce IgG on stimulation by their cognate antigen - isotype switching 
· Isotype - Class of antigen 
 
· Plasma cells are antibody-producing factories 
· Small, glycosylated protein multimers of different conformations/biological properties 
· All antibody isotypes have the same basic structure 
· Each isotype has a unique “super” structure & function 
· IgG - [2H +2L chains] prevalent in blood 
· IgM - in fetus; first Ab responder 
· slgA - secreted; in breast milk & mucosal secretions 
· IgE - Associated with allergies 
· B-cell surface receptors & antibodies bind antigen at one end (Fab) and phagocyte receptors at other (Fc)
· Activation of CMIR (T-cells) 
· T-cells link AMIR & CMIR 
· T-cell have membrane TCR, only recognize processed Ag 
· Activated T‐cells produce cytokines that attract to & strongly initiate macrophage activation at site of infection 
· T cells can be divided into two broad groups: 
· Helper T cells (TH cells)  
· Display the surface antigen CD4 - CD4+ T-cells 
· Recognize antigens on MHC II; APCs have both MHC1 & MHCII ‐ Assist activation of B-cells and other T cells 
· Cytotoxic T cells (TC cells) 
· Display the surface antigen CD8 - CD8+ T-cells 
· Recognize Ag on MHC I; all nucleated cells express MHC1 
· Destroy cancer cells expressing mutated proteins 
· Destroy viral &bacteria infected host cells  
· Tc cells - Cytotoxic T lymphocytes kill infected host cells 
· AMIR targets extracellular antigens for opsonization, destruction 
· If Tc TCR receptor binds presented antigen: 
· The cell is infected & must be destroyed. 
· TC secretes perforin....forms pores in target 
· TC secretes toxic “granzymes”, enter cells & kill by apoptosis  
 
· CD8 T‐cells recognize antigens presented on MHC Class I 
· CD4 T‐cells recognize antigens presented MHC class II 
· MHC I presents antigens released by live intracellular parasites; body cells except for red blood cells express this 
· MHC II presents processed antigens from phagocytosed & degraded microbes 
· Only APC's have both MHC I and MHC II 
 
· Adaptive immunity is acquired: 
· Naturally: Actively (induced following infection), or passively (pre-made antibodies in breast-milk) 
· Artificially: Actively (induced by vaccination), or passively (intravenous Gammaglobulin antibody treatment 
· Super-antigen results in cytokine storm 
· Links TCR on T-cell surface to MHC on an APC without going through antigen processing 
· This "crosslinks" the receptors of the Tcell and APC 
· The result is a non-antigen specific activation of T-cells causing a massive release of cytokines 
Pathogens
· Pathogens and Virulence 
· Infection is the presence of a pathogen, but does not equal disease 
· Primary pathogens - cause disease in healthy hosts 
· Opportunistic pathogens - cause disease in cases of compromised host barriers & immune defenses 
· Pathogenicity - mechanisms/ability to cause disease 
· Virulence - a measure of the severity of a disease, aka. pathogenicity 
· ID50 is the infectious dose for 50% of the patients, LD50 is the lethal dose for 50% of the patients 
· Infection cycle - route a pathogen takes from one host to another 
· Pathogens use portals of entry best suited to their mechanisms of pathogenesis  
· A Reservoir is where the infectious agent is held when it is not infecting a host (eg. West Nile virus from a bird) 
· Virulence factors - Adhesin 
· Pili/fimbriae most common adhesin 
· Other bacteria use non-pilus adhesins: streptococcus pyogenes uses M protein 
· Virulence genes may be acquired through horizontal gene transfer, occur in clusters called pathogenicity islands on the viral chromosome or plasmid 
· Lysogenic conversion - transduction of a toxin gene  
from one species/strain to one lacking that gene via  
a lysogenic bacteriophage 
 
· Bacterial TYPE III secretion systems (injectisomes) 
· Located on pathogenicity islands 
· Enterobacterial toxin-producing strains 
· Inject toxin directly into hosts  
via type III secretion 
· Some of these pathogens then invade host  
cells, others remain extracellular 
· EnteroInvasive Escherichia coli (EIEC) 
· Blocks host protein synthesis, damages epithelial cells, capillary damage, loss of blood/blood clots 
· Entero-hemorrhagic (EHEC), -toxigenic (ETEC), -aggregative (EAEC) remain outside epithelial cells 
 
Bacterial Toxins 
· Following attachment, many pathogens can secrete proteins called exotoxins, that subvert host function. 
· Exotoxins fall into 5 broad categories: 
· Cell membrane disrupters (pore forming toxins) 
· Protein synthesis disrupters (Shiga, A-B toxin) 
· Second messenger pathway disrupters (Vibrio cholerae toxin, E.coli heat-stable toxin) 
· Superantigens (S.aureus TSST, S.pyogenes) 
· Proteases & other enzymes (coagulases, lipases, superoxide dismutase, S.aureus exfoliating toxin)  

Bacterial Infection Examples 
· Staphylococcus aureus  
· Boils, walled off/protected by fibrin 
· Can produce toxic shock superantigen  
· Cell wall Protein A is antiphagocytic 
· MRSA: Methicillin-resistant S.aureus  
· Major cause of nosocomial infections, some strains make exfoliative toxin (scalded skin syndrome) 
· Streptococcus pyogenes 
· Best known for causing Strep Throat, and immunological sequelae, such as rheumatic fever 
· Also necrotizing fasciitis (flesh-eating disease) 
· Many prophages carry virulence factors  
· Helicobacter pylori = Gastric ulcers, gastric cancer 
· Secrete urease: urea - NH4+ 
· Burrows into protective mucous layer 
· Attach to epithelial cells and release virulence factors, damages mucosal cells 
· Area of continuous damage, creates ulcers 
· Streptococcus mutans 
· Microbiota of the oral cavity, can enter the bloodstream following a dental procedure 
· Digests sucrose and releases acidic by-products 
· Grows on damaged heart valves; difficult to treat 
· Forms biofilm or vegetation 
· Meningitis 
· Infection of membrane surrounding brain; caused by viral or bacterial pathogens 
· Some bacteria can cross the blood-brain barrier: Streptococcus pneumoniae, Haemophilus influenzae type B, Neisseria meningitidis 
· Effective vaccines to capsule antigens 
· Monigococcal meningitis 
· N.meningitidis has thick capsule & type IV pili adhesin; dangerous if gets into bloodstream 
· Crosses from the capillary into cerebrospinal fluid, once in meninges very difficult to treat 
· Effective vaccine to capsule components   
 
· Fomites are inanimate objects that can transmit pathogens 
· UTIS caused by E.coli 
· Pathogens can be classified as Food, Water, Blood, Air-borne 
· Respiratory infections include TB & pneumonia caused by a variety of bacterial/fungi/viral pathogens 
· The main cause of GI infections include: Bacteria (EHEC, salmonella, shigella, H pylori); Protozoa, viruses (Rotavirus mostly, Norovirus) 
· Botox Is derived from clostridium botulinum toxin (causes flaccid paralysis), Tetanus toxin causes spastic paralysis
Pathogens Cont.
HIV Structure and Genome 
· A cylindrical capsid encloses TWO identical copies of the (+)ssRNA genome with reverse transcriptase and six accessory proteins 
· Capsid is enclosed in a host-derived envelope 
· Spike proteins anchor the envelope to the matrix 
· The spike protein mediates tropism 
· High levels of random mutations in viral spike proteins cause antigenic variation and switch in target cell (macrophages - CD4+ T cells) 
 
HIV Replicative Cycle 
· HIV binds the CD4 receptor of T-lymphocytes together with the chemokine receptor CCR5 
· Envelope and host membrane fuse, HIV core directly enters the cytoplasm; Core then dissolve and releases its contents 
· Reverse transcriptase copies the RNA genome to DNA, generates a dsDNA which integrates into the host chromosome 
· Retroviral mRNAs are exported to the cytoplasm for translation, retroviruses assembled at cell membrane 
· Virions are released without cell lysis 
 
AIDS 
· AIDS is diagnosed when TH cells <200/µl of blood 
· Elite controllers or long-term nonprogressors do not progress to AIDS 
· Viruses don't produce toxins and HIV is releases by budding not lysis 
· Insertion of viral genome into host's genome may destroy host gene regulation/function, impairing TH cell function or leading to cell death 
· HIV generally released slowly, eventually affects host membrane function 
· HIV may remain inactive for a short period of time 
· HIV syncytia - cell fusion gives dysfunctional "mega cells" 
 
· Two antivirals against HIV 
· AZT - Nucleoside analogue, recognized by, blocks reverse transcriptase activity 
· Fuzeon - Fusion inhibitor, inhibits fusion of HIV envelope with host cell plasma membrane
Tuberculosis 
· Caused by Mycobacterium tuberculosis 
· Acid-fast staining bacteria, slow-growing, non-motile 
· Risk Group 3 pathogen 
· Obligate intracellular pathogen of humans macrophages 
· Aerosol transmission by inhalation of droplet nuclei 
· >90% of healthy exposed to infection will not become infected, ˜90% of infected develop latent disease 
· <10% develop active TB 
· HIV kills CD4+ T-cells, ruins CMIR against TB 
 
How to be a good pathogen 
1. Getting there & getting in (to your target)? 
· vectors, aerosols, fecal‐oral 
· Rely on a physical/health breakdown 
· Or pili, capsules, LPS help attach/ resist dislodging, viral coat proteins facilitate cell attachment AND penetration 
2. How will you dupe/ avoid / evade the various immune system cops? 
· Resist phagocytosis 
· capsules (eg. Streptococcus pneumoniae) 
· biofilms (eg. Pseudomonas aeruginosa in CF lung) 
· look like you belong/antigenic mimicry (eg. E. coli capsular type K1) 
· Exploit phagocytosis, but avoid killing (eg. M. tuberculosis ‐ may be mode of viral entry (flu)) 
· Antigenic variation: change your look (surface antigens) periodically  
· eg. through high level of mutation (HIV, influenza) or variety of surface antigens (e.g. E. coli LPS O antigen) 
3. Create a command post / be on the offensive! 
· Bacteria secrete enzymes (toxins) to help  
· escape the confines of local tissue, blood clot/granuloma 
· obtain nutrients (e.g. Fe)‐ 
· quorum sensing allows coordinated “offensive”  
4. Evade/ inactivate /deflect  defensive tactics! 
· Antibiotic/antimicrobial resistance  
· Biofilms 
· Mutate your targeted structures


















TEXT BOOK INDEPENDEDNT
Antibiotics/ Aquatic Microbiology
Antibiotics/Immunization 
· Antibiotic spectrum of activity refers to the range of microbes that a given drug affects 
· Bactericidal antibiotics kill microbes 
· Bacteriostatic antibiotics inhibit their growth 
· Antibiotics target:  
· Cell wall- peptidoglycan doesn’t exist in mammalian cells 
· Cell membrane - pokes holes in cytoplasmic membrane; usually only used topically and never ingested, can form channels across human cells 
· DNA synthesis - Sulfa drugs inhibit synthesis of nucleic acids, quinolones inhibit microbial topoisomerases 
· RNA synthesis - most active against growing bacteria; rifampin used to treat TB or meningitis 
· Protein synthesis - Interfere with bacterial rRNA; Aminoglycoside, tetracycline, macrolides 
· Metabolism 
· Antibiotic resistance: 
· Modify target so it no longer binds the antibiotic 
· Destroy antibiotic before it enters the cell 
· Add modifying groups that inactivate the antibiotic 
· Pump antibiotic out of the cell using specific/non-specific transport proteins  
· Transformation - process of importing free DNA into bacterial cells  
· Horizontal gene transfer - Acquiring new genes from other species, contrast to vertical gene flow which is genes passed from parent to offspring 
· Conjugation is "bacterial sex", allows for cross species DNA transfer using sex pili 
· F' factor/plasmid - When an F-factor that is integrated into the host genome is excised along with chromosomal DNA, creating a plasmid 
· Merodiploid - A bacterium that contains a regular bacterial chromosome, as well as an F'-factor. This bacterium now contains 2 sets of genes for the few genes located on the F'-plasmid. 
· Transduction - A set of genes carried by a bacteriophage from one cell to another 
· Transducing particles - A phage that carries host DNA. Any one transducing particle will only contain one segment of host DNA; when injected into a host cell, will not replicate viral DNA but host may now use the DNA to recombine with its own chromosome 
· Conjugation - A DNA transfer process mediated by a transferable plasmid that requires cell-cell contact and formation of a protein complex between mating cells. 
· APCs - phagocytic cells that degrade larger antigens and expose antigenic determinants  
· MHC - membrane surface protein that presents antigen 
· Threshold Dose - level of an antigen required for an optimal immune response; too little will only create few B-cells, too much will cause B-cell tolerance where B-cells have been overproduced and will not respond to subsequent antigen exposures 
· Immunological specificity - An immune response to one antigen is not effective against a different antigen 
 
Biofilms/Aquatic Microbiology 
· Induction of a quorum-sensing gene system requires the accumulation of a secreted small molecule called an autoinducer, usually a homoserine lactone 
· Neuston - The air-water interface of the ocean 
· Euphotic Zone - Upper part of the water column that receives light for phototrophs  
· Aphotic Zone - Below the reach of light; only heterotrophs and lithotrophs can grow 
· Benthos - Where the water column meets the ocean floor; organisms that live here are called benthic microbes and are mostly barophiles 
· Plankton - Organisms that float passively in water; used loosely, and includes some motile microorganisms 
· Plankton can be eukaryotic and prokaryotic 
· Phytoplankton - Phototrophic plankton 



Textbook -Immune System
· Human Microflora 
· Commensal organism - an organism that derives beneﬁt from the host but does not harm the host. 
· Often beneficial: can interfere with the colonization of pathogens by competing for attachment receptors on host cells, competing for food sources, and synthesizing antimicrobial compounds such as fermentation end products 
· Propionibacterium acnes - Causes acne 
· The normal microﬂora present on body surfaces constantly changes 
· Microbe-free areas of the body are the lungs, cerebrospinal ﬂuid, and bladder. The eyes are generally microbe-free, although some microbes can be present for short periods.  
· Cytokines - Small secreted host proteins that bind to various cells of the immune system and regulate the extent and duration of responses by those cells 
 
Innate Immune System 
· All innate immune cells begin from Myeloid stem cell, then branch into: Polymorphonuclear leukocytes (PMNs), monocytes, macrophages, dendritic cells, mast cells 
· Neutrophils - Make up most white blood cells, can engulf microbes by phagocytosis 
· Phagosomes - Vacuoles formed around a microorganism as it is engulfed by a host cell 
· Basophils/eosinophils - Do not phagocytize microbes, but release products that are toxic to the microbe 
· Mast cells - Similar to basophils in structure, but do not circulate in the blood stream; found in mucosa, associated with allergic responses 
· Monocytes - white blood cells with a single nucleus; engulf (phagocytize) foreign material 
· Can migrate out of the blood stream into various tissues and differentiate into macrophages and dendritic cells  
· Macrophages - Clasp onto nearby bacteria and phagocytize them (innate immunity). Then process into smaller peptides, and display them as antigens for T-cells (adaptive) 
· Dendritic cells - Antigen-presenting cells like macrophages, found in lymph nodes/spleen. Different as they commonly take up small soluble antigens rather than through phagocytosis of a whole bacteria 
· The secondary lymphoid organs serve as stations where lymphocytes can encounter antigens 
· Lymph nodes - a secondary lymphoid organ, arranged to trap organisms from local tissues, not from blood.  
Barriers to Infection 
· Skin - Thick layer of keratin, acidic pH, sebum (oil layer) 
· Mucous Membranes - Covered with tight-knit epithelial layers; mucus secreted from epithelial cells coats mucosal surfaces and traps microbes 
· Toll-like receptors (TLRs) - cell surface glycoproteins that recognize different pathogen-associated molecular patterns (PAMPs) 
· Lungs - In addition to the respiratory ciliary elevator, microorganisms larger than 100 µm become trapped by hairs and cilia lining the nasal cavity and trigger a sneeze. Organisms that make it to the alveoli are met by phagocytic cells called alveolar macrophages 
· Defensins -  kill by destroying the invader’s cytoplasmic membrane and are effective against gram-positive and gram-negative bacteria, fungi, and even some viruses  
 
Inflammatory Response 
· Cytokines such as interleukin 1 (IL-1) and tumor necrosis factor alpha (TNF-α) are released by macrophages and stimulate the production of adhesion molecules (selectins) on the inner lining of the capillaries. Selectins snag neutrophils in the bloodstream and cause them to roll along capillary walls and initiate extravasion into tissues 
· Chemokine peptides  produced by damaged tissues can serve as chemoattractants for white blood cells 
· Chronic inﬂammation is provoked by the persistent presence of a stimulus inevitably causing permanent tissue damage 
 
· Different Toll-like receptors (TLRs) on macrophage surfaces recognize different microbial structures 
· Interferons are cytokines produced by many eukaryotic cells in response to intracellular infection; usually species speciﬁc but virus nonspeciﬁc 
· Type I interferons can bind to speciﬁc receptors on uninfected host cells and render those cells resistant to viral infection.  
· Type II interferon activates various white blood cells (eg. macrophages, NK cells, and T cells) to increase the number of (MHC) antigens on their surfaces. 
· NK cells - the mission of these cells is to destroy host cells that harbor microorganisms or that have been transformed into cancer cells; recognize changes in cell surface proteins  
· Target host cells that have lost MHC class I receptors as a result of infection by cancer or host cells coated with antibodies 
· kill by inserting perforin pores into the membranes of target cells



Adaptive Immunity - Textbook
Adaptive Immunity 
· Humoral immunity - antibodies (recognize antigens) are produced that directly target microbial invaders 
· Antigens stimulate B cells (B lymphocytes) to differentiate into antibody-producing cells 
· Cell-mediated immunity - employs teams of T cells (T lymphocytes) that can also recognize antigens and then destroy host cells infected by the microbe possessing the antigen 
· AMIR starts when an antigen triggers the differentiation of B cells into antibody-producing cells. In contrast, CMIR occurs when certain types of T cells become activated by microbial antigens placed on infected host cell surfaces or on the surface of phagocytic cells that have engulfed the microbe 
 
Immunogenicity 
· Measures the effectiveness by which an antigen elicits an immune response 
· The larger the antigen, the more likely it is that phagocytic cells will “see” and engulf it 
· Phagocytic cells that degrade larger antigens and thus expose antigenic determinants are called antigen-presenting cells (APCs).  
· The immune response begins once a B-cell binds to a foreign peptide and a T-lymphocyte binds to the same foreign peptide displayed on the surface of an APC 
· Presentation of antigens on APCs requires that the antigen be placed on an MHC. The better an antigen can bind to these MHC surface proteins, the more immunogenic it is.  
 
Antibodies 
· An antibody consists of four polypeptide chains: two large heavy chains and two smaller light chains  
· They combine to form a Y-shaped tetrameric structure held together by disulﬁde bonds.  
· Antibodies are classiﬁed based on variations in amino acid sequences in regions of the light and heavy chains.  
·  IgG, IgM, IgA, IgD, and IgE are antibody isotypes 
· The Fc portion of an antibody can bind to speciﬁc receptors on host cells. This binding is antigen independent. 
Humoral Immunity (AMIR) 
· Primary antibody response 
· Early synthesis and secretion of IgM molecules specifically directed against the antigen 
· Later in the primary response, isotype switching causes more IgG to be made, rather than IgM 
· The antigen is cleared from the body, levels of IgG and IgM decline 
· Secondary antibody response 
· Immune system has been primed for later encounters of the immunogen  
· Memory B cells produced as a result of the primary response react to the antigen more quickly and take less time to make antibodies than naive B cells that had no prior exposure to the antigen 
· B-cells are maintained in the body because, unlike plasmas cells, they continue to divide 
 
T-cells, MHC receptors, Antigen processing 
· Class I MHC receptors are found on all nucleated cells 
· Endogenous antigens are those synthesized in the cytoplasm of an APC, as would occur during infections with viruses/intracellular bacteria, and will attach to MHC I 
· Class II MHC receptors are found principally on APCs 
· Exogenous antigens are those that enter the cell via phagocytosis, as are most bacterial antigens, and will attach to MHC II 
· T-cells can only recognize processed antigens presented in MHC receptors, not free-floating antigens (B-cells do recognize free-floating antigens) 
· T-cell receptors are antigen-binding molecules (not immunoglobulins) present on the surfaces of T cells.   
· A TCR, will only bind to antigens attached to MHC surface proteins that are present on antigen-presenting cells 
· Many viruses produce proteins that down regulate production of class I MHC on infected cell surfaces. 
· To combat this, losing MHC I should expose the infected host cell to natural killer cells because NK cells attack peers that lack MHC I 
 
· Autoimmune disease is caused by the presence of lymphocytes that can react to self. 
· Autoreactive B-cells  (B cells that make antibody directed against self-epitopes) are activated when they present a non-self epitope on their surface MHC. T cells that recognize the non-self epitope activate the B cell, which then secretes antibody against the self epitope



Microbial Pathogenesis -Textbook
· Host-Pathogen Interactions  
· Primary pathogens are disease-causing microbes possessing the means to breach the defenses of a healthy host 
· Opportunistic pathogens  only cause disease in a compromised host 
· Fomites - Inanimate objects through which pathogens can be relayed to hosts  
· Vectors - serve to carry infectious agents from one animal to another (eg. Insects for malaria) 
· Reservoir - an animal, bird, or insect that normally harbors the pathogen 
Virulence Factors 
· Are encoded by virulence genes and include toxins, attachment proteins, capsules, and other devices used to avoid host innate and adaptive immune systems 
· In bacterial pathogens, most chromosomes are dotted with clusters of pathogenicity genes that encode virulence functions, called pathogenicity islands 
· Some virulence genes reside on plasmids  
· Adhesin - the general term for any microbial factor that promotes attachment 
· Viruses attach to the host through their capsid or envelope proteins, which bind to speciﬁc host cell receptors  
· Bacteria use pili (also called ﬁmbriae), whose tips contain receptors for mammalian cell surface structures. Or they can use a variety of adhesins that are not part of a pilus.  
· Following attachment, many microbes secrete protein toxins (called exotoxins) 
· All gram-negative bacteria also possess a non-protein yet toxic compound called endotoxin that can hyper-activate host immune systems to harmful levels. 
· Endotoxin, otherwise called lipopolysaccharide (LPS), is composed of lipid A, core glycolipid, and a repeating polysaccharide chain  
· As bacteria die, they release endotoxin, and can bind macrophages or B-cells and trigger the release of Tumor Necrosis Factor (TNF-alpha), Interleukin-1, or other cytokines 
Surviving 
· Many pathogens, called intracellular pathogens, seek refuge by invading host cells 
·  Antibodies and phagocytic cells will not penetrate live host cells, so hiding there provides temporary safe harbor for the pathogen.  
· Escape from the phagosome - Shigella dysenteriae and  Listeria monocytogenes, use hemolysins to break out of the phagosome vacuole to avoid lysozymal enzymes 
· Inhibit phagosome-lysosome fusion - Salmonella, Mycobacterium, and Legionella all exploit this pathway 
· Secretes proteins through the vesicle membrane and into the cytoplasm. These bacterial proteins interfere with the cell-signaling pathways that cause phagosome-lysosome fusion 
· Staphylococcus aureus has a cell wall protein called protein A that binds to the Fc region of antibodies, hiding the bacteria from phagocytes 
· Neisseria meningitidis, produce a thick polysaccharide capsule that envelopes the cell. Capsules help organisms resist phagocytosis in several ways. 
· HIV - The basic receptor unit on host cells is CD4 (meaning T cells are the usual targets), in combination with a chemokine receptor CCR5  
· HIV can block chemokine binding and disconnect communication between the target cell and the immune system 
· HIV makes a protein (negative factor, NEF) that hinders apoptosis, allowing for replication and budding without killing the host T-cell
Textbook Definitions
	Biogeochemical Cycling 
	a pathway by which a chemical substance moves through both biotic (biosphere) and abiotic (lithosphere, atmosphere, and hydrosphere) compartments of Earth 

	Microbe 
	 An organism or virus too small to be seen with the unaided human eye 

	Winogradsky Column 
	A tube containing a stratiﬁed environment that causes speciﬁc microbes to grow at particular levels; a type of enrichment culture for the growth of microbes from wetland environments.  

	Biofilm 
	 A community of microbes growing on a solid surface.  

	Cyanobacteria 
	A phylum of photoautotrophic bacteria containing chlorophylls a and b. They are closely related to chloroplasts.  

	Endosymbiosis 
 
	An intimate association between different species in which one partner population grows within the body of another organism.  

	Endosymbiosis Theory  
	The theory that mitochondria and chloroplasts were originally free-living prokaryotes that formed an internal symbiosis with early eukaryotes 

	Anaerobic Respiration 
	Use of a molecule other than oxygen as the ﬁnal electron acceptor of an e- transport chain 

	Robert Koch 
	Devised techniques to study single species in isolation. Further devised Koch's Postulates, a set of criteria to establish a causative link between an infectious agent and a disease. Identified causative agents of tuberculosis, cholera, and anthrax  

	Louis Pasteur 
	Developed the first vaccine based on attenuated strains 

	Attenuated Vaccine 
	A attenuated vaccine is a vaccine created by reducing the virulence of a pathogen, but still keeping it viable (or "live"). Attenuation takes an infectious agent and alters it so that it becomes harmless or less virulent.  

	Fleming , Florey, and Chain 
	Penicillin was discovered by Alexander Fleming, but wasn’t until Howard Florey and Ernst Chain came across Fleming’s research that the first antibiotic was mass-produced for human use. 

	Sergei Winogradsky 
	Ukrainian-Russian microbiologist, ecologist and soil scientist who pioneered the cycle of life concept. Winogradsky discovered the first known form of lithotrophy during his research. His research on nitrifying bacteria would report the first known form of chemoautotrophy, showing how a lithotroph fixes carbon dioxide (CO2) to make organic compounds. 

	Lynn Margulis 
	Proposed the Endosymbiosis theory: Eukaryotic organelles such as the mitochondria and chloroplasts evolved from prokaryotic cells engulfed by proto-eukaryotes. 

	Carl Woese  
	Discovered a domain called Archaea, a group of prokaryotes who's genetic sequence diverge equally from Bacteria and Eukarya. 

	Koch's Postulates 
	Four criteria that should be met for a microbe to be designated the causative agent of an infectious disease.  

	Thiomargarita namibiensi 
	The largest known bacterium; a marine sulfur metabolizer, nearly the size of the head of a fruit ﬂy 

	Gram Stain 
	A differential stain that distinguishes between cells that possess a thick cell wall and retain a positively-charged stain (gram-positive) from cells with a thin cell wall and outer membrane that fail to retain the stain (gram-negative).  

	TEM 
	A type of electron microscopy in which electron beams are transmitted through a thin specimen to reveal internal structure.  

	SEM 
	Electron microscopy in which the electron beams scan across the specimen’s surface to reveal the three-dimensional topology of the specimen. 

	Confocal Laser Scanning Microscope 
	A type of ﬂuorescence microscopy in which the excitation and emitted light are focused together, producing high resolution images 

	Fluorescence Microscope 
	An optical microscope that uses fluorescence and phosphorescence instead of, or in addition to, reflection and absorption; Refers to any microscope that uses fluorescence to generate an image, whether it is a more simple set up like an epifluorescence microscope, or a more complicated design such as a confocal microscope 

	Lithotroph 
	An autotrophic organism that gains energy by oxidizing inorganic compounds 

	Phototroph 
	Organisms that perform photosynthesis, using light energy to reduce carbon dioxide.  

	Heterotroph 
	An organism that relies on external sources of organic carbon compounds for biosynthesis.  

	Autotroph 
	An organism that can reduce carbon dioxide to produce organic carbon for biosynthesis. 

	Crenarchaeota 
	One of two major divisions of Archaea, containing sulfur thermophiles and marine mesophiles 

	Methanogen 
	An organism that uses hydrogen to reduce CO2 and other single-carbon compounds to methane, yielding energy.  

	Psychrophile 
	An organism with optimal growth at temperatures below 15°C.  

	Acidophile 
	An organism that grows fastest in acid (generally deﬁned as below pH 4).  

	Hyperthermophile 
	An organism with optimum growth at extremely high temperatures (generally considered as above 80°).  

	Thermophile 
	An organism adapted for optimal growth at high temperatures, usually 55°C or higher.  

	Barophile 
	An organism that requires high pressure to grow (also known as a Piezophile) 

	Euryarchaeota  
	One of the two major divisions of Archaea, containing methanogens, halophiles, and extreme acidophiles.  

	Thaumarchaeota  
	Mostly uncultured; studied by enrichment. Inhabit environments with extreme nutrient limitations (eg. Open ocean waters) 

	Nanoarchaeota  
	Represented by a single species Nanoarchaeum equitans which is an obligate parasite of Ignococcus hospitalis 

	Korarchaeota  
	Mostly uncultured; a few observed by enrichment. Only 1 species identified and lives as part of a consortium 

	Tetraether 
	 A molecule containing four ether links. An example is found in Archaeal membranes, when two lipid side chains form ether linkages with a pair of side chains from the other side of the bilayer.  

	Peptidoglycan pseudo-peptidoglycan  
	A polymer of peptide-linked chains of amino sugars; a major component of the bacterial cell wall vs A peptidoglycan-like molecule composed of sugars and peptides that is found in some archaeal cell walls.  

	Capsule 
	An outer layer composed of polysaccharides that surrounds the cell envelope of some bacteria 

	S-layer 
	A crystalline protein surface layer replacing or external to the cell wall in many species of archaea and bacteria. 

	Lipopolysaccharide (LPS) 
	Structurally unique phospholipids found in the outer leaﬂet of the outer membrane in gram-negative bacteria. Many are endotoxins.  

	Archaeal Lipids  
	Are a branched chains of lipids, made from isoprenoid units. Different than those of Bacteria and Eukarya; Use L-glycerol not D-glycerol, have ether not ester links, no unsaturations in lipids. Much more stable at extreme conditions than phospholipids 

	Cytoplasmic Membrane  
	The phospholipid bilayer that encloses the cytoplasm. (aka Cell Membrane, Plasma membrane)  

	Flagella  
	A ﬁlamentous structure for motility. In prokaryotes, a helical protein ﬁ lament attached to a rotary motor; in eukaryotes, an undulating cell membrane-enclosed complex of microtubules and ATP driven motor proteins.  

	Porin 
	A trans membrane protein complex that allows movement of speciﬁc molecules across the cell membrane or the outer membrane

	Pili 
	A straight protein ﬁlament composed of a tube of protein monomers that extend from the bacterial cell envelope. 

	Chemotaxis 
	The ability of organisms to move towards or away from speciﬁc chemicals 

	Mycobacterium tuberculosis 
	A pathogenic bacterial species in the family Mycobacteriaceae and the causative agent of most cases of tuberculosis. First discovered by Robert Koch. Impervious to Gram-staining. 

	Legionella pneumophila 
	A thin, aerobic, flagellated, non-spore forming, Gram-negative bacterium of the genus Legionella; causative agent of Legionnaires' disease (legionelloisis) 

	 
	 



	Polyphyletic 
	An organism or group of organisms that have multiple evolutionary origins 

	Metamonada 
	A group of amitochondriate, used to exemplify the unicellular eukaryotes that lack a mitochondria 

	Opisthokonta 
	A clade of Eukaryotes that include Animals, true fungi, Choanoflagellates, and Microsporidia 

	Choanoflagellates 
	A microbial Opisthokont closely related to animals and fungi 

	Mold 
	Mold is a fungus that grows in the form of multicellular filaments called hyphae 

	Hyphae 
	Hyphae are long filamentous structure of a fungus and are the main mode of vegetative growth 

	Mycelium 
	A fungal hypha that projects into the air (aerial) or into the growth substrate (substrate) 

	Fruiting Bodies 
	A fruiting body is a multicellular structure on which spore-producing structures, such as basidia or asci, are born; part of the sexual phase of a fungal life cycle 

	Spores 
	A unit of asexual reproduction that may be adapted for dispersal and for survival, often for extended periods of time, in unfavorable conditions. 

	Saprophytic heterotrophs 
	An organism that obtains its nutrients from non-living organic matter, usually dead and decaying plant or animal matter, by absorbing soluble organic compounds. 

	Saccharomyces cerevisiae 
	A species of yeast, instrumental to winemaking, baking, and brewing since ancient times 

	Schizosaccharomyces pombe 
	A species of yeast used in traditional brewing and as a model organism in molecular and cell biology. It is a unicellular eukaryote, whose cells are rod-shaped. 

	Ophiocordyceps unilateralis 
	An insect-pathogenising fungus found predominantly in tropical forest ecosystems. This 'zombie fungus' infects hosts and includes a reproductive stage where fruiting bodies grow from the ant's head, rupturing to release the fungus's spores.  

	Mycorrhizae 
	A symbiotic association composed of a fungus and roots of a vascular plant 

	Lichen 
	An organism formed by a mutualistic relationship between algae and fungi 

	Contractile Vacuole 
	 An organelle in eukaryotic microbes that pumps water out of the cell. 

	Pellicle 
	 A thick, ﬂexible cell covering found in protists 

	Plasmodium falciparum 
	A protozoan parasite, one of the species of Plasmodium that cause malaria in humans 

	Trypanosomes 
	A parasitic discicristate protist that has a cortical skeleton of microtubules culminating in a long ﬂagellum.  

	Giardia lamblia 
	A flagellated protozoan parasite that colonizes and reproduces in the small intestine 

	Toxoplasma gondii 
	An obligate, intracellular, parasitic protozoan that causes the disease toxoplasmosis; carried by felines, lacks flagella or cilia  

	Norovirus 
	A group of single-stranded RNA, non-enveloped viruses transmitted by fecally contaminated food or water or by person-to-person contact 

	Viroids 
	The smallest infectious pathogens known, consisting solely of short strands of circular, single-stranded RNA without protein coats; mostly plant pathogens (eg. Potato spindle tuber viroid) 

	Ribozyme (Ribonucleic Acid Enzymes) 
	RNA molecules that are capable of catalyzing specific biochemical reactions, similar to the action of protein enzymes 

	Prions 
	An infectious agent, composed entirely of protein, of which can fold in multiple structurally distinct ways, at least one of which is transmissible to other prion proteins. It is this form of replication that leads to disease that is similar to viral infection. 

	Herpes Simplex Virus (HSV) 
	A relatively large double-stranded virion. Contains a linear DNA genome encased within an icosahedral capsid, wrapped in an envelope. The envelope is joined to the capsid by means of a tegument. This complete particle is known as the virion. 

	Envelope 
	Structures external to the cell membrane such as a cell wall or outer membrane. Typically derived from portions of the host cell membranes, but include some viral glycoproteins. 

	Tegument proteins 
	The contents of a virion between the capsid and the envelope.  

	Tobacco Mosaic Virus (TMV) 
	An single-stranded RNA virus that is the causative agent of tobacco mosaic disease.  

	International Committee on  
Taxonomy of Viruses (ICTV) 
	Authorizes and organizes the taxonomic classification of and the nomenclatures for viruses 

	Baltimore Virus Classification 
	A virus classification system that groups viruses into families, depending on their type of genome (DNA, RNA, single-stranded, double-stranded, etc.) and their method of replication. 

	Bacteriophage 
	A virus that infects bacteria 

	Icosahedral Capsid 
	Many viruses package their genome in an icosahedral (20-sided) capsid; a polyhedron with 20 identical triangular faces. Bacteriophages often supplement the icosahedral capsid or head coat with an elaborate delivery device 

	Lytic Phage 
	Viral reproduction resulting in the destruction of the infected cell and its membrane. The viral DNA exists as a separate molecule within the bacterial cell, and replicates separately from the host bacterial DNA 

	Lysogenic Phage 
	Viral reproduction characterized by integration of the bacteriophage nucleic acid into the host bacterium's genome or formations of a circular replicon in the bacterium's cytoplasm. 

	Prophage 
	A bacteriophage genome inserted and integrated into the circular bacterial DNA chromosome or existing as an extrachromasomal plasmid. 

	Retrovirus 
	A virus containing a positive single-stranded RNA genome; uses reverse transcriptase to generate a double-stranded DNA.  

	Oncogenic Virus 
	Refers to any virus with a DNA or RNA genome causing cancer 

	Batch Culture 
	The growth of bacteria in a closed system without inputs of nutrients 

	Cytopathic Effects 
	Structural changes in the host cells that are caused by viral invasion 

	T-Even Phages 
	Bacteriophages T2, T4 and T6; the genomes of these phages are contained in large (« 174-kbp) linear, double-stranded DNA molecules. T4 infects E.coli. 

	Eutrophication 
	Eutrophication is the enrichment of an ecosystem with chemical nutrients (eg. Nitrogen) 

	Bioremediation 
	The use of microbes to detoxify environmental contaminants (eg. constructed wasteland) 

	Bioprospecting 
	The search for organisms with potential commercial applications 

	Biocontrol 
	A bioeffector-method of controlling pests (including insects, mites, weeds and plant diseases) using other living organisms 

	Aspergillus 
	A genus consisting of a few hundred mold species found in many climates worldwide 

	Clostridium botulinum 
	A species of Gram-positive spore-forming bacteria; the botulinum toxin comes from bacteria that grew previously in improperly sterilized food 

	Listeria monocytogenes 
	Non-spore-forming rods; an enteric intracellular pathogen, contaminates refrigerated food 

	Psychrotolerant 
	Extremophilic organisms capable of growing/reproducing in cold temperatures (-20 °C to +10 °C) 

	Bactericidal vs Bacteriostatic 
	A Bactericide is a substance that kills bacteria, whereas a Bacteriostatic agent is a biological or chemical agent that stops bacteria from reproducing 

	Selective Toxicity 
	The ability of a drug, at a given dose, to harm the pathogen and not the host.  

	Efflux Pump 
	A mechanism responsible for moving compounds, like neurotransmitters, toxic substances, and antibiotics, out of the cell; this is considered to be a vital part of xenobiotic metabolism 

	Immunogenicity 
	Immunogenicity measures the effectiveness by which an antigen elicits an immune response 

	Herd Immunity 
	General immunity to a pathogen in a population based on the acquired immunity to it by a high proportion of members over time. 

	The Great Plate Count  
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 

	Euphotic Zone 
	The upper part of the water column that receives light for phototrophs. In the open ocean, the euphotic region extends down a couple of hundred meters 





Important Examples
	Eukaryotic Examples 
	 

	Mold 
	 Aspergillus genus, Penicillium genus 

	Yeasts 
	Saccharomyces cerevisiae, Saccharomyces pombe 

	Fruiting Bodies  
	Mushrooms (eg. Amanita phalloides aka Death Cap) 

	Pathogenic Fungi 
	Candida albicans (humans), Chytridiomycota sp. (frogs), Ophiocordyceps unilateralis (ants) 

	Symbiotic Fungal Associations 
	Mycorrhizae (fungi + plant roots), Lichens (Mycelial fungi + Photosynthetic microbe) 

	Algae 
	Phytoplankton (unicellular), Macrocystis (Giant Kelp/Multicellular) 

	Protozoan Parasites 
	Plasmodium falciparum (Malaria),  Giardia lamblia (Intestinal parasite/causes giardiasis) 



	Virus/Phage Examples 
	 

	Viroid 
	Potato spindle tuber viroid (plant pathogens) 

	Disease Causing Prions 
	Bovine spongiform encephalopathy (mad cow disease) 

	Icosahedral Capsids 
	Herpes Simplex Virus (HSV), Human immunodeficiency virus (HIV) 

	Helical Symmetry Capsid 
	Tobacco Mosaic Virus (TMV) 

	Asymmetrical Capsid  
	Smallpox/Cowpox, Influenza (multiple chromosomes each with its own package) 

	T-even Phages 
	T2, T4, T6 bacteriophages (Icosahedral Head & helical tail )  

	Lifecycles 
	Slow release replication (doesn’t kill or lyse), Lytic (kills), Lysogenic (dormant) 

	Retrovirus  
	Human immunodeficiency virus (HIV) 

	Oncogenic Virus 
	Epstein-Barr virus (which causes lymphomas), hepatitis C virus (which causes liver cancer) 


	Microbial Ecology/ Biotechnology Examples 
	 

	Biogeochemical Cycling 
	Heterotrophy (Organic C), Lithotrophy (Inorganic C), Diazotrophy (N2 fixation) 

	Bioremediation  
	Sewage treatment plants, Constructed wetlands, Eutrophication of algae blooms with iron 

	Biocontrol 
	Bacillus thuringiensis (to control Spruce Budworm), Gypcheck (to control Gypsy moth) 

	Food Fermentation 
	Saccharomyces pombe (wine/bread), Aspergillus (soy sauce), Bacillus (soybeans to natto), Saccharomyces cerevisiae (baker's yeast), candida (Ethiopian inerja)  

	Microbial Food 
	Fruiting bodies (mushrooms), Algae (Nori for sushi), Cyanobacteria (single celled protein Spirulina

	Antibiotic/Vaccine Examples 
	 

	Spoiled Food Toxins 
	Aspergillus flavus (Aflatoxins), Clostridium botulinum (Botulism), Puccinia species (wheat rust) 
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