Lecture 1 									Sept 8th 2016


· To be defined as Microorganism need to be too small to be seen by the eye 
· Viruses: much smaller than bacteria
· The problem: is a virus an organism or not?
· Majority of microbiologists don’t believe virus is microorg because it isn't alive
· Microorg is something alive
· Know the units (order of the magnitude slide) for next quiz
· Bacteria between 10-100 micrometers 
· Rotifers are alive (a bug that lives in water) - too small to be seen with the naked eye. It is an organism. 
· Possible Quiz Q : Is Rotifer or is it not a microorganism?? Why? It's a multicellular organism and different cell types therefore it is not a microorganism altho it fits the criteria of “micro” and “organism”
· Living organisms: 
· Growth and reproduction are not the same
· Adaptations to ensure survival 
· Unit of Life - The Cell 
· Structure 
· Human cells do not have a cell wall 
· Discriminate between Eukaryote and Prokaryote
· Nucleoid is defined as a general area where you will find genes?
· Know only basic mitotic division idea
· Ensure most cells get a only 1 copy and that each thing splits equally, organized
· Non Mitotic Division: 
· Split in 2, random division not equal distribution
· Chemotropism: Chemical attraction 
· Phototropism: Light attraction 
· Both these processes represent reacting to the environment 
Feeding
· Anabolism: build
· Catabolism: Destroy (digestion)
· All organisms use energy not all can make it 
· Have to have a way to get rid of waste 

Maintaining an Internal Equilibrium

Reproduction: 




Genetic code: 
· Genome is all the info required to maintain the org and keep it alive 
· Decoding allows generation of all the cellular machinery 
· i.e for liver cell to make more of itself it needs more of the machinery required to do that first 
· Selective pressures: when the organisms that can’t adapt die and only the ones that can stay alive and pass on the new traits

· Viroids smaller than viruses
· Not closed “no box” like viruses
· Prions don’t even have a “recipe”
· Viroids and Prions are not living because 
· If something spends energy to ensure its survival then it is alive 
· Viruses are very efficient at ensuring their survival, very easy for them to change and remain functional 
· Much more efficient at evolution, in Profs POV then they must be alive 
· Even if you eliminate its host, it will change to adapt to a new host , its the organism that can do this the fastest (within a few hours) 


Fields of Microbiology






















Lecture 2 Sept 13th Missed first 10 min 


17th Century Francesco Redi: 
· Redi disagrees: fact that container is open, flies have access to meat and get to it, and the flies actually generate the maggots 
· Repeated van halmots experiment same conditions but simply added a screen onto the container to prevent preexisting life from entering
· No more magnets 
· Problem with his experiment: even in the case on left, meat eventually started to rot, observable growth noted 
· Spontaneous generation dosn’t occur for macro maybe (needs preexisting life), but it can occur for small things  micro, that may not be visible to the naked eye
17th Century - A. Van Leeuwenhoek
· Coined the term Animalcules (things not visible to naked eye)
· Mostly observed bacteria and protists 

18th Century: Controversy: Needham Vs. Spallanzani

Needham: believed in spontaneous generation 

Spallanzi: Invisible life in the air (preexisting life) : if you boil the food, (Heat it) you would kill the “pre-existing” life 


Flask: with broth (food) : heated it , killed everything preexisting, then cooled it down, left on bench for several days, observed lots of growth in the broth: So Needham said you killed life previously and with proper ingredients generated it again so he said I’M right you’re wrong 

Spallanzani said, since ur flask was open, microorganisms went into the flask just like the flies, and thats what generated life, so the expt didnt determine whos right yet 

Repeated expt but this time closed the flask, heated and killed the ones already there again . this time no growth so Spallanzi said hes right. Needham said no, one of the necessary ingredients was required and u didn’t let it be there and destroyed it by heating. This time he opened the flask after heating and it generated organisms spontaneously. And they kept arguing cuz now organisms were able to come in. 

19th Century - Louis Pasteur: 

· Germ Theory: 
· Heating milk preserves it 
· Heat was killing preexisting microorganisms: “pasteurization” 
· Hyp: Microorgs in air fall and grow if they like the environment
· No such thing as spontaneous generation 
· Experimental Method: 
· Air does not contain a key ingredient 
· Developed an Open flask - Swan Neck Flask 
· Air can still reach the medium even when being heated 
· By gravity if orgs were to fall, they cannot travel along the swan neck 
· No growth was observed in the medium, only soe visible particles noted in the neck of the tube 
· Eliminated theory of spontaneous generation 
· You need life to generate life 
· It was only able to “support” life not create it when he tilted the flask and allowed contact with the medium 
Llister: Father of Antisepsis 

· Phenol eliminates
· 
· Started treating wounds, instruments with phenol
· 
· Incidents of infections and diseases decreased greatly 
· 
· Never proved if microorgs caused disease

Pasteur -- Germ Theory 

· Microorgs are the cause of disease (atleast in wine) 
· Identified a microorg that was making the silk worms died in an epidemic 


19th Century: Robert Koch: 

· Slices of potatoes placed on bench (first solid food source expt)
· On a solid if a microorg falls on a solid medium it won’t move it starts to divide in THAT medium and make a visible mountain
· Mountains of things will grow, diff colours and shapes 
· Diff microorgs falling in diff areas make diff shapes and colours
· Called a colony

· Used gelatin in liquid medium to generate solid medium 
· Solved the problem of the potato
· Disadv of gelatin: 
· Its a protein so a lot of microorg digest gelatin
· Liquid at temp above 28 
· His wife suggested using AGAR instead of gelatin
· Higher melting point 

· Anthrax disease study
· Taking blood from sick animals
· Showed that there was a microorg present in the animal - called it Bacillus anthracis 
· If he introduced the blood of sick animal to normal animal, it would get sick 
· He always foundt that microorg in sick animals vs never found it in normal animals = 100 % correlation 
· He proved microorgs are responsible for disease 


Koch’s Postulates

1. Has to be 100% correlation, not most of the time, ALWAYS. 
2. Must be able to grow independently in the lab 
3. Disease must make a healthy person sick 
4. The same microorg must be able to be isolated again from new diseased host 


Limitations: 
· Cant apply them to ALL microorgs 
· Not all microorgs can be grown in pure cultures ( alone) 
· I.e viruses 
· A lot of diseases weren’t being correlated when they were due to viruses
· Most labs can’t provide proper conditions for the microbes to be grown there 
· Many microorgs can cause same disease, so you can’t know what is responsible, no 100% correlation 


Postulates Modified for viruses: 

· 

Modern Postulates - Molecular Based



Antimicrobial Agents 

· Alexander Fleming discovered by accident 
· Fungus fell on the plate and started growing , some microorg produce product that inhibits or causes growth 

Virology - Viruses 

· Chamberland: developed a filter that pore size that allowed viruses through but not microorgs 





































Lecture 3   missed first 10 min 					Thurs Sep 15th/16

Nucleic Acid hybridization: 
· Used to see how close 2 organisms are based on degree of similarity between their 2 genomes
· To do this, isolate genomes from both organisms, will be in a double stranded state, heat them up to make them all single stranded, now they are a mixture of single stranded dna from either organism 
· If you take the mixture now and cool it back down it will try to return to state of 2 strands (original) but there's no way for the genomes to identify its own parts so it will join parts of the other genomes and create hybrids 
· Higher % hubrid = more closely related  
· Lower % hybrid = less related 

Nucleic Acid sequencing 


Three Domain Classification 
· Know for midterm which ones are more closely related based on location on branch ie the far right top 2 are more closely related than 2 on opposite sides of a branch?

Domain: Eubacteria: 
·  Humans use chemosynthesis

Proteobacteria
· Know which ones have cell wall 
· Bold parts are imp* 

Photosynthetic Bacteria: 
· Most use inorganic carbon as a source for making energy 

Bacteroids:
· Similar to eubacteria:((proteobacteria))
· Have a unique lipid not found in any other organism (sphingolipid)
· Mutualistic: Don’t provide benefit or harm, but if they see an opportunity they will cause harm

Gram positive bacteria 
· Do not have an additional cell wall or whatever???? Know this ** in comparison to gram negative 
· Pathogenic bacteria that make spores are dangerous 
· 


Atypical bacteria: (exceptions)

· Mycoplasm: hass cell membrane like all cellular organisms, but no cell wall (no extra layers) 
· No defined shape 
· No metabolism to generate energy which makes them intracell parasites 
· Its obligate because it needs something to gain energy from (produce energy for it) 

Spirochetes:
· Usually bacteria observed with light microscope 
· They are same size as bacteria but so thin they can’t be seen, need electron microscope or staining technique 

Mycobacteria
· Sugar structure based cell wall 
· Mycolic acid is like wax, very impermeable 
· Know pathogens of tb and leprosy * 

Domain Archaea
· Know that its a prokaryote but more related to eukaryote
· Some archaea have lipid monolayers as a membrane instead of lipid bilayer 
· All cellular organisms have a cellular membrane so they have it too
· Halophiles : high salt 

Domain Eukarya: Fungi kingdom 
· Uni or cell 
· Have a cell wall based on sugar (chitin)
·  Don’t have an extra membrane (extra mem is always associated with bacteria not eukaryotes)
· Chemo not photosynth 
· Only yeast can grow without oxygen from the types of fungi 

Protista: 
· Organisms here don’t have classifiable traits so it's a mix of the odd ones 
· Some of them have cell walls some of them don’t **** know this 
· When they do it's composed of some type of sugar 
· Diatoms: cell wall very unique::: not based on sugar or carbon but based on silica (unique to this kingdom and diatoms)  



Plantae:
· Every org in this kingdom has a cell wall made of cellulose (highly permeable, water soluble compound)

Animalia 
· Only kingdom that has a hole to do ingestion and another one for secretion as opposed to worms etc 

Microscopy: Staining
· When things are super small they need to be stained to be viewed, also used to discriminate between different species
· Basic : (+) charged , wants to interact w a( -) ex. Cell membrane
· Acid: stain binds to slide because glass is positively charged 
· 2 types of staining techniques 
· Positive staining: interacts with the thing you want it to stain, and background
· You can only conclude that Its charged opposite to that of the substrate
· Negative staining: stain everything BUT the specimen
· So the charge of this stain is opposite of substrate you placed bacteria on , and the same as that of the bacteria 	
· Simple staining: 
· Only one colour, no discrimination based on colour 
· Can have either charge 
· Can be used for both techniques + and -

Cell shapes : know these * 
· Coccus : bacteria is an example 
· Neisseria * 

Curved rods : typical of the vibrio: bacteria that causes colera  *** know this 

Differential staining: 
Gram negative typically red 
Gram positive typically purple 

Gives any bacteria or org and we need to know what colour they would be for a midterm or exam
· If it doesn’t have a cell wall its gona be red 
· If it has a cell wall it might be purple or red 
· In terms of shape if genus name ends in coccus, the shape is coccuss for sure, if it doesn’t, best guess is its a rod of some type 

Gram positive : purple
· Lmpw bacillus and clostridium are gram positive rods and make spores 
· Mycobacterium doesn’t show any colour, stain targets cell membrane, its cell wall is impermeable so stain doesn’t reach the cell membrane But still grouped among the gram positive 

Gram negative 
· Neisseria: diplococcus 

1. If the GENUS (not species) ends in coccus means its a gram positive coccus 
2. If the Genus is bacillus or clostridium then its gram positive rod 
3. If you can’t apply rule 1 or 2 and its not one of the 3 exceptions on slide 43 then its a gram negative rod 

I.e know e-coli, colour, gram stain and 

Gram negative, red, and rod 

Sedemonus? Negative, red, rod 
 
Several qs on quiz 2 and final ******

Cell Wall 

· In gram positive much more thicker, more sugar layers 
· In gram negative thinner less layers 
· Gram negative, additional layer (lipid bilayer) 

Primary stain 
· Gram’s iodine doesn’t contribute to shape or colour 
· Nothing on the cell will react to gram’s iodine
· Target of the gram’s iodine is the crystal violet 

**fill in missing notes from recording  (for method differential step alcohol wash)

Counter stain :
·  diff dye of a diff colour 
· Also positively charged
· Will target the same thing as your first stain 
· Stain will reach cell memb and red plus blue will give you purple 
· Red colour for gram negative because red plus colourless is red  





Extra lipid bilayer only in gram negative bacteria ********* 
Possible qs What colour will it end up if you omit this technique 
What colour will it end up if you change the order of the technique 
I.e liver cell: red because theres no cell wall in human cells no way to trap anything, so def will end up with red 

Exam q: a plant cell:  all cell walls except for **** and diatoms : purple 

Yeast cell: fungi - all have cell wall, no bacteria so no additional layer so it will be purple 

Microplasms: red because they have no cell wall

Microbacteria: colourless because cell wall is impermeable stain cannot reach inside 































Lecture 4 missed first 15 min: ask sabb for all missed notes   		  sept 20

Antibodies: large proteins that are very specific to what they bind too 

Stains will not work if it cannot reach its target 

Cell membranes are not permeable just 

Right live cells 
Left 


Sytox will then (after something happens) reach the cytoplasm ??

Cell mem is permeable to sytox 


CTC Has to be modified by an enzyme to become its fluorescent state

Maybe cell is metabolically inactive but alive Ex. SPORE 
Or cell is dead but metabotically active : 

Dont carry out respiration means u dont have succinate dehyrogenase…. Dosnt mean ure dead just means u dont carry out THAT respiration


advant of being small:
·  rapid reproduction of urself 
· More cells in very litle space (density)

Respiration: generation of atp

Cell membrane structure: 
· composed of 2 layers in all cell organisms except some archea which have monolaye instead of bilayer 
· Still similar 
· 2 layers of phospholipids
· Phosphate groups (water loving)
· 1 surface of membrane exposed to aqueous enviro internal or external
· Hydrophillic chemical group 
· Phospholipid has a fatty acid chain that is hydrophobic, 
· Chains will interact w eachother to avoid water 
· Antipathic: both hydrophillic and hydrophobic properties at the same time 
· Proteins:
·  intergral and transmembrane:
· Interact w aq and non aq enviro 	
· Also antipathic
· Peripheral : only hydrophillic not antipathic
· All bacteria have a cell wall and try to maintain a hypertonic enviro
· Means high solute Concentration inside as compared to outside 
· I.e less water as compared to outside 
· Only for organisms with cell walls 
· If we consider water the most permeable thing 



· More charged u are the less permable u will be (more difficult to get through the barrier)
· More polar --- more impermeable 

Passive Passage: 

Transportor: noun: does the transport

Passive transportation:
·  dependent on concentration gradient ,greater gradient, steeper hill, faster transportation (only downhill WITH concentration gradient)
· Cant create a concentration gradient 

Facilitated diffusion:
· A transportor helps transport a molecule from one side to the other 
· Solves problem of the selective permeablility, hydrophillic hydrophobic enviro 
· This transporter is an antipathic protein (integral transmembrane protein)

Graphs:: 

-- The greater the difference the faster it will goo 

--Plateau no more change in concentration : means internal and external concentration of solute is equal, no more net passage of solute OR water 

Kinetics of facilitated diffusion: 

· Much less dependent on the gradient concentration 
· On graph  u will see the maximum speed/velocity at which the transportor can operate called VMAX 
· Proteins tht do this work need to know what they want to transport and have an affinity for it 
· Km reps affinity , lower Km means greater affinity????
· If you do the graph as a function of time, 


Main difference: less dependent on concentration gradient 
And you actly have a transportor doing the work 

Active transport: 
· Also requires a transporter 
· This time u need energy investment : 
· Atp or proton gradient 
· Can go uphill or downhill w or against gradient 
· This time you can CREATE a gradient 

Graph: 
· D MAX and affinity 
· Less dependent on concentration gradient 

As a function of time : 
· You can CREATE a gradient and go BEYOND equilibrium 

Group Translocation 
· Also requires a transporter 
· Integral antipathic 
· Whatever gets transported gets MODIFIED 
· What u pick up on one side never gets on the other side, what gets on other side is diff than what u initially picked up 
· I.e glucose to glucose phosphate 
· Concentration of glucose will change on one side but not on the other side, concentration of glucose phosphate will not change on the other side 
· Independent of gradient (can go either way)


The transporters: 
· All are unidirectional except PORINS which r the only BIdirectional ones 
· Uni sym anti can be used for any type of transportation : simple, faciliated, group 
· Porins only used for faciliated 




PORINS
· 3 sub units of a protein that creates a pore
· Gram negative bacteria 
· Allow faciliated diffucsion of small molecules 
· Semi selective: too big wont go through (allows small hydrophillic things)
· More polar more ionic = more favourable passage 
· Passage can go in EITHER direction 

Uniporters: 
· Only transports ONE thing (need diff uniporter for each thing)
· Antipathic 
· Very selective: can choose what they transport 
· One compound, one chemical, one direction 

Symporters;
· Similar to uniporters
· Transmembrane, one direction, antipathic 
· Transport 2 different things, cant move one without the other 
· The 2 things will be moved the SAME direction along with each other, (binding of one allows binding of second and only when BOTh are bound they will BOTH be transported to the other side)
· Do not do exchanges ::::: means it doesn’t go in 2 diff direction s


Exchange is for anti porter 

ANTIPORTER   like  symporter but exchange 

· 2 diff things, can't do one without the other 
· Unidirectional
· But perform an exchange, one compound in one direction and the other compound transported in the opposite direction 


Quiz on saturday 
 Between 9 and 9 
2 qs MC   
On organisms and rules and the other q on transport and transporters 



Cell wall 
· is rigid and prevents cell to grow any further at a certain point 
· No cell wall : eventually cell will burst and cant do osmosis 
In bacteria?? :: Even tho no second lipid bilayer but cell *** is highly permeable so u need some type of transporter to over some tht problem

Summary of cell walls:: missed notes 


If u stain cell with Crystal violet then ethanol what colour will u get:: 
· Colourless
· Ethanol dehydrates : synonymous to remove water
· Since no cell wall, will remove water from cell 
· In gram positive: ethanol dehydrated -----glycogen? So stain remains trapped, so when door closes, nothing is coming out 
· Water / dye easily comes out of the “door” and it stays colourless
· 


























Lecture 5 										sept 22 


In gram negative bacteria linkage between 2 layers occurs via DAP not lyosin like gram positive, 2 peptides of 2 diff peptidoglycan units on 2 diff layers aand its a direct linkage (between DAP and ????)

grAM POSITIVE: between lysine residue, not direct linkage, have a bridge of glycins 
· Glysine is an amino acid found in pretty much every organism 
· DAP however is unique to gram negative bacteria not found in any other organism 

Assembly of cell wall :
·  bacteria wants to become bigger, restricted by cell wall, new synthesis of cell wall only occurs when bacteria is growing and or reproducing (break wall)
· Autolysin comes and breaks a linkage between peptidoglycan units of sugars
· Once this link is broken you then have a preformed unit of peptidoglycan which will be introduced and linkage is reformed 
· Once this new unit is added, you’ll have transpeptidation reaction which will make the linkage between the 2 layers  (transpeptidase is made)

Gram negative: 
· Thinner layer 
· Lipide A: very imp in pathogen of bacteria and host 

Gram + : 
· much thicker cell wall, thicker layer of peptidoglycan 

Beta lactams: inhibit formation of the links between the layers: 
· If a trans peptide bond is already present, lactam will only prevent something from being made, no impact on something already made 
· They cleave NOTHING 
· 

Bacteria that grow in isotonic enviro where concentration of  water , solute and pressure is equal on both sides, you end up without a cell wall but the cell *****??

If cell wall gets to big osmotic pressure will lead to lysis?? Cell burst?????

Penicillin only acts on gram + : 
· Gram negative bacteria has LPS layer and penicillin cant get through it 
· Gram +, peptidoglycan is the outermost layer (cell wall) and penicillin can get through easily
· Lysozyme: acts on the cell wall 
· Very imp in human body, secretion, blood, defense
· In contrast to penicillin it acts on linkage between sugar not transpeptidation
· It doesn’t inhibit like penicellin, ( beta lactams?)  , it actually cleaves something whether the bacteria is growing or not 
· Similar to what bacteria have : autolysins 
· For it to work, has to reach its target as well, cant go through lps so non effective against gram negative bacteria 
LPS layer
· Lipid A: also called endotoxic A 
· Unique to bacteria so our body recognizes it as a threat 
· A second permeability barrier 
· Need a transporter to get through the lps layer 
· Bacteria have cell membrane, cell wall, gram negative have extra lps layer, and some either + or - can have an ADDITIONAL layer called glycocalyx
 
Glycocalyx: 

· Made of mainly sugars, some proteins 
· Synthesized inside cell then released outside and assembled outside cell
· Mucoid : loosely constructed, attached to cell wall 
· Capsule: rigid, firmly attached to cell wall 
· In either case: main functions: 
· Protection against dehydration 
· Considered a virulence factor: any characteristic of the bacteria has that protects against phagocytosis: which is your immune cells eating the invader: capsule prevents that 
· Adhesion: glycocalyx very sticky 
· Resistance to chemicals, antibiotics 

Mucoid layer: 
· network allowing joining of many bacteria together called biofilm: 
· Within biofilm can have a community of bacteria of the same species that created the biofilm, or other members as well
· Advantages: 
· Communicate with each other 
· exchange information 
· In slime, bacteria on edge will be much more sensitive but they will protect interior bacteria 
· Ex. dental plaque 




FIMBRIAE: another external layer to cell wall 
· Like little hairs 
· Composed of protein subunits
· Allow adhesion 
· Almost like fibres
· Also considered virulence factor : 
· If there's a bacteria trying to establish infection in urinary tract, it's hard there because it's like niagara falls there constant flow , if you have same species as fimbriae, it will allow you to adhere there in the tract, and allow the establishment of the infection 

Bacterial motility: 
· Some bacteria can move from point a to point b through sliding for example
· Permitted by proteins which act as small rotating particles similar to ball bearings or secretion of surfactants (anything that reduces friction i.e what snails use)
· Only useful on solid surfaces
· Some bacteria can swim: only useful in liquid
· Carried out by flagella that acts like a propeller
· Flagella anchored to plasma membrane whether gram - or gram +, given that in gram + bacteria after cell wall there's no additional layer, there's only one layer, so only 1 anchor point, whereas in gram - there are 2 anchor points because of the additional layer 
· In prokaryotes : flagella starts at the cell membrane, not within the cell, so EXTERNAL function 
· Another movement type : gas vesicles: 
· useful for aquatic organisms:
·  allows them to change the depth of water they are in a column of water
· Permeable to gases so they can regulate number of vesicles they have to regulate buoyancy and choose where within the water they want to be
· Ex. cyanobacteria: become further or closer to light 
· Magnetosome: doesn’t allow you to move, main function is orientation 
· Allows to direct cell in a given direction 
· The flagellum is what moves the cell after direction from the magnetosome 
· 









Anatomy of Eukaryotic Cells

Cell wall: 
· Yeast, fungi, algae : sugar based cell walls 
· Diatom: cell wall but not carbon based: based on silica 
· Cell walls in some macroorganisms: i.e plants: still sugar based 
· Problem: bigger organism so exchange is not as efficient as in bacteria (small surface area to volume ration)
· Sterols make pm much more fluid and permeability to allow more exchange 
· Sterols only found in microplasm:not any other bacteria
· Obligate parasites of humans so evolved to be similar to human cell membrane 

Cytoskeleton: 
· Gives shape to cell
· Used like train tracks, for transportation in diff regions of cell 
· Allows cell to change shape and contract and move by sliding 
· Also some eukaryotic can move by flagella or bacteria with cilia, in contrast to prokaryotic, in eukaryotic its a flexible structure like a whip composed of tubulin rather than flagellin, in bacteria its an external that starts from the cell membrane, and in eukaryotes it starts at the cytoskeleton inside and covered by pm as its “skin”

Eucaryotic organelles:
· Er: protein synth whereas in bacteria its in cell membrane 

Everything living on earth needs at the very minimum : C H N O P S 

Carbon: 
· Organic: means you have a carbon - hydrogen bond 
· Diatoms don't need carbon to synthesize their cell wall??

Phosphorus: 
· Needed for genome, rna
· Know 3 examples of organic source of phosphorous (ATP, nucleic acids, phospholipids)
· Ex of inorganic: potassium phosphate , anything wout carbon and has a p

Nitrogen: 
· Needed for synth of all proteins 
· Is it needed for synth of cell wall?? 
· Yes: 	needed in peptidoglycan because its made of amino acid chain **


Sulfur: 
· Only 2 aas need it
· Inorganic anything wout carbon with sulfur

Hydrogen and Oxygen: 
· The oxygen were talking about is one used to build stuff , not the oxygen we breathe 
· Organic anything with CH bond and usually O as well 
· Most organisms use organic sources of OH, anything we eat is a source of OH 
· Inorganic:methanogens ex is  archaebacteria  
· Autotrophs can use water as source of hydrogen and oxygen, all other organisms use organic 

Classification: 
· If it requires organic: heterotroph
· Inorganic : autotroph 

Source of energy: 
· If you use any chemical compound inorganic or organic you are called a chemotroph 

Source of electrons: 
· Based on this classification system, carbon source, energy, then electrons   expect he gives any combination and you can say what they do, what they use for each of these , and classify  (nomenclature )

Nutritional Requirements: 

prototroph: 
· can satisfy all its requirements with inorganic compounds, only organic you might need is carbon, but nothing else organic 
Auxotrophs:
·  require to be supplemented with an organic compound because it can’t synthesize it on its own (whether amino acids or vitamins)

Humans prototrophs or auxotrophs?
· Auxotroph for Several amino acids we can’t make , several vitamins we can’t make, some vitamins we need to be provided by bacteria 
· “This organism is an auxotroph for vitamin b12 means this org needs vb12 from something because it can’t make it on its own”


End of material on Midterm 1 (31 MC , no scantron)  for every q , 2 columns , if you’re not sure between 2 answers, you can answer 2 , if one of them is right, you get 0.5 points 

Lecture 6? 									   Sept 27 


Redox vs Energy 
· Ball going down the stairs doesn’t need energy investment, and as the ball goes down there will be energy produced/released (A giving electrons to B)
· If at the bottom of the stairs, you need to invest energy to throw the ball up (consume calories) (B to A costs energy)
· Bottom of stairs (higher redox potential)
· Top of stairs (lower redox potential)
· The diff between the 2 locations is known as delta E, if going down or up delta E is the same (but in one case your going up and in another you're going down 

Exam 2: lots of redox qs 

Quiz 3 has a q on redox 


Example:

· NaD NaDH is a very common redox couple
· The oxidized form is NaD (accepts electrons)
· The reduced form is NaDH (can give electrons)


AH + B + ATP → A + BH + ADP 
· A giving electrons to B (reducing B) 
· B is oxidizing A 
· For A to give electrons to B you must invest energy 


Q1: answer is A 

Q2: which pair do you have the most steps? B and A.









Producing Energy 
· Oxidative-Respiration
· Aerobic: 
· theres an electron source that gives electrons and there’s something that TAKES/accepts electrons is oxygen 
· Most energy produced
· Anaerobic: something willing to give electrons and willing to take 
· What takes the electrons here is something also inorganic like oxygen but NOT oxygen, something else
· Second least energy produced 
· 
· Fermentation: 
· Something willing to give e 
· Something willing to accept ; here though what accepts the electrons is ORGANIC
· Least energy produce 



Know how to put them in order from higher on the steps to lower on the steps  (lowest redox potential is on top , most negative e value on top)


· Oxygen (aerobic resp acceptor)
· Nitrate (anaerobic acceptor)
· Pyruvate (acceptor for fermentation)
· Glucose (electron source for any of the 3)

Answer: 
1. Glucose is at the top because its a donor for everyone, and all 3 processes generate energy so it must be willing to give and has to be the lowest redox potential thats negative 
2. Pyruvate is next because between glucose and pyruvate you generate the least energy i.e the smallest diff in e value 
3. Nitrate:
4. Oxygen: 

Microbial Energy Metabolism:
· Photosynthesis: use of light as an energy source NOT as an electron source
· Photons are NOT electrons 
· Energy from Light used to change the redox potential of a chemical (to reduce redox potential, make it more negative, higher on the steps)


Glycolytic Pathways:
· Memorize what the pathway is used for, what it gives you, what is costs you 

· Start with Sugar 6 carbon molecule and convert it 
· Costs 2 ATPs
· When 2 * 3 goes to the blue box, it ends up the 6 being a 3 which is pyruvate 
· Each 3 that went in, you generate 2 ATP , so blue box reps total production of 4 ATP, since you invested 2, the net is 4-2=2 ATP 
· The glucose had to give electrons 
· Negative outcome of glycolysis is that you create a deficit by reducing NAD to nadh 
· Need to recycle the nad, 
· Which is higher on the steps: glucose or NAD, (i.e more negative) :
· Glucose (for glucose to give had to find someone willing to take NAD)
· NAD lower at a higher redox potential
· Delta e between nad and glucose was great enough to generate atp 
· But now nadh is gona have to find someone to take electrons from him in order to do this whole thing over again 

Respiration:
Pyruvate will give electrons now 
· Main purpose of respiration is to recycle the NAD not to generate energy, but it also does generate energy 
‘’
Krebs cycle: 
· Not for generating atp or using up something
· Its for generating the 3 intermediates
· But it does a lot of reducing so theres a problem 
· Need to eliminate the deficit and replace the reducing equivalent
· Can do this by using electron transport chain (respiration)
· Cytochromes: know how they are arranged: nadh is more negative can give the cytochromes which are positive 
· Oxygen will be reduced to water
· Recycle all of your reducing equivalent
· And as a bonus, since delta e between fad and o2 is big the energy diff will be sufficient to produce a lot of ATP 
· In Anaerobic: delta e will be much less, so a lot less atp generated but irrelevant since this process isn’t for generating atp

Fermentation:  another way of recycling reducing equivalent
· Delta e between donor and receiver is small, not enough to generate ATP (this dosnt matter tho purpose is to recycle)
· Gases will be generated : 
· Pyruvate is lower but diff between the 2 is much less 
· Pyruvate becomes lactic acid 
· Ethanolic fermentation: same as lactic except final acceptor is acetaldehyde rather than hydrogen

Chemolithotrophy: 

· Electron source is INorganic 
· Purpose of this pathway: (generate atp yes but ) generate a reduced form of NAD because lots of NADH is needed for other reactions in metabolic processes. 
· Autotrophs use an inorganic source of carbon : generate sugar, lipids, amino acids : done for carbon fixation 

Anoxygenic photosynthesis: 
Delta e is very small 
Light brings it much higher on the steps and make it more negative 


Oxygenic photosynth: 
· water as electron donor : very more negative than the pigment, small delta e, insufficient for making ATP 
· Light will change e value, making it much more negative, allows reducing of series of cytochromes, and that allows reduction of series of other pigments 
· Generates oxygen doesn’t use it 



Culture Media: 
· Greater nutritional complexity: more things required for survival
· Direct function of biosynthetic capacity: higher, more stuff you can make on your own more nutritionally complex you are?
· Plants vs humans: 
· Plants have much higher biosynthetic capacity and much lower nutritional complexity 

· Oxotroph: greater nutritional complexity or lowest biosynthetic capacity 
· Prototroph: 

Complex Media: 


Selective Media: 


Differential media: able to see diff colours with your eyes 

Oxygen not needed for metabolism for anaerobic or aerotolerant 

Yeast is a facultative anaerobe, can do either 



*****


Water activity:
· AW: water availability 
· Lower aw higher solute 
· Bacteria have cell wall so always try to maintain hypertonic relative to exterior environ 
· Lower aw than the outside 
· To minimize water loss because they favour entry of water 
· Higher aw, more water, less solute 

Sea water (has salt)
Human blood 
Fresh water (no salt) 
Honey 
Powdered sugar

^ put in order from lowest aw to highest aw 


1. Powdered sugar     LOWEST
2. Honey 
3. Sea water 
4. Human blood 
5. Fresh water            HIGHEST 

No quiz thiis sat! 







Lec ?? 									Oct 4 2016


Quiz this saturday: bacterial growth topic on quiz and problem set 1: next friday problem set 1 due 


Diff microorgs have diff preferences for solute concentration in their enviro they profer

Halophile : 
· high solute concentration
· Sea, lots of water 

Halotolerent: 
· Don’t prefer high salt environment but will tolerate it 
· It won’t kill them 

Nonhalophile: ?
· Like humans


Binary fission: asexual
· Septum divides cell into 2 
·  lots of cell wall synthesis
· 2 new cells cloned of the original 
· One generation (multiply by 2 ones???/ *** )

Closed system
· Cell growth until it reaches a max and can’t go further, or something required is used up and it stops growing 
· Or you accumulate something and it becomes toxic i.e human stool
· Or you run out of space 











Growth profile
· Lag phase: 
· cells are determining if they can grow and what they need to grow under given conditions 
· Length determined where you were before, how diff new conditions are compared to previous conditions 
· I.e before rich medium everything provided for you, you need few biosynthetic enzymes 
· Now new medium and you need to synthesize everything, this will make this a long period because you have to make everything 
· Exponential phase: 
· Active growth, and division 
· Multiplying constantly at regular intervals by 2  (Generation time; time it takes to multiply by 2)
· Physiological Equilibrium, metabolic maximum
· Stationary: 
· Eventually you run out of something 
· There's always limitations 
· Growth stops
· No longer multiplying by 2 
· Still alive but waiting for conditions to change and become appropriate again 
· Ex. changing the medium will make the lag phase happen again and bacteria will try to adapt again 
· However if these conditions don’t change or last to long you enter last phase
· Death:
· Loss of viability (capacity to reproduce)
· On graph shown as reduction in number, but you can also have loss of viability without loss in number 














Examples: 

Streptococcus
· Gram positive cocci bacteria
· Chains between 4-12 cells 
· If you add penicillin (antibiotic) 
· In which phase would penicillin would or would not be affected 
· Penicillin acts on cell wall, only during active growth theres cell wall synthesis 
· It prevents cell synthesis so it would only affect exponential phase 
· If isotonic answer would be none of the phases 
· Lysozyme: 
· All phases because lysozyme destroys cell wall whether its being synthesized or not 
· As long as hypertonic medium 
· Antibiotic introduced
· Inhibits protein synthesis 
· Lag phase will be a lot longer and would prevent from going to exponential 
· If you add it to exponential phase you would go to the stationary phase because cells can’t divide without proteins 

g= time to double 

When you're calculating these numbers you're referring to values in the exponential phase


16 

* ****Growth rate: know how to go from final cells to initial instead of the way theyre asked in ppt (backwards)

Growth Parameters from graphs: 
· Logarithmic: 
· If you take any point and you wana see corresponding number:: you read it as is , no anti log or anything 
· Scale is log, numbers are not log 
· Logarithmic profile: see diff phases, need to make sure the data is IN the log phase 


Know how to read logarithmic scale (on exam): 5 intervals = 5 * 10^7  vs 50 * 10^6 



Stationary phase: 
· Higher ym doesn’t mean high yg 
· If you want corresponding one you need molecular weight 

Death phase: 
· Dead things weigh just as much as live 

Measurements of growth
· Relative abundance:
· Can say there is more or less 
· 10 * more or 10 * less 
· Can’t know how much 
· Only valid is number of cells, not diff growth conditions 
· Only variable has to be cell number, everything else must be the same 
· Direct counts:
· Not relative
· Can actually give you a number of cells
· Can say one room has 3 people one has 30 not (3 times the other room)
· Doesn’t tell you if number reps live, dead, or combination of both 
· Viable counts: 
· Like direct, gives actual number 
· Reps bacteria able to grow and reproduce 
· Alive bacteria 

Which of phases would you not be able to see with which methods and why?
· Dead you can see with viable count 
· Direct won’t let you see the reduction will show as straight line
· Relative abundant also doesn’t let you see the stationary ones















										Thurs Oct 6 

Turbidity : 
· Inverse relationship 


Anything in there will scatter light, i.e mud

Must be the same cell, same conditions and same medium 

· Used when you have 2 broad cultures that are identical and you just want to know which one has more ***** than the other 

Direct counts 
· Change the unit to volume 
· Mm by mm , convert to cm at the start 
· Remember 1 cm^3 = 1 ml 
· Calculation on problem sets and exam 

	Advantage
· Don’t need to grow the organism 

Exam Q: 
Modify method so you can do it in direct count, need to know live number, dead number, and total 

· Do viable stain so combo of sytox and ----- 

Sample problem: listen to recording for this @ 10 min?

2) giving original number and you have to find number per cell square 

Determine volume 
Determine 1 square then go from there 

** the one on exam will be backwards like this  multiply final cells by the volume per cell 

Viable counts: 
· Cell able to divide given appropriate conditions

· Take your 0.1 ml and multiply by concentration factor to get original
· 57 multiply by 10 to get amount per 1 ml  

· Unit that generates a colony is not necessarily only one cell 
· Cannot necessarily conclude that you have 5.7 * 10^7 cells per ml, its per CFU because you need more info to conclude that 

Disadv: 
· No universal medium: no set of conditions that will allow any or all bacteria to grow
	Ex you wanna know bacteria number in lake 
· Theres many diff kinds you don’t know which kinds there are so you don’t know which conditions you have to satisfy for that the bacteria types will like 
· If you do a specific type i.e e.coli, you know the bacteria you wanna count and the method required : best method 
· Streptococcus 4-10 

Sample Calc 3  = 100 

Sample calc 4 : take number divide by 4 since tetrad (factor of 4 ) 
Micrococcus has grouping of tetrads (grouped in 4)

Ex not on slide:  some cheese, need to know bacteria number in it 

· 2 grams of cheese  in 100 mL of water  and pass to homogenizer 

· Dilutions up to 10^-9 
· Plate 0.2 mL and incubate and let grow overnight then observe 50 colonies
· How many cfus/gram of cheese???? 



1.25*10-13 

Take colony number * 5 to get per mL then multiply by dilution factor 10^-9 to get cfu by mL then multiply by 100 to get total cfu for total system and divide by 2 for gram ?

Exam Q: determine total bacteria number in soil 
· Which method is best to use , direct count, viable count, or ------ 
· Most accurate estimate for number of bacteria in cell
· Viable count: don’t know how to satisfy requirements of all cell 
· Not turbidity because ---- 
· Direct count is best 

Problem set is due friday of next week 
Mistake q number 8 
A bacterium has a generation time of 10 minutes. A culture medium should be inoculated with how many cells in order to obtain 1310720 cells after 3 hours?

which compounds have highest redox potential in ethanolic fermentation of glucose



									Tues Oct 11 


Missed first 30 min -- Get recording 

· Notes on ppt 



































Midterm 3 Material 

Lec - God knows which 								Oct 18th 



Slide 338

Alexander Flemming: When he first discovered the use of antibiotics he warned that it may lead to the development of resistant strains, and this was seen very soon after the development of antibiotics 

Why do they develop resistance? 

· Massive use of antibiotics 
· Esp in agriculture, so antibiotic ends up in the environment: a strong selective pressure 
· When used on humans 70% of the time used wrong 
· too low of a dose makes it easier for microorg to develop resistant
· Too short of a duration: exposed to concentration below that required to inhibit it 
· Lots of docs prescribe antibiotics for viral infections 
· Antibiotics are against bacteria, Not effective on Viral infections
· Prescribed to cases where infection would have resolved WITHOUT use of antibiotics 

Patient wants to get better as fast as possible - so antibiotics are advertised 
Doc wants to satisfy patient so they just give the pill to patient rather than go through long procedures 

From industries point of view : pharma: 
· Lots of pressure on medical professions to Promote their products 
· Not interested in helping people 
· Making money is their main concern 
Natural resistance:
· Not acquired 
· Independent of a selected pressure 
· Born with the resistant, not evolved to it 
· Streptomycetes: produce lots of diff antibiotics so they are naturally resistant to what they produce 
· Gram Negative bacteria: naturally have an Lps: permeability barrier creates resistant to a lot of diff antibiotics : antibiotics cant reach the target 
· Some bacteria don’t even have the target that the antibiotic acts on 
· Ex. mycoplasm : no cell wall so any antibiotics that act on the cell wall are ineffective on them ex. Beta lactans
· Mycobacteria: no peptidoglycan - so antibiotics that target peptidogylcan will be naturally ineffective against mycobacteria

Acquired resistance: 
· Usually Dependent on the actual presence of the antibiotic: 
· Dependent on an environmental condition that creates a selective pressure 
· Forces bacteria to do one of 2 things : 
· adapt and become resistant 
· Or die 
· Remember the curve: 
· Concentration goes up ,reaches  c Max , goes back down and reaches c Min and in the troph when below MIC, much easier to adapt and aquire resistance *** 
· Another way to become resistant without being exposed to a selective pressure: never seen the antibiotic 
· Transferred resistance: a bacteria becomes resistant to antibiotics because it was exposed to a selective pressure then transfers that info to other bacteria 
· As microorgs grow and you have a lot of individuals in the pop (grow in high density ) whether exposed to selective pressure or not, they are exposed to random mutations 
· Mutations can be beneficial or detrimental 
· Occurs totally by chance 
· If benefical: confers to the advantage of a given environmental condition 
· Ex presence of a certain antibiotic 
· Then growth of that population is favoured over the rest of the population 
· Normally, this random mutation is only a minority, ex in one of the bacteria, so the population remains unaffected since they are the majority 
· However, if a selective pressure takes part, example introduction of antibiotic to the entire population, then the majority will now become the minority, as the majority trait will become the presence of the mutation 
· Antibiotic does not cause mutation, it is just selective for enriching the mutation 
· Mutation Cost associated with having a mutation to have resistance to antibiotics 
· Ex often handicaps the bacteria
· But benefit outweighs the handicap 

Mechanisms of resistance : 

1. Impermeability : 
· prevent antibiotic from entering cell and reaching target 
· One way to become like this :
·  reduce number of porins - 
· makes it much harder for antibiotic to reach the target
· makes it harder for antibiotic to reach concentration above the MIC 
· Advantage of this porin reduction : not only reduce entry of antibiotic: but any other nutrient that uses it 
· Another way : biofilm : 

2. Inactivation: 
· Some bacteria modifies some proteins they make normally and modify so that the protein now recognizes the antibiotic, and it binds to it and activates it . antibiotic no longer free to bind to target, offering an alternative target for the antibiotic that doesn’t harm the bacteria
· In this case, bacteria will secrete the protein in the environment, to inactivate the antibiotic
· To detoxify the environment 
· Reducing concentration of free antibiotic to a concentration that is below the MIC
3. Transport: 
· Bacteria have transporters, symporters, antiporters,uniporters etc
· Transporters have specific functions, to transport specific things 
· Bacteria might acquire mutations for the info that goes through these transporters 
· Ex. changing specificity for what they recognize, what they transport 
· Some cases, these resistant bacteria, modify transporter, so transporter pumps antibiotic from inside the cell to the outside of the cell so concentration is maintained below the MIC 
4. Degradation: 
· Bacteria will modify a catabolic enzyme 
· Secret this enzyme if they are needed in the environment 
· They detoxify enviro and thereforedegrade antibiotic
5. Modification of target: 
· Very hard 
· Ex. enzyme that acts on something  polymerase, 
· Bacteria modifies enzyme so antibiotic cannot bind to it, but polymerase will no longer work well like its suppose too 
6. Transfer of resistances: 
· Change of genes between diff strains 
· No selective pressure needed 
· No need to have ever seen the antibiotic 






Transfer Mechanisms 

1. Transduction:

· You have a cell which has the resistance 
· Need a vector or vehicle which will be a virus
· Bacterial virus which can infect the bacteria 
· Virus infects bacteria 
· Following infection, virus injects its own dna into the cell 
· Following this, replicate copies of its own dna and fragment host dna 
· End up with mixture of both host dna and virus dna 
· As infectious cycle proceeds, during end , virus will want to package its genome 
· Sometimes by mistake, instead of packaging its own dna, it will package fragments of host dna 
· This creates a mixture of viruses 
· 1. Infectious viruses: identical to original virus 
· 2. Sirgo viruses?:  Look like virus but do not have viral information 
· Therefore Cannot complete an infectious cycle
· Non infectious 
· End of infectious cycle usually lysis of cell occurs where release of  virus and sirgo virus occurs 
· By chance can get sirgo virus from virus capsid that has captured host dna which attaches to a new cell, repeats the process that occurred initially 
· Injects dna it has captured into the whole cell 
· This time since not viral dna, not viral cycle 
· Instead dna from original host can integrate itself into the genome of the new cell 
· By using this mechanism: 
· a) can Transfer any info from one cell to another 
· Viruses are extremely specific as to what cells they can infect 
· This mechanism only works on bacterias of the same speicies, diff strains of the same bacteria, doesn’t work across diff types because of the specificity of viruses 
·  b) amount of info you can transfer is limited to how much the amount of information the virus can put in the capsid 









2. Transformation:

· Start with a cell that was exposed to selective pressure and acquired resistance / mutation
· Eventually some members of population will die 
· When a bacterial cell dies, the dna will be fragmented and cell will be degraded so dna pieces will be released into the environment 
· If you have other living cells which are present with the dna that was released into environment, some of these cells can uptake the dna 
· This can create recombination events that will integrate the dna into the new cells 
· This can transfer any info just like transduction 
· Diff: don’t need vehicle to do the transfer 
· Diff # 2 imp: not species specific 
· Only restriction: info of the bacteria acquired, must be information that can be coded 
· Ex. if human dna, very unlikely bacteria will be able to recognize human dna 



3. Conjugation 

· Type of sexual reproduction amongst bacteria 
· Some bacteria have within a population, members called males, with a pilus
· Pilus used to transfer genetic information 
· Also members called females 
· When male meets female, there's contact
· Pilus used to transfer information from male to female cell 
· Then that info can be integrated into genome of female 
· Con: Very species specific 
· Reproduction doesn’t occur between diff species 
· Big advantage compared to the other methods::: can transfer as much information as you want 
· If you transfer all info, female will become male   ** does that always end up happeining or /?










Preventing acquired resistances: 
· Use antibiotics in a more controlled fashion 
· In agricultural, antibiotic is used a lot 
· Where there's no infection, it's often contained within the seed of the animal 
· Very popular use in household products like soap , no use of antibiotics here 
· Release to environment afterwards and create strong selective pressures in the environment 
· Pharma POV: discover and synthesize new antibiotics, don't be concerned with anything about reducing it 

Combination Antibiotherapy:
· Rather than prescribing 1 antibiotic prescribe more than 1 type at the same time  
· Rational :  makes it harder to acquire resistance (much lower probability) 
· If you have an antibiotic that a microorg has an intermediate sensitivity, you may be able to use combination to counteract this 
· Or in some cases when infection involves multiple diff organisms, and no single antibiotics can act on all microorganisms, a cocktail of microorganisms is preferred
Results of Combination Antibiotherapy:
· Additive effect (indifferent)
· Efficiency at which a given antibiotic works, is same whether alone or in combination with another one 
· Doesn’t work better if both work together compared to if alone 
· Synergistic effect: 
· This is what we want 
· Combination of both antibiotics work better than 1 individual 
· In combination MIC is lower than it was when you were using individual 
· Antagonistic effect: 
· Want to avoid totally 
· Using combination is worse than using either 1 individual 
· 1 antibiotic is affecting the activity of another antibiotic 
· Ex 1. some antibiotics called bacterial something 
· Usually used for preventing cell wall synthesis
· Beta lactans only work on actively growing cells 
· Whereas Bacteria stadic antibiotics inhibit growth 
· Therefore if using bacterliotic and bacteria stadic , one will prevent the other from working because of how they work 
· Ex 2 : 
· 2 antibiotics that act on the same target
· Bind to same site on the target
· Creates competition 
· If affinity of one is more than the other, you get antagonistic effect where one prevents the other from binding and acting

Determining Effect of the Combination: 
· When you need the combination of antibiotics to determine what the resulting effect will be you use this formula 
· Need MIC of antibiotics individually and ------ with these MICS u calculate fic 
· Use them to calculate Fractional inhibitory concentration : FIC 
· If FIC less than 0.5 : very beneficial , synergistic combination : better together than alone 
· If between 0.5 and 4 : can use it in the states, no detrimental effect 
· FIC greater than 4 : want to avoid this antagonistic effect  @34 min

Probiotics: 
· An alternative to antibiotics 
· Pro- Life instead of against life 
· Instead of using chemicals to inhibit growth of something you use live organisms and ultimate goal is to improve microbial balance 


Newborn Microbiota: 
· Way we acquire microbiota best way : As mother gives birth, Baby acquires bacteria required for microbiota from vaginal and intestinal flora 
· 1 thing that greatly influences the microbiota of newborn is the mode of delivery 
· C sec babies: don’t acquire microbiota from mother, instead from environment where they're born like doctor or room 
· Not as beneficial 
· Babies born like this have problems later on with microbiota 


Factors affecting intestinal Microbiota: 
· Intake of antibiotics : these drugs not distributary so upset equilibrium of intestine 
· Diet: most of our food is stale : ? 
· In modern world, industrialized world: very homogeneous weak microbiota 
· No good variety 
· Chronic diarrhea: condition that is constantly flushing your microbiota 
· Stress: shown to weaken microbiota
· Radiation and chemotherapy : greatly reduces microbiota 







Characteristic of effective probiotic: 
· Want one able to resist passage through Digestive tract resist going through stomach acid and digestive enzymes and be able to attach to intestinal epithelia and colonize 
· Want to use the nutrients to grow 
· Don't want those bacteria to be toxic to you 
· Beneficial effects: Anti Inflammatory : educate immune system and prevent immune system from overreacting 
· Educate immune system to recognize things much more dangerous 

Modes of action: (How they act) 
· Colonize the intestine to a certain degree and therefore educate immune system by stimulating it to making it produce antibodies which can then act against other pathogens 
· By attaching to your intestines and using the nutrients they offer a lot of competition 
· Prevents pathogens from easily colonizing 
· A lot of probiotics produce natural antibacterial compounds 
· By by growing in your intestine they contribute to making the environment more favourable for the bacteria which are beneficial to you 

Common Probiotic Strains:  * No need to memorize * 

· Know they are ALL GRAM POSITIVE --  Gram negative not used for this 
· Usually found associated with dairy products : So all bacteria associated with mammals 

Probiotic Uses: 

· Infectious Diarrhea 
· Pathogen that causes diarrhea 
· Probiotic will eliminate infectious agent 
· Antibiotic associated diarrhea: 
· Same principle - repopulate intestine with the good bacteria 
· Irritable bowel syndrome : becoming very common
· Immune response: body overreacting to everything causing inflammatory response 
· Probiotic can repress that response in a lot of cases 
· Bacterial vaginosis: 
· Urinary Tract infections: 
· Probiotics lowers stomach infections so lowers those as well 
· Any imbalance in the intestine causing diarrhea or constipation can also mean you need probiotics to alleviate them




Prescribing Probiotics: 
· Try to choose the best species for the purpose 
· Only gram positive 
· Most common lactobacillus 
· Need massive doses since most of them will be killed as they go through stomach and small intestine 
· They don’t permanently colonize so you need to constantly take them (daily) 

Side effects: 
· Remember this for rest of the semester: all microorganisms that can associate with the human body have potential side effects 
· Not an exception to that rule 
· Ex. people who are immunocompromised: probiotics can be very harmful to them 
· In normal people can cause bloating and gas 

Probiotics in the grocery store : allows the industry to greatly increase price, probiotics cost pennies 


Virology :

Characteristics of viruses:

· All obligate parasites meaning that they cannot grow independently of a host/cell
· Virus without a cell/host is completely inert, no activity or metabolism 
· Only activity is following infection 
· Capable of multiplying independently after entering cell (not called reproducing because that's for living things) they increase number only aka multiple 
· All living organisms which are cellular organisms will typically have dna and rna 
· Not case for viruses 
· They have genome EITHER dna or rna  - never both 












Anatomy: 

Simple entity - genome (a recipe) packaged into a box ( a protein a capsid)

2 viruses: 
1. Naked Virus:
a. Genome with dna OR rna within a capsid made out of protein 
b. Genome + capsid = nucleocapsid 
c. Can be called virus particle, or nucleocapsid or ferion? Wtf? ? ? ?
2. Enveloped Virus: 
a. Essentially the same as naked : have a nucleocapsid (capsid + genome)
b. Nucleocapsid wrapped into a lipid bilayer 
i. Not considered part of the nucleocapsid 

Capsid: 
· Main purpose: protein shell that holds the genome 
· Protects genome from physical, chemical, enzymatic conditions 
· In Naked virus: for virus to be able to multiply - must enter the cell first 
· Viruses have spikes which are protein  
· In naked found on the nucleocapsid 
· Rep the viro center or viro receptor 
· Recognizes a specific cellular receptor 
· If appropriate spike - binds to appropriate cellular receptor - then the virus can enter that cell 
· Envelope viruses: 
· Viro receptor not found on nucleic acid, instead found on the envelope 
· We saw envelope much more susceptible to chemical treatments 
· If you remove envelope from envelope virus, no longer has spike (key) and so cannot enter a cell 

Classification of viruses: 3 ways 
1. Morphology of protein/capsid coat (shape) 
2. Presence or absence of envelope 
3. What type of nucleic acid they have for the genome 


Capsid shapes: 

· Helical: 
· Isometric or polyhedral: 
· Pleomorphic: very common amongst bacterial viruses 
Pleomorphic  means no one given shape, there's a huge variety of diff shapes among diff viruses 
Capsids essentially made of : 

multiple subunits of a given protein - called capsids?>

Genomes: 
· Some viruses have single stranded dna 
· Some double stranded dna 
· Single stranded rna 
· Double stranded rna 
· Can be either 1 molecule or multiple molecules (segmented) 
· So 1 chromosome or more than 1 
· Circular or linear 

Classification of viruses: 
· Groups: 
· 1 - double stranded dna 
· 2 - single stranded dna 
· 3 - double stranded rna 
· 4 & 5 - single stranded rna 
· + single strand rna 
· Coding rna viruses?
· Sense rna viruses
· - single strand rna
· Non coding rna viruses
· Antisense rna viruses
· 6- very specific mode of replication using an enzyme called RNA reverse transcriptase
· This group is called retroviruses

Viral Taxonomy: 
· Family names end in - Viridae 
· Genus name - ends in virus 

Viral species: 
· Viruses that share very similar genetic information and usually have the same ecological niche 
· So affect the same host 
· For a species there are common names 
· Subspecies just like strains of bacteria 
· Designated by a number 




Ex.  know how to interpret the info don’t memorize: 
 Herpesvirus: 
Non segmented means 1 protostome? 
Linear 
Double stranded 
Helical enveloped 

· Envelope is not info coded from the virus, not info virus has, envelope is obtained from the host cell 
· 1 big advantage of taking envelope from host cell:since envelope is from the host, makes it difficult for immune system to recognize there is an invader 

Group viruses based on transmission route : (not mode of classification)
· Transmitted from over route
· From Copolo route :  one hole to another hole  
· Resp viruses: Transmitted through respiratory tract : 
· Breathing 
· Coughing 
· Inhaling 
· Zoonotic : from animals to humans 
· Ex. rabies 
· Sexually transmitted : 
· Sexual contact 

Viral Multiplication Cycle - Steps

1. Attachment: 
a. Includes virus meets host cell 
b. When this occurs, if virus has appropriate viro-receptor and cell has appropriate cell receptor then the virus has  - then virus will attach to the cell 
2. Penetration: 
a. Diff mechanism to penetrate inside the cell not the host 
b. What virus wants to achieve : to release its genome within the cell - so that cell can decode the info and make new viruses - therefore following penetration -
      3. Uncoating + Decapsidation: virus needs diff strategies to uncoat the envelope (decapsidation) and release the genome 

      4. Genome replication: One genome released - virus then uses cell to replicate its genome - make copies   

     5. Transcription - translation: From the information in the genome - it will use that information for processes like transcription and translation to make viral messenger rna   - from that mrna - synthesize viral proteins  -
6. Assembly: 
·  Now have made a lot of copies of genome - made proteins necessary to reassemble capsid - so regenerate nucleocapsids
7, Release 
· Once reassembled nucleocapsids 
· If naked virus: diff strategies to be released 
· If enveloped virus: simultaneously to release:  have mechanisms to acquire the lipid bilayer envelope from the host cell 

End of oct 18 lec 

Nov 1 Lecture :: 

· Having released its genome, most viruses will try to get to the nucleus in order to make copies of their genome 
· Having made copies of their genome they will then ask the cell to carry out protein synthesis 
· In all viruses this process is carried out by the cell , no viruses can do this 
· Once protein synthesis has been done, the virus can ask the cell to assemble the nucleocapsid 
· Having assembled the nucleocapsid, then the virus can find a way of getting released from the cell 
· For a single infectious cycle : if you have ONE virus that infects ONE cell, following that infectious, that ONE virus doesn’t exist anymore 
· At end of cycle you end with progeny called the burst size 
· If one cell got infected by 1 virus and the end of cycle you have 10 viruses you say the cell produced 10 viruses not 11 because the first one doesn’t exist 
· Initial virus no longer exists 














Attachment and penetration: 

First strategy for Naked viruses 

· Naked bacterial viruses: all bacterial viruses are naked 
· They are all going to use this strategy - why? - find out later 
· Also called bacteriophages 
· The virus will attack the cell - have to have viral receptor and a corresponding cellular receptor 
· Following attachment - virus will inject its genome in the cell 
· Only thing that ends up in the cell is the genome - not the nucleocapsid - the capsid remains outside 
· All viruses are specific as to which cell they will infect 
· That specificity is conferred by the viral receptor - the viral receptor will only allow it to infect cells that are corresponding cellular receptors 
· Like a key and lock
· If you have a given bacterial virus that can only infect 1 given species of bacteria, you can therefore conclude that only that species has the cellular receptor that corresponds to the viral receptor 
· The specificity of what cell a virus can infect is what you cell the tropism 

Second strategy for Naked viruses

· Only true for eukaryotic naked viruses 
· Viral receptor recognizes the cellular receptor (normally cellular receptor carries out another job which is endocytosis, here the virus takes advantage of this so cell responds by doing endocytosis to the virus)
· In contrast to the previous strategy, 
· in this case following penetration, whole nucleocapsid enters the cell 
· Following entry by endocytosis, an envelope is acquired 
· Following penetration, this virus will have to have strategies that allow it to remove the envelope 
· Decapsidate - remove the capsid in order to release the genome 
· Unlike previous strategy it has to go through several additional steps in order to achieve release of the genome 








1st strategy for Enveloped viruses

· Composed of a nucleocapsid with a lipid bilayer
· In contrast to naked viruses, in this case, viral receptor is not on the nucleocapsid - it’s on the envelope 
· Initially same process - recognition of a viral receptor and cellular receptor - have attachment
· Very similar to the previous process
· Following attachment to the receptor, the cell responds by doing endocytosis 
· Once again end up with a whole nucleocapsid that’s inside the cell
· What enters the cell is actually the envelope virus 
· Acquires a SECOND envelope 
· This virus now has to get rid of 2 lipid bilayers (2 envelopes) as well as get rid of its capsid in order to release its genome

2nd strategy for enveloped viruses

· Envelope viruses have a lipid bilayer - the cell has a lipid bilayer - the lipid bilayer which represents the viral envelope was obtained from the cell's lipid bilayer - so they’re the same
· This virus uses that to its advantage
· What it does is that following attachment to the cellular receptor 
· This receptor is not associated with endocytosis but given that the 2 lipid bilayers are the same - the lipid bilayers fuse - which causes release of the nucleocapsid in the cell 
· So in this case - removal of the envelope is simultaneous to penetration, not following penetration 
· Now following penetration - this virus only has to remove the capsid to release the genome 
· Once genome is released, ultimate goal of virus is to generate COPIES of this Genome 
· Copy means identical to original 
· By process called Replication 
· By replication you want to generate copies of your original genome 
· If your genome is Double stranded whether rna or dna there will be 1 strand called positive and another strand called negative 
· Also, 1 of these strands will be called coding, the other will be non coding 
· Basically there’s one strand that info can be understood by the cell and another one that is not understood by the cell 
· In replication whether virus, cell , any organism on earth 
· Cant generate copies of a given molecule directly 
· Cant generate (+) from (+)
· Cant generate (-) from (-) 
· To make (+) you need to generate (-) from which you will generate (+)
· To make (-), you will have to generate (+) from which you will generate (-)
· If you're a double stranded genome, (+) strand will be used as a template to generate the (-) strand and vice versa 
· So therefore ----- Template will always be of opposite polarity to what it can generate the synthesis of  - nothing to do with coding or non coding that will be for transcription and translation 
· If single stranded genome
· You are either Positive or Negative -- can’t be both 
· So unlike ds -  you don’t have the required template to generate copies of genome - if Positive can’t generate positive - if negative can’t generate negative 
· Have to go through extra intermediate step where they generate the template of opposite polarity from which they will generate copies of the original 
· So if your + , will generate an intermediate that is - from which you will generate + 
· If - , intermediate + to make - 
· Ultimate goal - regenerate what you started with 
· Synthesis of an identical copy in this case will require synthesis of a strand on the opposite polarity 

Replication Enzymes: 
· To do replication you're gonna need a set of enzymes called polymerases 
· Several types need to know :: 
· All polymerases will allow you to synthesize nucleic acids from nucleic acids - read nucleic acids and they synthesize nucleic acids 
· 1 type : Dna Dependent DNA polymerase 
· The first identification tells you what that polymerase reads 
· The second identification tells you what that polymerase is synthesized 
· Will read dna in order to synthesize dna 
· 2nd type: Rna dependent dna polymerase
· Will read rna but synthesize dna 
· 3rd type: rna dependent rna polymerase
· Read rna and synthesize rna 
· In terms of dna viruses we group them in different groups according to sizes of their genomes 
· Keep in mind - bigger genome means more info you have - means you are less dependent on the cell 
· Smaller genome - less info - more dependent on the cell to do what you need 
· Ex. small dna viruses - don't need to know the examples 
· Require all the host enzymes to copy its genome -  to read its genome and make rna 
· And to translate that rna to make viral proteins - extremely dependent on host functions 
· Basically small dna viruses need everything from the cell to make them,  replicate them, assemble them 
· Given that typically cells replicate dna in their nucleus - this virus needs to reach the nucleus 
· And given that cells can only replicate dna when they are actively growing these viruses need to actually infect actively growing cells 
· Finally since they rely so much on the cell to do everything, they do not inhibit the functions of the cell since they want to use those functions 

Large Dna Viruses: 

· Less dependent 
· Have information in their genome that codes for their OWN dna polymerase 
· They will replicate by themselves their dna - they have the enzyme to do that 
· So what these viruses do is following release of the genome - they will ask the cell to read that genome and make mrna which codes for the viral polymerase 
· So the cell will read the viral genome - synthesize the rna - process transcription - translate that mrna to make the viral polymerase and then the viral polymerase will take care of replicating its own genome 
· Since this virus brings its own polymerase it will inhibit the host dna synthesis to make sure that it will localize all resources for its own dna synthesis (i brought my own dna polymerase i can afford to inhibit the host polymerase)

Very large viruses: 
· Much more independent 
· These viruses have info not only that will code for their own viral polymerase for replication but they also have info for their own rna polymerase for transcription 
· Carry out own replication AND transcription 
· In contrast to other dna viruses, since these viruses want to be SO independent - they bring with them in their nucleocapsid the enzymes necessary for replication and transcription 
· Given that they bring their own enzymes and they’re going to carry out the process with their own enzyme - they don’t have to go to the nucleus
·  - they can actually replicate and transcribe in the cytoplasm 
· Since they are so independent on the cell processes they don’t care if the cell is growing or not - replicating or not - they’re much more independent - only want the resources from the cell 




RNA viruses: 

SS RNA
· Genome is either + or - , coding or non coding (info understood by cell or not understood) 
· Independently of what it is, its goal is to generate more of itself 
· + genome :
· Info that represents mrna 
· Info that can be recognized in the cell 
· Cell can read it to generate proteins 
· - genome: 
· Info cannot be understood by cell 
· Info complementary to that of the mrna 
· Cannot be translated - cell doesn’t understand this 

Diff strategies : remember, ultimate goal is to generate more of the original 

If + rna : this reps an mrna  - something that can be recognized by the cell 
· So following penetration of the genome - cell will recognize this - read this - translate this 
· Part of info found in genome is info needed to synthesize polymerase - which is an rna dependent rna polymerase
· This type of polymerase is unique to viruses
· This polymerase will be able to read rna and synthesize it 
· Now the virus asks the cell to make the polymerase 
· Once made - that polymerase can then be used to read the + rna in order to generate a - rna 
· The - rna now can be used as a template to generate more of the + rna 
· So the rna polymerase that you synthesize will now be used to generate copies identical to original 














If antisense rna: 

· This information is not understood by the cell - info is non coding 
· Given that this info is not understood - this virus has a problem 
· The way it solves the problem is rather than asking the cell to make the polymerase (cell can’t make it since it doesn’t understand this information)
· This virus brings the polymerase with it 
· Present in the nucleocapsid 
· Now the polymerase - again an rna dependent rna polymerase 
· Will read the - rna , make + rna and now this is an rna that the cell understands 
· Now that cell understands this, this rna will serve 2 purposes 
· As a template to make original genome (- rna)
· To make viral protein - amongst will be rna dependent rna polymerase 


Very diff strategy also used by + strands of - class of viruses called retroviruses: 

· Start with + rna called viral rna (rna V)
· This virus evolved to try to escape detection from the host for as long as possible 
· Best way to escape detection is to look like the host 
· So it can’t discriminate you from itself 
· This viral strategy will be to general genome which is identical to that of the host 
· DS dna genome 
· So virus will make the same thing from its rna  - generate DS dna 
· Cell can’t make out the diff between viral ds dna and host ds dna 
· How?
· Brings an enzyme with it in its nucleocapsid because the cell doesn’t have this enzyme 
· It's a polymerase called reverse transcriptase
· This polymerase has 2 activities 
· 1. Rna dependent dna polymerase
· So this reverse transcriptase will be able to read the viral rna - and synthesize a dna strand of opposite polarity 
· So from the + rna - synthesize - dna strand
· Called Cdna
· C is not for copy 
· No polymerases known to man that can copy 
· C is for complementary 
· Having generate a SS dna now - the same enzyme - reverse transcriptase has another activity 
· 2. Dna dependent dna polymerase
· Will read the - dna and from it synthesize a + dna so now you have 2 strands of dna  - strand and + strand 
· Essentially have generate a DS version of itself in dna 
@30:28 min 
 

· Your genome now being identical to that of the host - it will then ask the host when it suits it to read the appropriate strand here to make its original genome 
· So it's a dna dependent rna polymerase from the cell which will then read the (-) dna to synthesize the + viral rna 
· Up to this step - all virus dependent 
· Till the last step where you actually generate copies of the genome - this one done by the actual cell 
· Having made copies of genome - also need to be able to carry out transcription to make mrna and translation to generate proteins 
· So transcription will allow you to generate viral rna 
· for small and large viruses this will be done with the cell enzymes 
· For very large dna viruses  - they have their own polymerase which will do this 
· For rna viruses DS :
· Use rna dependent rna polymerase 
· 1 strand used as a template to generate 1 strand of opposite polarity 
· Rna viruses SS: 
· Can also use rna dependent rna polymerase 
· But this time have to make an intermediate of opposite polarity 
· Translation: 
· Always done by the cell 
· This will allow the cell to make the viral proteins which will include : 
· Capsid 
· Polymerases 
· And anything else the virus needs 
· Once you have generated copies of your genome, have generated your proteins - later on in the cycle you will assemble your nucleocapsids 
· 1 strategy is to assemble the capsid around the genome 
· Once you have assembled your nucleocapsid then you have to find a way of getting released from the cell to start over 
· 1 strategy used to achieve that is to cause cell lysis 
· Typical for naked viruses
· If enveloped virus 
· Generate copies of genome - and  among the proteins that you tell the cell to synthesize are proteins (spikes) that it will have on its envelope 
· So towards the viral cycle - the cell will synthesize these spikes - and the cell will export the spikes to the surface - now the cell acquires on its membrane viral proteins 
· This is very interesting for us because in contrast to other viruses now we have an indication that the cell is compromised 
· We’ll see later on in the course that the body is now able to recognize that the cell is compromised and attack 
· So once it has sent the spike proteins to the surface it will assemble the nucleocapsid and to be released - instead of causing cell lysis - will be released by Exocytosis 
· Through the process of exocytosis it will acquire its envelope which has its viral proteins (its spikes) 
· Amongst which is the viral receptor 

So in summary : a cell has a given cellular receptor that can be recognized by a viral receptor - you have attachment - following attachment there is a different mechanism used to penetrate the cell - virus is disassembled - at this point the virus does not exist anymore - got disassembled - genome is released - use on of the strategies seen to make copies of the genome - ask the cell to make your proteins - assemble the virus - now virus reappears - following assembly use either cell lysis or exocytosis to release from the cell 

Number of virus released per infected cell is what we call the burst size - so if 1 virus infected 1 cell - and at the end you see 10 viruses - you say the burst size was 10  - if 2 viruses infected 2 cells - and you generated 20 viruses - you say the burst size was 10 - if 20 viruses infected 10 cells and generated 100 viruses - burst size is 10  ( you don’t count the 1st virus because it does not exist) 

Virus Growth Curve 

· Before arrow - is when virus meets the cell - and if the virus has the appropriate receptor to recognize the appropriate receptor on the cell - you get attachment 
· Following attachment - the virus uses 1 of the strategies to penetrate - it dissembles and disappears - no more virus  - the eclipse phase 
· Eventually later on in the viral cycle - you start to see viruses - that means now viruses being assembled - following assembly - the virus will be released and the number of viruses released per infected cell will be what we call the Burst size 
· This is One infectious cycle 
· If after you get released - there are cells which remain which never got infected  - it will start over here - so if no cells remain that were not infected - then you will stop here 


Viral Multiplication Cycle - Steps 

· Following attachment - you get disassembly of the virus through the eclipse period which will include: 
· Penetration 
· Uncoating + decapsidation 
· Genome replication 
· Transcription translation 
· No virus can be detected in this stage
· As you come out of eclipse period - your virus starts to be assembled so all the steps including assembly are called latency period (everything from eclipse stages + assembly = latency 
· Finally get release 

Things need to calculate on the exam: 

Burst size : defined as the number of viruses generated by a single cell infected by a virus 

· To be able to determine burst size, you have to be able to determine the following parameters 
· M.O.I : multiplicity of infection 
· This is the Number of viruses available per number of cells 

Ex : you have 6 cells susceptible to infection by a virus   @43:48 
· There are 4 viruses here and number of viruses is less than the number of cells available 
· Number of cells which will be infected will be equal to the number of viruses 

· Another way of expressing that with M.O.I is we say if the multiplicity of infection is less than 1 then the number of cells which will be infected will be equal to the number of viruses - so  in this case since you have 6 cells and 4 viruses - 4 cells will become infected - and we say the multiplicity of infection is 4/6 - which is a number less than 1 
· If the multiplicity of infection MOI is <1 - it means there are more cells than viruses - therefore at the end of this infectious cycle - there are cells which remain which are uninfected 
· Consequently, following this infectious cycle the virus will be able to start over again 
· If you have 6 cells and 10 viruses, in this case the number of viruses is greater than the number of cells - therefore the number of cells that will be infected will be determined by the number of cells - not by the number of viruses - in this case therefore ALL the cells will get infected . 
· In terms of MOI - you would know this because the MOI will be = 1 or > 1 
· If MOI is =1 or >1 , following this cycle there are no more cells available - can’t start over again - done - last infectious cycle that can be carried out 

Example: 
You have 10^8 cells and 10^4 viruses 

· What will be MOI ????
· 0.001 
· Number of cells that will be infected? 
· 10 000 cells (10^4)
· If we start with 10 ^ 8 cells and infected 10 ^ 4 cells, how many cells remain uninfected 
· 10^8 NOT 10^4 
· Choose the first number usually 
· So after this cycle can you start another cycle? 
· Yes - this cannot be the last cycle 

· On exam and practice problems and midterm 

To determine Burst Size : 
· If you have a virus that is less than the number of cells - burst size is determined by the number of viruses produced divided by number of cells you got infected NOT number of cells that were available 
· In this case if you infected 4 cells and generated 10 viruses - burst size would be 2.5 

Let's say you infect cells at an MOI of 0.0001 (10^-4) and have infected? 10^8 cells , after a single infectious cycle of 10 hours you generate 10^6 viruses  - burst size (how many viruses were produced per infected cell)?
· How many cells will get infected? 
· 10^4 (10 000) 
· How many viruses produced?
· 100
· That means the number of viruses increased by a factor of a 100 - 
· 100 times more now than we had before 
· Cycle keeps going 
· New MOI will be 0.01 
· Will this be last cycle then? No. after that cycle birth size won’t change - will generate 100 times more virus
· 3rd cycle MOI? 
· 1 
· Last cycle - yes 
· Exam question: in this scenario you can initiate only 3 infectious cycles , no more 
· Final number of viruses? : greatest number of cells you can infect total : 10^8 
· Each cell produces how many viruses? : 
· 10^10         End of Nov 1 lecture recording 
Nov 3rd recording 




10^6 cells + 10^3 virus generate 10^4 virus 

1) What is the initial M.O.I ?
a) 10^3/10^6 = 0.001
2) How many cells will be infected?
a) 1000
3) What is the burst size?
a) 10
4) How many cells remain uninfected? 
a) 10^6
5) What will be the M.O.I at the second cycle?  
a) 0.01
6) How many cycles can be initiated? 
a)  4 

10^6 cell + unknown number of viruses generate 10^4 virus. The burst size of this virus is 100. 

1. What was the initial M.O.I ?
a. (10^4/10^2)/10^6 = 10^-4
2. How many cells were infected? 
a. 10^6 * 10^-4 = 100     (10^2)
3. How many cells remain uninfected
a. 10^6-10^2=10^6
4. What will be the M.O.I at the second cycle?
a. 10^4/10^6=0.01      10^-2
5. How many cycles will be initiated? 
a. 3 cycles 

How do you get the number of cycles: 

· If burst size is 100 means following every cycle , number of viruses increase by factor of 100, therefore MOI is 10^-4 = cycle 1 … cycle 2 .. MOI goes up 100 fold so 10^-2 , and cycle 3 MOI will be 10^0 which is >1 or = 1 so thats the last cycle 





10^6 cells + virus at an M.O.I of 10^-3. Number of virus generated 10^5. 

1) How many cells will be infected?
a) 10^6 * 10^-3 = 10^3  
2) What is the burst size?	
a) 10^5/10^3 = 100
3) How many cells remain uninfected?
a) 10^6 - 10^3 = 10^6
4) What will be the M.O.I at the second cycle?
a) 10^5/10^6 = 0.1
5) How many cycles can be initiated? 
a) 3


Extra Q : 

Word for word  like exam . Have 10^8 cells and add 1 virus particle to them. Birth size for that virus is 100  takes 1 hour to complete 1 infectious cycle . How much time do you need to kill all the cells?  
· 5 hours so 5 cycles. 


This strategy used a lot in eastern europe to treat people  - they use bacterial viruses as antibiotics - these have no effect on human cells - they inject people with the virus blah blah don’t care 


Viral Direct Counts: 

· You have a mixture containing 2 things : 
· with a known and unknown concentration 
· The virus is the unknown concentration, the beads are the known concentration 
· Ultimate Goal is to determine virus concentration 
· You take a sample under microscope, and get 2 counts, you count number of beads and number viruses
· From number of beads since you have a concentration so you can cross multiply to get a volume  10^4 beads 1 ml . 10 beads x ml solve for x 
· Once done that take number of viruses you counted and divide that by the volume determined and that will give you the concentration of virus per mL 




Counting and typing viruses: 

· There are different ways you can count viruses 

Direct Count: 
· in bacteria doesn’t let you discriminate between live bacteria and dead bacteria
· In viruses we don’t talk about live and dead, what we do talk about instead is infectious or noninfectious - its does not discriminate infectious or noninfectious 
· So what we're going to get from the direct count is “total count” 

Plaque assay: 
· Exact same as viral count for bacteria : with bacteria we said the viral count was determining live bacteria number by their ability to reproduce and grow under the diff conditions
· With the plaque assay , exact same principle, we’re going to Look specifically at viruses that ARE infectious  and infect the cell and multiply 

Hemagglutination assay: 
· This assay in contrast to the first 2 can only be used with viruses that are called hemagglutinate viruses 
· These are Viruses that have a spike which is hemagglutinin
· And hemagglutinin combines red blood cells 
· So 1 virus that it’s commonly used for is influenza virus - it has hemagglutinin as one of the spikes - so it’s a hemagglutinin virus 
· This method just like the direct count, Does not discriminate between infectious and noninfectious viruses 

Hemagglutination inhibition assay:  Derivative of hemagglutination assay
· Purpose Not for determining number of virus - but also only used for hemagglutinin viruses
· The Purpose of this assay is to determine what we call the antigenic type of the virus ex. Very common with the influenza to see is the influenza this year the same as the influenza last year 
· Useful for developing vaccines
· Ex. you want to know can you use last year's or need to generate a new vaccine







Direct Count: 
· Typically we do a negative staining 
· Direct count is done by using an electron microscope because the viruses are extremely small
· Does not discriminate between infectious and noninfectious
· Probably the most common method to count viruses, the reason being most viruses were interested in cannot be grown in the lab, cannot be given an appropriate cell host, or the cell host needed cannot be grown in a lab 
· To determine the number use pathic beads at a known concentration  

Plaque assay:
· So the plaque assay - given that viruses are an obligate parasite - to be able to grow them in the lab - you’re going to have to provide them with a whole 
· So you’re going to have to know what cells these viruses infect - going to have to know the trophism of the virus 
· If you know that you can grow the cells in a lab - typically we grow the cells in a monolayer 
· Then Infect the cells with the virus 
· Get some type of   ???
·  The holes seen are what we call the plaques
· The plaques are what we call a localized cytopathic effect
· 1 plaque is 1 virus that initially infected 1 cell and went through its infectious cycle - produced more viruses 
· The viruses it produced infected neighbouring cells - so the cycle repeated over and over again - 
· Until it eventually produced a hole in your monolayer or wall 
· 1 hole is analogous to what we called a bacterial colony 
· In bacteria we called it CFU’s 
· In viruses it’s called Plat Forming Unit 
· So each plaque represents an infection site and each infection site we say was initiated by a single infectious cell so you do this with different dilutions of the virus - 
· Will get typically something like the diagram - some places have plaque - some have no plaque - and some places have no cell 
· So what we can conclude is in these 2 scenarios
· Where there is no plaque -  that your MOI must have been greater than 1 - killed all the cells  
· Distant plaque: MOI must have been less than 1 that’s why able to see distant plaques 
· So to determine number of viruses - use the exact same principle as we did to determine number of bacteria 
· Find a plate 
· Determine number of plaque you see - in this case chose 36 - to get this 36 - places 1 mL of virus infection? On the plate so you say there were 36 Per 0.1 mL 
· Given that 36 per 0.1 mL you can then say there were 360 per mL 
· In this example this came from a 10^-4 dilution so if you do 360/10^-4 you’re going to get 3.6 * 10^6 PFU’s/mL 
· Know how to do this calculation both ways - either this way or going the other way 


Hemagglutination assay: typically use it to quantify hemagglutination viruses

· What you do is you have wells - typically you do this in a wet plate - and In each well you put a constant amount of rbc’s . 
· Mix in a sample of the virus 
· If virus is a hemagglutinating virus, it will attach to rbc and cross the rbc between the  -?
· If no hemagglutination you get a very compact sediment called a button , and this is qualified as being  0 HAU 
· If you have a Partial button and a diffused area its called partial hemagglutination, less than 1 but >0 hemagglutinating
· If No trace of a button, only diffused sedimentation : we say we have complete hemagglutination, 1 or More HAU 
· So the way we do the assay, we put a well and a constant amount of rbs in each of the wells 
· Then dilute the virus sample - has to be a hemagglutinating virus - here used 2 fol dilutions SLIDE 414
· You put a sample of each dilution with the rbc - look at the result - in this case 
· No Hemagglutination - so you can say the first 3 red circles have 0 HAU 
· Complete hemagglutination at the last 3 dilutions - so you can conclude these 3 dilutions have 1 or more HAU  
· Once you determine this you determine the most dilute sample or highest dilution where you get complete hemagglutination which in this case would be ½ ?? - and you say this reps 1 HUA - which then must represent 2 and 4 in the other scenarios
· 
· How to determine highest dilution sample that you get complete HUA - 
· 0.1 mL - dilution was 1/32 so 320 HAU/mL - calculation 
· 
· With Inhibition assay: 
· you do this step BEFORE you mix virus with the rbc -  you mix the virus with an antibody 
· The Q asked here: does the antibody recognize the virus? 2 possible answers : yes or no. 
If yes: it will bind to the virus - then when you add it to the rbc the virus cannot bind to rbc - therefore inhibition of hemagglutination 

If no: then you’ll be in the other case 


Human Papillomavirus : 
· Penetration into the nucleus not the cell 
· Translation to cell to make early viral proteins 
· One of its Function: modifies the activity of the cellular polymerase, so that its not inhibited but it reads the viral dna 






Influenza: 

8 Segments means 8 chromosomes 

HIV: 
· Not segmented but diploid , 2 copies of its dna?  - Influenza is haploid 
· Retrovirus - need reverse transcriptase and cell can’t provide this soneed -- 

Following attachment does not enter cell by endocytosis, enters by fusion of --- 
What penetrates the cell is the nuclear capsid 


· Capsidation releases both copies of its genome 
· One genome is released, reverse transcriptase will read the genome, which is negative, and from it will make cDNA 
· Then it will read the cDNA 


Can See virus at end of latent period  




























Nov 15th Lecture 


Isotypes:
· igA Dimer:
· Found in breast milk 
· Gives protection to the newborn 

IgA: We consider that this is associated with the first line of defense 

Modes of Action of Antibodies:

· ISotypes IgM and igA do agglutination 
· Neutralization is synonymous to inactivation 
· Opsonization: label things so they can be recognized by phagocitic cells and eat whatever has been labelled by these 2 oxinons (
· ADCC - for antibody dependent cell cytotoxicity - process carried out by natural killer cells which normally act in line of second defense 
· This is part of 3rd line of defense 
· Degranulation 
· Complement fixation : 
· Classical complement cascade is part of the 3rd line of defense 

Aggluitination: 
· Any antibody with a valency of greater than 2 
· By generating a much larger agreggate more noticable by - 
· Therefore will favour phagocytosis 
· In some stances will cause inactivation of the antigen 
· For example 

Neutralization: 
· Means your antibody binds to something that has an essential function in the pathogen 
· Binding therefore neturalizes the pathogen 
· Ex viruses that have ----- which allows it to bind to receptor 
· Neutralization anitbody will bind to receptor preventing virus from binding and penetrating 
Opsonization: 
· Typically antibodies are assocated with humoro response - so act against 
· By doing opsonization you are able to have antibodies act against intracellular infections 
· Ex fcell infected by virus - when we saw virology in some cases they will send their spike proteins to surface - and your iGm or IGG might recognize these proteins and now FC region of the entibiody acts as an opsonin which --- 
· When the 
· Whats important to retain is that killing here is not --- -not specific to the cell that was recognized 

ADCC: 
· FC region is recognized by natural killer cells and A cells??
· When the NK cell recognizeds FC region of the cell that was bound to the cell 
· The Porforins will generate  ---- in the PM of the cell which will then allow NK cell to deliver a series of enzymes inside the recognized cell ---- 
· Degranulation: 
· Typically these cells have receptors for the FC region of IG’s
· If you ---- against a given antigen 
· Now cell requires 
· Ex antibody might have been made in response to pollen or peanuts - now if you’re exposed to that allergen/antigen again - it will bind to IG which is bound to the granulosite - following binding of the antigen to granulosite - granulosite will  --- induce an inflammatory response and release its content of lysozomes - enzymes and destry whatever is in the environment 

CLassical Complement Cascade: 
· Classical pathway 
· In case of alternate pathway you usually initate lipid A or techoic acid 
· In classical it can be initiated on ANYTHING 
· Requirements only antigen whatever it is virus or bacteria or one of the cells or pollen 
· It just needs to have an eptype recognized by IGG or IGm? 
· As antibody binds to epit --- the ---- is recognized by  ---- called C1q 
· bind ing of C1q leads to binding of C1r and C1s which is called C1 COMPLEX  --- this is called complement fixation - the  ability to bind complement protein 
· This will convert another complement protein C4 into C4A and C4B
· C4B will come and then bind to the antigen 
· The C1 complex also has another enzymatic activity - converting C2 into C2A and C2B - 2A will join to 4B - generating a complex called C3 COnvertase 
· C3 convertase will convert C2A into C3b + C3A 
· The B version will koin the complex - generating now the C5 convertase - this convertase also found in the alternate cascade same function 
· This complex will cocnvert C5 to C5a + C5B 
· Generate opsonins 
· And enough --- to generate a response 
· If you ---- 
· Will make bacteria sensitive to lysozyme if gram negative? 

· If you compare the humero response following a 1 st and 2nd exposure 
· Following a 2nd exposure - delay is much shorter? 
· Basically reason being is you’ve already learnt - already exposed to that antigen 
· So probability of being activated now is much much faster
· If 1st time being exposed - need much hgiher dose 
· Probability of encounter is low so need higher concentration to 
· If 2nd time, this is much lower given that the    - of the receptors is much higher 
Cell Mediated Response: HUmoro response 
· Mostly involved with dealting with exogenous responses 
· Mediated response purpose to deal with intracellular antigens 
· Just like with humoro response - will need 2 signals 
· 1st signal very similart ro what we saw iin humoro cell 
· Need antigen present in cell that digests, ingensts, and presents --- on an HC2 
· Presentation on an HC2 is done specifically to T helper cells 
· With the HUmoro response , have to present the cells -   
· In case of    have to present the cells on whatt we call TH1 
· If TH1 has a TCR capable of recognizing a 
· Following recognition the APC will ----- 
· That will be the first signal 
· Meanwhile need another cell which got infected by this cell 
· Not talking about phagocytosis - talking about synthesis of antigen proteins 
· Whatever synthesized this time will be presented on MHC1 
· MC1 presentation done specifically to TC cell (T cytotoxic)
· TC Will evaluate what is presented and determine if Self or Non Self 
· If Non self: TC lymphocyte will be armed 
· This means TC are in safety mode - don’t kill - but once armed they will kill 

TC lynphocytes: Group of cells call CD8 
· Have recetor capable of recognizes self and non self 
· Have a  ---- capable of recognizing 1 epitope but only MHC1 - this found on almost all cells 
· IN order for a TC cell to work - need to be armed - to do that need 2 signals 
· Something presented on MHC1 and need cytokinesactivated which are produced by TH1 

MOst common method of initated cell mediated response 
· Involve dendritic cells 
· CPAs have receptors that allow it to be infected by most intracellulat pathogens 
· 2nd of all, dendritic cells being CPAs express MHC2 AND MHC1 
· If they get infected by a given pathogen - that pathogen is going to enter the cell - protein synthesis of that pathogen will occur in that cell - any protein made by that cell will have its epitope presented on MHC1 
· Given that dendritic cells are also phagocytic cells whih are anttigen presenting cells - they may also do phagocytosis of the antigen - but in this case since the dendritic cell ingests and digests the cell - so performs phagocytosis - epitopes of this antigen will be presents on MHC1 - so now this is presents simultaneously on MHC1 AND MHC2
· Given its presented on both it can be presented to both TC cells AND T helper cels 
· If presents to T helper cell - and that the T helper cell has the apporpriate TCR - it will evaluate whether being presented on MHC2 ? - recognition that this is not a self 
· If simulataneous recognition by a TC cell - what is being presented on MHC1 -  the T helper cell which was activated will secrete cytokines that activate the TC cell 
· The TC cell activation leads to clonal amplification - and all clones will be armed and ready to kill 
· Thses will now ciruclate your body and evaluate whT every cell is presenting on MHC1 
· In contrast to what happened --- 
· The armed ones if they recognize something presented on MHC1 - they will responsd by killing the cell that is doing the prseentation 
· Ex - cell infected by virus - could be liver cell , muscle cell -	
· That cell will synthesize viral proteins 
· And present epitope - whatever it synthesized on its MHC1 - if presentation on the MHC1 is done to activatte TC cell - TC cell that has apporopriate TCR - - will generate a pore - porphyrins 
· This will allow TC cell to deliver a series of enzymes that will enter TC cell -?? And kill it 
· Everytime it --- same thing it will kill the cell thats presented to it 

IN summary - have to start with an antigen - that antigen has to be eaten by antigen presenting cell - ofllowing phagoccytosis - you will have presentation - specific on MHC2 - that is recognized by T helper cells - if recognized as NOn self - it will be activated - if talking about humoro response - need B cell that recognizes that antigen and does endocytosis - and presents on MHC2 to deactivate a T cell - T cell will activate B cell which will differeentiate the plasmocyctes which will secrete antibodies 
If talking about cell mediated response need cellulat infection which will allow us to arm cytotoxic cells which  ---- will go on an kill any other cell that presents the same thing 

End of Midterm 3 MAterial
Next problem set due next tuesday 
No calculation s - 20 or 30 MC similar to exam qs 


Attack of the IMmune System 

· HIV is a retrovirus that has viral receptor GP120 
· HIV will infect 3 cell types 
· Specifically T cells but only T helper cells 
· Monocytes 
· Macrophages 
· What we saw is HIV following infection - integrates into the genome and what HIV will do is typically waits for the host cell to be activated by any antigen - and preferentially replicate in those activated cells 
· Once replicates the half life of a cell actively replicating HIV is very short compared to that of HIV in a cell that has not been activated 

HIV infection Time COurse 

· SAY YOU GET INfected by HIV 
· What you see occurs very soon following infection 
· Will infect your CD4 cells and you see a drop very early in the number of CB4 cells 
· You’ll also at the same time see a very sudden increase in number of HIV virus 
· This is usually between 0-3 weeks 
· You’re immune system which hasn’t had time to learn is not attacking the HIV virus 
· But it has had time to assess, evaluate and mount a response against the HIV 
· Once acquired system has been activated - your cells both humoral and cell mediated response will attack HIV and you’ll see a huge drop in the number of HIV viruses? 
· NUmber of CD4 cells will increase again 
· Will reach a period now called seroconversion - went from a sero 0 state to a sero positive state : positive means from this period and on you are now able to detect antibodies against the --- in the individual 
· Sero positive is not a term only for HIV 
· We are all seropositive for influenza example 
· Have antibodies that can detect against a given antigen
· This typically falls in asymptomatic period 
· Because now there's a fight between HIV and immune system - not able to totally control HIV but greatly slows it down 
· So you see much more progressive increase in CD4 
· And a much slower increase in number of HIV viruses 
· Eventually however after several years of battle - CD4 level will be where you say 3rd line of defense has been compromise 
· Whill become very susceptible to opportunistic infections 
· Eventually no more 3rd line of defense and you will die 
· Not HIV that kills you - the opportunistic infections are what kills you 
· Initially early you see CD4 drop 
· Will then enter asymptomatic period which is a much more    ---- decline 
· Then eventually get to threshold which is typically 200 


Ex Q : you have 3 lines of defence 
· 1st 2nd and 3rd 
· If only allowed to keep 1 of the 3 lines - which one would you keep and why 

Definetly 1st line 
· Skin 
· Comparable to house we live in - house and door - 
· Inside house is dog - dog will sounds an alarm system that will bring cops 3 weeks later 
· 3rd line - lots of people don’t have this ex aids 

Immunizations : 
· Diff tpyes 
· 1 class is to prevent infection 
· Another class is to TREAT 
Know diff between preventing and treating 


Prevent:  purpose is to allow your immune system to learn and memorize so for a second encounter it can act faster and prevent thee disease 

2 types of active for preventing 
1. Active natural : exposure to antigen is not intentional 
a. Ex. exposed to someone with the flu - you learn - don’t act - next time you don’t fall sick 
2. Active artificial - deliberate exposure - take a syringe with an antigen and inject someon 
a. Exposing to antigen in artificial way - purpose still for immune system to learn and remember for next time 
b. Ex being exposed by stabbing is active artificial 
Treat: therapeutic purpose 

· Passive therapeutic;
· Usually 2 hosts 
· Went through 2 previous mechanisms 
· Learned and acquired memory - this info is take then 
· But --- does not learn and remember 
· This type is temporary 

· Passive artificial: 
· First host went to the previous  prevention types 
· Ex. bitten by snake - will kill you in hour - 3rd line of defense has no way of stopping this 
· Antivenom is given - 
Adjuvant purpose - increase immune response such that you advise your 3rd line so that -- 

Vaccine Prep: 
· Diff mixture of proteins, polysaccs, 
· Aluminum salts - extremely damaging to cells which is how they produce inflammatory response 


Types of Vaccines : 

Attenuated : Alive 
· More nice versions - less mean 
· Can still infect you 
· Can also be propagated between individuals since alive 

Inactivated 
· Bacteria or viruses killed with heat or chemical treatment 
· Cannot be progoopated between individuals 
· Within these you also have anatoxin vaccines - vaccines against toxins 

Goals of Vaccines: 
· Protect the individual - what we call efficacy of the vaccine 
· A good vaccine should prevent 1 or more of these 
· Prevent entry 
· Growth 
· Propogation 
· Cell entry 
BY preventing infection - you may often prevent the disease which is the symptoms 

· From immunological POV what we see more imp than  --- Herd Immunity - protect 

