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Proterozoic

Proterozoic eon: 3rd eon (2500Ma-543Ma) 

· period before the first abundant complex life on Earth
· Major eon placed between Achaean and Phanerozoic
· the single celled eukaryotes formed (can use oxygen): Start of eukaryotes – the appearance of the first animals
· Where the first stable continents appeared and began to accrete
· First abundant fossils of living organisms, bacteria Achaeans and later on the eukaryotic cells
· Oxygen build-up In the atmosphere
· Allowed for many eukaryotic forms to appear such as multicellular algae and towards the end of the period the first animals
· 3 eras (from oldest to youngest):
· paleoproterozoic
· mesoproterozoic
· neoproterozoic
· anaerobic bacteria go to places where they can survive. start to see aerobic bacteria

· moving from PK to EK 

· perfection in types of single celled organisms but won’t get to multicellularity 

Domains of life

Prokaryote

· Group of organism that lack a cell nucleus or any other membrane bound organelles
· Unicellular belonging to the two domains – bacteria and archaea
Archea (view archaean kw) 

· No peptidoglycans in cell wall
· Branched chained fatty acids (plasma membrane)
· Flagella that spins
· Complex RNA polymerase
· No nuclear envelope
· has circular chromosomes and DNA and histones
Bacteria (vakw)

· Has a flagellum with a motor using protons to make it spin and rotate
Eukarya *new life form at this time
· The domain that includes all eukaryotes, organisms that contain a membrane bound nucleus within each of their cells; all protists, plants, fungi and animals
· Cell wall composed of cellulose, chitin or none
· Un-branched chains of fatty acids (plasma membrane)
· Has a flagella that DOESN’T spin
· Has a complex RNA polymerase sequence
· Has a nuclear envelope and DNA and histones
· Does not have circular chromosomes
· are they related to each other? tree shows that archaea are closely related to eukarya

· when the 1st PK came along and diverged into 2 different things: bacteria and archaea/eukarya

· what is the evidence of this?

· view fig on next page : 

· Cell wall: originally thought that it might have evolved once in the living world and everyone inherited it. same fn of the cell wall: cellular integrity under osmotic shocks and pressure or protection, but it has originated in different times. This doesn’t show evolution

Peptidoglycan

· A polymeric substance formed from a polysaccharide backbone tied together by short polypeptides (polymer of sugars and amino acids that form linear chains)
· Is the primary structural molecule of bacterial cell walls 
· Peptide cross-linkages between the chains give the cell wall great strength and rigidity
· PM: you would think that simple chains were first and then later evolved into complex chains so EK and bacteria arose at the same time and diverged off to create archaea but this is a problem because archaea is an earlier type. 

· flagella: EK=beats and flaps. PK unified into a group that includes this structure that spins. they spin but no similarities in structure, proteins.. 

· translation: making the message into RNA. bacteria 20 protein subunits assemble to make it. archaea: many subunits. bacteria would be the most primitive. 

· nuclear envelope: doesn’t give us any info about pK evolution

Nuclear envelope

· In eukaryotes, membranes separating the nucleus from the cytoplasm
· Double lipid bilayer that encases the genetic material and serves as a physical barrier separating the contents of the nucleus from the cytosol
· Contains nuclear pores that allow the exchange of materials between the nucleus and the cytoplasm
· One of the main differences between prokaryotes an[image: image1.png]


d eukaryotes is having a membrane bound nucleus
· Part of the endomembrane system – the outer membrane is continuous with the RER and the inner membrane has many inner nuclear membrane proteins imbedded
· Also has ribosomes
· histone proteins: compacts DNA. in bacteria the DNA folds on itself to create a stabilized structure (no proteins). but archaea and EK have the same process (stabilizing proteins). archaea similar to EKs. 

Histone proteins

· A small positively charged (basic) protein that is complexed with DNA in the chromosomes of eukaryotes
· Links DNA by an attraction between their positive charges and the negatively charged phosphate groups
· Function is to pack DNA molecules into the narrow confines of the cell nucleus. Also regulates DNA activity
· circular chromosome

· bacteria diverge very early on to do with DNA folding and RNA polymerase. when that 1st single celled organism arose it was similar to bacteria but then specialized. 

· bacteria primitive compared with archaea with share characteristics with EK

Origin of the nuclear envelope

· life processes occur on surfaces. if they occur in the volume of the cell they use things that come across the surface

· need to increase surface area to supply

· bacteria increase SA by invaginating 

· does it in such of way that it goes around the nuclear material around the cell

· complex of 2 plasma membranes surrounding the nucleus

· whats the advantage of this?

· we have separated nuclear environment from cytoplasmic

· replication and transcription (message) inside nucleus 

· cytoplasm has translation (RNA turning into proteins)

· compartmentalization

· divided the central dogma in 2 different locations and optimized them 

· pores allow communication between the two. 

* folding creates endomembrane system of ER, Golgi etc.  = specialized environment

Endomembrane system

· In eukaryotes, a collection of interrelated internal membranous sacs that divide a cell into functional and structural compartments
· In eukaryotes they are the membranes of the nuclear envelope, endoplasmic reticulum, golgi apparatus, lysosomes, vacuoles, vesicle and the cell membrane
· Uses vesicle transport to carry substances around inside the cell
· Derived from endosymbiosis, where a new organism was formed by engulfing another, bringing the membranes along with it
· E[image: image2.png]Budonyubionle



ngulphing other cells would allow for more diversity and create membrane systems
Endosymbiosis

Endosymbiosis

· The proposal that the membranous organelles of eukaryotic cells (mitochondria and chloroplasts) may have originated from symbiotic relationships between two prokaryotic cells
· Mitochondria and chloroplasts would allow the cell to become more complex because the cell would no longer have to go and look for energy and could now focus on other tasks
· Eukaryotic cell or bacterium that engulfed the Mitochondria or chloroplast and this was phenomenally successful change
· SUPPORT : Morphology – shape and double membrane similar to prokaryotes, reproduction (binary fission) – mitochondria and chloroplasts can only come from preexisting ones and divide by binary fission (like prokaryotic cells), the genetic information – Both organelles contain their won DNA which codes for proteins vital for the cell’s function, transcription and translation – Both organelles contain transcription and translation machinery including enzymes and ribosomes that are similar to those found in prokaryotes and electron transport  - both can generate energy in the form of ATP through their own ETCs 
* circular DNA, ribosome size 

Mitochondria

· Membrane-bound organelle responsible for synthesis of most of the ATP in eukaryotic cells
· Came from a bacterium, it was engulfed by a eukaryotic cell or another bacterium locking it inside the new cell producing ATP for the cell
· Became double membrane because it was engulfed, replicates itself – has its own genome
· Part of the symbiosis theory
· Mitochondrial DNA only comes from one parent – the maternal line
Chloroplast

· The site of photosynthesis in plant cells – organelle
· Photosynthetic bacteria are what created our oxygen rich atmosphere
· Chloroplast is the basis of where all primary producers get their energy thus feeding the rest of the ecosystems – fundamental base
· By engulfing photosynthetic organisms, eukaryotic cells would be able to become more diverse because they no longer had to search for food to get their energy
· Endosymbiosis states that chloroplasts originated from a single cell that engulfed photosynthetic bacteria, which is supported by the double layer and separate DNA in chloroplasts
Ribosome

· Component of cells that assembles the twenty specific amino acid molecules to form the particular protein molecule determined by the nucleotide sequence of an RNA molecule
· Part of the central dogma of biology
· Origins in the endosymbiosis theory
Secondary endosymbiosis 

Secondary endosymbiosis

· In the model for the origin of plastids in eukaryotes, the second event, in which a non photosynthetic eukaryote engulfed a photosynthetic eukaryote
· Primary endosymbiosis produced the first eukaryotic photoautotrophs. Secondary endosymbiosis produced new evolutionary lineages by a heterotrophic eukaryote engulfing a photosynthetic eukaryote
· Organisms formed by this have chloroplasts surrounded by additional membranes acquired from the new host.
Plastid

· A family of organelles found in plants and algae
· The site of manufacture and storage of important chemical compounds used by the cell, also responsibly for photosynthesis. May have different forms such as chloroplasts, chromoplasts, gerontoplasts, and leucoplasts
· Plastids often contain pigments used in photosynthesis and the types of pigments present can change or determine the cell’s colour
· Unlike mitochondria, the endosymbiotic event with photoautotrophs to become chloroplasts occurred more than once, leading to a wide range of photosynthetic eukaryotes such as red and green algae, euglenoids, dinoflagellates, and land plants
· The primary endosymbiotic event, which produced the first eukaryotic photoautotrophs, was followed by at least 3 secondary ones involving different heterotrophic eukaryotes engulfing a photosynthetic eukaryote
· endosymbiosis of chloroplast happened twice because there is a group of plastids that use a combination of chloryphyll a and b or just a 

· non photosynthetic cell that engulf an algael cell with photosynthetic properties. we know this because it has 4 membranes... 

Protists as primary producers

Protist

· Organism currently classified in the kingdom Protista but more accurately regarded as a loose grouping of 30 or 40 disparate phyla with divers combinations of trophic modes, mechanisms of motility, cell coverings and life cycles
· Diverse group of eukaryotic microorganisms  - either unicellular or multicellular without specialized tissues
· Can be considered to be primary producers such as phytoplankton
· Are not related to one anther meaning they do not have a common ancestor
· Almost all are aquatic
Primary producers

· An autotroph, usually a photosynthetic organism, a member of the first trophic level
· Produces energy through photosynthesis – produce biomass from inorganic compounds or in some cases of the archea through the oxidation of inorganic chemical compounds
· In the largest quantity in the food chain, and are used to feed the successive levels
Phytoplankton

· Microscopic, free-flowing aquatic plants and protists
· Small photosynthetic protists that capture the energy of sunlight in nearly all aquatic habitats
· Provide organic substances and oxygen for heterotrophic bacteria, other protists and small crustaceans and animal larvae.
· 1st trophic level
Primary consumers

· A herbivore, a member of the second trophic level, the second level on the food chain
· Is not able to perform photosynthesis meaning CAN NOT produce its own energy and must obtain this energy through consummation = heterotroph
· Feed on primary producers/ autotrophs
Zooplankton

· Heterotrophic plankton, Small protozoans to large metazoans
· They are protists that live in aqueous habitats
· One of the first links on the food chain after the phytoplankton (they cannot photosynthesize)
· bottom of primary productivity food chain still the same > single celled EK that harness sun’s energy (algae) 

Protist locomotion

1. Amoeboid movement (Pseudopods)

Amoeboid (Amoeboid) movement

· Method of protist locomotion seen in animal like protists and leukocytes in animals
· Caused by microfilaments
· Requires the cytoplasm to shift between 2 forms (the fluid endoplasm – inside, the rigid ectoplasm – outside)
· Based on ACTIN that polymerizes and depolymerizes, fluid inside hits hyaline cap and this is what triggers the polymerization, rebuilding outer casing of the amoeba – the pseudopod is the false foot of the amoeba
Pseudopod (Pseudopodium)

· A temporary cytoplasmic extension of the cell
· Seen in amoeboid movement from the polymerization and depolymerization of actin in the cytoskeleton to form endoplasm and ectoplasm
· Allows movement and allows for engulfing of food and liquids (phagocytosis and pinocytosis)
Ectoplasm

· Rigid type of cytoplasm found in amoebas (found on the outside)
· Caused from the polymerization of the actin in the cytoplasm, making it become rigid when it hits the hyaline cap to rebuild the outer casing of the amoeba
· The cycling between ectoplasm and endoplasm is what allows the amoeba to move around and to perform phagocytosis and pinocytosis
 Endoplasm

· Fluid type of cytoplasm found in amoebas (found on the inside)
· Caused from the de-polymerization of actin in the cytoplasm to make it less rigid and allow for more fluidity
· This is what allows the amoeba to move around and to perform phagocytosis and pinocytosis
· molecular motors: myosin has 2 globular heads that interact with actin and burn ATP to change shape of protein allowing it to walk along the actin skeleton that is constantly being generated and disgenerated: front end railway tracts of actin on which motors are crawling dragging everything with it (contents of the cell) = result is cytoplasmic streaming

· also dynein and kinesis (drag cytoplasmic components along microtubules in the cell)

2. flagellar (and ciliary movt)

Flagellum

· A long, threadlike, cellular appendage responsible for movement, found in both prokaryotes and eukaryotes, but with different structures and modes of locomotion
· Helical or planar motions (helical is used to push through water, planar is used to push forward)
· Composed of microtubules arranged in a 9:2 organization. Have “Dyenin arms” and “Dyenin motors” which, using ATP and hydrolyzation allow it to WALK along a surface
9+2 organization

· Seen in the flagellum, in reference to the microtubule arrangement
· 9 sets of 2 microtubules arranged in a circular pattern around 2 central microtubules (like spokes in a wheel) – the spokes are what hold the system together (connected by dynein arms)
· Seen in Celia and flagellum, the organs of movement
· tubulin protein is main component of MT and is being polymerized

· dyein motor sitting on dynein arm which walks only MT as ATP is being burned there is a conformational change. 

· walk on one side only so it bends and then the other side will walk to make it bend the other way = movt of dynein motors will make it sway (wiggle) = different than bacterial flagellum (base was spinning it and no molecular motors like this) 

Planar flagellar beat

· Type of flagellar movement that allows the organism to propel its self forwards (power stroke)
· When it moves backwards its crushes down so there is a net forward movement like a breaststroke in swimming
· Uses the Flagellar motor to power the beating 
· Created by the movement of dynein arms along the tubulin strands that makes up the flagellum
· power stroke: expose flagella as much as possible; recovery stroke: flex and bend the flagella so not exposed as much. there is some backward motion but not as much as forward. 

(helical)Spiral flagellar beat

· Type of movement that a flagella will use to propel itself in a spiraling motion, to push through water – like skulling
· Uses the Flagellar motor to power the beating in response to dyenin along one side of each microtubule
· Created by the movement of dyenin arms along the tubulin strands that makes up the flagellum
* twisting motion to dig through an object 

3. ciliary 

Cilia

· Motile structure, extending from a cell surface, that moves a cell through fluid or fluid over a cell
· Can be in a helical or planar motion
· Usually in large numbers that work together, coordinate the beating on one part of the body then use a “metachronal wave” a group of them are called a Cirrus
· Allows for movement because they are in different stages of the beat
· Smooth and finely controlled, used for oxygen searching, food and light
· Found in eukaryotic cells
· Used to characterize the ciliates – large group of protozoans (single-celled eukaryotes)
· short flagella; same 9+2, but with cilia have 100 000s all over the organism and they can beat in very similar planar beat (a little different)

· things that have cilia = cilliates

Metachronal wave

· Type of movement that Ciliate’s use to move around their environments
· Synchronized beating of many cili[image: image3.png]


a working in coordination of each other in rows but they are all in different stages of the beat which is what allows the organism to be propelled forward
· Allow for fine highly controlled movements
· Cilia movement is individual and is coordinated by having a recovery stroke perpendicular to the power stroke to avoid entanglement
· all over the surface there is a certain proportion in full recovery and some in full power and in all other things in the middle

· tremendous flexibility, swim forward, backward, up, etc.

Nutritional strategies

· ingestive: animal-like protists

· absorptive: fungal-like protists

· photosynthetic: plant- like protists 

Protist anatomy

Contractile vacuole

· A specialized cytoplasmic organelle that pumps fluid in a cyclical manner from within the cell to the outside by alternately filling and then contracting to release its contents at various points on the surface of the cell
· Involved mainly in osmoregulation, found predominantly in protists and unicellular algae
· Allows cells to live in salty environments and regulate the concentration of water inside
· Not needed in plant cells because they have the cell wall that surrounds them and prevents them from bursting solving the issue of osmoregulation
· PM has the potential of being damaged if there aren’t reinforcing structures connecting the flagella to it. 

· cytoskeleton highly organized into a mess work underneath to resist the forces by the cilia and flagella. > doesn’t have amoeboid movt ..> have a fixed shape because of this underlying cytoskeleton > doesn’t help in feeding 

· (amoeba can engulf and surround food anywhere> food vacuole = phagocytosis= engulfing a solid..pinocytosis=food dissolved in liquid>> combines with a lysosome to get digestion) 

· however, protist can move around but skeleton doesn’t want to be bursting to just get food > region on the surface that skeleton is open enough to allow passage of food = region of specialization for taking in food> cytostome. 

· issue = once food vacuole forms and fuses with lysosome for digestion, the only part that paramecium is going to benefit from the nutrient is where the food vacuole and lysosome is, this is where motors come in place, kinesin will allows diffusion of the nutrients. out with exocytosis (things not being digested) = cytoproct (specialized location). 

· equivalent of the digestive system: feeding and excreting location and a constant cell structure. 

· protists are going to move into fresh water = challenge: water tends to move in because the inside of the body is salty> why is the inside of the body salty? evolution > all cells developed the fact that they engulfed salt water from the ocean.. 

· going to get inandated when put in fresh water

· plants and fungi: cell wall prevents this  

· animals have to be able to deal with this: contractile vacuole = pump mechanism to pump out excess water flowing in. true for all fresh water protozoens. energy spent to pump water into it and the vacuole will swell and release the water to the outside. organelle for osmoregulation and ion balance. 

· cilia are very uniform in appaerance: they can be fused (cluster them together to make complex ciliary structures) can also be used for movement.. can walk along substrate. subcellular structures to make activities that are thought to be only done in multicellular things are actually happening in single cells. important: biochemistry underlying this complexity will allow specialization later ex. some cells become outer cells of surface (epidermis), some muscle cells..etc. 

· hurdle: all the expts and diversity that are out there only 3 types of single cells will turn into multicells > requires the communication between cells.

types of life cycles

key terms:

Diploid(2n)

· An organism or cell with two copies of each type of chromosome in its nucleus
· Homologous copies of each chromosome, one from the mother one from the father
· All humans, most mammals and some retroviruses such as HIV
Haploid(n)

· An organism or cell with only one copy of each type of chromosome in its nuclei
· In the gamete of an individual – combine to form zygotes
· Used in meiosis and allows for variability because they combine together, differ genetically
Mitosis

· Nuclear division that produces daughter nuclei that are exact genetic copies of the parental nucleus
· Interphase, prophase, metaphase, anaphase, telophase, interphase followed immediately by cytokinesis (which divides the nuclei, cytoplasm, organelles and cell membrane)
· Used in asexual reproduction or to make a lot of the same type of cell to ensure survival
· In prokaryotic cell this is called “binary fission”
Asexual reproduction

· Any mode of reproduction in which a single individual gives rise to offspring without fusion of gametes, that is, without genetic input from another individual
· Favorable in perfect conditions, where there are lots of different materials available, and no need for variation or adaptation
· Mainly using mitosis not meiosis
· Parents don’t have to expend energy to produce gametes or find mates
· Good in sparsely settled environments
· Fission, budding or fragmentation
Meiosis

· The division of diploid cells to haploid progeny, consisting of two sequential rounds of nuclear and cellular division
· Involved in sexual reproduction, where gametes combine together to form zygotes (egg and sperm)
· Allows for genetic variation as one set of genetic information comes from the mother and one comes from the father, and when it combines it creates new variations
Sexual reproduction

· The mode of reproduction in which male and female parents produce o[image: image4.png]


ffspring through the union of egg and sperm generated by meiosis
· Allows for variation of genetic material as one set of it comes from the mom and one set comes from the dad – each chromosome pair cross over to achieve homologous recombination during meiosis
· Primary method of reproduction for the vast majority of macroscopic organisms
· Favorable in harsher environments because the need for new variations to ensure survival is needed
Zygote

· A fertilized egg
· A combination of two gametes – a male and a female – that are formed together during sexual reproduction (meiosis)
· Formed from two haploid cells and combines two sets of DNA together allowing for genetic variation
1. haplontic

Haplontic - fungal-like protists
· Type of life cycle found in zygotic meiosis
· An organism ends it diploid phase and produces several haploid cells. These cells then divide mitotically to form either larger, multicellular individuals, or more haploid cells. Two opposite types of these gametes the fuse to become a zygote (male and female)
· Zygotes are the only diploid cell, and mitosis occurs only in the haploid phase. 
· Most fungi, some green algae and many protozoa divide this way
· Dinoflagellate Gyodinium fuscum 

· spends entire life in haploid state, only has 1 chromosome set, multiplying by simple binary fission to ^#s.

· when env changes (may be due to seasonal, or if they’ve taken up all resources): turn to sexual reproduction. ex. when water quality deteriorates: 2 haploid objects fuse to make diploid stage and then that zygote will go through meiosis to produce 4 products that are genetically different than the 2 cells that fused in the beginning.

2. alterations of generations  

Alternation of generations- plant- like protists
· The regular alternation of mode of reproduction in the life cycle of an organism such as the alternation between diploid (sporophyte) and haploid (gametophyte) phases in plants
· Life cycle found generally in plants due to the fact that they don’t have eggs or sperm – they have spores that can give rise to new haploid individuals asexually
· Diploid generation produces spores  (produced by meiosis )and the haploid generation produces gametes (produced by mitosis)
· Example is in Brown algae – Laminaria solidungula
 Gametocyte

· A haploid cell, and egg or sperm. Haploid cells fuse during sexual reproduction to form a diploid zygote
· Produced during meiosis, with a mix of genetic material from each [image: image5.png]


parents, therefore allowing for VARIABILITY
· Eukaryotic germ cell that can also divide by mitosis into other gametocytes
· Develop during the parasitic life cycle of protists as seen in Malaria Plasmodium
· Gametocytes develop in the process of gametogony as a Trophozoite develops into a microgametocyte and finally a microgametocyte
· The microgametocyte is injected by a carrier such as a mosquite, and then transmitted into another host
· fig: large algae but still considered protists because they are aggreagates of single cells (no communication between them 

· sporophyte: whole set of diploid cells that are photosynthesizing > it makes spores by meiosis (haploid)> cells that have the role of reproduction. whats different is that these spores rather than immediately combing to make the zygote these spores are not going to combine with each other, they will settle onto the ground and go through a series of mitotic divisions and will form a simple clusters of cells which looks like a smaller form of the sporophyte and this is called a gametophytes

· gametophytes produce gametes > some specialized to become egg (from female gametophyte) and sperm (from male gametophytes) > fuse gametes 

· each of these plant like structures, (sporophyte, gametophyte) > alternates between the 2. ex, giant kelp 

· diploid state is equally important as the haploid state

3. diplontic

Diplontic- animal-protists
· Type of life cycle where the zygote divides mitotically to produce a multicellular diploid individual or a group of more unicellular diploid cells. These cells then undergo meiosis to produce haploid cells or gametes. Haploid cells may then reproduce again by mitosis
· Mitosis only occurs in diploid phase, and the diploid phase is the predominant life cycle phase (in favourable conditions)
· All animals, some brown algae, some fungi
· Diatom Cyclotella meneghiniana 

· env deteriorates: require unique cells to withstand it (meiosis). 1 will be immotile and 1 will swim (like sperm and egg) which then fuse to form zygote that then undergoes divisions

1+2+3= multicellu[image: image6.png]
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larity arising from the protists life cycles> suspect a commonality between the ancestors 

4. parasitic

Parasite

· An organism that feeds on the tissues of or otherwise exploits its host – Symbiotic relationship (parasitoid) where the parasite profits but the host does not
· Example is like the malaria disease, that eats the red blood cells of humans
· Can be viruses, bacteria, fungi, worms etc
· Follow a life cycle that takes advantage of the host cell its living in 
Host

· A species that is fed upon by a parasite
Malaria Plasmodium sp. 
· parasitic disease that involves high fevers, shaking, chills, flu-like symptoms, and anemia
· 500 million people are infected with malaria in tropical regions and kills 2 million people each year 
· Follows the parasitic life cycle -  controls 2 separate organisms to ensure that it completes its life cycle. It must increase rapidly in numbers once it arrives in the host cell – asexual reproduction
· When blood is taken, it ingests the gametocytes into the mosquito, transports into the egg and male gamete which fuse into a zygote
· The zygote then increases massively in numbers and migrates to salivary glands of mosquito to inject the disease
Plasmodium
· Genus of parasitic protists  
· Are responsible for the spreading of malaria
· A type of Apicomplexans which are non-motile parasites of animals that absorb nutrients through their plasma membranes (rather than by engulfing food particle) and lack food vacuoles
· Mosquitos spread the disease and are all form the genus Anopheles
Sporozoite

· Any of the minute undeveloped sporozoans produced by multiple fission of a zygote or spore, especially at the stage just before it infects a new host cell.
· Found in the viral life cycle, like in the spreading of malaria. Cells are called sporozoites before entering the liver cell where they undergo a massive amount of mitosis
· It is then released into the blood and is called a merozoite
Trophozoite

· Motile, feeding stage of Giardia and other single-celled protists
· In the malaria virus, it is the stage where the virus is inside the blood cell and eats it.
· It then increases heavily in numbers
· It then changes back into a merozoite and the blood cell bursts, allowing the virus to move elsewhere
Merozoite

· A merozoite is a "daughter cell" of a protozoan.
· Part of the life cycle of parasites – like malaria
· Circulate in blood and invade red blood cells, cause the blood cells to burst and are the released to find new cells to eat. This is what causes the fever and chills of malaria
· Trophozoites in RBCs can either eventually develop into gametocytes or form a cycle to form merozoites which would infect other RBCs
* malaria life cycle: 

· protist (single cell EK) and it will develop a strategy to replicate itself in 2 different organisms (mosquito and human).. when you get infected > parasite has to bring up its numbers really high. 

· gets in mosquito and gets into high numbers than move to a human host and replicate itself in there to high numbers

· amplification of numbers and genetic recombination  (to get back variability) 

· 1. mosquito biting on human host and has gametocytes (will turn into the gametes) that will be consumed and it will trigger their change when hits gut into male and female gamete > gone from haploid to diploid (genetic recombination)..egg embedded (sporongy)

· 2. have to bring #s up to be able to move to host. egg after fertilization will undergo meiosis  amplification of #s (mitotic) = sporozoites in blood that will migrate to salivary glands 

· 3. mosquito goes and bites someone and injects saliva when it bites to prevent blood clotting > some saliva ends up in the host: the sporozoites finds and invades a liver cell and inside the liver it will go through asexual reproduction called schizongony (before large #s with sporongy) > and when the cell gets too packed with modified malaria parasites they burst and enter into the blood stream (releases merozoites) > doesn’t want to stay there so it invades a RBC and feeds and chews away Hb to make more parasite (called a trophozoite cause its feeding) and they are going to burst and return back to merozoite stage 

· important stage: all the RBCs that have parasites in them they rupture at the same time > going through fever and chills > mosquitos are attracted to their host by the co2 given off and humidity. if someone were having a malarial fever = ideal person to feed on

· alters physiology of the host to be able to attract mosquito preferentially than someone who doesn’t have malaria 

· same time as some cells differentiating, some become gametocytes and those will be consumed by the mosquitos instead of  trophozoite to merozoites 

· parasite is altering physiology between vertebrate to attract the insect 

· now have malaria parasite that is resistant to the quanine drug 

Viruses

Virus

· An infectious agent that contains either DNA or RNA surrounded by a protein coat
· Consist of three parts: the genetic material, a protein coat that protects these genes, and in some cases and envelope of lipids that surrounds the protein coat
· Shapes range from helical, polyhedral, enveloped or complex
· Have a lytic and lysogenic life cycle
· Use a host cell because they are not able to reproduce on their own or preform metabolic functions
Virus morphology 

* 2 types of morphologies, enveloped or non-enveloped viruses

Enveloped virus

· A virus that has a surface membrane derived from its host cell
· The virus will produce proteins that attach to the host organisms membrane
· As the virus exits the host, the membrane from the host envelopes it and it now is protected by an envelope with its own proteins surrounding it (exocytosis)
Non-enveloped virus

· Virus that does not have the envelope of its host cell surrounding it
· The capsids are solely responsible for attachment of the virus to the to-be-infected cell
· Virus are non-enveloped when they are inside of the host cell
Capsid protein

· The protective layer of protein that surrounds one or more nucleic acid molecules to form a virus
· Can be enclosed within a membrane or envelope derived from their host cell’s membrane “viral envelope”
· Can be helical, icosahedral or more complex of a structure / shape
· series of antigen proteins which allow virus to get back in and out of the cell. 

· H: used to get into a cell

· N: used to get out of a cell

· H1N1: characterization of influenza virus. and form the genome there are different strains by what is on the surface of the virus. severity of strain depends on H and N antigens. 

· classified by H and N > 10 different types and they behave differently. 

· concern: antigens can mix> bird flu virus picked up by a pig > get Hs and Ns that have never been combined before. both viruses invade animal to get mixing = deadly outbreaks of viruses (swine flu antigen H and avian flu antigen N).. don’t have anything to fight them because we need to develop a vaccine.

· all viruses are essentially the same thing: a shell protecting some genetic information 

· antigens used for recognition 

Viruses- replication 

Lytic replication

· The series of events from infection of one bacterial cell by a phage through the release of progeny phages from lysed cells
· This type of viral replication is destructive and kills the host cell
· Simpler cycle 
· the virus binds to the wall of the host cell and linear viral DNA enters the cell’s cytoplasm
· The viral DNA forms a circle. 
· Viral enzymes break down the bacterial chromosome and host cell machinery to produce viral proteins and linear copies of viral DNA
· Viral particles are assembled with DNA packed inside
· Viral encoded enzymes breaks down the host cell wall, releasing infective viral particles
* ancient oceans: bacteriophage were responsible for controlling bacterium levels (the levels can get too big)

Lysogenic replication

· Cycle in which the DNA of the bacteriophage is integrated into the DNA of the host bacterial cell and may remain for many generations
· May occur for an indefinite amount of time before transitioning to the lytic cycle, to infect other cells
· More common path
· the virus binds to the wall of the host cell[image: image8.png]


 and linear viral DNA enters the cell’s cytoplasm
· The viral DNA forms a circle. 
· The viral DNA is integrated into the bacterial chromosome
· During cell divison the bacterial DNA, with the integrated viral DNA is replicated
· Following cell division each daughter cell has viral DNA incorporated
· At some point, viral DNA may be excised from the bacterial chromosome. It becomes active and enters the lytic cycle
· Viral enzymes break down the bacterial chromosome and host cell machinery to produce viral proteins and linear copies of viral DNA
· Viral particles are assembled with DNA packed inside
· Viral encoded enzymes breaks down the host cell wall, releasing infective viral particles
· viral DNA lies there dormant. replicates thousands of times. all of a sudden the viral DNA will exit out of the genome and take over the bacteria and go into the lytic cycle (similar to the plasmid) 

Bacteriophage

· A virus that infects bacteria. Also referred to as a phage
· This is why bacteria do not completely overrun the planet – they are destroyed in incredibly huge numbers by bacteriophages
· Produced by transduction
Viral phases in replication 

* 6 steps

1. entry

· inject genome, can be single stranded, double stranded, sense, nonsense, RNA

2. transcription and viral protein production

· for casing of the virus

3. replication of viral genome

4. assembly of virions (single virus> complete virus particle)

5. exit 


- lysogenic phase, or budding 

6. transmission to new host 

· specificity comes when you have a coat protein and the relationship to host. organisms can withstand viral attacks. related to antigen of virus. 

exit host: budding

· Not only making the viral proteins that are essential to package its nucleic acid sequences , but will also make the H and N proteins that will be incorporated into the plasma membrane that will surround it (envelope virus)

· exocytosis of a particle wrapped in PM of host cell and because of this it often doesn’t kill the host cell> big difference between enveloped and non-enveloped virus 

· enveloped: something similar to lysogenic phage > latent phase (dormant) ex. shingles

Latent viral phase

· The time during which a virus [image: image9.png]


remains in the cell in an inactive form
· Like the herpes viruses in humans, it remains in the latent phase in the cytoplasm of some body cells for the life of the individual
· Stress can cause the virus to become active in some cells, directing viral replication and causing ulcers (herpes virus) to form as cells break down during viral release
· Similar to the lysogenic cycle in bacteriophages
· Work was done to learn about budding through HIV research: Nature of protein coats create a channel for injecting nuclear material

· The HIV virus is an RNA virus; it will then make a DNA strand (reverse transcription  first finding!) 

· Central dogma (RNA to DNA)  backwards!

· The virus is escaping from the host proteins and the one that it placed in the cell as well

· Viruses are very hard to treat unlike antibiotics: With viruses, you need antigenicity to physical structures of viruses

· In some viruses (ie reverse transcription viruses) there is nothing that is different with their antigenetic surfaces (hard to differentiate between viruses and other cells) 

Antigen

· A foreign molecule that triggers an adaptive immunity response – antibody generator
· Can be exogenous or endogenous – entering from outside or produced from inside
· Are macromolecules, large proteins or polysaccharides. Some nucleic aicds and artificially synthesized molecules can be considered antigens
Reverse transcriptase

· An enzyme that uses RNA as a template to make a DNA copy of the retro transposon Reverse transcriptase is used to make DNA copies of RNA in test tube reactions
· Method used by the HIV virus RNA into DNA to make copies for the viral genome making it hard to make antigens against
· Contradicts the central dogma of biology
· Used by viruses like retroviruses allowing it to be incorporated into the host cells genome. Allows RNA to serve as a template in assembling and making DNA strands with the virus
Retrovirus

· RNA virus that is duplicated in a host cell using the reverse transcriptase enzyme to produce DNA from its RNA genome. 
· The DNA is then incorporated into the host’s genome by an integrase enzyme for the production of new RNA retroviruses
· The AIDS virus functions this way and it makes it more difficult to make an antigen against
· Retrovirus are enveloped viruses
Viruses aren’t cells

· no cell membrane *not functional exchange membrane.

· no ribosomes *big thing that they have to take advantage of because with none = no translation 

· no mitochondria

· its really just DNA (RNA) wrapped in a protein coat *they can’t do some of the necessary things in life .. and occasionally in plasma membrane (enveloped)

Are viruses living? no 
· self replicating: life from life with a genetic program 


*NO

· metabolizing: capturing and releasing energy 


*NO because they have no mitochondria, have to steal from host 

· self regulating: a delicate balance 


*NO

· reproduce: life from life 


*can but not on their own 

· evolving: adapting and changing 


*yes and effective 

· responding: sensing and interacting with surrounding world 


* yes (fighting with membrane systems using them as ways to get in)

· growth: increase in size 


*NO

Prions and viroids * 2 other groups of pre cellular particles yet capable of doing life like things 
Prion

· Infection agent composed of a protein in a mis-folded form (aberrant form)
· Responsible for the transmissible spongiform encephalogpathies in a variety of mammals – including mad cow disease, and Creutzfeldt-Jakob disease in humans
· All prion diseases affect the structure of the brain or other neural tissue and all are currently untreatable and universally fatal
· When a prion enters a healthy organism, it causes healthy proteins to convert to their aberrant form causing a chain-reaction.
· Very small protein particles that can be folded in 2 configurations

· Aberrant (unusual) > these will cause other proteins to change into that form 

· Normal prions change their shapes when they come into contact with aberrant prions

· As a result of this, we end up with Mad Cow disease (spongiform encephalopathy)

· everyone has prions and they are all over the cell membranes of cells. 

· These proteins are thought to be some of the very earliest versions of cell adhesion/cell communication 

· Their normal role speculated to be the way that animal cells adhere with each other and they may also be involved with how cells communicate with each other

· When you get an aberrant prions and changing shapes, the aberrant prions stick together> form long fibres > Split ends are formed, and even more chains are made (very quickly with splitting)

· If it gets into the nervous system, you get plaques of fibers 

· Hundreds of free ends that are getting bigger

· Create vacuoles/spaces within the tissue of the brain nervous system 

· The Schwann cells are attacked the most> Severe brain damage

· There is another theory that one prion meets another, changes the other one, and keeps going to change more, but this is being discredited 

· Looks as if it’s through the fibers -> creates sponginess associated with the tissues

· In the 90s, animals were being fed meat by product in order to give them protein

· if you had an organism that had mad cow and any traces of prions there, the prion could start seeing other prions and create the free ends > converting prions

· Prions can’t be destroyed by heat, cold, digestive system etc.

· any sign of mad cow: killing of herds. because theres a chain of events leading to death with no cure for any organism

· This is why we see on food products that there are no animal byproducts used in feed etc.

· This is unusual because this is an infectious protein (proteins converting proteins)

· The mechanism of prion replication is not fully understood
Bovine spongiform encephalopathy (mad cow)

· Neurodegenerative disease in cattle that causes a spongy degeneration in the brain and spinal cord
· Transmitted to human beings by eating food contaminated with the brain, spinal cord or digestive tract of infected carcasses
· In humans it is known as Creutzfeldt-Jakob disease
· Caused by a malformed prion entering the system (abberant form)
· The pathogen was resistant to all the things that destroyed nucleic acids, but they were destroyed by things that destroyed proteins

· proposed that their was an infectious particles out of proteins: prions

Creutzfeldt-Jakob disease

· Degenerative neurological disorder (incurable and invariably fatal) – human form of mad cow disease
· Due to an infection protein called a prion. A Prion is a mis-folded protein which replicates by converting their properly folded counterparts
Viroid

· Plant pathogens that consists of a short stretch of highly complementary, circular, single-stranded RNA without the protein coat that is typical for viruses
· Simplified structure
· Only human disease known to be caused by a viroid is hepatitis D
· Primarily found in plants 

· Like baby viruses; only have about 200 nucleotides in RNA strands (the smallest viruses are 2000 nucleotides)

· Can self catalyze (can replicate themselves) > resynthesize themselves

· Contain in their sequence parts that anneal to message of plant and shuts down RNA translation

· Start of the thought of the RNA world (RNA that can self replicate)

· It now turns out that Hep D is a viroid; lives inside the envelope of a Hep B virus 

· In normal circumstances, Hep B wouldn’t produce Hep D, but in some cases Hep D will exist 

· There is no cure for Hep D (we can’t figure out how to kill it because we can’t get inside the envelope) 

· Both prions and viroids can generate more of themselves in very different methods from anything else 

· These are particles that are smaller than cells but have some characteristics of life, but not all

· This helps our understanding of the starting of life 

extra keywords (didn’t fit anywhere)

Antibody

· A highly specific soluble protein molecule that circulates in the blood and lymph, recognizing and binding to antigens and clearing them from the body
· Protecting against subsequent infections by any of those specific strains
· Highly specific protein molecules that will recognize and bind to the specific proteins of a pathogen, like a proteins in a virus’ coat – belongs to a class of proteins called immunoglobulins and contains four polypeptide chains
Epidemic

· Occurring suddenly in numbers clearly in excess of normal expectancy, said especially of infectious diseases but applied also to any disease, injury or other health related event occurring in such outbreaks.
· Example is the AIDS virus
· Hard to make antigens against, so it is harder to treat and therefore it spreads more readily
host: (viruses)

· Viruses are dependent on host cells because they lack a metabolic system to provide energy for their life cycles and cannot reproduce on their own
· Reproduce using some of the host cells DNA in the Lytic cycle or the Lysogenic cycle
· Exit the host by BUDDING taking some of the membrane with it creating an “envelope”
Immune system

· The combined defenses, innate and acquired, a body uses to eliminate infections
· Protects the body against pathogens such as viruses, bacteria, protists, fungi and parasites
· Physical barriers that prevent the entry of pathogens, innate immune system, adaptive immune system
· Plankton
· Any drifting organisms, plants, Achaea or bacteria that inhabit the pelagic zone of oceans, seas or bodies of fresh water. Defined by their ecological niche rather than phylogenetic or taxonomic classification
· Compose the main food source for all marine environments
· Phytoplankton – photosynthetic protists and zooplankton which are also protists but do not photosynthesize
RNA polymerase (simple and complex)

· An enzyme that catalyzes the assembly of nucleotides into an RNA strand; needed during transcription
· Produces a complementary antiparallel RNA strand
· Found in all organisms and many viruses
· Important in the completion of the central dogma of biology because it allows DNA to become RNA which allows for proteins to be formed
Vaccine

· A vaccine is a biological preparation that improves immunity to a particular disease. A vaccine typically contains an agent that resembles a disease-causing microorganism, and is often made from weakened or killed forms of the microbe or its toxins.
· Can contained a killed virus, an attenuated virus, a toxoid, a subunit, or a conjugate
· Aim is to develop immunity against the disease by allowing the immune system to create a response to the weakened from, so if the actual form were to present itself, the body could respond effectively
· Allows for adaptive immunity
crossword

In the endosymbiont theory what type of metabolism did the bacterial cell have? Aerobic

3.In the life cycle of the plant-like protists the diploid stage is this: Sporophyte

7.In the diplontic life cycle which type of chromosomal compliment dominates? Diploid

9.Cell wall of the fungal-like eukaryotic protists: Chitin

12.Amoebas use these to move: Pseudopods

13. the sudden release of the malarial parasite causes this in a patient suffering from malaria: Fever

14.The doplontic life cycle is typically associated with which kingdom of multicellular organisms: Animalia

15. what do gametophytes produce? Gametes

18. these algae are the ancestors to plants: Green

19. food always enters a ciliate at the same point on its surface, referred to as this: Cytostome

20. the more solid of the two protoplasm states in an amoeba: Ectoplasma

23. This part of the human population is most affected by malaria: Children

25. Protozoan’s with cilia are given this common name: Cililates 

27. The fusion of male and female gametes results in this: Zygote

29. Number of membranous bilipid layers surrounding the photosynthetic organelle created by secondary endosymbiosis: Four

30. In the plant-like life cycle with alternation of generation what type of cell division results in the production of gametes? Mitosis

32. this stage of the malarial parasite is found feeding in the red blood cells: Trophozoite

34. in addition to the mitochondria this organelle in photosynthetic autotrophs also arose in the same way: Plastid

35. the malaria parasite live in these mosquito glands and are injected into the human host when the mosquito bites: Salivary

37. common name for single celled photosynthetic eukaryotes: Algae

38. the ____ plasm is the more fluid of the two protoplasm states in an amoeba:  Endo

2.The part of the amoeba where the ectoplasm is converted back into endoplasm: back

4. The three carbon compound that mitochondria use as a high energy compound: Pyruvate

5. The membrane system of the nucleus is only one part of this larger membrane system in cells: endo membrane

6. This is the first type of cell attacked by the malaria parasite when it enters its human host: liver

8. From which domain does the symbiont come from in secondary endosymbiosis: Eukarya 

10. Membrane system surrounding the genetic material in eukaryotic cells (two words): nuclear envelope

11. Large brown algae, like kelp, are still not considered multicellular because the only specialized cells are associated with this activity: reproduction

13. The life cycle which is dominated by a haploid chromosomal compliment is associated with which multicellular Kingdom? fungi

16. this is the more fluid of the two types protoplasm found in an amoeba: endoplasm

17. the presence of this compound in the wall of the photosynthetic organelle in some algae is evidence of the organelles bacterial origins: peptidoglycan

21: cell wall of the plant like eukaryotic protists: cellulose

22. Like the muscles in higher animals, amoebas also depend on contractile proteins, calcium, and this for movement:ATP

24. animal-like protists use this type of nutritional strategy: ingestive

26. in the life cycle of the plant-like protists the diploid stage produces these: Spores

28. mitochondrial DNA takes this bacterial form: circle

29. the part of the amoeba where the endoplasm is converted to ectoplasm: front

31. amoebas consume this type of food by using phagocytosis: solid

33. in billions of years the length of the Proterozoic eon: two

36. have there ever been cases of malaria in the Ottawa and Eastern Ontario area? yes

