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5. Eukaryote autapomorphies
· eukaryote architecture
· arrival of the third domain of the planet – eukarya
· archaea and eukarya are closely related
· mitochondria – fuel all of the processes
· centrosomes – basal body 

6. Origin of the nuclear envelope
· the outer membrane system starts to fold inwards (envaginate) 
· to solve issue with surface to volume ration, there’s lots of infolded membrane 
· connects to itself this way, double plasma membrane surrounding the nucleoid inside
· so now the nucleoid is surrounded by a double membrane 
· nuclear envelope – recognition that there are two plasma membranes there
· bacterium – every single part of the central dogma inside the cytoplasm – accommodate transcription, ribosomes, translation, the message, had to do all of those things
· but once there’s a plasma around, that message is what goes out to the nuclear envelope and outside the cytoplasm, it produces proteins from the message and modifies 
· advantage of the cell – don’t have to be doing everything in one location 
· all about these specialized regions 
· when membrane invaginates, sometimes it folds on itself to become the endoplasmic reticulum 
· if you look at the origins of the structure, what is trapped inside the endoplasmic reticulum is the space that is equivalent to the outside of the cell 
· cytoplasmic space and outer space of the endoplasmic reticulum and is continuous to the outside of the cell 
· vesicles outside of the golgi apparatus
· space for the nuclear material, space for cytoplasmic material, and endoplasmic reticular space 
· things can be moved around, so you end up with extra membrane which is good for exchanging to the outside world, all same processes that created nucleus so it is space specialized for DNA transcription 

7. Endosymbiosis of bacterial cells 
· probably that in the infolding processes that also built the nuclear envelope, what happened is that there was a bacterial cell that was ingested and surrounded by the plasma membrane
· at the end of the Archean, there is a world of bacteria, bacteria feeds on smaller bacteria, nothing unusual about the fact that bacteria engulfing the other material 
· some point in the line, the bacteria was engulfed and it didn’t get destroyed, but was preserved
· had the ability to produce ATP through oxidative oxylation 
· contained krebs cycle
· taking organic material and turning it into ATP to survive
· now what happens is it is doing this inside the plasmic membrane 
· the plasma membrane of the host that engulfed it (double membrane)
· the little bacterium still has the bacterial still today – mitochondrial DNA
· still has its own genome, still codes for its protein
· know it’s a bacterium because if you look at the plasma membrane, composition equivalent to the bacteria, lots of good evidence that this bacterium was brought in and ended up in a symbiosis relationship
· could produce a huge amount of ATP
· breaking down pyruvate 
·  end up with a symbiosis inside another organism = endosymbiosis 
· genes from the mitochondria DNA are highly conserve, that you can go into a single celled protest and there would be very little change in the genome sequences 
· a genome that has been very stable overtime and the DNA sequence was first sequence to be evolutionary timeline on the face of the planet
· still no sexual reproduction involved
· mother produces the egg loaded with mitochondria and the egg gets fertilized 
· only one descending lineage 
· vast majority of the organisms are all related by the single event that happened 
· incorporate photosynthetic bacteria 
· mitochondria at the very base of the tree and both are formed by endosymbiosis

Eukaryote autapomorphies
· unlikely that all three happened at once
· nucleus all surrounded by genetic material

Eukaryote variability random segregation
· random segregation is how you get a mix of paternal and maternal chromosomes, that creates a huge amount of variation 

Centriole
· centrosomes in general or basal bodies 
· gave only one of the pair of chromosomes 
· mechanism that when the cell is duplicated, each one gets the same
· they needed a centriole that could split the chromosomes apart – haploidy in meiosis 
· composed of microtubules
· ranged in triplets 
· nine of them around a single tubule in the centre
· what they do is direct the construction of the cytoskeleton of the cell
· spindle fibres are microtubes that have been grown across the cell and they make the cell skeleton 
· always have one right angle to the other
· chemical environment in the cytoplasm around them = pericentrial material 

Microtubules
· polarity on the diner, there is a positive and negative end
· instructing microtubules to assemble
· cause them to assemble so the diner is added to the end it gets longer
· they tell it to grow and you end up with a structure that keeps growing 
· grab onto the chromosomes and the chromosomes gets pulled apart
· not really the microtubules that are pulling or pushing apart

Molecular motors
· rails or guides along which motors are going to motors
· dynein and kinesin 
· each of these have two components to it
· the little feet interact with the tubule molecule
· it will orient
· will “crawl” across tubule 
· on the opposite end of the structure, it has two ends and walks across tubule while holding onto things, to help drag them to the other side
· protein molecules are running along the rails that the centrioles have built to guide them 
· dynein motor always walks across centrosome, 
· kinesin motors walk in the opposite direction, railway system that is directional to where it’s being built
· important because as we move along, that’s how it knows where to go 

Kinesin/Dyenin motors
· transporting things within the cell, which is big because it is a eukaryotic cell
· if you have a lot of cytoplasmic content, simple diffusion through the cytoplasm isn’t enough
· could exchange in the material faster 
· if this was the first role, they would take another role later on to move centrosomes
· first innovation of the eukaryotic cell because it allowed them to get bigger

Origin of cellular motility
· flagellum is unique to the bacterium 
· silia, flagella on protest cells, they’re going to be built by basal bodies which are variations of the centrosomes 
· the hypothesis is that centrosome sat there and it built rigid cytoskeletal elements and projected them forward, the cell is going to lengthen in volume
· the cytoplasmic extensions from the centrioles may have been the first way that cell moved
· the cell needs to get food and has no mobility 
· cytoplasmic extensions being pushed by the microtubule structure and that means the cell can start to move 
· at some point in time, instead of being random, the microtubules arrange themselves in a fixed array, this becomes the silia and the flagellum
· first the eukaryote cell glides across, because microtubules are pushing membrane
· ultimately, it will become a cytoplasmic flagellum or extension

Unikont and bikont protists
· unikont
· microtubule extensions created the first plasma membrane that allowed it to move
· sat on the substrate and that flagellum sat in a groove in the cell and wiggled the cell and created a groove as it moved, and as it is pumping this new structure, it is bringing in new organic structure
· animal and fungal related groups 
· heterotroph for life
· bikont 
· sitting in the groove pumping food and the other one started waving in a different location so now both the waves allow it to swim to get a food source, 
· or move the cell where there were photosynthetic bacteria
· bikonts are the plants 
· got the chloroplast that was added 
· all this process is from centriole

· may be origin in the group and maintain complexity in the structure

· complexity would not be possible if simple diffusion was there 

Secondary endosymbiosis of eukaryote cells 
· eukaryote that consuming another eukaryote or a cell 
· in plants, there has been a secondary endosymbiosis where eukaryotic cells with a plastid consumes a smaller eukaryotic cell with a plastic and what you have now is an organelle inside with a prokaryote cell trapped in it 
· explains the photosynthetic in plants 
· assumed that there were two endosymbiosis events 
· when the plants evolve, they get more complex 

Protists as primary producers
· photosynthesis is carried out by small primary producers known as algae

Protist Iocomotion
· Flagellar
· Ciliary
· Amoeboid 

Flagellar and ciliary
· Structurally have the same component
· Flagellar exists on either unikont or bikont
· Flagellar are very long compared to ciliary
· Cilia are short little structures called a 9+2 organization
· Flagellar are long structures with a 9+2 organization 
· Two tubules of microtubulin structure in pairs
· Doublets around the outside (called dynein arms) and 2 in the centre
· Can control flagellum going back and forth
· Gliding became perfecting in the 9+2 organization for the dynein arms to move back and forth
· Burning ATP while doing it 

Flagellar and ciliary movement
· It can move the water and swim like when swimming when you lay on your back and use your hands in circular motions in the water to swim
· Exposure is minimal compared to the power stroke 
· Think of it as breast stroke 
· Helicoid or planar (power stroke and recovery stroke)
· What is driving it is the same as the 9+2 structure
· Hundreds and thousands of these on the surface of your body, there is a potential it could be entangled if its that close to each other, power stroke in one direction and the exposure stroke in another direction, all beat and then they shift
· Problem with this because cilia are phenomenal swimmers, so if we are the cilia on the surface, 
· Get beautiful swimming motions like Carmen does 

Actin is a rail for myosin to move along
	Myosin motors move along actin rails

· In Ameoboid, an organism that is created pseudopods
· Not microtubules pushing it along, when you watch an amoeba move, two basic forms to the cytoplasm, outer ring of cytoplasm also called the gel 
· And the inner one is called the sal 
· When it reflects backwards, it is going from liquid to gel 
· In cytoplasm, is actin molymers pulled together to form actin fibres 
· Now you have a place for the myosin molecules to crawl on and what they do is they squeeze the cytoplasm
· Actin polymerizes and now you have actin rails and causes contraction to squeeze everything forward
· Have to reliquify the cytoplasm and what you need to do is break the myosin molecules and take them apart 
· Envision that we have fibers being formed to change the shape of the cell and squeezes it in the way it wants to go
· Now has the ability to change directions very quickly 
· We can start to move in any direction, all we need to do is break the myosin particles 
· Motion is not dependant upon the motor of the kinesis, dependent on the motor of myosin 
Protist Anatomy
· We have a mouth like structure called a cytostone 
· Distributes nutrients to the whole organism
· Indigestible residue, the food vacuole merges through the outside of the cell and ejects exocytosis and this is related to the cytoproct (cell anus)
· Can’t randomly take in food, need a set up where there are two openings only, where there is one opening for food in and one for food out 
· This differs from an amoeba, amoeba can surround its food with pseudopods and engulf it
· End up with a circulatory system that is distributing all of the nutrients, don’t have to worry about oxygen, and if we are producing metabolic wastes, we don’t have to worry about the structure to get rid of it
· Unique form of feeding – how do single cells eat?
· Phagocytosis
· Definition of pinocytosis – cell drinking 
· Phagocytosis and pinocytosis – nutrient uptake
· Pinocytosis – uptake of dissolved organic nutrients 
· If you have protein solution, and you consume that as a food source, this becomes pinocytosis 
·  dissolved nutrients versus not dissolved nutrients
· always end sup merging with a lysosome and then this lysosome fuses and then leak out of the vacuole and then you end up supplying nutrients 
· with the ciliate  
· amoeba can feed anywhere on their surface
· also have a situation where we have two different types of nuclei, micronucleus and macronucleus 
· ciliate partion their genome into two different compartment
· micronucleus is the standard nucleoid
· macronucleus is polyploid – every single gene that is there is there more than just twice 
· produce large amounts of message that is translated to protein product quickly
· instead of taking slower process, you get 64 copies of the message that can make the protein right away and you end up being able to spike the amount of material you produce very rapidly
· housekeeping of the cell
· anything that is involved in building the membrane wall – what this one is doing
· micronucleus
· does nothing until it’s time for reproduction
· undergo meiosis 
· perimysium 
· ensuring that the genome copy that is being used for reproduction is not being used for anything else
· potential for damage
· everytime you unwind it and rewind it, there’s a potential for damage
· set aside a copy of their genome for when reproduction occurs
· very early on development, we set aside a cell that will become the germ line 
· distinguish somatic cells that make the animal do things from the germ cells
· single celled organisms
· most protists are marine
· some live in fresh water
· problem is that you have a higher salt concentration to the fresh water around you, so if you don’t have a way to compensate, when you take a cell in the fresh environment, the cell will expand and then ruptures 
· high salt inside the cell, low salt outside the cell, water diffuses across the cell membrane to dilute the salt inside the cell and this results in expansion of the cell because of the water being added 
· for the organisms in the protists, you need another mechanism to deal with this mass of water
· dealt with contractile vacuole, also known as the water expulsion vesicle 
· pumps it into the membrane space, water diffuses from the cell membrane, and results in it getting pumped into the intermembrane space
· endomembrane space will fill up with water and get enlarged,
· contractile vacuole that is filling water, and when it reaches to a certain point when it’s full, they squirt out the extra water that came into the cell
· pump that deals with the water mass 
· osmoregulatory cell
· digestive system
· distribution unit
· circulatory system
· all of this is happening within the cell 
· each of these structures are acting similar to an organ system, that’s why these are called organelle – baby organs 


Diplontic life cycle
· most of its life is spent in the diploid state, meiosis appears to make gamete
· most of the organism life spends in a haploid form and we only get gametes form to diploid state and we quickly undergo meiosis to go back to haploid state
· both have very distinct roles in the life cycle
· whole life spent in haploid, diploid or whole of life is spent in an equal amount of both 
· these three life cycles occur in the multicellular organisms that are to come
· life cycle that we have – most of the organism spends its time diploid phase
· gametes are released and if there’s no fertilization, the zygote dies and if there is, the zygote reenters the cycle

Haplontic
· most fungi
· spend almost their entire life in the haploid state
· when you go walking in the woods and you see a mushroom or a slime mold, multicellular organism in which all of the cells are haploid, so it’s a situation where you have a multicellular , when you make gametes, all we have to do is take a cell and change its morphology into an egg or a perm 
· vegetative type cell 
· signal that you are going to become an egg and it becomes an egg
· so just need to change the morphology
· very quickly undergoes meiosis to get to the haploid state
· when we get the haploid cell that doesn’t turn into a gamete, cells don’t turn into gametes, divide and grow into multicellular organisms
· spore	
· can develop into a gamete or haploid cell can undergo division and become another organism called a spore
· when you look at a fungi, looking at a multicellular organism that is going to make gametes, call it a gametophyte 
· when the time comes, the cell will differentiate and become sperm and egg

Alternation of generations – plants (some fungi and algae)
· if you took fern and look at underside, find brown spots on the surface of the leaves, what this is the cells that have undergone meiosis because this whole plant is diploid 
· certain set of cells that will undergo meiosis and will pack up products and this is how they release these products in the air and will go on the ground to create a multicellular structure
· didn’t make sperm or egg, made multicellular structure
· release spore
· just have to modify existing cell if want sperm or egg
· situation where we have a haploid multicellular organism 
· these gametes are going to fuse, get a diploid zygote and get a multicellular organism and this fern will make a spore
· sporophyte
· also define the three kingdoms of life
· if you look at nutritional strategies, injestive heterotrophs 
· absorptive organisms – haploid life
· plant life – use alternation of generation
· divide the living world up in the very form of the very first life cycles
· when multicellularity arose, it arose in three different ways – plants (alternation of generation), fungi (haplontic), and animals (diplontic) 
· you can find a single cell protest/eukaryote that is sitting at the base of those
· can divide the living world bikonts – alternation of generation
· unikonts – haplontic or diplontic
· tree of all protest groups (slide 21), heterotrophy, autotrophy, injestive and absorptive 

Malaria life cycle
· very topical disease
· mosquito feeds on a blood meal that contains two types of gametocytes
· smaller ones will become motile ones
· difference is not visible in the blood of the host
· when it injests the two gametocytes when the mosquito takes the meal, the morphological trigger male gametocytes in the mobile swimming male gamete =zygote
· zygotes embeds in the walls of the mosquito guts, undergoes meiosis, return to haploid state, and each of the haploid cells go under hundreds of rounds of mitotic division and cloning themselves numerous times
· morphological change – allows them to swim into the salivary glands of the mosquitos
· haploid cell that is not going to turn into the gamete
· spore tends to be with plants and fungi
· sporozoites – mitotic form that is not going to be into gametes
· attracted to host, pierces the hosts’ skin and injects the blood meal, the blood will clot 
· salivary glands are delivering the blood parts and mosquito is able to get blood meal
· sporozoites can invade the liver cells
· feeding on the contents of the liver cells
· they don’t get bigger, they under mitotic divisions multiple times
· schizont – raise the number of malaria cells to the point that the liver cells burst and they go into merozoites (can swim in the blood)
· schizogany
· increase in number now being released in the blood and as it swims around, it is looking for a red blood cell to get into, gets into the rbc and starts feeding away the contents of the rbc(hemoglobin)
· trophozoite – feeding
· once the rbc gets filled with trophozoite, a signal that rbc burst and with this new morphology, you get rbcs infected 
· plasmodium wants to make this host attractive to a mosquito looking for a blood meal 
· all the rbc burst and release their merozoites at the same time
· has an impact on the oxygen 
· mosquito is attracted to a very distinct set of signals to let them know they’re going to be feeding on a host
· fever = metabolism goes up and you’re producing carbon dioxide
· carbon dioxide gradient 
· end up sweating which gives off a moisture gradient
· mosquito is homing in on a host
· changes metabolism of the host to make it attractive to a new mosquito that is gonna go in
· few cells that instead of differentiating it to a merozoite, will become a gamete from the cells
· formed not from meiosis, but these cells are gonna be sucked from mosquitos
· protest – single celled carving out a life cycle for it that involves the vertebrate host to ensure its survival
· little organism is extremely adaptive 
· prevent malaria is to prevent mosquito bite 
· most susceptible are children

Paleozoic periods
Silurian and Devonian
· massive explosion of plants 
· come up on land, reproducing with spores and produce a food source
carboniferous – things moving on land
· coal and fossil deposit left behind 
Permian
· functional but undigestible
· nobody can break up plant tissue 
· funji knows how to recycle plant material 
· end of coal in plant time

· original of plants
· invasion
· when we end it with the Permian, end up with catastrophic event, largest mass extinctions on the face of the planet – huge diversity lost and it all starts over again

Cambrian
· in Cambrian, in the oceans, the most productive part of the oceans is what we called the continental shells
· layer of land in the oceans but not deep, certain amount is above water and certain is below water
· phenomenal incubator of life in the oceans
· the equator is where you get maximum solar input 
· terrestrial environment – rain forests have massive diversity
· poles – diversity decreases
· around the equator, is a continent called laurentia – nothing living here yet
· edge of this continent, you have interface between terrestrial environment 
· you have a huge continental plate with a continental shell 
· becomes incubator for biodiversity of life
· where multicellular animals arose
Cambrian and Ordovician periods
· Cambrian biota – aka Cambrian animals
· When you go and look at these animals, there is a huge array of organisms that are not on the planet anymore
· Cambrian fossils that are the world’s most known is located at the yoho national park where you can find burgess shales 
· Large rocks on the horse trail within this park, they cleared the rocks off the trail and when they picked up the rocks, they found fossils of weird animals 
· Hundreds of the same fossil
· Gentlemen who picked up rock was histonian, arranged an excursion the next summer and picked up shale pieces 
· Completing invertebrate fossils
· Biodiversity of the organisms in the ancient ocean, there were mudslides below the water level which would move the organisms and then there would be constant rain of sediment going down and so these animals got pressed against these shales, when you open them, you can see what they were eating
· Figured these had to be arthropods 
· Worm like organisms, jelly fish, whole array were there 
· For some reason, in animal life, there was an unlimited experiment of legs and eggs, creating an array of animals that we never have seen and will never see again
Cambrian explosion
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