Lecture # 2 BIO 1130                                                                           Friday Sep 7th 2012

Biology, Biologists and Bioscience 

· biology is a word not a term, ruled by manifestations and laws.

Important stages in bio:

· Greek and Roman era

· Medieval ages

· Renaissance and Scientific era

· 19th
· 20th
· 21st 

3 individuals

Hippocrates 

(father of medicine)
· human biology

Aristotle 

· student of Hippo

· kept a record of all the organisms as greeks travelled
· made a list of animals and classifies them from superior to inferiors
· gives us scala naturae
· animal biology
Theophrastus 

(father of classification)

· started with plants
· medical benefits/qualities at the time

· discovered plants protection and it’s chemical strategy 

· used pollination to classify and most of the time he was correct

· wrote 10 books 9 of them are still being read today.

· Study medial properties of plants 

· Father of plants.
*Note Hippocrates and Theophrastus both linked for medical cures. 

Greek and Roman era: Scala naturae, the great chain of being. Essentialism

1. Superiour (God, gods, Zues, Judaism, Islam, Catholics)

2. Angles/ Arc Angles

3. Man

4. Birds

5. Animals
6. Organisms on surface 

7. Organisms in the ground
From the great chain; essential element: everything looks the same in each section

· All of which are diverse, all of which are unchanging and hierarchy system.

· No change in or within system, nobody could move up or down the rankings

Medieval ages:

- Dramatic tribes (Gous) runs out the Romans and the Greeks whole commerce system
therefore economy collapses no more agriculture, low population, low education.

· by 450 Gous destroys Rome! Took 300 years

-     and then 1000 years a new population begins and England, Nords, Denmark, Wales take over. Europe becomes wealthy. 

- by 1347 The Black Plague via silk roads, rats and flees from asia kill Europe (1/3 ppl died) once again industry and commerce drops again and it takes another 300 years to recover. 

1400, Christopher Coloumbus discovers new geography near the western world.

- Islamic nations not affected by plague therefore they take Europe’s Science to its dwellers and now Islam grows as an age. 

Islam

- Byzantium (Islam) look at things to improve agricultural stoke, they turn to the obtained science from Europe to start selective breeding. 

Avicenna

· took greek & roman, India, Asia’s note on Science to create a medical catalogue. This would last until the 1600s. Islamic medicine. 

Al- Baiter                               -       completes pharmacology and does healing using 

                                                         Plants  by Europe’s ideas.
Special pattern: similar to scala naturea (Pedigree of Man) 

- no change to this pattern as well

According to the Irish Oct 23rd 4004 B.C.E is when all these things came about.

Scientific Revolution:

- Copernicus -> trying to use math to ask about the universe
· believed the sun is the centre of the universe
· he was funded by the church, to what was going on.

Gaileo -> supported the idea of the sun as the centre
           -> but sent to pergutory because he did not prove that earth is the centre of the earth or did not want to believe. 

Van Leeuwenhoek 

· created the first microscope 

· used that to amplify living things smaller than what we thought
· looked at small things in life, things we cant see more in detail. 

Harvey

(doctor of physiology)

- how did things work

Linnaeus 

· binomen nature

· organized the living world, “Ernested Hiarchy”

· and therefore made predictions

Taxa
1. Kingdom

2. Phylum

3. Class

4. Order

5. Family

6. Genus

7. Species 

Ex: Apis Mellifera
      (genus) (adjactive)    *always written in italic due to different language*

- way to name things; such as animals

- sets rules for them and are still being used today. 
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Animalia, Plantae and Fungi: multi celluar and have cell to cell communications

Protista (Eucaroyte) and Monera (Procaryote): no cell to cell communications, single cell but no specialization of the cell.

Prokaryotic cells:
· Most primitive, earliest form of life

· Do not have a pre-defined nucleus
· Chromosomes are dispersed in the cytoplasm
· Contain no membrane-bound organelles
· Have circular chromosomes and lack histone proteins

· Most metabolically diverse

· Small - typically 1 - 5 micrometers in diameter

· Have a primitive cytosketetal structures or don't have a cytoskeleton at all

· Smaller (70S) ribosomes

· Don't undergo meiosis but reproduce sexually by the transfer of DNA fragments through conjugation

· Everything happens in the cytoplasm, only one environment. 


Eukaryotic cells:
· More complex, evolved organsims

· Contain true nuclei in which chromosomes are compacted as chromatin
· Contain membrane-boundorganelles

· Have linear DNA and contain histone proteins
· Larger - typically 10-100 micrometers in diameter

· Have a complex cytosketeton

· Larger (80S) ribosome

· Reproduce sexually with the use of meiosis

There are two main differences. 
(1) Prokaryotes(P) do not contain membrane bounded organelles while eukaryotes(E) do. 
(2)(P) have circular DNA and nuclear content aggregated in their cytoplasm while (E) have a nucleus within which the nuclear content is stored.

- Mitochondria was made before Chloroplast, mitochondria is needed to generate ATP. 

5 Kingdoms (Linneaus) 

Kingdom Plantae: plants have cell wall (cellulose)  

Kingdom Fungi: Digest externally, absorb energy from other plants

“              Animilia: consume chunks and digest internally. 

Fungi( chitin for cell wall, digest externally and absorbed the breakdown products

Domains of life - Monera

· Bacteria and Archea use to form Monera: new 15 to 20 years, weird, Eukaryote.

· Lowest common ancestor: Luca, universal common ancestor

Laclerc ( father of Biogeography) (Buffon)

· depending on environment he notices that animals have morphology that helps them adapt to the environment.

· The geography shapes appearance – against scala naturae 

· The cat example, cat comes from a common ancestor

Eramus Darwin:

· he translates Linnaus work into English for English scholars

· he sees common origin from the readings of animals 

· he writes an epic poem- gradual transformation of animals 

Cuvier (fast process):

· concept of extinction; some organisms disappeared 

· catastrophe that killed all the animals- (the great flood)

· contrast to scala naturea 

Lyell (slow change) 

· layers of strata on mountain
· took rock profiles and compared it to other rock profiles in other countries
· these strata rep. History of sedimentation and rock over time. CaCO4 ingredient of sedimentation. 
· Uniformatarian…?
Lamarck

· explain where change from – use it or loose it (transmutation)

· transmutation, essence affected by environment 
·  inheritance of aquired traits$
· mistake: gametes don’t have a mechanism to change the reproduction outcome. That gentic material is not affected by any “aquired traits”- has been set aside 
· species can change due to environmental pressure ex giraffe 
· essentialism:there is slow and gradual change-transformation or dramatic change.  All of a sudden a new speiece arsises from no where. Therefore a new organism 
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· 19th century, Darwin and Wallace (studied in Indonesia)

· looked at population instead of individuals, population as in variation. 
· Darwin looked at natural selection and artificial selection
· Modify essentialism (lamaracks theory), each generation improves from a spontaneous generation
Darwin

· branching pattern of life, some have advantage and disadvantage due to competition

· ex dogs (artificial selection): wolf relation and genes identify certain characteristics, sub species of wolf, and selective features
· variation-advantage: increase in gene.
5 theories from Darwin:

1.no constancy of species  

2.common ancestry   1 and 2 happy close to scala naturae 
3.gradual changes
4.multiplication of species( lost and gain)
5.natural selection   
                                                   no theory of evolution

- natural selection drove species out of existence.

Plants: cell wall, inflexible cell wall, protein is in cytoplasm, hard to get due to cellulous 

1. evidence: fossils are very rare, extinctions, transitional forms, vestigial structures-> related to transitional forms. 

Transform

· horse grows teeth that’s able to grind the cell wall to have access to cytoplasm to obtain nutrients.

· Horse overtime looses its toes for one time less time or surface area on the ground

Archaeopteryx – how reptiles became birds

Feathers were found in reptiles that kept them warm
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Common ancestry – EVIDENCE:

· comparative anatomy 

· comparative embryology 

· vestigial structures 

· Biogeography

· Molecules

Comparative anatomy: Homology- Divergent evolution : (classic)

- limbs or vertabrea or structures did different functions but they all have or share a similar structure or shape. Share the similar sequences in structure.

- Divergent structure- modification of doing completely different things; 2 different species share the SAME ancestral origins (or a common ancestor) but have evolved differently
· although flying, walking, swimming they shared same underlying structure: homology

· homolgous structures can do different things but they have the same identical embryonic underlying sequence.

· Ancestral structures were able to practise doing different movements . 

· To determine  

Homoplasy – (analogous) Convergent evolution

-  when species with DIFFERENT ancestral origins have developed similar features. e.g. sharks and dolphins. they have a different ancestral origins but have developed similar features such as fins to suit their niche.

- homoplasy starts to disappear, homology becomes stronger
Comparative embryology: 
- Similarity among embryos such as humans, chickens, frogs and fish. Human embryos pass through embryonic stages inherited from their ancestors because they have inherited the development mechanisms from a common ancestor. 

-  ex spiral cleavage, gill slits, a two-chambered heart and tail with muscles to move it. 

· every single vertebra organism repeats its evolutionary history. Ex guil slits.

· Spiral clevage-n embryology, cleavage is the division of cells in the early embryo. The zygotes of many species undergo rapid cell cycles with no significant growth, producing a cluster of cells the same size as the original zygote. ... 

· Hox genes: the patterning genese that regulate the pattern of complex genes. 

Vestigial Structures:

-are present but not in use any longer 

- appendixes use to digest cellulose, role in bacteria digestion  

- goose bumps: hair lifted up, ancient lift hair to insulate body or defensive posture to make the animal look bigger. 

- nictitating membrane: swimming ancestors an eye in water does well under water was able to change refraction of light to see under light. 

Molecules:

· changes in amino acid sequence will tell us things about the releationship about organisms.

· C.C part of the electoro transport chain.
· Ex. Cordate jaws the whole genome completely duplicated. Allowed for a back up, fishes on up has a complete doubling genome- relationship. 
· Molecules showing us sequence
· Genes can be looked at all the way to Luca
Darwin’s five theories (last 3) 

Pasteur :  he gives us the concept that life does not come from spontaneous generation. Proposes with Germ Theory: a germ plasma that is life and life basically comes from. Life comes from a germ

Schleiden and Shwann ( Cell theory)

· everything you take you’ll find a membrane with a nucleus in the middle.

· They assume a fundamental package of life (cell). Cell is the element of life.

· Cell is the unit of life.

· It has become clear the life relys on cells. 

Schleiden: Plants      Shwann: animals (shwann cells surrounding animal nerves)

· they give us cell theory: that the cell is the basic unit of life. 

· Indiv cells have characteristics

· And cells come from cells

Mendel: 

· Pea plan genetists

· He takes these traits and crosses them over and over them and get ratios, monohybrid crosses 
·  Traits are in distinct packages 
· we have multiple packages of traits- chromosomes
· ½ from mom, ½ from dad sexual recombination
· there seems to be 2 traits in every organism (diploid)
· ex tall and wrinkly are not in the same package of traits
·  infinite varability that’s possible, ex tall and small

· segregation : a pair of genes separate during gamete formation; the fusion of gametes at fertilization pairs once again

· independent: each pair of alleles segregates independently during gamete formation

· he picked traits that were only 2 characteristic, he picked 7 of them.

· Tall, short, yellow gray, wrinkly, etc. how did mendell do this , picking a trait plus or minus.

· An Austrian Monk, had packages that could of continued Darwins research. Mendell has a copy of Origin of Species by Darwin

· Gives beginning of where variation comes from

Huxley: Synthetic theory of evolution  

· heritable traits are through genetics 

· explain the things Darwin was not able to explain during the 20s.

· Synthetic Theory

· You could predict, some variation has advantages

Biogeography

· Australia has no mammals all marsupials. South America use to have big birds that walked until north America hooked in. Continental drift  (vegner), no mechanism as to how the continents poled through the ocean.

· The theory explains that life spreads out from the center of pangea and each continent depevlops a unique feature. Changing currents, force extinctions, 

20th century Modern Bio:   

· How do genes turn on and off , 60 yeas ago.

· 1970, first time DNA could be taken out and amplified

· Human genome only 12 years ago

· We didn’t know anything about the inner space.

· Bio is a young science

· Bio is now into types such as cell biology

· 21 century is the century of biology

· was called natural science before 1800s

· we don’t the role of mito and atp until 1950

· structure of dna not known until 1953

· 1960’s thinking about continental drift

Douglas Adams

· to conjecture on science over the previous two centuries

· he felt that the age of science could be divided into 4 parts

· Ages of Sand: (or ages of cilica) 

· First- Telescope 1608 age of sand ( silica and sand)

· Second- Microscope- look at small things micrscoptic, cell to cell growth, predicated on small units, smallest elements of the natural world. No spontaneous 

· Third- 1961 the first chip, 0 or 1, charged or not charged. Comp chip. Slid rules. Silica used in the first chip.  Now we can store in 0’s and 1’s.

· Fourth: Fibre optic age, the ability to use the silica to use fast movement of data (0’s and 1s from comp chip) to travel across the world. 1980s. world wide collaborations, massive gene project, research geneome of any organism

· Douglas Adam- about data, communication, sharing info. 
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Terms used in doing science:

· Theory: is the explanation of a phenomena being observed

· Hypothesis: testing an observation, the more you test it you got a strong base of the Theory
· Ex Darwin used embryology, common ancestory
· No matter how you test this theory
· A theory the second strongest of level of understanding but it is not a fact. We have to understand that there could be an alternate explanation.
· Theory trys to get to fact, general public believe it s a best guess. They want to know if its true or not.
· In science very little if nothing is fact. 
· Hypothesis is how we question things in turn you predict 
· General public has mind of chronological prediction therefore not based on fact. Logical is based on facts and patterns.  Hypothesis turn into prediction.  Observations where you see the pattern.
· Laws: a theory that is applied universally, ex. Darwins theory does not apply to the whole universe. Laws are suppose to be universal. 
· Physical science has a lot of time to establish.
Physical vs Natural 
- physical: works with inanimate objects therefore guaranteed uniformity 

- natural: animate(living) objects 

- in bio science no two living objects live identical to each other.

· a lot variation causes difficulties for a generalization. 

· Its not simple physics and chemistry
· Physical science is always going to be universal
· Physical and natural was distinct by 50s
· In natural science, no two living objects live identical to each other
· Physical science say its all physics and chemistry
· In natural science, enzymatic process, not simple physics and chemistry, coming from genetic code
· Physical science is universal
Physicalists vs Vitalists

· Living organisms were machines by physic lists
· Some kind of vital force, the whole is more then the sum of its parts. There is something special essence that makes life different by Vitalists.
· Couldn’t explain the living world with mathematics
· By 1930 the two come together because we know the genetic code. (Organicists) . The world behaves by the laws of physics and chemistry. And how that is carried out. 
· The whole is more than the some of its parts- a complex structure facilitates it self. Starlings: swarms not a random event, other birds are just following 600 other birds, it gets a census of how many birds there are and knowledge is being created and being transmitted even though no communication among each other – emergent behaviour. Ex Fish. 
· Swarm acts as an organism 
· Physicalists believed all living things were machines
· Vitalists some kind of vital force, ex the whole is the sum of the parts.  They believe in something special, a special essence.
· By 1930 the two come together because they know the role of genetic code.  The genetic code programs how physics and chemistry is carried out
Phys vs natural

· in phys science everything is explained by mathematics

· bio science, due to high pop the best you can do is come up with storys or theory and how they tested it hypothesis. 
· Nat science called sub science because you cannot explain it by calculations
· Darwin: has no math in his story of a phenomenom
· But it’s a logical written story that explains the phenomenom 
· Nat science cannot explain with math(related to pt 2)
· Phys: Experimentation: deduction  
Deduction vs Induction

· deduction, work out principles of gravity and you observe it testing it
· induction you cannot see the universal eqn, but you start to make observations about what your going to be talking about you don’t know the pattern trying to constantly confirm it and then come up with a conclusion
· induction you don’t know the pattern but you keep looking and looking until you think you find it and you constantly confirm it.
· phys science use global explanations by applying it to other planets or sectors and then test it
· nat science would find commonalities with gathered organism to classify, keep doing this over and over again. You make an induction by observations of what you have but no observation of global . 
· phys science uses deduction 
· nat science cant see the master equation, and their science is done by induction 
Phys vs Natural

· when a theory gets falsified you don’t throw it away, retain and find to tune it. Compare two different theories

· in physical science the equation must always work.

· In physical science a single falsification is enough to abandon a theory
· In natural science a theory is not abandon if falsified 

Giraffes

· have a long neck, natural selection are responsible for the optimal length of the giraffe.
· Grad students found out the giraffes eat way below there neck. 
· What are they doing, why do they have long necks?
· Giraffes use there long necks as weapon marking territory  and sexual competition for mating. 
· Only animals that will fight each other to the death
Anatomy a scientific theory

· Pattern- by observations 

· And Mechanism about how it works 
· Questions to be asked: 
· What is it thing im observing, how and why questions to observe. How proximate cause? Why ultimate cause genetic or evolutionary bases. 
· To test and how (proximate cause)
Proximate vs Ultimate

· Proximate- mechanical, immediate
· Ultimate- tend to be narrative stories, evolutionary sequences, no experiments. Long change time
· Test and how questions associated with proximate cause how would this cause such and such

· Then the why question is the ultimate cause have more of a genetic bases. 
· Proximate is pretty much like physical science for example bio chemistry, very mechanical and very predictable,  
· Ultimate causes tend to be narrative stories, historical narratives
· Because an effect is immediate in proximate and ultimate over a long term, long change time.

· Proximate looks at underlying mechanism

· Cause and effect- proximate

· In biology in the natural science has become so huge that we straddle from proximate causes to ultimate causes (the big picture)

· No experimates just historical narratives. 

Stages in an investigation ( example of proximate to ultimate)

· observations, hypo, test, and conclusion,

· go from proximate to ultimate. 
· Patterns are seen, 
· There is always a hypothesis, so you question and test this.
· Each you get a conclusion from your hypothesis you obtain a pattern which is an example of proximate and ultimate.
Additional experimental components

· A control that is not affected by what my manipulation would be. Two manipulations
· Variables could be like temperature, sample in both locations. You got to control in variable of time. 

· When you measure something you will never get a perfect measurement. 

· Sampling theory: the more time you measure the more accurate the average value would be in finding the real value. 

· Another thing is it is important to measure multiple times. 

· Repeat test. You need to completely do it again. You start all over again. You should get similar results.  Science has a lot of repetition, you have to prove that its not a fluke.  Some take a long time to repeat due variables such as time (seasons).  

· All this is called the scientific method. 

Industrial melanism

· This was the first demonstration that gene frequency were varying over time.  There was change over time ( Black and White moths).

· In a natural population the gene frequency could change based on its environment conditions.  

· We can actually see change in the composition of the gene frequency.

· Fitness biological is how many genes can you put into the next generation ( high reproduction).  Fitness decreased when the dark moths did not camaflogue with the white trees. 

· Null hypothesis is opposite of the hypothesis.

· Sampling method is indiscriminate.  They took white moths and black moths equal amount, on black trunks.  With light off everybody should be ok.  But when the light comes on about 60 % of the white moths are missing.

· The inverse of the experiment was also done.  There were predators visualizing these moths.  

·  Many say this was a flaw because they put the moths on the tree.  They were not placed in their natural habitant which were the branches therefore flaw of natural selection.  

· The end result is you cannot set up this theory, because it was not natural.  But some were willing to hold onto the theory. Example of Induction.  

· The contrast of a tree background affects fitness

· Here is population genetics driving natural selection ( Huxley)

Distribution of Scientific Facts

· There 2 general journals to publish science: Science and Nature (Europe).  Most prestigious.

· Journal selection for your related topic

· You prepare a manuscript, you ask colleagues and friends to read the script

· The editor will conduct an assessment to see if it is legible to be published.  The editor then mails it to peers in the same area and comment on it’s suitability.  They are making sure it its good but they edit it.  This is then mailed back to you.  You rewrite your paper based on the peer review.  By a year time this is all done.  You can dispute with the reviewer.  The peer review adds the rigour.  This is the step involved in publishing.

Type of literature

· Primary: It is the original finding, witten by the scientisst, This is where science is

· Secondayr: are review articles, 

· They will do a synthesis of the topic. A great place to start. Someone has reviewd the article

· Tertiary: May have drawn from a whole bunch of areas to create an acticle. Very weak. Uses some from primary and secondary.  Textbook of ours is a classic example of a tertiary.  Much easier to read, and more generalized.  Ex scientific Atlantic, some one summarizes, national geographic, wikipedia.  
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Hadean and Archean Eons

Geological time scale and life forms

· Major Eons 

· Hadean: Planet slowly grows as meteorites hit the planet.  

· Archean: Life will evolve and take on a cellular form.  Evidence of bacteria life.  Its bacterial existence in the absence of oxygen.  Anaerobic bacteria.  

· Proterozoic organisms are going to be aerobic
· Phanerozoic: multcellur life explodes
Geological time scale and building height

· Hadeon the first to the 12th floor

· Archean 12th to the 33th
· Proterozoic:  33-63

· Phanerozoic:  top 9 floors

Phanerozoic:

· multicelluar organisms are fairly new

· Paliazoic: explosion of animal life multicelluar in the oceans.  The sediments were important to what was settled down

· Plants explode in the environment : Meazoic.

· Dinosaurs all die, birds and mammals take over their environment.  Dinosaurs only died not the plants.  It was a complete environmental collapsed because the birds and mammals toke over the ecoglogy.  The meteorite only affected the dinosaurs. 

· There was a phenomenal amount of time that occurred 

· It was a slow process, the first cell becomes based plant, so on for eukaryote and muticellular.  

Hadean eon

· gets its name from the greek god hadies, hell
· formation of the solar system
· matter makes its first appearance and sticks together. 

· The result is Sun which turns into a planet
· And some point this system stabilized

· The sun is crucial to our story of our planet. 

· The sun is the source of earth’s energy.  

· Life could not survive with out it, it creates the pull of earth to out solar system.

· Earch’s magnetic field can create auros

Habitable zone

· it is a hydrogen bond gone bilistic( Sun)

· Iron planets: Mercury Venus Earth Mars

· Gas planets: the other ones

· Goldy Lock zone: because the conditions are just right, not to hot not to cold.    

· where water exits  as a liquid 

· jupitar are so large that it drags to these two planets.  Therefore protecting the other planets.  Its not only about water is about the other planets.  
· When the sun was very large mars sat right in the middle of the habitable zone.  As the sun gets smaller and smaller Venus could be in the habitable zone. 
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Hadean eaon:

· the building phase, the milkey way galaxy is forming, there will be less and less debris therefore things will stabalize. The meteors hit the planet and turn it into molton mass.  

· Interstellar material, also bring in water.  The plant is slowly gradually getting bigger and collecting water, by interstellar material.  This goes on for a while and earth increases in size as well as water.

· Now we have low risk of being hit by asteroids

· Stabilazation: less hit by asteroids

· Crust starts to form.  The crust floats on the magnum floor.

· Now the metors just leaves a hole through the magnum and then it dries up with the crust on the earth.  

· Sudbury just recently hit by asteroid

Origins of life on earth

· this could of happened spontaneously 

· or on October whatever date

· Or life came from somewhere else, this is called panspermia. 

· The original first cell( bacteria) was able to withstand the environment. 

· Archea is prime suspect of beginnings of life
· Evidence for this, every metorite has bacteria structure, can survive high and low temperatures
· The archeaon was placed there spontaneously or came from somewhere such as mars

Orgins of life on earth (2)

· not just pure water, there are chemicals such as sulphur, methane dissolved in the water

· primitive earth cools

· These are inorganic materials

· What is the steps from inorganic to organic ( storey of the carbon compound)

· Organic is put into chains, 3 c could be organic, the methane stitch together is inorganic

· How to get macromolecules: proteins, dna, rna, carbohydrates, lipids

· Lipids surround the cell of memebrane. Lipids are polymers.  

· Chemical evolution. Inorganic to polymers that are gonna be essential for life.  

Wacky Water

· water molecules like to stick together, they adhere, property of polarity, and it’s a universal solvent. Water from liquid to gas to solid.

· Water is a polar compound.  Oxygen is an electron pig so it shares un equally with the hydrogen.  This has consequences, water molecules like to hang out with each other.  This is the cohesiveness of water.  Water likes to interact with itself.  Ex is surface tension.  It reacts strongly with its neighbour.

· Water has a surface tension.  Capillary action:  water will naturally rise, plants will move water from bottom to top without energy just properties of water

Solvent properties

· NaCl, in the absense of water forms a perfect crystalline structure (cube).  The sodium + interacts with Cl.  But if placed in water, the negatice of Cl with oxygen and the plus of sodium interact with Hydrogen.  

· Only one group wont dissolve in water and that is lipids because it is non polar.  No charge.

Ice and water formation

· water instead behaves properly,  as it gets denser, at 4 degrees C the water molecules form a latic network, they inter lock with each other.  the density becomes lighter at 4 degrees.  Therefore the solid floats ontop of the liquid.  This acts as an insulator cover,  therefore there is no freezing at the bottom. 

Temperature

· how much energy is needed to raise the water to degrees.  The oceans are about 4 to 5 degrees. Fairly constant and this is the qualitiys of water.  The gaseous phase takes a lot of energy to get to.  

· When water cools you on skin, it cools because the the body heat evaporates the water off.  It is good for cooling.  

· Water is everywhere 

· Water near the sun is vapor,  outside the goldylock zone is solid water.  

Organic evolution

· carbon is also universal.  Carbon can share electrons with other carbons, ( acetate)

· carbon is able to stitch to anything

· carbon is the building block of life.  

· Silica can also do the same thing as carbon. Almost universal like carbon

Miller- urey apparatus

· they would try to miicm the earths conditions in an apparatus.  Try to see if they can go from inorganic to organic.  

· This is a cyclic event. 

· They sampled the water in the system.  The isolated the inorganic and organic.  They found pyruvate, backbones of nucleotides, the pre biotic soup model

Orgins of organics

· pre biotic soup model

· meteorites or comments contained building blocks could have been

Biopolymers

· how to get from mono to polymers

· relationship between DNA RNA Proteing

· central dogma:  gentic info is coded in the dna and there is a back up copy of the dna and when we need a protein we make a copy from rna .  

· Rna to dna opposite directions.

· Where did the dogma come from

· A catalyst is a molecule that speeds up a reaction. Rna can fold on it self and carry out reactions

· The first molecule was an rna molecule

· The ribosome world is the very first self replicated catalytic was an rna strand

· The second molecule one is that protein

· Rna makes it self, rna makes proteing. You could make proteins from rna

· Panspermia:  

· We all used the same amino acid to make protein

Volcanic outgasing:  The process that most of the earth’s gaseous atomoshpere probably resulted from the release of the cooling molten core. 
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Exams: all the material of the Hadeon (slide 34) and Bio,Biosciens, ext.

· look at previous exams on the website, the format remains the same.

· The previous exam gives similar questions on the exam

· Look at Keywords.  Play the mini podcast on keywords. Make an A list and a B list.

· Time management

· Lecture and the blurbs he wrote and textbook readings.  Look at keywords to know what your studying is the right thing. Keywords are the guide.

· Check your exam date on the website.

· Do crosswords, sample questions

Biotic chemistry (polymers)

· 2 ways: folding Rna strands. Rna folds on itself.  Proteins came first

· In a synthetic environment you can get the amino acids.  There has never been an artificial attempt to stitch together a long amino acid change.

· We cannot artificially to make a long protein change.

· RNA:  we cannot make the fundamental chain of Rna 

· Protein: no long chains

· Clay: if we cannot get these units to polymerize, they are highly charged and highly organized.  Highly charged, highly polymerized, and highly organized, in a crystal lattice structure, have charges that interact with each other in pattern. 

Central Dogma of Biology

· You can go from rna to dna

· Some protein can hold onto nucleotides.

· Replecation

· Transcription-> RNA

· Translation->protein 

Bubble hypothesis for cells

· lipids tend to stick to each other.  How do we get our first cell membrane?

·  Taking lipid molecules small enough to be dispersed in the aqueous environment.  

· Micelles:  liposomes, 

· Lipids: taking lipid molecules that like to associate with one another and your making them smaller so that they are dispersed evenly with the aqueous enivornment. Put in a mulsifer to not allow the accumuliation again. 

· Micelles: are bigger versions 

Micelle replication

· A + B = S, a and b polar dissolve in water are hydrophobic. The reaction gets trapped in the micelle. S is the non ploarr solvent.  Lipid spheres naturally sub divide.

Protobionts

· spit out of phosphate and maltose from glucose phosphate 

What is life and emergence

· Life is more than the sum of its parts

· This concept holds true today

· Emergence:  ex the water molecule, made up of two gases. Water is more than the sum of the properties of oxygen and hydrogen.

· Sodium an bust into flame when contact into air

· Chlorine highly intoxicant

· When these two molecules come to gether we get different properties NaCl- Emergence

· Hemoglobin  it works more than the sum of its parts, bind oxygen better than byitself.  Effient electron transporter 

What is life? (figure 2.2)

· self replicating:  no genetic code, life comes from a genetic program

· Metabolizing:  

· Prtobioont doesn not self replicate. Because no genetic code to replicate.  

· Could metabolizing, self regulating, no reproduction because of that 1st bacteria, and somewhat growth

Prokaryotes- Domains Bacteria and Archaea  FROM HERE AND DOWN CONSIST OF MID TERM 2.
Prokaryote diversity: 

· There are two biochemical structures:  EuBacktera, Archaea 

· This is a ancient bacteria

Morphological diversity

· shape and appearances mask genetic diversity

· the naming of these organisms have been very poor because it is not based on genetic characteristics. 

Bacterial cells

· are simple and consit of a cytoplasm, no organells, ribosomes rome free.

· Nucleoid: Dna is circular,  

· Peptido: complex carbohydrates with peptides to form a cell wall.  
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Bacterial cells

· no skeletal system, many have  and live in  aqueous environments and liquid. Have flagellum.  In bacteria we have peptideglygon in the matrix, just like a plant has a cell wall 

gram positive

· picked up a stain

· gram positive is simplest

· chemical reaction interacted with peptidoglycan layer and stained

· the stained washed the capsule away and exposed the peptidoglycan

Gram negative

· Peptidoglycan layer in between outer memebrane and plasms membrane

· The outer membrane blocks the stain to get to peptidoglycan therefore a negative

· The most toxic, gram staining used to determine a toxic bacteria

· Pencylin has no affect on gram negative, the outer membrane protects the peptidoglycan layer.(hard to treat)

· The toxins are embedded in the outer memebrane making the gram negative very resistive

Flagellum

· it’s a molecular motor

· proteins or rings anchor motor into placed

· specialized proteins sit in the membrane and settled in the polyglycan memebrane

· the protiens create the shaft

· this is a classic proton motor

· pump protons to create a gradient

· that is what the mitochondria does

· the gradient can do work

· proton gets pumped into the membrane

· protoms reach a shape chaine and grasp on the shaft and spin to 10 to 18 rpms

· the hook has a sleve of protein

· this is called motility

· its only made up of 40 proteins

· the smallest functioning motor

· gram only focuses on the wall of cell

Bacterial reproduction

· gentic variation is the driving force in population ogranisnsm 

· bacteria does not carry out any form of sexual reproduction

· 1 chromose in a circle and just replicate to get a perfect match

· where does variation come from

· mutation is the variation, possibility

Endospore

· bacteria celss that have gone to sleep

· very hardy strong capsul that is very protective

· they house a copy of the genome but they are resting

· dormant non resting stage

· these are resistive to temperature

· they can be longed live

· spores are important for dormant activity

Binary fission

· simplest reproduction in bacteria

· simple asexual reproduction

· low level of mutation occurring

Bacteria cojugation plasmid transfer

· horizontal gene transfer:

· bacteria has chucnks of bacteria to each other

· form a channel to each other

· this causes a gentic variant

· bacteria swap dna

· when bacteria fuse together they swap dna

· bacteria has plasmid 

· plasmid divides at the same time therefore each new bacteria cell gets half

· plasmid can cause two bacterias to come together and form a bridge

· th enew pieced of dna 

· antibiotic resistance is on the plasmid, so it will be able to pass it on to other cells, therefore we cannot kill the bacteria

· where did the resistance come from

· the survivors have the antibiotic gene

· bacteria have the ability to pass shit around

Bacteria conjugation (2)

· plasmids also like to hook themselves to a genomic strand of the bacterial cell

· the piece of the plasmid can pop out to create an independent plasmid

· sometimes the break is perfect because you get a piece of dna and plasmid

· therefore a whole strand of dna will be transferred in recipeiant. Therefore giving the recipiant a foreing dna strand

· now its plasmid plus genomic

· the point here is that we’ev got an added dna, so now we can transfer dna

· we can instert a dna  into a plasmid

· this is completely accidental

· plasimid drives horizontal gene transfer

Transformation

· bacteria will pick up dna on its own  and transfer it to other bacterial cells

· bacteria can modify a gene and transfer it to others

Viruses ( transduction)

· little protein codes that contain dna that are looking for a place to survive.  The v will transfer tis dna into a host cell, replicate and make a new 

· virus take over a cell

· but it cold go wrong, a piece of the host dna does not get destroyed

· if there is a piece of dna still around , the virus will will unwind with the bacteria genome

· now the bacteria has the virus dna to spread to other cells

· now this is what you called genetic variation

· its not about structure its about the dna 

Metabolic diversity (hetrotrophs)

· Autotrophic: we need carbon to build life and energy to create ATP
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Cont. of  hadeon and archeon

Metabolic diversity in ATP production and carbon sources (slide 49)

· For metabolism to occur we need carbon

· Autotrophic: from CO2

· And Heterotrophs from existing C-C-C

· One energy is light

· To caputure energy that is already harness in chemical bonds. For example carbon carbon bonds

·  get energy from minerals 

· photoautotrophs are going to use minerals and light

· Chemoorganotrophs: carbon dioxide and carbon carbon 

· Photoautotrophs are being occupied by plants

· In bacteria all 6 are possible. They can use any energy source 

· Bacteria have a unique set of metabolic processey

· Bacteria are well known about their metabiolic diversity

· We need carbon, where does carbon come from:  autotrophic get carbon from carbon dioxide (inorganic)
· Hetrotroph get carbon from existing carbon carbon bonds

· 1 type of energy is light: photon is converted into energy 

· 2 capture energy that already has been harnessed inside chemical bonds, carbon carbob bonds can be tapped to obtain ATP

· 3 energy from minerals (inorganic compounds): gaining electrons,

· Autotrophic:

· photo uses carbon dioxide and light

· chemo uses carbon dioxide and chemical bonds of existing carbon carbon bonds

· chemolito uses minerals to harness and use CO2

· Heterotrophs

· Hetero signals carbon coming from carbon carbon bonds

· Photoautotrophs is by plants

· In bacteria all 6 are possible

· Bacteria uses any energy sourc and carbon source to build and create organic molecules 

Redox pair

· to create high energy intermediates, when chemical bond broken energy is released and harnessed in NADPH

· electron transport change ex of high energy intermediates

Cellular respiration

Step by step

· all about high energy electrons and then being able to let them fall back into orbitals and trap that energy example ATP

- 

Metabolic diversity

· Bacteria can swipe electrons 

· Energy transfer in animals, bacteria can use a variety of initial electron donor

· Anaerobic bacteria ate the oil in the guelph oil spill

· Can survive on anything 

Bacterial importance

· Disease: Airborne- Legionellosis- water pooling in a.c units, ecol

· Tuberculosis- almost completelty resistant to all antibiotics 

· Arthropod- insect transmitted (flees)

Nitrogen fixation

· the bacteria can convert nitrogen into ammonia and nitrate

· nitrogen is an extremely stable compound

· therefore it’s impossible to break the compound apart spontaneously 

· plants have developed relationship with bacteria

· plant provided bacteria with energy and in return nitrogen to plants

· bacteria are one of the few that can convert nitrogen into ammonia and nitrate and then move into cycle of …

· like oxygen, virtually impossible to break N molecule spontaneously

· amino acids and nuclic acids contain nitrogen (amid bonds)

· to get nitrogen we must obtain from bacteria, that can metabolize elemental nitrogen.

· Plant feed the bacteria sugar and in return provide the plant with nitrogen.

· Nitrogen is the most important element, 

Extremophiles (Archaea)

· can take heavy metals and detoxify them

· archea can live uder high salt and hight temp

· most metabolic diverse

· ectremphiles- can detoxify heavy metals

· cannot live in normal conditions 

Fossil bacteria

· slide 58

Stromatolites

· bacteria would form biofilm 

· layers of fossiled bacteria that would form cushion

· exposed near surface of the water

· stromatolites- bacteria would form biofilm

· one group of bacteria found a new way to obtain energy

· austrlaia is where they exist

· formed at the time from archean to eukaryote 

· each layer represent a layer of a certain bacteria

Cyanobacteria

· one group of bacteria on the stromatolites cam up with a new way to obtain energy

· they stole their electrons by splitting the water molecule and they combined it with cardioxide and this is the autotrophic of our set of 6 to produce energy 

· they combine carbon dioxide and water and light

· effiecnt way to trop light 

· this was the cyanobacteria

· started to release oxygen into the water

· very efficient way to trap light energy and co2 of all the mechanisms, 

· CO2 and light build carbon carbon bonds, eventually glucose

Oxygenation of the planet

- cyno started to release Oxygen into aquatic ennivoment  

· ozone builds up in our outer layers of our atmosphere 

· oxygen oxidezed the minerals there, you cold see it in the rocks (archean error)

· sediments being exposed to oxygen

· oxygen levels increase and diffuse out of the water into the atomosphere,

· oxygen molecules interact to form ozone, ozone filters out ultra violet light, ozone layer screens out ultra violet therefore animals can habitat the water enivornement life in the aquatics. 

· Enevry single piece of nitrogen and oxygen is given to us by bacteria. Oxygen from cyno

Bacterial evolution slide 62

· Cyanobacteria

· Asexual reproduction

· Living fossils

· Identical: fossil cyanobacteria and todays cynaobacteria, they are virtually the same. 

· Called living fossils

· Have not changed because it has perfected for billon of years.  

Proterozoic eon 

· anerboic life dominate and aerobic life and eukaroyte

· small single cell organisms, pro and euojaroyte

· and will last for 2 billion years

· anerobic conditions took 1.3 billion years

· aerobic- oxygen appearing, 

· unicellular organims

· it will take 2 billion years to obtain multicelluar 

· as oxygen grew the anerobic became less. 

· Anerobic- aerobic due to cynobacterai

· The bacteria we know about is in aerobic

· Pro to euokaryote

Domains of Life

· there is strong idencation that the first bacteria were anerobs and were not the thermofiles

· archea or bacteria

· LUCA; bacteria and arechea and euarko have traced to LUCA

· Archea were probable specialists to high temp and high

· Bacteria being the first cell type first one to come off luca.

Archae, Eubacteria and Eukarya

· table 20.2

· archea- branched lipids plasma membrane

· eubacterai-unbranced lipids 

· -eukarya- unbranched

· eukarya and eubacteria related

· 1.Operon gene regulation and shared with archea and eubacteria but not eukaraya (involes folding of geneone)

· 2.Or gene systems by complex regulatory mechanisms

· archea and eubacateria share circular chromosomes

· methonine shared with archea and eukarya

Origin of the nuclear envelope

· endomemebrane system is the defining system of eukarotes- gogli apparatus, endoplasmic (smooth and rough)

· as a cell gets bigger and bigger and it undergoes a detrimental change from surface to volume ratio

· s to v: diffusion across is a problem, life is a bag of chemistry or biochemistry, everything that hppens is in the volume of the cytoplasmsa, but the supply of the volume must past through the surface, surface is the supply root to the volume. As the supply of the volume comes it has to go thorough the surface. As you take any number and square it and cube and get bigger and bigger, huge volume but the supply to get the raw material is limited because the surface doesnot increase at the same rate as the volume.

· Bacteria has a good s to v. to enlarge you mush get rounder, longer or FOLD the memebrane to increase s to v 

· As memebrane goes inward it surrounds the nuclear memebrane, forming a double layer. Increase in surface area

· Creating specialized environements, 

· 2 internal environemtns, created a special enironemnt dedicated to nucleic acids

· inside the environment; designed for replicating dna, transcribing, also process the message, will synthasisze all the rna, 

· protein dogma is in the cytoplasma

· nuclear envelope defines the eukaryo

· increase in the complexity of cells, which is surround the nuclear with a doudble memebrane envelope. Hall marks that difen the eukaryotes 

Endosymbiosis of bacterial cells

· food source for eukaroties is bacteria, major food source

· the bacteria becomes incoorperated inside the enevleope that was used to take it in, the faglocytosis.  Bacterium sitting inside the enevleope

· the bacterium takes 3 carbon chompounds to make atp and carbon dioxide.  The bacterium bocomes a symbioum, the cell gives 3 carbon for krebs cycle. 

· Some point in time, a cell is gonna ingulf an anerobic bacteria and acts as a power house to the cell. 

· The bacteria absorbed is not digested, but advantages because the cell gains atp, understanding of this came about in the 70’s 

· 2nd major hall mark is the plastid, of phosynthetic symbioum 
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Protozoic- oxygen appears 

Flagellar and Ciliary movement (protist locomotion)

· this structure contains multiple microtubes

· the bottom of the structure is called the basal body

· The dyenin arms are resposiable for creating the bending 

· This structure contains array microtubes and below them is a triplet structure that builds them

· It is called 9 +2 organization because 2 tubes interacting with each other and there is 9 around the periphri with a doublet in the center and these are built by a basal body which is at the base of the microtubes

· That’s a basic structure of the flagellar

Centriole( centrosomes or basal bodies)

· the pairs form a 90 degree

· found in meiosis and contain the spindle fibres  

· made out of protein 

· in general it is called a microtubular organizing unit

· when cells divide microtubules divide as well

· centrioles can replicate themselves 

· this is a protein replicating system

· some cancer cells could have been affected by faulty centrioles

· builds microtubules 

· consisted of a triplet of tubroles, 

Microtubules

· Dimers: stack end on end to build the tubules

· Spindle fibres are glorified microtubles

· Are made out of tublian protein 

· They exist in two forms dymers, centrioles organize this, they direct the formation of tublians that extend away from it, in mitosis spindle fibres are glorified microtubles created by centrioles

Molecular Motors

· Dynenin and Kinesin: dyenin always goes toward the centriole along the tubes 

· And the kinesin moves in the opposite direction

· As they walk down the track they carry objects

· They carry oragenlles and transport things

· They walk along the microtublera track

· Dynenin goes toward centriole

· Kinesin moves in the opposite (away) 

· These motors as they walk down these tracks they are carrying objects, these little motors are also carrying organelles,

· Cytoskeloten were transporting things around the cell

· Centrioles built microtubles is an advantage

· Now the cell does not have to worry about passive diffusion

· It is made out of protein( centriole)

· Microtubular organizing unit, it is called this because the centriole and the chemisty going around it used to  build the tublular array, it is a microtubular generating site.

· When cells divide microtubes also divide, its its own replicating system

· Centriioles them selves can replicate themselves and DNA is not involved it is a protein replicating system

· It build it the exact same way as the parent, all the micro organelles will be determined based on the position of the microtubular array aswell as the nucleus. 

· Microtubular array also programs the position of everything in the cell. Micrtubulars could be the cause of some cancerous cells because they could be faulty 

· No idea how it replicates but organizings the cell. The centriole builds micrtotubulars

· In single cell protist they move they start to swim

· Slide 14:

Origin of cellular motility

· a cell that could extend it self

· cell gliding, change their shape 

· a centriole grows micrtubles that are ridged enough that they can push against the plasma membrane

· that would of changed the shape of the organism

· a region with a centromsome on top of that the kinesia- motor pushs away from the cytoplasma against the plasma membrane changing its shape extending its self (cell). Called cell gliding; a cell changing shape due to kinesia motor and micrtotubular array

· this is not a ambeia

· micrtotubular strand in dublets being being built by basal body each of these dublets are connected to the adjacent ones by a dyenin motor

· when atp gets burnt, movements of dyenin arms or motors are responsible for creating the bending and shape changes that are associated with this tubuole, that is the flagellum 

· in the protist 9+2 is not the only structure

· that gives us the first cell of the cyctoplasma to move; sperm 

Unikont and bikont protists

· unikont (single one hair) had only one fagellum

· unikonts do not swim (sisile)

· unikont has a groove on its cell and the fagellum is lying in the groove and when you beat the fagellum you pull in water into the groove, and you can trap food in the groove, and perform fagocytosis. 

· Unikonts very fundamental to first protist

· Bikonts: the fagellum moves in the groove column 

· Unikonts became bikonts

· Unikonts uses the fagellum for feeding instead of swimming

· Bikonts- 2 fagellums,  the other fageullum is used to move or swim. So one to swim and one to obtain food

· You can position yourself in optimal postions by this example the photosynthetic zone to obtain symbion bacteria and that’s were the chlroplast 

· Primary endosymbiosis: absorbing a bacterium

Secondary Endosymbiosis of Eukaryote cells

· as cells get bigger and bigger eukaryote cells start to feed on themselves smaller ones (fagacytosis)

· Food vacuole is retained 

· Eukaryote engulf other eukaryotes with 1-4 membranes, engulfing eukaryotes with plastid- secondary endosymbiosis. Both set of A and B chrolphyll for photosynthasis, which drove the diversity of the protist (single cell eukarotes)

· This drove the diversity the whole of the protist

· A plastid one feeds on smaller eukarotyes, instead the food vacuole is retained 

Eukaryote taxa

· only 3 would lead to multicelluar organisms- Fungi, animala, and plants, animals and fungi share a common ancestor, a unikont –opistokont because the fagellum is at the back

Protists as primary producers

· all  primary product of the ocean is still unicellular

· bikont strategy with chroplast is so effective that it never turns multicelluar

· the oceans still use single cell photosynthecic organisms 

· only the terristerial uses multicelluar 

Protist locomotion

· Flagellar: appear as single or double, unikont or bikont, twist and rotate-

· Ciliary: they are shorter and smaller, exist when 2 of the structures are more 100-1000. large number of them cover the organism, still 9+2 structure 

Ciliary movement

· power stroke forward motion is powerful, against the water and a recovery stroke, move forward and then back again

· wave baseball game, smooth: metacromalwave. 

· Smooth directed motion

· Ciliated animal, beating at the same time is only going to do the up and down motion, but the advantage is that if you change coordiation, the power stroke forward motion is greater than what was lost in the recovery motion, therefore a continous  wave. 

· It is the king of the hill

Amoeboid movement

· they use a completely different motor 

· ect (outer) and endoplasm cytoplasma

· ecto is the tube, endo is the toothpaste

· if the toothpaste comes out the tube gets longer

· a membrane deflects the endo and is now part of the ecto, rigid.

· At the rear the rigid becomes liquefied 

· Polimerization of an actin 

· Rigid to liquid is called dipol

· The motor that is being used is the myosin motor

· Myosin likes to crawl along actin fibres

· The myosin squeezes the cell causing the projection of the endo

· These are unikones because they are in the lifecyle of

· This is the biochemistry of muscles, major mechanism 

· Ecto is more rigid, endo is more fluid

· Hyaline cap stops the endo toothpaste and becomes rigide and becomes part of the ecto and becomes longer, therefore the organism moves forward 

· At the back the rigid movement becomes fluid, cytoplasma flow

· Instead of microtubles, actin(muscles), endo to eco is polymerizing the actin molecules.

· When polymerizing you go forward, but depolarization occurs ridge to fluid actin molecules

· The motor being used is the myosin motor and behaves as a kinease and dynasis ( then walk on microtubules) but likes to crawl along actin fibres and squeeze the cell and make it flow 

· These are unikons  
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