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Archean Eon: 
· Anaerobic bacteria 
· No one can live outside the ocean because they will dehydrate
· 1.83 billion years 
· Almost a quarter of the life of the planet 
· At the end of this we will see some bacteria that has no oxygen handling capacity 
· We have no idea how many different bacterial forms are out there 
· We cant apply the concept of species to eukaryotes 
· Using DNA fragments we may know less than 1/10 of 1% of all bacterium 
· Morphology cant be used to differentiate the bacterium’s
· As a consequence we can see that we really don’t know what happened.  
· Linnaeus created the kingdoms 
· As time progressed we see it more clear that there are 5 major kingdoms on the living earth and differentiated between wether they were eukaryote or prokaryote 
Kingdom Monera 
· Includes all prokaryotes 
Kingdom Protista 
· Includes several groups of unicellular eukaryotes 
They took the mutlicelluar forms ;
· Animals, plants and fungi (couldn’t synthesize food but they could digest their food to form )
We were then able to look inside the genome of bacteria
· When they did this they found was that there were two types of protists 
· That LUCA was either a bacteria or an archea 
· There are so many fundamental differences 
· This is when domains came into the picture 
· All eukaryotes were put into eukarya 
· Monera were put into = bacteria and the Archea 
· Archea: they do some of the real extreme things and such as living in extreme conditions 
· So what happened 30 years ago is that the tree of life got a new layer 
· So Three domains: Bacteria, Archea, Eukarya 
· The monera is now gone 
Prokrayotes: Domains Bacteria and Archea 
· Archea cant even be grown because they live in such extreme conditions 
· So the study of bacteria became more extensive 
· If you look a the cell wall of a bacterium, the major thing or integrity of the cell they are composed of two completely different types of cells 
· If we look at the plasma membrane: that these are plasa membrnes with 
· So even the outer surface is different, the plasma membrane and we look at how the genes work but the RNA polymerase that is used to make the message between the two and its entirely different between the two 
· Both archea and eubacteria both don’t have nuclear envolopes 
Figure 20.15 
· The table is way to simplistic 
· There are 1000’s of branches 
Morphological Diversity 
· We gace everything based on their morphology 
· That’s why we still have some genu species names 
· Morphology is not nearly enough 
· We now know that ecoli has various 
· The diversity within the group is not within the appearances 
· The diversity of the chemical and proteins tat nake something up 
· The code number that is given beside a disease ex H1NI the O’s expresses changes in the cell wall of each one 
· You can profile a variant based on what chemicals are in the
· Now we see that we were totally invisible to the different proteins until we were able to get the genomic sequences of each one 
Bacterial Cells 
· If we have a bacterial cell we have a cytoplasm surrounded by a plasma membrane and inside tt we have all the machinery for the cell to work 
· The concentration of the nuclear material inside the cell 
· All of this is occurring within one part of the cell and does everything in one part so the cytoplasm has to support all the functions of the cell such as DNA transcription, food storage, transfer of things back and forth between the cell etc 
Surface to volume ratio: (IMPORTANT WE DID A DISCUSSION)
· Life is a bag of biochemistry 
· Exchange with the outside 
· If were to count all th emolecyles we need for life 
· If we have demand inside the cell and the supply is coming across the surface, so you get a point met by the supplier 
· So we then have to keep the organism small 
· So by staying small you have no limitations to supply and demand 
· The end result is that you can only increase your surface area to a certain point and the shape will still remain small. 
· The plasma membrane is a limit to how big it can get 
· The only way any of this can exchange with the o
Peptidolglycan layer
· Peptide protein +
· Isotonic  solution 
Capsule:
· Just another chemical layer that protects them and some of them have it others don’t 
Plasmid; 
· They are optional on the design 
· They are sometimes pili that extend out and through and that when two prokaryotes get together they can form fuses between the pili 
Gram Positive: 
· If you have a gram positive bacteria there was a high likelihood that it ould be susceptible 
·  In the 50s peptodoglyd 60s 
· Through articficical selection we don’t use penicillin anymore 
· The peptidoglycan layer 
· Gram positive: the stain reacted with peptidoglycan 
· Gram negative: the bilipd layer is blocking it, the stain doesn’t get there and therefore did not stain 
Bacteria Flagellum 
· Made up of 40 proteins in total 
· This particular motor is sitting in a gra
· There is a flange embedded in the oute membrane and another in the actual cell wall 
· This rod shaped structure is free to rotate that is attached to a  hook that has a flagella connected to it
· The rod turns and is accociated with the other proteins around it, so the proteins in the motor omplex pump protons 
· The mitochondril inner memebrane takes moves them down the membrane chain 
· The only way that you can get back is that ATP ase has a hole in it 
· When the protons fall through the proton gradient it takes a protein and changes its conformation 
· Whats happening is that along the shaft 
· They are twisting the shaft in the middle 
· Flagellum can move at speed of 20000 rpm 
· Smallest motor , and the only group that uses flagella with this type of motor 
· The ways we identify the bacteria are based on these 
Chromosome duplication is the only way that duplication occurs 
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*The words that are listed on the slides are key words, and he wants us to go look up what they mean*
Slide number 9: woefully lacking on the diversity o the bacteria 
Side 35; a new branching pattern for the actual diversity of bacteria 
· When they go and extract bacteria DNA, they use whats called the fingerprint tecnizque, and they look at the genomic composition in addition to the 25 brnaches that we know they find another 50 that are unexplained 
· There are about 100 phyla of bacteria at least 
The wall and the flagellum had just been finished last class: 
Bacterial Reproduction: 
· Where does gentic variation come from, in an organism that duplicates only from mitosis 
· Bacteria are completely haploid throughout there entire life cycle 
Endospores: 
· Resistant dormant cells 
· The inside of the bacterial cell often goes into dorminacy 
· They are often resistant to exreme cold and heat or affected through any form of radiation 
· These bacteria may be the from that came in furing panspermia 
· Bacteria can lie dormant for very longe periods of times and they can usually travel just based upon wind 
Pilli 
· Little extensions on the bacteria and used so that bacteria can adhere to each other 
· Nucalear material can be passed through thr pilli 
· Cytoplasm and nuclear and genetic material can be shared through a pilli which it can form a sort of hollow tube for passage 
· Binary Fission 
·  the amount of genetic variation that occurs in mitosis, is very small 
· Probably only one base pair, there are very little mutation rate 
· The circular chromosome, unwinds and becomes straight linedm, then replicate and then recoil 
· You know have one copy of each genome in the daughter cell 
Bacterial Conjugation 
· Plasmids in bacteria contain genetic information, and usually antibiotic resistant is found here 
· The plasmid of the bacterium can undergo replication 
· A plasmid is relicated and put inside another cell 
· They were able to take plasmids and genetically manipulate them , and then they were able to create huge numbers of copies of DNA etc. There are genetic markers on plasmids 
· We aren’t dealing with species here, we could be dealing with Ecoli, but we have basically just moved genetic info into an organism = this creates a new organism. 
· Use plasmids as a way to move the genetic info between cells 
· If there was one bacterial cells, that was resistant to the antibiotic, it could then eat up the antibiotic and then transfer the ability to become resistant to the nonresistant ones and that’s how they spread disease 
· A plasmid can make itself a chromosome
· At some point the plasmid will cut itself out of the genome and rebuild a plasmid 
· The plasmid would break out at one of the insertion points between the plasmid 
· Sometimes, the break point of where the plasmid and the other cell, so sometimes they take a portion of the original DNA and then incorporates itself into the host cell and sometimes it can take original bacteria with it 
· Thus it is not genetically the same anymore, because it has new DNA 
· All create ne bacteria and alter genetic variability 
Bacteria can also take genomic chunks out of the environment, incorporate it into its genome and then become and entirely new organism 
· This is called horizontal 
· They have been essentially gene swapping for 1.8 billion years and this is also why they have become very rigorous of hospitals, disease, super bugs etc 
· If you get a mixtre of bacteria, in a situation with antibacterial resistance = this causes a probme 
Transduction 
· Bacteriophages: they take their DNA and inject it into the bacterial cell, it then starts to synthesisze proteins from the viral DNA and then 
· The virus DNA takes advantage of ribsoomes, tRNAS to code for proteins of its own structres 
· When the cell is full of the new DNA and new materials and then they assemble and lysis the cell 

Sometimes a mistake happens and a small piece of DNA is left in there 
· There is now a virus running around with a piece of DNA and it not viral its bacterial 
· It then injects that piece of DNA 
· Viruses have come and disappear and genetic sequences that don’t make sense = proof of why this actually occurred 
· Horizontal gene transfer is how they get variation.
Reproduction: 
· There are infinite possibilities of combination 
· We have seen less than 0.01%have to link carbon molecules using energy and they need to get the carbon molecules 
· Autotrophs: use CO2 , 
· heterotrophs : if the carbon already exists in some organic material, use pre existing carbon bonds 
· Humans -= chemoorganoheterotrophs: 
· We can get energy from the light, from high energy molecular compounds (ATP) and from inanimate minerals or metals 
· We are trying to get high energy molecules 
· As electrons move things down the ETC chain and this moves protons across the membrane 
Metabolic Diversity: 
· There are in reality 6 but txt book has 4 
· When we have organism that’s grow 
· Ions can isolate between 2 plus and three plus thus we have iron with high and low energy 
· Light, ATP, minerals, = three divisions in each of the autotrophs and heterotrops, and when you create a 2 by 3 matrix then there are 6 options 
Plants build carbon and they build gluscose 
· The suns energy is harnessed to make high energy itermediates create ATP 
· All the enrgy that the plants made in the glucose ring, and we break it apart slowly so that we can get energy out of it 
Redox Pair: 
· If you gain electron = reduced 
· If you lose = oxidized 
· The conversion of NAD to NADH 
· When we take awayhigh energy electrons the protons are released =we are very controlling moving them down the electron chain 
· The bacteria have found a way to get the high energy electrons to ge energy 
· Plants have to break down their own glucose to create there carbon backbones 
· The plants don’t make carbon from ATP , they get it from sunlight 
· Bacteria can take methane and turn it into CO2 and H20
· Bacteria can basically create high energy electrons and the corresponding protons from just about anything and then create a proton gradient and then produce ATP 
· The one bacterium that is most common is the one that produces oxygen as a waste product 
Bacterial Importance 
· Landfill sites, used to burst to burst into flames all the time 
· Bacteria used to create methane from breaking down the garbage 
· The residual oil that was though to be there, was actually broken down and digested these oils 
Prokaryotes and Humans 
· A single bacterium can be airborne even and it can spread world wide very rapidly: this is airborne 
· TuberculosisL breaking out in Africa and its because there is now a form that is entirely resistant to any drug that has been made to cure that disease 
· Natural selection has occurred with fixation 
· The mechanism that made it resistant to the drug can be transferred easily through horizontal transfer 
· Bubonic Plague: a bacterium transmitted by the flea 
· Lyme disease: we are heading towards disease resistant 
· Gonorrhea:  disease resistant bacteria 
· Anthrax: the Bison population is trying to be rebuilt 
· Food poisoning: salmonella, 
· Listeriosis: this is what the meat making plant in Alberta was, 
· A few years earlier maple food prodructs: causes disease cause it had listerosis 
1. We also now know how to fingerprint the DNA and distinguish between toxic variations of dieases versus non toxic versions 
2. Because they becoming treatment resistant 
Nitrogen Fixation: 
· They can take nitrogen out of the air, and the nitrogen can then be incorporated into organic molecules 
· Amino acids have nitrogen
· Nucleic Acids 
· In the original composition of the wolrd: bacteria were the only ones that introduced nitrogen into the world 

Nitrogen Cycle: 
· Nitrogen is the limiting factor for productivity on the planet 
· If you take and seed plants with organism they grow very well and seed off bery erl 
· We mine mineral nitrogen ad put it on the enviorment to increase prouctivity of plants, but this is an extremely artificial environment 
· We now get these massive gowths of algea, and as they strip oxygen out of the water as they dies, then the water cannot support the organisms that live in the water 
· Every spring, when the farmers put there nitrogen fertilizers, there is a dead zone that ic created and it has 100% killed everything 
Extemophiles: 
· Halophiles: they love salt 
· We cannt grown them in the lab, and study a purified version in the lab 
Thermophiles: 
Cyanobacterium
· First photoautotroph 
· These organisms are successful in trapping electrons and pumping protons across a gradient 
· Splitting water molecules using light 
· This organism can build organic material faster thananyone else, an it ends up oxidizing the materials of the world 
· These banned red ones, were layed doen when the water was rich in oxygen and the rusting rd bands, the oxygen is being taken out of water as fact as it can 
· Everything up until tis poit there was no oxygen in the environment 
· When ozone is created, this is a change reaction and this is how the ozone layer forms 
· UV Light = DNA mutagen 
· It produces oxygen, changes the atmosphere, changes the oceans and now it means that other organism can come up and ot of water 
· These cyanobacteria all lived in the shallow portions of the ocean 
Stromatolites: 
· They would form mats where they would build upon each other and form again and again. 
· This one little bacterium essentially changed the world with the oxygen production. 
· Just a residual structure that existed, and this probably mimics how the world looked at that time 
Viruses:
· They represent a very unusual set of entities 
· They are not living, they don’t meet that criteria 
· We don’t know where they came from 
· It is a set of proteins that contain within them the genomic DNA for a virus 
· That DNA then starts to make proteins, learn the process 
· What is the origin?
· Because the virus life depends on intact viral cell, they need them to replicate therefore they couldn’t have come first 
· Represents the minimum replicating structure 
· The virus can be a degenerative,
· Or we can look at it based on the RNA world; maybe there was a minimal form that existed of replicating piece of DNA and protective DNA coat and then when cells evolved, it jumped onto them and started to perfect itself 
· There is no answer and we don’t know which came first 
Virus Morphology 
· Two types of morphologies, either enveloped or unenveloped 
· All viruses consist of genome and that is inside the capsid
· In the enveloped ones: there is a plasma membrane, which is derived from the cell that grew 
· HIN1 = cell virus 
· The envelope = plasma membrane from the cell 
· A chartization or a biochecmial fingerprint of the proteins found in the capsid= the finger print number profile 
· If we make a vaccine: we create a large amount of antigen 
· These groups like the bacteria, there biodiversity is seen in their biochemical reactions 
· T4 phages: it is a carrier for a DNA molecule 
Viruses aren’t cells 
· No cell membrane 
· No ribosomes : can’t create any of the materials that it needs for life 
· No mitochondria 
· DNA (RNA) wrapped in a protein coat 
· The virsus is nothing more than a piece of genetic material wrapped in a protein coat that violates other cells 
· Understand slide 41 
Replication 	
· The phages that are out there they are one of the main controlling elements that keep the bacterial level down 
· They are sort of a population control of bacteria 
· The Lytic cycle and lysogenic cycle 
· Lysogenic: viral DNA has entered the chromosomes and as it replicates over and over again. 
· The amount of dead and dormant viral DNA that we have in our genome 
· This inclusion of viral genome into host genome = happens in almost all organisms 
Exit host: Budding 
· It has placed viral proteins in the plasma membrane of the host cells 
· It covers itself with the modified cell membrane of the host when it is performing exocytosis 
· The viral proteins are there so that we are able to inject the virus inside when we find a new cell to inject 
· The plasma membranes fuse and the entire genome transfer over, they enter the other cell usually in the capsid protein and then they release themselves when inside the new cell 
· The coding and systems to make message in a eukaryote are restricted to the nucleus this I f it cant make it to the nucleus it won’t duplicate 
· 
Prions: IMPORTANT 
· A series of beta pleated sheets and alpha helices and it can change its configuration 
· This aberrant form, it has the ability to convert t a regular prion into the aberrant form 
· The aberrant form – sticky and it grows and as it extends out it branches and touches another prion and then transforms it into an aberrant prion and this chain reaction doesn’t stop 
· When this happens in tissue 
· This is happening in the extracellular space: they are forming cellular white fibres, it turns out that this protein is one of the ancient ancestral glues that made ancestral proteins 
· When this occurs in an animal in brain tissue: if the cells start disconnecting from one another because of these aberrant prions= problem
· This was a GENE THAT WAS TRNASMITTED THROUGH ANY GENETIC MATERIAL BEING
 INVOLVE D 
· Mad Cow Disease: all it takes is one of these aberrant proteins to get inside the bodies of a living organism 
· It will find proteins that it can transform into the aberrant form = between the linings of the organisms 
· No way to stop what the Prion does 
· Crutzfield Jacobs Disease = absolutely no cure for this
· This is a protein that can self-replicate itself, without a genetic component 
· It’s one of the ubiquitous proteins cause it is a CAM
Viroids: 
· Small circular pieces of DNA and they are self replicating 
· They found a small piece of STABLE Rna and this RNA molecule can shut down the entire process of creating proteins 
· The first form of Hepatitis D is a viroid. This RNA molecule is travelling with a packaged hepatitis B inside it 
· You get Hep B and D and shuts down RNA silences and there is absolutely no cure for it 
· They do evolve which is a characteristic of life, but they don’t have any of the other characteristics 

Proterozoic Eon: this whole thing goes on the next midterm 
· Third Eon 
· 2 billion years 
· Single cell eukaryote life in an anaerobic world 
· For them oxygen is toxic, all of the preavaiable oxygen, it now becomes available for the anaerobic 
· 2 billion years for experimenting with single celled life, all the diversity in the protiska, there were only be two lineages that form the multicellular plants 
· Green algea = plants 
· Animals and fungi  (both heterotrophic) = chromanocyte 

Eukaryote Autapomorphies (would be in slide position number 4)
· Nuclear envelope 
· Endomembrane System 
· Multiple chromosomes and diploidy
· Centrosomes 
Eukarya: 
· Look at table on slide four 
·  The Archea may be the close relatives to the Eukaryote 
· The archea were probably not the panspermia, the weird characterists that they have are not from the introduction, they are just survival 
· So LUCA = was not an Archea 
Nuclear envelope 
· A simple invagination, until we get two bilipd layers surrounding the nuclear material in the middle 
· It has nuclear pores, because it is a major  innovation 
· We now have a sie that is specifically designed and set up for replicating the DNA and making a message 
· The message goes out through the nuclear pore into the cytoplasm; which is the site for building ribosomes etc 
· Unlike bacteria, we know have two very sepearte compartments 
· This ER is an extension of the plasma membrane system 
· Rough ER: it has ribosome studded on the surface: a whole extra set of passage ways and all of this extra membrane is ideal for solving the surface to volume ratio problem 
· We know the golgi, ER, etc all as organelles 
Origins of the Mitochondrian 
· Get 
· The Bacteria are engulfing the other bacterium , td wasn’t destroyed the bacteria that was engulfed was wrapped in the membrane 
· The bacteria that was engulfed = it was trying to perform cellular respiration and get the carbon compounds inside the this is how symbiosis occurred between the cells occurred 
· Review this theory of the symbiosis for the origin of the mitochondria 
· Every single mitochondria can be traced to this event occurring only once: thus that’s why the mitochondrial evolution is essential for understanding life 
· They are passed on through the maternal life: the female lineages that can be traced through mitochondrial DNA
· So charcteristics acorss fungi, animals etc 
· *** VERY IMPORTNT**
· Later the same thing happened with the plants 
We hesitate to say that the mitochondria is part of the endomembrane system but it is a result of that 
Eukaryote variablility; 
· To reproduce we are going to make gametes through meiosis and create a zygote 
· We always have a diploid start create gamtes to fuse 
· 2^3 for the amount of ways they can mix after they have sex 
Crosing over (chiasmata)
· The greatest source of genetic variability 
· We don’t just get4 billion possibilities, we can now get a potential of how many trillions of possibilities come from this process 
· THIS IS WHERE ALL THE GENETIC VARIATION COMES FROM FOR EUKARYOTES and this is an autapomorphie for the group 
Centrosomes: 
· If we are in mitosis we sepearte chromosome pairs in meosis we divide twice in order to get to the haploid state 
· A series of triplets and there are nine of them on the outside and there is always in a pair at right angles to one another 
· The main cytoskeleton is directed by the centrioles 
· There are little motors that move along the fibres 
Molecular Motors: 
· Dyenin and Kinesin 
· They have to little feet and the dynein molecules move toward and kinesin move away 
· The opposite side to the feet are carrying things 
· These are called molecular motors because depending which one you have = which direction you will move 
· This is how chromosomes are moved along the spindle fibres 
· The centrioles build these spindle fibres ad they destroy them as well 
How do we get the first cell motility?
· The flagellum is only unique to prokaryotes 
· That centriole can make cytoskeleton and  the centriole was able to build all these cytoskeleton components and they could deform the cell shape and thus form movement
· This is called cell gliding 
· These microtubules develop and they do projectiles of cytoplasm 
· They are self replicating 
· When cells divide they get a daughter centriole and a father cell and there is no genetic info involved 
· The cytoskeleton built by the centriole builds it the SAME except way and positions all the organism in the same way every time 
· NO GENETIC INFO INVOLVED IN THE TRANSFER OF THE DNA 
· ** created a transport system for important materials independent from diffusion**
· This is important 

