Proterozoic Eon
Geological time scale and building height
-Phanterozic (543 Ma to present time, top 9 floors)
-Proterozic (2,500-543Ma, 33rd – 63rd) Eukaryotes first appear are singled cell but multi celled organisms come and there are two lineages, one plants, and one fungi. Single cell organisms still live in oceans today and they are Primary Producers.
-Archanean (3,800 – 2,500 Ma 12th -33rd) 
-Hadean (4.600-3,800Ma, 0-12th)

Domains of Life
Very difficult to accomplish and only two lineages do Archaea and Eukarya. Evolution of Archaea, Bacteria and Eukaryotes the Archaea and Eukarya share important functions meaning that in the evolutionary tree they sit very close. The Archaea are not the Panspermia event because they evolved from the Bacteria. It is unlikely that LUCA was an Archaea and was probably a Eubacteria.

Archaea, Eubacteria & Eukarya
Characteristics described in Eukarya 
· Cell Wall: use Cellulose, Chitin, or none; plants use cellulose and fungi use chitin and animals have none
· Plasma Membrane:  Lipids in membrane resemble more the lipids in the bacteria membrane and are unbranched with ester links
· Gene System: Not based on operon model
· Transcription: RNA polymerase very similar to Archaea 
· Nuclear Envelope: This defines Eukaryotes
· Circular Chromosomes: Not circular comes up with an innovation on multiple lineages
· Histones for packing DNA: Share with Archaea 
· 1st Amino acid: Also same as Archaea

Eukaryotes Autapomorphies 
1. Endomembrane System
2. Nuclear envelope: Part of the endomembrane system
3. Multiple chromosomes and diploidy
4. Centrosomes

1. Endomembrane System
· Nuclear envelope one special case of this system
· Endoplasmic Reticulum
· Smooth Endoplasmic reticulum
· You have extra spaces that we can move things around the cell without the use of cytoplasm
· Creates excellent cell to volume ratio
A) Origins of Mitochondria: Evidence for Endosymbiosis–from bacterial cells
STEPS
A. Bacteria engulfing other bacteria for food
B.  Would have dumped enzymes to digest and absorb nutrients but one time didn`t and was not destroyed
C. Engulfed bacteria evolved itself in phosphorylation’s winner metabolic pathways 
D. When inside cell by using energy from cytoplasm (3-Carbons) to make energy reciprocates with providing the ATP provided with pyruvate to make energy
E. Symbiosis between cells Original bacteria get energy and bacteria that is engulfed gets 3 carbons at easy access 
· Still maintains it bacterial characteristics
· Can be trace to only one event
· Significant in Eukaryotes for putting evolutionary tree together
· Passed on through maternal line 
· Later on the same event will come with the Chloroplast but the Mitochondria needs to come first because plants still use Mitochondria

- NOT part of endomembrane system NOW, because not continuous with the cell but can see it was derived from Mitochondria –
2. Origin of the nuclear envelope
· Is simply and invagination of the plasma membrane until the two fuse and you get two bylipid layer around the nucleus. 
· Not just a membrane but a composite structure so called envelope. 
· Has Pores: exit and entry points 
· We have separate compartments a sit specifically for replicating DNA and transcription

3. Multiple Chromosomes and Diploidy 
Multiple Chromosomes that are linear and we have moved to diploidy
A. Eukaryotes Variability: Random segregation
· Some spend their whole life as Haploids and Diploids and some switch
· But they are always going to have to produce gametes to reproduce
· 2^3 different ways you can or combinations
B. Eukaryote Genetic Recombination: Meiosis and crossing over (chiasmata)
· Because of crossing over we don’t just get they can cross two or times and they can be at any place.
· Is a huge innovation of paired chromosomes which allows for huge amount of genetic variability
 - Get huge amount of combinations and get many more possibilities in recombination where all the variability is going to come from and going to define group – 

4. Centriole (Centrosomes or basal bodies)
Are going to direct the assembly of the cytoskeleton elements, the microtubules. Building and Destroying the Cytoskeleton

A. Characteristics
· Created spindle fibers and the chromosomes line up on those spindle fibers and are going to separate them to get to the haploid state 
· Making strains of cytoskeleton which is made out of Microtubules,
· Organization triplets with nine of them around a central core, centriolar space, always a pair and always at a right angle with each other
· Are going to direct the assembly of the Mircotubles faster than simple diffusion, spindle fibres
B. Mircotubles
Directing the assembly of the fibers by placing dimers of tubules in this cylindrical structure
Little molecular motor that are going to move along the interact with each other and are formed by tubules
a) Kinesin/Dynein motors
- Dynein toward centriole or toward the negative end
- Kinesin away from centriole or towards the positive end
- Walk with the use of ATP even time it is burnt it they reorganize and move
- This is how the chromosomes are moved around the cell
-6 or7 proteins
C. Actin 
a) Myosin motors
- Actin Fibers are made with dimers of actin assembled into fibers
- Slide along Actin Fibers
-If you do not have actin fiber it does not have anywhere to attach to and will not be able to travel

D. Origin of Cellular Motility
· Flagellum in the bacteria does not appear in Eukaryotes, they are two different structures and have two different origins but are a good example of convergent evolution. 
· Centriole has more of a role in cell motility 
· Centriole builds cytoskeleton and they would push again the plasma membrane of the cell and would deform the cell and if you push in one direction it will protrude and it will absorb in the other now you have movement called cell gliding
· Cell gliding is not the same as an amoeboid movement 
· These microtubules and the motors that they run on and start to develop instead of doing flat sheet they do finger or projectiles depending on how the motor runs along the projection  you can get wagging and locomotion and this was the First Motility of Eukaryotes 
· Centriole self-replicating protein meaning without DNA, when they divide the get a daughter centriole and a maternal centriole, contains information when they divide the cytoskeleton get directions on how and where to be build. Is a good example of Protein First Model
· Flagellum has a basal body



5. Protists Super Groups
Photosynthetic algae cell always have two flagella and was only aware of this because of genomic comparisons very first protest was a Unikont and then diverged into a Bikont

A. Unikont and Bikont Protists
First flagellum defines these groups
a) Unikont
· First Flagellum 
· Flagellum sits in a groove and would beat creating a water current 
· The water then travels through a groove that would bring in food into the organism and would be eaten with phagocytosis 
· They are attached to the substrate or bottom
b) Bikont
· Get a second flagellum 
· One in a groove like Unikonts and have one waved at right angles so it can swim
· This was advantageous because it would not have to wait for food to come it could go searching to the top of the water when it moved up in the water 
· Went it when up to the tops of the water it fed on photosynthetic bacteria
· A similar thing to the development of the Mitochondria happened when it did not get digested and stayed in the cell
· Because of this photosynthetic bacteria created symbiosis which became the chloroplast
· There are several types of placid in chloroplast meaning that unlike mitochondria which was probably one event the chloroplast would have two if not more events

B. Origin of Chloroplast: Secondary Endosymbiosis of Eukaryote Cells
1. First Eukaryote mitochondria has to comes first plants never make ATP 
2. Bikont engulfed photosynthetic bacteria  but this event happen two separate occasions 
3. Because very first red algae chlorophyll pigment “a” and green algae chlorophyll pigment “a+b” telling us that there were different plastid that occurred in two different ways
4. Non-photosynthetic Eukaryote cell engulfs a red algae normally it would digestive but becomes another endosymbiosis and adopted it internally for photosynthesis
5. Same happens down the green algae Line as well
6. Algae have the characteristic of having four plasma membranes
7. Down the evolutionary tree some are going to get rid of chloroplasts and that is why there is such a diversity because they have multiple ways of getting chloroplasts

· Between Eukaryote Taxa Common of all the ones in the oceans are that they are primary produces of the ocean
· Protists are at the bottom of the food chains where Herbivores that are also singled cells as well or very small organism fed on them 
· Phytoplankton is all based on single celled Protists that arose during the Proterozic
· All that arose on land had to be multicellular Protists
· Single cell organisms still live in oceans today and they are Primary Producers

Protist Locomotion
Used to be divided up this way but we are just going to look at Ameba and a ciliate as examples of locomotion
1. Flagellar
2. Ciliary
3. Amoeboid

1. Flagellar Movement
A. Motor Mechanics
· Standard flagellum long length, either Unikont or Bikont with centrioles and microtubules strains 
· Microtubules grow in doublets and there are nine pairs on the outside and two in the center and this is how we get 9+2 as their description
· Have microtubules, tubed feet of the Kinesin motor these motors are attached to the microtubules attached adjacent and this will bend and it will be able to wave and wiggle
· You could have the motors attached around the outside which would cause the structure to twist
B. Swimming Mechanics
· Flagellum up and down swimming uses a power stroke and a recovery stroke that is water minimises resistance Ex. Breaststroke called a Planar Beat
·  OR they can twist in a rotational Helicoid Motion, not rationing a shaft in my body in a circular way like the bacteria did
2. Ciliary Movement
A. Motor Mechanics
· Will have many cilia that are short
B. Swimming Mechanics
· Will also swim with power stroke in one direction but the and recover stroke will happen in the other direction so no one gets tangled and will recover at right angles
· Develop a very effective swimming method 
· They have to beat there selves in a Meta Chronal Wave to get movement makes them strong swimmers
3. Amoeboid Movement (Pseudopods)
A. Motor Mechanics
· Different approach to all of this because they are using Myosin motors 
· Cytoplasm divided into two different types outer Ectoplasm and inner Endoplasm
· Ectoplasm is hard and Endoplasm soft when stiff more Actin is present
· All down the length of the side Actin fibers are interacting with Myosin creating a squeeze
· When endoplasm hit the Hyaline cap it reaction occurs to converts it to ectoplasm
· The reaction  that starts to make actin make fibers form into a cross fire  it polymerize the endoplasm to ectoplasm
· But for this to work it must also polymerize at the other end of Ectoplasm to endoplasm
· Can start and stop meaning it can move at any time and in any direction

B. Swimming Mechanics
· It is a continuous flow of cytoplasm from endoplasm to ectoplasm and back again. 
· While it is swimming it can use Sudopods which is a three dimensional cup to engulf food and fed on it through phagocytosis
· Specifically for shape changing
· Is a counter feeding mechanism to Phagocytosis Pinocytosis is cell drinking but with particles meaning are in a dissolved form of nutrients  

Protist Anatomy: Paramecium
Cilia are one of the most complex things within a cell 
A. Origins of Digestive System
· This organism is single cell organelles have to do everything, 
· Cilia all over reinforcing of the plasma membrane because when cilia beat there is a tremendous pressure if it was a regular plasma membrane it would rip so they need to be stuck in
·  Pelliclo is a mess that reinforces the membrane so they do not tear, but this means the membrane cannot move like pervious. 
· Cannot be like an Ameba engulf food through Phagocytosis they only can do Phagocytosis at one location 
· Cilia create water current that passes through this one location
· The Cytostome or cell mouth is the only site where the food is engulfed 
· Then it is brought to a food vacuole where it is digested 
· Food vacuole going to digest food, it then moves around the cell in set path way and is moved by Microtubule motors 
· Elements of the cytoplasm mixing which is it circulatory system 
· Food vacuole starts as Acidic then when it is digesting food shifts to alkcoly this means it needs to dispel undigested food and does this through Cytoproct cell anus as returns to acidic
· This is the first time we see a digestive system in the Protists 
B. Osmotic Regulatory System
· If you are a single cell that lives in fresh water environment they are going to swell and burst
· Bacteria solve this problem with peptidoglycan wall
· Algae and Plants will solve it with cell Wall 
· Fungi will solve it with chitin 
· The animal like Protist are going to use a metabolic solution they are going to use ATP to pump out the excess water using a Contractile Vacuole  when it is full it contracts as squeezes out the water and first animals used pumping structure
· Important innovation because everyone else uses structural innovations to deal with this problem we used metabolic 
C. Complex Reprodcutive System
· Micronucleus and Macronucleus
· When they mate they make a cytoplasmic bridge and swap the equivalent of Haploid DNA and this process is called Congregation (Do not confuse with Bacteria) 
· After a series of mitosis replication it takes one genome and puts in Micronucleus for mating a hard copy, and puts the remaining genetic material in the Macronucleus meaning that it is polyploidy meaning it has extra genes  
· This occurs because if means that it is a high efficiency system because you can make a large number of proteins
· This is what the animals set aside a gamete for mating

Types of Life Cycles
All these life cycles start in Protists and set the stage for all multicellularity
1. Haplontic haploid all the time
2. Alternations of generations both
3. Diplontic Diploid all the time
4. Parasitic

1. Diplontic – Animals
· We are Diplontic 
· Only a small part of the cells are in haploid and only used for matting
· Cell that are set aside to produce eggs and sperm that fuse to great zygotes 
· Cell grow called: zygote
· Animal-like Protists get their nutritional nutrients through Ingestive

2. Haplontic – Most Fungi (and some algae)
· Multi cell made up of haploid
· Problem when we have fertilization and undergo Meiosis but the four products are not going to turn into gametes
· Meiotic product that does not turn into gametes SPORE, 
· Spore in just (n)
· Spore will settle down and will become complex organism 
· Some of the that build vegetative structure they will turn into sperm and egg
· Gametophyte is the structure that makes gametes 
· Fungal-like Protists get their nutritional nutrients through Absorption

3. Alternation of generations – Plants (some fungi and algae)
· Zygote undergoes mitosis and produce adult plants
· When undergo meiosis get four products but do not turn into gametes we get spores 
· Falls and becomes a complex organism and then like the Haplontic state some will become gametes and fertilize 
· Sporophyte are spore producing to a gametophyte are gamete producing Plants alternate between two generations
· Plant-like Protists get their nutritional nutrients through Photosynthetic Autotrophs
· The will have a problem when they come up on land they need to be able to get sperm and egg together without water

4. Parasitic – Malaria (Plasmodium sp.)
Malaria all controlled by a single cell Protist is going to control manipulate two multi cellular hosts to make sure its life cycle is completed and are going to need to produce high numbers in each host so that we can insure transfer

A. Mosquito Host
· Gametocytes are ingested by mosquitos when it takes its blood meal
· The gametocytes move to the digestive tract where they are going to complete their morphological change into male and female 
· They fuse to make a zygote which is going to imbed in the wall of the mosquito and this is Diploidy
· That zygote immediately undergoes meiosis and mitotic division multiply themselves into the thousand and make spores
· Animal like spores Sporozoties
· Because of the volume now they are going to burst 
· The sporozoties are going to travel into the blood of the mosquito up to the salivary glands
· Mosquitoes takes a meal has a problem because it does not want the blood it is drinking to coqugulate so it take saliva and constantly mixes it with the blood to solve this problem
· This means that if the mosquito inject the plasmodium and  will  infected with Malaria 

B. Human Host 
· First in the human host it search out liver cell and undergoes mitotic division to multiply but still have a haploid for called Schizont
· Going to fill and bust
· Through reproduction of Schizogony they will release cells into the blood stream 
· BUT there will always be some in the liver that is why people how have had Malaria can get it recurring 
· Move into the blood Merozoites are the ones swimming in the blood and they invade a red blood cell when they invade the multiply they change their morphology 
· Then change into Trophozoite to be able to eat  the hemoglobin and multiply again 
· Then Plasmodia send a signal at the same time to burst at the same time and this results in blood cell drop which brings on flu symptoms
· Get fevers hot, sweaty, and extra CO2 and these are traits that attracts mosquito to the human and this is draws the mosquitos in to come and feed on the infected human
· Some instead of merozoties they become gametocytes and float in blood and there is always both in the blood at the same time
· The Cycle continues

MAJOR KILLERS
- Mosquitos had become resistant to the pesticides which is a classic Natural Section could not be controlled and came back in huge numbers and the drug that use to work is now plasmodium resistant  
- Tuberculosis resistant
- HIV/AIDS resistant

MAJOR HISTORY OF MILARIA
1. When they went to try and could not conquer because of malaria during the Islamic revolution. They could not stay there and take the land because they were always pushed back to their home. Probably has something to do with the fact that Europeans don’t have sickle cell anemia. They could not stay until they found a drug that could protect them and it was called quianine dissolved in water. And so this is the origins of the Gin and tonic. 
2. History of Malaria in Ottawa shifted the river to make the Rideau Canal got many more swamps then previously had. During the building of the Canal next to accidents the malaria was the major killer than anything else.
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