Geological Time scale and life form
Major Eons
Phanerozoic (543Ma – present)
· Multicellular Organisms
· This time organisms can move from water to land
· Cells join each other and develop a communication system (talk to each other chemically) to allow multicellulaity
· Giant bloom in the oceans

Proterozoic (2500-543Ma)
· Oxygen atmosphere, single celled aerobic organisms

Archaean (38,00-2500Ma)
· Anaerobic batcterial life
· Oxygen accumulates
· Luca
· ATP captured and used to build (protons going through pump to create ATP)
· Bacteria is metabolically diverse (ei; take iron and puts it into two redox states to capture proton inorder to make ATP)

Hadean (4600-3800Ma)
· One bacteria takes oxygen from water, uses it to make energy, and then makes oxygen waste
· Turns out potential energy from breaking bonds is to pull hydrogen out of water. Therefore  this bacteria is pulling more energy 
· Ocean becomes dominant to oceans
· Still sees these bacterias today volcanic vents and in the bottem of the hot springs
· Oxygen that for released for absorbed by materials in the cotem of the ocean became rusted/oxidized
· Once they rusted, there is an equlibium of how much oxygen can be absorbed, thefore goes to air
The BMO building in Toronto
· 72 floors each floor represent 64 million eyeard
· 12 floors Hadeann
· 12-33rd floor (still only bacteria is the Archean 
· 33-63 floor, Proterozoic 
· 63-65  floor paleozoic
· 65-71 floor mesozioc
· 72 floor  cenozopic
Major Era Slide 4
Phanerozonic 
· Cenozoic (65Ma-Presnet)
· dinosaurs disappear and mammals and bird’s arrive
· Mesozoic( 251-65Ma)
· Flowering plants, dinosaurs, even more insects
· Paleozoic
· Marine vertebrates, Cambrian explosion
Hadean Eon (800 million years)
Galaxies
· Clumps build up until their mass pulls in planetary material 
· Great galaxies made (uncountable) constantly being created and tore apart (in result of gravitational pulls)
· Early stages of the galaxy contains huge amount of cellular debris being pulled around, energy released from these collisions makes fusion reactions
· Some objects not pulled in by sun and created orbits around sun
· Two types of planets
· Metal/heavy planets (mercury, Venus, Earth, Mars and then astro belt
· Frozen gas planets (Jupiter, Saturn, Uranus, Neptune)
· Saturn and jupiter were so large that when debris came, it was more likely to be sucked up by these planets rather than the sun
· In the solar system we system; we have unique parts of our solar system
· Huge amounts of cellular debris
· Sun pulls in all space debris with gravitational pull
· Kinetic energy released when debris crashes—yet not all are pulled into sun and creates orbits around the sun  planets etc
· Anything that has frozen gas, however when they get to the sun they vaporize and become minerals 
· Satern and Jupiter have huge mass, as well as the sun, thus protecting it from debris/objects that may be able to crash
· Late heavy bombardment: The Nice Model
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· Explanation for phenomen  happening  with planets
· Time were planets/moons keep getting hit by adnormal amount of asteroids (the late heavy bombardment) 
· Before final solar system creation, a very heavy belt surrounded four inner planets 
· Neptune and uranus were switched so that Uranus is on the outside
· Found through studies, there was a time that Saturn and Jupiter were close to each other due to the 2:1 ratio in circulation of the sun at one point (Saturn orbited Jupiter orbited twice) therefore periods of time when they were close to each other exerting a strong gravitational pull
· Huge disturbance  
· Neptune was kicked out of orbit and kicked out past Uranus 
· Asteroid belt were clears out and shot material randomly into solar system, meaning that every planet was rained down upon by these asteroids
· At the end, planets in the orbits rained upon by objects, and this stabilized the planets 
· Now orb cloud surrounds us way at the edge of the solar systemnot constantly being bombarded
Habitable Zone
· Mass of planets must be heavy enough maintain atmosphere so that everything stays in place and retain water so that it doesn’t go into space
·  distance from sun created this habitual zone where it can maintain water at a liquid state  an bit freeze/vaporize 
· “goldy lock planet”

Put into two phases
building phase goes on until the solar system is cleared by the events of Jupiter and Saturn
· when hit molten mass created
· caused crust to form in the planet when hit its absorbed into molten rather than starting over again
stabalzing phase
Earth 4000 Ma
· water on planet been though boiling, vaporizing (maintained though by atmosphere)
· water is stabilized after vaporization and being condensed
· left us with water that coated earth

Origins if Life on earth
Special Creation everything came on October 24th 4004BCE 
· wouldn’t say they came all at once, but believed that this is when bacteria came from 
Extraterrestrial Origins (panspermia)  came from an object that hit earth and survived
· Bacterium survived from something that hit earth (Luca: first bacterium) 
Chemical evolutioninorganic chemicalssmall organic chemicals (macromolecules, plasma membrane from polymerization) 
· Must look at water itself in orders to understand this evolution, must look at water
Wacky Water: universal solvent 
· Cohesionlike to stick together
· Polar Bonds and hydrogen bonding
· Non plorar covalent bonds and polar covalent bonds
· Surface tensionwater molecules strong bonded though hydrogen bonds at the surface
· There is a “skin” on the top of the water
· Organism would have to break this skin to breath air
· Solvent properties water tends to pull stuff apart
· Interacts with (ei crystal lattice) surround the molecules. 
· Dissociated charged molecules, surround with water, and makes it independent from the rest 
· Thus, universal solvent 
· Ice and water formation 4oC molecules in water form crystal lattice 
· They form a lattice and water stabalzed at that
· Water will never be more dense then 4oC takes a lot of energy to break
· At 0oC it is less dense
· Meaning that ice water is more dense than liquid ice will float on water
· Life could live under ice
· Temperature water is resistant to change in temperature
· It takes a lot of joules in order to change water’s temperature 
· All oceans mostly at 6 degrees C, allowing life 
· With all these characteristics why people want to find water in the goldlock zone
Organic Evolution 
· Carbon is essential to life
· There is four bonds (tetrahedral)
· This allows you to make chains, branches etc
· We are carbon entitles, we are made of it
· Silica also does this, however it is rare
Miller-Urey Apparatus
· Two organic chemists interested in evolution, and made in a closed sytem model of earth
· Boiled watermade spark dischargestrapped liquid water in trap
· As time went on, eventually nucleutides formed, lipids evolved etc
· Experiment repeated in numerous ways
· As you change mix in gases, you can make many different organic molecules
Origins of Organics (monomer)
· Prebiotic soups incudes the miller uery experimet
· Other source falls deep in the water (stronger suspition)
· All reactions occurred under water in one reaction
· Where earth crust is being ripped apart
· Pressure of chemical reactions (water compresses motion of water that is being boiled)
· Same gases proposed in atmosphere
· All these produce spontaneously the marcomolecules
· Also contain bacteria cells that can withstand heat and pressure breaking apart these chemical compunds
· Hydrothermal vents are these
· and Interstellar organics contaiminated with two and three carbon substances
· important because some bacterias that use this make atp
 
Bipolymers (macromolecules)
· Central Dogma of Biology idea that dna is self replicating, contains information to make protiens,  protiens are structuresoff it we make message rna stitched together with tRNA
· Information in DNA
· Central dogma changed in 1985figured out that RNA can turn into DNA
· Discovered by HIV virus it is an RNA that can change its self and replicated to DNAwith other retro viruses
*What was the first macromolecule?*
· DNA cant be first macromolecule since its too complex
· Protein cant be first macromolecule since its too instable 
· When RNA was seen to reverse itself, this was proof that RNA is possibly the first macro molecule
· Either say pansperimia
· Enzyme and catalytic activities with the ribosomes
· RNA people would say that RNA started to stitch proteins together and proteins became the catalitcal world, and RNA only held information
· RNA is not stable, and short lives, and it made double helix at one point, thus leading to DNA (the central dogma)
· Protein people would say that protein made RNA, unstable RNA then made DNA
· Problem with this  can not form with a nice surface and can not stay all together (can not have chain growth because the would keep falling apart due to charge groups not being evenly distribited)
· This was a problem until it was realized that there is another element, (inorganic) clays, that come to play
· Claysminerals that are charged and therefore make cohesive structures
· Certain clays that are repeated
· They are life charged grids
· If organic molecules can not stay togetherhow can you make them stick? 
· Clays because of their regular charge, can bring stuff to the surface and align them with catalytic reactions they are able to stitch together molecules
· Can fold itself into perfect structures 
· Allows protein chains, and when they release, they form structures
· Molecules not made in solution as originally thought, yet in changed surfaces
-noone knows how ribiosugar made to connect DNA 


Need to stitch these organic molecules together clays proposed
Side product of the miller urey experiment is oily substancesoil skum at the top called oils lipid and fatty acid/ This is what the membranes will be formed with

Bubble Hypothesis for Cells
If you take an oil substance and a liquid you wend with micelles and microspheresmore shaking = smaller bubbles
· When you shake something really fast, bubbles that contain a sample of the aqueous environment form whithin the lipid, these are the micelles (liposomes) or microsphere.
· Over time you have trapped the bubbles in a lipid layer that is wrapped around these bubbles,  , this how a cell started to form
· With the bubbles entrapped in the lipsome/microsphere/micelle, this is called a protobiont 2
Micelle Replication 
· A+BS
· A and B are soluble yet when the make S it is insoluble
· When the are shaken, they trap in A and B and S surrounds it because it wants to get away from the aqueous environment (hydrophobic) 
· Organic products entrapped 
· S incorporated in membrane
· Will get bigger and bigger and sometimes divide  simplest of cell division
Protobionts (protostomes)
· Contains all components mentioned in bubble hypothesis theory
· In this phosolipid sphere, nutrients are able to go in and a gradient and difference of concentration will allow it to come out different 
· Glucose phosphate enters the protobiont, and provides phosphatase necessary to break starch into maltase and phosphate
· Compound (glucose phspahte) can start reaction to make a big substrate unable to escape membrane due to size (starch, and even the phosphatase) and turn in to substrates small enough to escape cell membrane
· This is a form of metabolism that arises from the membrane 

What is Life and Emergence (when the sum is more than the parts)
Organicists (1930) vital force replaced by genetic program and importance of emergence (sum bigger than parts) ei; protein can be stitched together and wont do anything, but it must be folded in order to do anything
Example: hemoglobin loads faster than four spate myoglobin since it only needs one oxygen and it grabs three oxygen’s, 1 hemoglobin=3 myglobins EXAMPLE OF EMERGANCE
What is Life?—emergent properties. Need this to be living
· Organized- with cell as fundamental unit-probiont can not
· Metabolizing- capturing and realizing energy—protobionts can absorbe capture but can not make energy
· Self regulating- balance-protobionts cant do this
· Ei; organism not getting enough light moves towards sunlight
· Reproduce –life from life- yes but it is not the same complexly as we would expect
· Evolving- adapting, changing- no the protobiont doesn’t have genetic material for this to occur
· Responding- sensing and interacting with surrounding-no protobionts are sensless and bling things 
· Growth- increased size over time- protobionts can not do this
At the end of the Hadeon
· Know how the first cell looked like
· Either cell was formed or panspermia 

Archean Eon (Almost quarter, 1.3 billion years)
· ends when oxygen atmosphere is formed
· life on planet, the archea, that will dominate the planet

Kingdoms
· now; Animilia, Plantae, Fungi, Protista, Monera
· linnaus only had two, animila and plantae
· Protista and monera too microscopic
· Fungi was considers un photosynthetic plants
· Now recognized there are five kingdoms, 2 which are unicellular
· Kingdom Monera- includes all prokaryotes (no nucleus, or ell organelles) Plasma membrane bags with procseeses
· Kingdom Protista—several of the unicellular eukarotes with the presence on a nuclues
· Single cell prokaryotes and eykaryotes are the two divisions
Multi celled Organism too
· Kingdom Plantae- has chloroplast (ONLY KINGDOM)
· autotrophs
· Kingdom Fungi- absorbing heterotroph  
· Heterotroph, absorbs food across cell food (absorptive)
· Kingdom Animalia- must obtain food
· Heterotroph, digest their food internally (injective) 
All fine until people looked at monera (the prokaryotes)
· Monera is broken into (Eu)Bacteria  and Arhea (oxygen free world, first to appear)new taxonomic category
· Domain above kingdom which contain prokaryote and eukaryote
· Prokaryotes- Domains—Bacteria and Archea
· Slide 8 
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· Possible to divide bacteria world on if they use histones or not and many other factors (ei; translation, lipids in bilayer of plasma membrane, 1st amino acid) 
· Archaea and eukarya are made: not distinguished which one came first
· Said that eukarya and archea are realted
Prokaryote Phyla
· Updated list of all the domains and how they relate to each other
· Whole crap load of organism where we don’t know ehere they go

Morphological Diversity—bacterias organized though this method-
· shape
· Cocci batereia- round
· Bacilli- long
· Spirillai- spins
· Squares
· Size
· Mobility
· Metabolism

· Bad mistake to distinguish them by shape. Ei; Ecolisame shape, why are some good and some bad???
· Now we “finger print” bacteria
· Strains have numbers—some are benefital, some a deadly
· Bacteria cell (slide 11)

Surface to Volume Ratio ASKED BY HOUSEMAN
· This bag cytoplasm needs to extange to the enviorment, wither has to absorb it, or make metabolic waste it must leave the cell.
· When organisms are really small they have a large surface compared to the volume (since surface area is squared), (volume is cubed)
· Surface area can not keep up to the volume because of this ratio above, therefore smaller bacteria’s can have great diffusion
· As organism gets bigger, they need to create more surface (ei; the lungs, when folded out, is one and a half football fields)
· Very first organisms have the advantage of being small, therefore have large surface to volume ration, and therefore do not need specialized structures-no membranes, no organelles
· Larger cells such as eukaryotes, the there must be solutions to the small surface area to volume ratio problem

· Bacteria has the best surface to volume ratio
· Bacterias also have nucleoid, and a plasmid which is a circular piece of DNA
· No membrane or nucleus
· What does this mean/why is this important?  
· Plasmids are another form of DNA
· Molecular biology starts with plasmids
· Cytoplasm loaded with life, ei ribosomes, messges being releases, trna that will combine with ribosomes to produce protiens, even the ability to start producing energy 
At the time, all organisms are living in the oceans
· The salinity in oceans are = to that in the cell
· When micelles are formed, are the same as the ocean
· Must protect themselves from the rain since its osmotic environment
· What happens when you get a cell (ei blood cell) that if tey come in contact with (ei frash water) they will burst because water wants to get in with salt
· Make structures to protect cells that will protect cells from this bursting due to osmotic enviormen
· Outter membrane always contains peptido glycan, glycan is a sugar, pepto is an amino acid chain, so it is a mesh of an amino acids and carbohydrates to create the rigidly and shape formi of the bacterial cell
· Characteristic of bacteria
Bacterial Cell Walls 
Can divide the bacteria cell wall to two groups
Was a time you can divide bacteria into two groups

Gram positive 
· Peptidoglycan layer sits ontop of plasma membrane and then there is cytoplasm
· Stain placed in and can react, the stain sticks thus positive
Gram Negative
· Peptidoglycan layer is in between the outer membrane, and plasma membrane, therefore two phosolips bylayers
· Stain can not react with it, therefore it does not stick or stay
· Gram negative are more occurring

THE H FACTOR IS DEPENDEDNT ON THE OUTTER WALL CONDITION IN THE FINGER PRINT

Flagellum
· Molecular motor 
· Made of 40 proteins—23 are essential (17 vary)
· Ran through proton pumps (protons going from higher conecentration to lower)
· There are proteins that imbed it in the membrane
· Every time a protein falls though, the shaft in the middle (surrounded by motor) it changed shape and nudges the shaft to ‘spin’ in one direction
· The hook which is attached turns this rotation into the filliment rotation 
· Cell can stop and change direction
· this is the flagellum of a prokaryote, not eukaryote

Bacterial Reproduction 
· Endospores 
· In an dormant stage—can survive extreme conditions
· Pilli
· Can connect to other bacteria to exchange information 
· Binary Fission
· When they divide, the replicate dna so they have two pairs of the circular genome, attaches it to the cell wall, and when division occurs the components of cytoplasm and one genome is in each  means that this is a perfect clone
Where does genetic variation occur? 
· Remember it does not favor mutation, yet its replication system gives exact clones

Horizontal gene transfer
· Bacteria Conjugation; plasmid transfer
· At the end, plasmid trafer ouccurs at the extranging of two cells
· F+ cell contains plasmid, F- contains no plasmid
· Ability for plasmids move between bacteria
· This is how genetic variation occurs “F factor”
· Site of antibiotic resistanceon plasmid
· Can make a bacteria that we usually can treat, and make them resistant to our treatments
· One strand of plasmid replication goes in other and replicated
· Bacteria Conjugation gene transfer
· Cell replicated with genome in it
· Plasmid can insert itself in the circular genome of the cell so that its incudes itself into the genome
· Every one in a while a small bit of plasmid cut in  to other bacteria
· Sometimes plasmids cuts itself out- however the end point that the plasmid cuts it takes a small chunk dna with it so that it changes the genome characterization between different bacteria 
· Not only change the genetic variation, yet when it leaves the bacterium it can take part of the bacterium dna with it, changing its genetic bacteria
· Essentially, plasmids are moving the genomes around
· Transformation
· Bacteria can take DNA fragments just lying around in the enjoinment
· Incorporate stray DNA into their own
· Referred as *jumping genes* 
· The ability to do this causes great genetic variation
· Transduction
· Phage contains a brand of nuclear material material strand 
· A Phage contains genetic material, and reproduction mechanism-no trna, no ribosomes
· Phage latches on to bacteria, and inserts its genetic material in it by and synthesis enzymes that will destroy the bacteria genome
· Ruins bacterium genome, and uses it to replicate its own genome
· Will continue to replicate in bacteria cell 
· Will eventually burst out and latch on to next bacterium cell
· **Sometime the phage does not successfully kill all the bacterium genome, some of its genome is just left in the bacterium
· When the phage self assemble to go out and infect more, a phage will grab a bacteria DNA, not its own
· The phage that contains bacterium DNA, it will go to next bacterium, which will simply just add the new genome to its dna variety
Metabolic Diversity in ATP production and carbon sources
· Bacterium good for their metabolic diversity in ATP production and carbon sources
· Going to build carbon bonds, or get energy to build carbon bonds
· create a proton gradient (protons can go from a high concentration to low), this is how you form atp and thus energy 
· Ei; mitochondria uses the gradient uses it to add the phosphorous to atp
· There is two forms; redox reactions and cellular respiration
· Autotrophic- you can take three carbon dioxide gas and use energy in order to make carbon-carbon bonds
· Photoautotrophs- if you use the sun to carry out this task of atp synthesis then you fall under this you fall under this section
· Heterotopic- Another source of carbon is already existing carbon-carbon bondsgoing to cleave carbons off them
· you already have the carbon bonds you just have to add on to them/modify them (your carbon source is from carbon-carbon bonds)
· Photohetertorophs 
· Chemoorganoheterophs 
· Chemolitthotrphic heterotrophs- minerals can gains and loose these charges
· Three energy sourcses: the sun/light, the existing energy in carbon-carbon bonds, and mineral
· All fix and be found in bacterias (only organism that can do this)
· Slide 25-there is a bacterium that can break doen almost anything and break it down for energy
· No surpise that from the prebiotic soup at the end of the hadeon eon that bacteria could preform the task of using any gas/substance for energy break down
Bacteria Importance
· Disease
Prokaryotes and humans
· Airbone
· tuberculosis
· Arthropod-
· transmitted by a tic
· the black plague
· Direct contact
· anthrax
· Food or waterborne
· Food postioning




· Nitrogen fixation
· Bacteria is the only organism that can take nitrogen and incorporate it to an organic compound
· All this nitrogen in brought into the enviorment by bacteria
· Nitrogen is a limiting factor—you cant make aminio acids, nucleotides etc; we cheaply produce enotrogen
· Nitrogen is the main part of fertilizers that farmers use
· Most nitrogen in plants fall of soil
· Decomposition
· Important factor of our decomposition cycle
· Recycling plant material
· Closely related to nitrogen fixation
· Extremophiles (archea)
· Halophiles and thermophiles
· Only starts to fugure them out
· Can survive extreme conditions
· Halophiles is salt water
· Thermophiles is in fresh water
Fossil bacteria
· Morphology and appearance are almost identical to fossils
· One bacteria that is extremely different is the stromatolites
· Over time of layering you get cushions that get bigger and bigger
· In Australia still spotted
· Bacteria growth in shallow seas that are building stromatolites todays
· Use water as a atp energy source
· Oxygenation of the planet starts to occur at this point by cyanobacteria 
· Cyanobacteria releases oxygen which fills the world
· Will see that the non oxygen animals will go into hiding
Viruses
· Interesting because we don’t understand how they fit in
· The min amount of material in order to be (nt an organism) to make itself again
· Doesn’t have tools to be its own organism, or make its self again
· Piece of genetic material wrapped around looking for a host in order to live on (parasitize) 
· Phages can do that with bacteria cells as seen earlier-yet the can affect any cell
· Were they the first organisms on earth? This is hard to assume that they are since they depend on other organism for living
· Vaccine take the flue virus and break it down to virus bits to inject it to create an antibody against it
· Neurologists can go in and guess what is going to be the mots likely strand of virus to appear
· Look at geological location, so the flue shot contains a lot of certain viruses that are “dead”
· We can finger print viruses so that we can make the anti virus
Virus Morphology
· Based on if the have an envelope (created by host) or not
· Helical –protien case
· Polyhedral –protien case
· Enveloped –bi lipid membrane 
· Complex enveloped
· Not dna inside, it is essentially rna, would be the one that codes for the sense or the complement to the strand that codes for protien (can be sense or anti sense)
· Some contain double stranded dna
· The protein that covers the virus is the capdis (protein)
· Envelops is called phosoliid bilayer
Viruses are not cells?!?
· No cell membrane- they steal if from their host (the enveloped ones do)
· can not make proteins including the ones for replication. They again steal this from the cell that they invade
· No mitochondria-they do not capture energy they depend on the cell that they invade
· They are basically packaged DNA/RNA in which is wrapped in a protein coat that can detect the cell they wish to invade and has the invasive material with the ability to shut a cell down and 
Viral Phases in replication
· Recognize with receptors with entry (proteins similar to their protein membrane) 
· Transcription and viral protein production
· Replication of viral genomeafter this is done proteins for the head and tail units are also madeAssembly of virus
· Exit and started transition to new host
· The above is known as the lytic cycle (bursting of the cell)
· Lysogenetic cycke: The virus sits in the cell-does not immediately cause it to burst, and just replicates
· Up to 8% of our DNA is viral genetic material (cool fact ) 
· Represents lysogenic cycle
· Probably a fault virus 
Exit Host- Budding
· Exocytosismakes proteins that gets embedded in host cell that will be used by virus to locate it. Enveloped viruses have a piece of the membrane wrapped around in (enveloped
· Had imbedded in the membrane are proteins that will help in enter other cells
· Can do cell budding when exits, which keeps the cell alive, or cell rupture which kills the cell
Prions and Viroids
Prions
· Very unusual proteins that have two folding codings
· Two foldings-- Normal vs Aberrant
· Aberrant form catalyzes normal form to make the aberrant form
· Beta sheets lined up and alfa helixs change 
· Aberrant is extremely sticky, therefore when molecules make a new configuration, they simulates adjacent proteins to do the same, but they stick together: harmless(normal)harmful(aberrant)
· Pushes against other cellsmake ‘vacuoles’ filled with plaque and when it enters human it makes diseases
· Proteins are essentially generating itself from another proteins
· Plaque causes cells not to function properly—especially neuron cells—causes cells to desegregate   
· Mad cow disease- This protein is highly indestructible
· Protein is highly stable-- could figure out what this was because we were looking for genetic material--- this did not have genetic material
· Extreme danger because all you need is one prion protein to come in contact with a portion that it can alter, and create these plaque filled vacuoles
· In the normal form, it shares a ancestral character trait that was used to stick cells together
· If this prion gets into any animal, (all it takes is one) that creates itself (pathogenicity) using other proteins. 
· Can leads to signs that it is possible that it is a protein first world
Viroids
· Can be very deadly in plants-small pieces of circular RNA
· Have circular piece of RNA that can induce pathogenicity in plant cells, and blocks protein production by blocking translation of message to proteins, preventing TRNA from creating protiens chains  
· Like a virus, but it does not need to take over the cell 
· This proves that RNA could have come first- a RNA first world
· Found this in humans and other organisms known as hepatitis B
· Humans can not get hepatics Bwhy?
· If you get hep. B, the viroid causes you to get both Hep. D which over blocks hep. B

Proterozoic Eon
· Eukaryote Biology
· “cells with a nucleus”
· Over 2 billion years all kinds of eukaryote cells
· ends when they join to make multicellular organism
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· eukaryote have nuclear envlepoe, eubacteria and archea do not
· don’t have circular chromosomes yet multiple linear 
· cellulose, chitin, or none 
· archea and eukarya have histones for their DNA, yet not Eubacteria
· both have the same starting amino acid
· eubacteria and eukary botht have unbranched plasma membrane with esters, yet archea has branced
· who is eukarya’s ancestor/sister group?
· Implicates that luca is a bacteria
· Eliminated panspermia idea since its not an archea  
Eukaryote Autapomorphies 
Origin of nuclear envelope and the endomembrane system
· Surface to volume is really good
· Enfolding of membrane started the nuclear envelope
· Created two environments 
· The endoplasmic reticulum branches off from the folds as well
· All part of the endomembrane system
· Could travel from the outside into the membrane if you were small enough
· Since the ER evolved from this, means that there is passage that leads to outside in early times with out being in cytoplasm department 
· All the membrane system is allowing eukaryote cells to get bigger, and exis to the out side world from the inside of the cell
Origins of the mitrocondria
· 1.8 billion years when there is an oxygen environment
· bacteria was feeding off bacteria, thus they were breaking down other bacteria
· Was not unusual fro bacteria to engulf another bacteria and use it as a food source
· ‘Fluke’ somewhere alone the lineshould destroy engulfed bacteria but it didn’t
· One bacterium swallows another bacterium, and does not digest it
· There is now a circular genomic DNA, a nucleotide base composition, a cell membrane with lipid components, ribosomes, 
· How it came to be? This bacterium was able to provide to the cell ATP
· What the cell provided was a  3 chain carbon called pyruvate  taking acetate and attaching the to a 5 chain group, then nipping them off to make ATP **oxygen is needed for this**
· Organic heterotroph 
· Symbiosis developed with these two organismsbacteria provides smaller bacteria with substance it needs to produce ATP, while bigger bacteria got ATP
· Which one came first the nucleus or the mitochondria? 
· We are all descendants of this event
· Genetic material in the mitochondria only passed through maternal line because fertilization with the sperm does not carry the mitochondria
· Huge event—similar event that will occur where a photogenetic bacteria with the same composition stated above is included, except it can trap sunlight that becomes the chloroplast
· Which one came first, the chloroplast or mitochondria?
· Organic heterotrophslight capture must have had come after therefore the mitochondria came first 
Multiple Chromosomes and Diplody
· If you have x amount of chromosomes
· Eukaryotes have diploids 
· When you take the diploid state, and produce gametes with a random (switch from haploid to diploid) different mix of the chromosomes
· If you take number of chromosomes, it take 2 to the power of the number of chromosomes combinations with how the gametes will mix
· Very quickly, if you take the human, there is 4 million gamesters you can get from chromosomes
· When this is occurring, the chromosomes sometimes cross over, thus causing more variationscross over can occur anywhere in chromosomes

-All these lead to a more complex cell that can produce energy, had an endomembrane system that increases the surface area of the cell, have many compartments

Another Element Ignored—the centrioles(centrosomes): an bunch of structures found in cells that consist of micro tubular arrays that; there are typically two of them
· There is in tows of three- and 9 of these triplets circle around
· 9+3 (groups of 3, 9 triplets) 
Microtubules
· When we undergo mitosis the chromosomes condense and go to the middle of the cell, and spindle fibers come from each end of the cell and attach to the micro tubular ray  
· Microtubules have a +ve end and a -ve side
· Can take chromosomes, pull them apart, 
· Uses spindle to do this
· Haploids cells arise from this
· Its ability to propagate itself 
· Centrioles not only control spindles, but they make up the cytoskeleton of the cell
· Signal sent to tubular protein that causes them to stack, and this causes the polarity—> this is known as a 9+1 
· This tubular aray is very important because it’s the guide surface for the molecular motors that move the cell	
· Dynein—towards the central
· Kinesin—away from the central
· Burn atp and interact”walk” along microtubules 
· Molecular motors grab things and literally and move them around (ie, grabbing the vacuole)
· Success of the eukaryote cells is they have molecular motors that use microtubule Skelton (microtubules)
· the microtubules are placed by centrioles
· if you take a cell and look at microtubules, and molecular motors, they put everything in place
· Setting blue prints down for these “railways”
· When cytokinesis occurs there is only one centriole in each cell
· This means that they can replicate itself-proof of protein first world
· Need to organize pretty much everything
· Allows everything to happen

Origins of Cellular Motility
First cell either in water or attached to substrate
· They were organo heterotrophs – consumed carbon molecules and broke carbon bonds to break atp
· These cells tare not swimming or doing anything
· can grow microtubules in one direction
· if you push on the cellular membrane in one direction, the plasma membrane is going to follow it
· have cellular gliding, this is not amid moid motion, the micromolecules os simply pushing against the membrane
· if the cell can move to a new location for find a new source of food that is an advantage
· microtubulas can now move cells
· 9+2 organs, instead of having triplets they only have two tubules twithin the shaft
· the origin has a 9+1 at the end, aka a flagellum
· can now slide to food source. Very first protists which all have flagellum are all unikont, and only have one—make water over around you
· moves water into groove 
· known as cell gliding
Second evolution incudes a second flagellum
· Now there is loco motion
· They are rising to the top of the water column
· They are feeding on other bacteria
· Endosymbiosis will lead to chloroplast—chloroplast bacterium engulfed
· Every single photosynthetic cell has two flagellum
· Among the heterotrophs with one flagellum (unikonts) still only have one flagellum
· Photosynthetic come from bikonts
· Heterotrophs come from unikonts

Protist Super Group

· bikonts vs unikints

Second Endosymbiosis of eukaryote cells
· Eukaryote cells engulfs a eukaryote
· not like the chloroplast origins where a bacteria with photosynthetic capabilities was engulfed
· photosynthetic unicellular organisms grouped as algae
· algae is what engages in  eating another
· Different chlorophylls used—in the plastids 
· red algae = chloroplast A
· green algae = chloroplast a and b
· shows us that engulfing happened twice (unlike mitochondria)
· non photosynthetic cell swallows red algae
· red algae is surrounded by cell membrane that engulfed it. This is engulfed by another cell—amount of membranes symbolize engulfing events
· red algae has 4 membranes 

Protists as primary producers
· Algae is the primary producer
· Phytoplankton is the primary producer
· Zooplankton are primary consumers

Protists Locomotion
flagellum 
· present one one or two
· one = heptarchic protest
· two = autotroph protist
· flagellar movment
· Planar movement is made by the flagellum
· Bending so that is pushes water to move forward
· Breast stoke movements
· Centrioles still at base
· must be a power stroke, and then it is bent
· forward motion a little back and repeated….this is caused by the motor proteins moving up and down the microtubules
· Hulicoid- spiral/spinning helix done by the felgellum
· Means that base does a rotation motion
· Dissortion of the shape as you go up
· The motor is in the flabellum, not in the membrane like the bacteria 
· Not like the bacteria motor that is within the flafellum 
ciliary-cillia 
· Centrosome are key
· Can have hundreds to thousands
· If you used planar beat then would collide
· Triplets produce microtubules organized in doublets (as a 9+2 organization)
· one of the motors is the Dyenin arms
· when the motors disort the shape of the cylinder, the arm starts to wave back and forward creating movment 
· Cilia movment
· There is a bit of backward motion
· Ciliate are able to coordinate their cilia in a different way—the fanwave
· There is a portion in the power wave while a portion is in recovery (like doing the ‘wave’ in the class room
· Able to spun roll, spin, move very easily
· Very precise motion that results in the presence of the cilia
· Cirri-fused cilium into one 
Amoeboid Movement 
· Third molecular movement—with myosin
· Known as pseudopods
· [bookmark: _GoBack]Not using a micro tubular motor
· Exist in two forms
· Ectoplasms is the gel part
· Like protiens in a chain, when actom reacts, the ectoplsasm “stiffins” therefore it is switching to monomer to polmer (it polymerizes)
· Monomers polymerized at the front of the protist
· Endoplasm in more liquid
· Uses fibres
· When myosin moves along the acting fivres, it can squeeze, forcing more liquid endoplasm to go forward
· Area in the front called the hyaliane cap thay deflects the endoplasm 
· Endoplasm in forced to inch forward
· Now it must go from stiff to liquid (needs to liquigy, or un polimerixe, the gel is being turned to liquid)
· Advantage? Myosim is great at switching directions
· It can instantly stop, have it move somewhere else
· Phsedopods is also a key way on how it feeds
· It surrounds its food source and then engulfs it
Protest Anatomy 
· Have two nucleus
· There is a micro and macro nucli
· Macro nucleus is a Poly ploid—might be 64 N
· Micronucleus –might be 2 N
· When they go under binary fission, they use the dna that is stored in the macronulceus
· It has a set of its dna set aside that used for a special reporoduction process called conjunction in its micro nucleus
· Macronucleus is the house of the protists, that runs the cell
· Set of cilium that is dedicated to feeding
· It pumps water into the protists and it is engulfed by phagocytosis (chunky organic material)
· Pinocytosis is ingesting dissolved organic material
· Cytoplasm is the same salinity that cells were created in
· Contractile vacuole fills with excesses water, pore opens in the dies of the membrane, and it skirts the water out
· Star shape because channels reach to all parts of the cell to collect water into the vaule
· Kind of like the pump
· Metabolic way of dealing with water in cells
· This is why animals don’t have a cell wall
· Complex structure that contains organelles—organelles because they are like organs
Type of Life Cycles
· Haplontic
· Most of life is spent with cells being a haploid 
· Whever gametes made, it is transformed into a gamete
· Ei a mushroom is in all haploid state, the egg and sperm makes a zygote (2n) which undergoes mitosis to make a spore (2n)
· Dipoloid between fertilization and metiosis
· Spores create the new plants
· This is the exact opposite of the animals lie
· Alternations of generations
· Combination both
· Multicellular organism that is either diploid or haploid
· Haploid stage produces egg and sperm, then it is fertilized
· After fertilization, zygote (2n) created) it does not immidiatly turn back, it undergoes mitous, than then meiosism and then it will make a haploid again to spores (2n)
· Gametes produced at mitosis is gametes (n)
· Therefore fertilizationmitosismeiosismitosisrepeat
· Diplpntics
· Organism that spends most of life cycle with cells in a diploid state
· Only not dipoloid is during misosis—small period of time in haploid state in the gametes (sperm or cell) long enough to be turned back into a zoygote (a diploid)
· Parasitic
· Disease used in first year biology is malaria
· Malaria life cycle it involves a mosquito and a human
· Miskito injusted cell of gametocytesinjestion og hapoloids (n)form to make a zygote in the misquote that attacted to the wall of itinclreases in number (spore formation)hundredes and thousanes of sporozoites in silarvy glandsmisquoto saliva infects humaninvades liver cellsmitotic increase Invade bllod cell->change morphology to feeding filled they switch to merozoite structurescan control when cell busrts fever and chills, this attracts mosquitos
· Parasite controls biology of human host so that it best benefits them
· Must get back to mosquito
· Goes back three tyoes of sporogony, schizology, gametology inroder to survive

Nutritional Stratagies
Injustion- animal like protest 





Phanerzoic – Palozoic
· Divided into three sections; 
· Cenozioc (65 ma- present time)
Palezoic Era
· Cambrian 550-488 Ma
· Ordovivian 488-443 Ma
· Silerurian 
· Animals—invertabrates
· Devonian
· Plants make their appearance in multicellular form at the endge of the water move up from there
· Carbomiferous
· Plants become so dominant, and there are no organisms to break down plant material. This eventually turns into coal
· Transition to land, as the plants move up so do the animals
· Permian
· Largest extinction ever
· Entire ocean disappears—only a few survivers
· Must repopulate oceans
· Impacts on teresstirla
· Not going to get flowering plant
Late Cambrian 514 Ma
· Almost all land massives associates with aguana
· Weather patterns occur- however no organisms not affected because there are no organisms on land
· Laurentia is affected—apllies that around laurentia there is an extremele continental shell
· This means the sun can hit the bottem, therefore alage is available, a form of food source
· High sun area of the earth is a really good intervator for biodiversity
· Laurentia includes the Hudson bay, the east coast of the canadian rockies
· This is where the water will be the warmest, sunniest, shallowest
· Huge deray of fossils- the burgess shales (in the Canadian rockies)
· Contains many unusal animals
· Organism that we would never recognize today because of their shaps and what they are doing
· The bergus shales, the shallow ocean had a cliff that had no oxyen—therefore there was no decay on the bacteria behalf
· Sediment landed on top of them, and over tens and millions of years created sedementry fossils-shales
· First predator as animal—hunting began here
· Fozziliesed in shales are the soft bodies of every single organism that in less than a 100 million years, made its appearance in these shales
· Since we understand confidential shift, we can predict where to find these shales
· Do not understand where they come from—wouldn’t of found fossils if not for the right person in the right place…
· 1900 one person spent a week and they moved rocks and found fossils
· fossils stop at one point, this shows the origin of where they animals fell down the shales
· explained them all to be arthopods
· late 80s 90s the shales have a rebirth—see there is the decendent of every organism on the planet today
why did this explosion happy?
· Common ancestor called the colonial chaonocyte
· Not multicellular because cells do not communicate together
· Hetertrouph, eukaryote cell
· This cell sits at the base of the fungi—to divergents that lead to the fungi and the animals
· We know this is the common ancestor is because it has a collar of microvilli with a flagellum sticking out and the arrangent of the microtubules is similar to every other organism
· We see this in digestive tracts, etc
· Chanocyte is an atapomorphy for the animila kingfom 
Anililia
· Multicellular eukaryotes—not really atpamorphy
· Ingestive heterotrophs
· Cells with different functions—not really an atapomorphy
· Chanocytes 
· Collagen—makes its first appearance as a mechanism as something to stick cells together
Animial Archeture
· Symemmetry and cephalization—asymmetry, radial, balerial symmetyry
· Embryology(cell division)-protomomes and deuterostome—all about the digestive tract and how that forms
· Body cavities—coelomate. Pseudoceolomate, acelomate(no body cavity)
The porifera 
· Ei; the sponge
· Sit at the bottem of the tree
· Use chanocytes in an aquiferous system
· Cells but no tissues
· Totipotent cekkes
· Heterotrophs—pump water into their bodies and digests it
· Asymmetric body pla
· 
Example of Sponge: Colonial Choanoflagellates
· First animals 
· Contain spongocoel, water flows through pores into the seal and out the osculm—they scrub out small bacteria and componentswhich gets trapped in the microvilli surface
· Infused with a lysoide	
· Amoebocytes cells that grab food and break it down to carry things between the different cells
· Sponges also have a skeleton made of protiens 
· Totipotent cells- therefore the cells are no commited to one “duty”
· As cells differentiate, they can not reverse
· There fore they do not have an specialized cells—they all just go to the aneba sites, and differentiate to different sites
· Sponge cells retain the stem cells thougout their life, which defines of totipotent
· May generate new pieces, and reproduce asexually because of this
· Symmetry is oral opening to oarl opening, but since sponges do not have this 
· they are considered asemmetical

Sponge sex
· releases sperm and eggs that fertalize on the outdies in the water
· chanocytes become sperms
· sponges sacronize when they want to mate, the make a sponge dust balls that contains millions of sperms that is distributed in the water
· sponges are experts at pumping water—therefore it will be pumped to next sponge
· phagocytosis occurs only if it’s the same species—if it is not from the same species then it will just use the egg as a nutrion 
· prime filter for the water column

Animal Innovations
(symplesiorphies)
1. gap (septate) junctions—loss of the chanocyte
2. true tissue with all components—internal digestive epithelium oral-aboral axis and symmetery
Gap (septate) junctions (connexon)
· tissue can function together and coornate now (missing in the sponges)
· no tissue
· diploblastic germ layers
· ectoderm (digestive) and endothem(endoderm)
· Triploblastic germ 

Gastrulation- digestibe spitheliu,
· Blastula contained within a hallow ball cell
· Pushi in hallow cell inward so that it forms a archenteron inside
· Two epothilial layers
· Cavity that you create is the primitive guide—has opening where fod will come
· Interon also called gut—sponges and next group change
Symmemtry and Cephalzation
· Assymetric
· Radial symmetry- where it can be divided and have two identical halves
· Bilateral symmetry and cephek
Cnidaria
· Cnidocytes
· Poly body plan
· Epitheliomusculaure- 
· Will ingerit the blaus

Cnidocytes
· What you get stung by
· The nematocuyst is in the cell that does the stinging
· Loaded with pressure in it that has coils 
· Sensory hair, it will turn inside out at will piece the outer tissue of the organism
· Usually have postions that will knock out the nervous system of the organism
· Can piecre though exoskwloton of arthropod
· Boxed Kelly fish kill large organism with nematocytes 

Body wall-hydrostatic skeltooon (cnidarian)
· Stings and captures food grabs it and digests it
· Tissue now much more complex
· Where we are going to feed and digest with phagocytosis 
· Has a gland cell and nutritive cell in one layer (for digestion) and exterior with nerve cell and cnidocye (for sensing etc) and separated by mesoglea 
· First skeleton- Myerson motors are pulled back by a counter muscle
· Skelilar movement is involved in provindind contracted muscles
· Water goes down this organisms body, causing it to contract thus contracting of the cells, reutuning muscles to their orginal spot
· Hydrostatic skeleton is defined by the above
· 
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