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Biology: the investigations of many forms and manifestations of life, and the conditions and laws controlling their existence. 

Beginning of biology – 19th century (1800)

400 BCE – 450: Greek and Roman ages

Hippocrates (460 – 370 BCE) 
Observations of human biology (first recordings of the human body and how it works) 
Father of medicine
Aristotle (384-322 BCE) 
Recorded of all of the animals that were seen (giant list of all the organisms encountered as the Romans travelled over Europe)
Prioritizes animals, some being inferior, some superior, man on top
Scala naturae
Theophrastus (371-287 BCE)
Father of taxonomy
Start of botany
Made an inventory of plants (for medicinal benefits)
Plants – uses chemicals to protect themselves from predators (toxins) 
Puts together a record of plants and their medicinal and pharmaceutical properties (10 books)
Plants grouped and categorized based on how they are pollinated, and he was correct

Scala Naturae – The great chain of being
Most superior being is the god/gods at the top
Then man
Birds/things that fly
Fish in water
Animals that trot on the land
Plants with roots in the land
Organisms that live in the earth
Satan, alter ego to the most superior being
Philosophy of Essentialism : We have diversity, it is unchanging, it is organized in a chain of being (hierarchy)
There is no change

450-16th Century: Medieval Ages

Europe
400-700 Early middle ages (Dark Ages)
Roman starts to consolidate, shrunk, The Sac of Rome occurs, Rome is destroyed
People who were dependent on the commerce in the area were helpless
Economy collapsed
1000-1300 High Middle Ages
population started to increase
commerce starts again
building of cathedrals
Black Plague (1347-1351) 
1 in 3 died
commerce collapse again
1300-1500 Late Middle Ages
Christopher Columbus sails
beginning of the massive explorations of Europe
golden age of science

Byzantium: 
Golden Age of Science
Al-Jahiz (781-869)
Papers on what he observed was food chains of animals
Food webs
Selective Breeding (domestic animals) between different species can be done to improve certain properties (better milk, better wool)
Al-Dinawari (826-896)
Groups plants, studies their lifecycles
Avicenna (980-1037)
Takes everything the Greeks and Romans known about medicine, and combines it with the Indian and Arabic knowledge, and complies a huge compendium of all of these ideas. (he is correct)
Al’Baitar (d.1248)
Creating dosages of plants, creates a pharmacology of plants
Abu al-Abbas al Nabati (13th Century)
Developing scientific method

Special Creation: 

Pattern
Species don’t change
Each species created on October 23, 4004 BCE
Species are not old
Process
A designer of some sort


16th-18th Century: The Scientific Revolution and the Start of Modern Science

Copernicus – earth not the center of the universe
Society was very religious, he was very discrete
Published his book on his deathbed, no religious consequences
Kepler – planetary motion
Newton – laws of motion, gravity and thermal conduction
Galileo – further proof of earth revolving around the sun
Excommunicated for not shutting up
1902 – Pope un-excommunicated him 
Boyle – behavior of gases
Pascal – origin of calculus
Descartes – geometry
Van Leeuwenhoek – first microscope 
Discovered there is even smaller things than we can see
If we look more and more in detail, we will see things we have not seen before
Starts trend to develop tools to looks at small things in life
Harvey – Anatomy and physiology
Starts to see how the human body worked (cut them open to see how they worked)
Figured out circulatory system…etc. 
Linnaeus – Systema naturae
Taxonomic hierarchy (nested hierarchy)
Kingdom
Phylum
Class
Order
Family (was not in Linnaeus’s initial hierarchy)
Genus (noun)
Species (adjective)
Name: Genus and Species
“King Philippe came over from Germany for sex”
Genus and species always written in italics (because it is in a different language – Greek/Latin based)
Binomen and binomial nomenclature

Five Kingdoms: 
Plantae (cell walls made up of cellulose)
----------- (above: organisms that can make their own food – autotrophs, below: heterotrophs) 
Animalia
----------- (Fungi digest food externally, then absorb breakdown product. Animals consume food, then digest internally). 
Fungi (cell walls made up of chitin)
----------- (above = multicellular, cell to cell communication) 
Protista
----------- ( proteista = eukaryotes, has nucleus)
Monera (prokaryotes, bacteria) 

Prokaryotes came first
Everything happens in cell
Eukaryotes more complex

(Domains of Life)

Georges-Louis Leclerc, Comte de Buffon (1707-1788)
Noticed that the geography of where an organism was often shaped that characteristics of it
Common ancestor, but as they move and as they populate different parts of the world, their characteristics change
Believes that the species changed
36 volumes of his observations of animals and geography
father of biogeography
Buffon’s Law: geography has an impact of characteristics

Erasmus Darwin (1731-1802)
Charles Darwin’s Grandfather (huge influence on him)
Translates all of Linnaeus’s work into English
Believes that warm blooded vertebrates have common origin, but does not publish on it, but writes a poem: The Temple of Nature

Georges Cuvier (1769-1832)
Fossils, found an organism that is no longer here
The lost world theory
Concept of extinction – organisms for some reason, disappeared (Change)
Badly designed? 
Change happened quickly
Catastrophic Theory: something happened that killed some of the animals (Flood, Noah’s arc’s)

Charles Lyell (1797 – 1875) 
Uniformitarian theory of geological change 
Potential for organisms to change
Change very gradual 
Stratigraphy and the geological time scale
Strata represent history of sedimentation 
Extremely slow process, IMPOSSIBLE that it happened on one day (not in 6 thousand years)
Earth is a lot older than we thought

Jean Baptiste Lamarck (1744-1829)
Tried to explain where the change came from
Transmutation of species
Acquired traits 
Set of cells set aside for meiosis, that genetic material is not affected at all from stretching neck, or longer limbs. It does not change. No mechanism to alter that material. 
Concept that species can change based on environmental influences

Essentialist Explanation of change: 

Transmutation (NOT Lamarck)
Dramatic change (essence is changed, black bear gives birth to polar bear) 
Essence itself changes
Transformation (gradual change)
Finalism
Essence transforms itself, towards a final destination, to move itself up the scala naturae. 
Environmental (Lamarck)
Environment gradually changes organism
Essence effected by environment

19th Century: Modern Biology:

Darwin and Wallace:
Important to look at the population, not the individual
Variation in population is important
Artificial selection (i.e. agriculture) 

Darwin (1809 – 1882) 
Travels around the world
Natural selection
Largest amassment of data describing the process of natural selection
Over time, there is a branching pattern to life. Groups with advantage will reproduce and produce offspring


Wallace (1823-1913)
Published the theory simultaneously with Darwin
Did not have as much material as Darwin

Darwin’s 5 Theories: 

1. No constancy of species 
Species change over time
Fossils 
Extinction
Transitional forms
Vestigial structures
2. Common ancestry
Branching model
3. Gradual changes
Not rapid
4. . Multiplication of species
Constantly seeing species arrive and disappear
Always have loss and gain
5. Natural Selection
Is what’s making it all happen

“no constancy” and “common ancestry” theories accepted right away

archaeopteryx – transition between reptiles and birds

Slide 36 - 42
Common Ancestry - Evidence
1. comparative anatomy
a. homology 
i. limbs or structures do different things (different fuctions), but has the same underlying structure 
b. Homoplasy 
i. Characteristics that seem similar, group based on broad characteristics (i.e. has wings – moth vs. bird)
2. comparative embryology 
a. developmental patterns 
b. in zygote, cell division, after 3rd cell cleavage, cell either sits directly on one another, or rotate to sit in the “groove”
3. vestigial structures
a. goose bumps, nictitating membrane, appendix 
4. biogeography
5. molecules

Slide 43

Pasteur (1822-1895)
Life not from spontaneous generation
Germ theory
Very small forms of life contaminate

Slide 44

19th Century: Modern Biology

Cell Theory: (Schleiden and Schwann – 1860) 
Fundamental basic unit of life (cell) basic indivisible form of life 
Bags with dots (nucleus) 
Cells have all the characteristics of life 
Comes from division of other cells

Slide 45 

Mendel (1822-1884) 
Heritable traits are passed from generation to generation in discrete packages
Traits are in discrete packages
Some are independent of each other 
We do not have a single package of traits, we have multiple packages of traits (chromosomes)
2 traits in every organism (diploid) 
tremendous variation 
set of traits from each parent
Dominant/recessive 
Journal Rediscovered in 1900 
Law of segregation of characters 
Law of independent assortment 
Things on different chromosomes sort independently

Slide 46

20th Century: 

Synthetic theory of evolution: Huxley (1887-1975)
Put together Mendel and Darwin’s work 
Heritability applied to Darwin’s work 

Slide 47

Biogeography – Gradual population changes
Continental drift 
No mammals in Australia, only marsupials 

Slide 50 

Douglas Adams 
Four ages of sand 
First – telescope 1608
Look into the distance
Second – Microscope 1678
Look at the micro level
Third – Computer Chip 1961
silica used in a chip (beginnings of computer binary code) 
1961 – computer chip, possible to compute calculations
Fourth – Fiber Optics 1980s 
Instantaneous transfer of data 
Worldwide collaborations

Slide 51: 

Theory: 
best explanation possible for a phenomenon that is being observed 
Hypotheses that have been massed together to form a common outcome
Second strongest level of understanding in science 
Always open to alternative interpretations 
As close a scientist will get to “fact” 
Fact: 
very little if anything, becomes fact
Hypothesis: 
used to test an observation 
ways to question the things around us, to predict the outcome 

Law: 
theory that can be applied universally
across the whole universe (other planets, solar systems..etc) 
biology theories will not become laws since we do not know if there is life on other planets

Logical Prediction:
Based on observations
Sees a pattern, and test it, and observe the outcome
Chronological Prediction: 

“I predict that something will happen in the future”

Slide 52: 

Physical Sciences: 
Inanimate objects: guaranteed unanimity in everything they observe
Huge sample of the things they are studying 
Universal, apply their laws anywhere 
Natural Sciences: 
Living objects: no 2 living objects behave identically to each other
Variation
Hard to make generalizations that can be applied to the whole
Don’t have uniformity

Slide 53: 

Physicalists – basically all living things are some kind of machine
Vitalists – you cannot explain what a living thing is just with physical and chemical laws
There is something special, vital, essence that makes living things different
Cannot describe it with an equation

Organicists: role of genetical code
World behaves by the laws of physics and chemistry, but living things have variation because of their genetic parts
Whole is more than the sum of its parts
You can do more with something that is assembled than just its pieces
When a group of organisms behave more complexly than the do as an individual (swarm) 

Slide 55: 

Physical Science: 
Mathematical formulas for everything 
Experimentation 

Natural Science: 
Highly variable populations
Narrative: explain it through stories 
Darwin’s Origin of Species – logically written out story that explains the natural phenomenon 

Slide 55: 

Deduction: 
Global explanation, and they test it 
Look for unified principle at the beginning 
Here is how everything works, and it applies to everything
Master equation
Physical science
Induction: 
Observe something (many), see a pattern, then make an observation
Observe as much as possible, come up with idea
Cant see master equation 
Natural science

Slide 56: 

Physical Science: 
Single theory
Must always work 
Once falsified, must discard it right away
Natural Science: 
Can entertain multiple theories 
Since there is so much variation, once a theory is falsified, theory is not abandoned
Maybe 2 theories will both work, under different circumstances
i.e. giraffe: neck – feeding at high places, fighting (will fight to the DEATH!!!!!!) 


Slide 58: 
Theory: 
see a pattern
explantion: how does it work? 
Ask questions about it: hypothesis 
What is it? 
How? (proximate cause – underlying mechanism) 
Cause and effect (immediate)
Or Why? (ultimate cause)? 
Evolution base/ viewpoint 

Slide 59 

Proximate Cause: 
Mechanical 
Experiments 
Ultimate cause: 
Evolutionary origins
Where did it first appear?
Tend to be narrative stories (historical narratives) 

Slide 60: 
2 identical objects, keep one constant and change something in the other (control one = stay the same) 
control of variables – i.e. time: sampling at the same time, same season 
you will never measure accurately 
the more times you measure, the more accurate the average value is to the actual value
measure multiple times (must more statistically sound measurement)
repeat the test - should get the same result if you’re right

Slide 61: 

5 stages in an investigation: 

Slide 61:
Darwin died of African Sleeping Slickness

Slide 62: 
Gene frequencies was varying over time (black and white moths) 
In a natural population, the frequencies of the genes of a species can change due to the environment (natural selection) 

Slide 64: 
Fitness: how many genes you put into the next generation (how many progeny you produce) 

Slide 68: 

Scientific fact distributed by publication
You must pick the journal you want to publish in (journal selection) 
2 most prestigious journals: “nature” and “science” 
3. peer review (blind review) 
adds rigor to everything that is published 
Primary piece of literature

Primary: 
Original findings written up by the person who found it
Secondary: 
Review of articles 
Synthesis of a topic, loaded with references to primary literature 
Summarized 
Teritiary: 
Someone with synthesized material
References are very weak 
Writer is not necessarily a expert 
i.e. textbook 
much easier to read, much more generalized, not loaded with references 
“scientific American”
national geographic
Wikipedia
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6. 
Slide 2: 

Major Eons: 
Hadean: nothing alive
Archean: anaerobic life
Proterozoic: aerobic life
Phanerozoic: multicellular life

Slide 6: 
Hadeon Eon: 
Greek god Hades 
Formation of solar system and planet 

Slide 9: 
Habitable zone: where water exists as liquid (goldilocks zone: conditions are just right) 

Slide 10: 
2 stages:
building phase (milky way is forming, earth is constantly receiving meteor impacts, hits earth with enough force to turn planet into molten mass (liquefies planets) 
comets (major coponent is water) hits earth as well, brings in water
earth: can maintain an atmosphere
as planet liquefies, water vaporizes
as planets cool, water comes back as rainfall
constantly being flash sterilized
other planets cannot hold onto water
slowing gaining material, collecting water
crust forms on planet, floats on magma core 
when meteors hit planet, don’t have enough energy to liquefy earth, but punches a hole in the crust 
Sudbury is a location of one of the last meteor impacts
Huge deposit of minerals (from magma core underneath)

stabilizing phase 
fewer objects hitting planet earth 


Slide 12: 
Planet was very clean, sterile
Special Creation: life was placed here
Panspermia:
life cam from somewhere else, and hit planet 
original first cell (bacteria) was able to survive the environment at that time (archean) 
an archean bacterium arrived on a meteorite that crashed into the earth, and managed to survive 
planet was clean, sterile, and was contaminated by bacteria 
came from Mars? 
Chemical Evolution: 
Life evolved right here on earth
What combination of chemicals create life? 
How do we go from inorganic compounds into polymers of these compounds? 

Slide 13: 
Water is not pure water (chemicals dissolved in it)
What is the difference between inorganic chemistry and organic chemistry?
How (where did the energy come from) did carbon chains get stitched together
Organic: chains 
Life: taking organic molecules and stitch them together 
How to make lipids into polymers? 

Slide 14: 
Water is key to life 
Water molecules stick together
Polar
Oxygen tends to attract electrons more than hydrogen 
Consequences are: water molecules tend to interact with each other (itself) 
Little magnets
Moves one, the neighbors around it will move as well (clump)(cohesion)
Unusual way of changing states

Slide 16: 
Water molecules on edge of surface cannot interact in all directions, and will interact much stronger with the molecules beside them 
surface tension much stronger 

Slide 17: 
Water is universal solvent
Can dissolve anything with a charge
Can dissolve anything except for lipids (they are non-polar) 
Cant interact with water

Slide 18:
As temperature changes: 
Usually, as temp lowers, density increases until it solidifies
WATER: as water cools, it gets denser, 
But at 4degrees C, it forms a lattice network that does not change in size (hits fixed density) 
This lattice has lots of space between each other
Density becomes lighter than at 5C 
When ice freezes, it is less dense than liquid water
Freezes from top to bottom
Top layer acts as an insulator
When there is a freeze, lakes don’t freeze to the bottom

Slide 19: 
High specific heat (one of the highest)
We need some type of buffering so that temperature does not change that rapidly for life to be sustained 
Water: has buffering effect (takes a lot of energy to change temperature of the ocean) 
To go from liquid to gas, it takes a massive amount of energy (to go from 100 liquid to 100 vapour) 
Excellent compound for cooling (body transfers energy to water, so it will evaporate – sweat) 
Goldilocks zone: water exists as liquid 


Slide 20: 
Carbon: 
Universal element
4 orbiting sets of electrons
carbons can share electrons with other carbons
building block of life

Slide 21: 
Tries to mimic the earths condition in a container
To see if they can change inorganic material into organic
Found momomeric building blocks we associate with life (amino acid, pyruvate)  

Sldie 22: 
Prebiotic soup: sterile, but very organically rich in compounds
All elements were there
Hydrothermal vents: 
Depth of ocean: superheated water
Monomers are there in the sampled water
Synthesis or organic molecules of life 
Or in atmosphere and rained into ocean 
Interstellar Organics
Water brought on meteors were not pure water either 
May be brought here

Slide 23: 
3. carbohydrate

Slide 24: 
Info stored in DNA
Make copy of it 
Copy used to make protein 
Can go backwards (can make DNA from RNA strands) 
HIV 

Slide 25:
Catalyst: molecule that folds on itself, with pockets that brings 2 chemicals together (proteins)
The RNA world: First molecule was an RNA molecule 
Ribozymes : very first self-catalytic molecule is an RNA strand
Panspermia: 
Essential dogma arrived intact
No matter what happened, it Happened only once on the planet 
Steps, however it occurred, was adopted and used by every single organism 
Will never happen again, because of oxygen environment

Slide 26: 
RNA makes itself, and makes protein 
Catalytic characteristic is passed onto protein 
Went backwords, to create a storage for the code(RNA), producing DNA

Slide 27: 
Clays: 
One problem if we want it all to spontaneously happen: no evidence for the building of the very first large protein chains
Product you are trying to build becomes insoluble once you stitch 3 or 4 together 
You knock out polar groups – as you add amino acids, you loose polarity
Same thing happens with the building of an RNA strand (comes out of solution, cannot get those big chains)
Clays: minerals that have charges
Origin together in crystalline arrays (very distinct patterns) 
Charged units of amino acids interact with the clays, and the clays puts them in close proximity to each other
Charged environment of the clays and proximity helps join them together

Slide 28-29
???
when you put stuff in the micelles, it becomes a protobions 
Slide 30: 


Slide 32: What is Life: 
Emergence - Life is more than the sum of its parts 
Properties of 2 things together are completely different that their individual characteristics
 
Slide 33: 
Hemoglobin: 4 myoglobin molecules
Take up oxygen much faster than 4 individual myoglobins 
Molecule behaves differently than 4 individual myoglobin molecules
Things work together 

Slide 34: 
Life comes from life 
Carrying out chemical reactions that support the organism 
Building and breaking down things (driven by capture of energy – sun, chemical energy)
Building and breaking bonds
Cell or organism regulates levels 
Will grow
5. Evolving – adapting and changing 

Slide 36: 
Prokaryotes divided into 2 groups – bacteria, and archea and eukarya 

Slide 37: 
Morphology: best way to describe bacteria 
Physical properties
Huge number of bacteria out there that looked the same 
Underestimated the number of bacteria that are on the planet
There are more bacteria than just pathogenic bacteria 
We were looking at a very small section of the bacterial world (we were just looking at pathogenic bacteria) 
Because they are soo small, there isn’t much they can do to look different
They express their differences in their genomes

Slide 38: 
Diffusion used to get things to move around
DNA is wrapped around on itself and compacted and suspended in the middle of the cytoplasm 
Plasmid: another circular piece of DNA
Non-compartmentalized cell
No specialization, cell is carrying out all activities of life in the one cytoplasm, in one place
Simple form 
Peptidoglycan layer = equivalent of cell wall – set of fibers locked together to keep a rigid surface to sustain cell shape 
Rigidity makes sure cell does not shink, swell or burst due to osmotic changes
Small compartment of cytoplasm loaded with ribosomes
Flagellum: H number – proteins found in flagellum
O proteins – found in fluid surrounding cell
Eukaryotes: membrane bound organelles 

Slide 39: 
Gram positive: reference to the peptidoglycan layer 
Staining technique – stain has interacted with the peptidoglycan layer, and you could see another color
Gram negative: they have a peptidoglycan layer, but has a second plasma membrane (extra phospholipid bilayer on the outside of it)
Stain cannot penetrate the outer membrane to interact with the peptidoglycan layer
Adds an extra protective layer
O antigens come from here

Slide 41: 
Flagellum is very complex
One of the most perfect molecular motors
Shaft in the middle of the rings is going to spin 
Proton pump: pumps protons into the space in-between, (increase in concentration – gets a proton gradient) 
Done with a total of about 25 proteins 
Can regulate itself, and start spinning in the opposite direction 
H antigen

Slide 42: 
100% asexual reproduction
only one copy of each of their genes
mutation = end of organism 
does not have second strand of DNA to compensate for the mutation

Slide 43: 
Bacterium shuts down 
Tremendously resistant forms 
Can still get bacterium to come back to life (ie. From Egyptian tombs)
Can withstand extreme conditions
Can sustain themselves for very long periods of time 

Slide 44
Binary fission: simplest form of reproduction 
Identical clone of the same organism 
Use this to explore environment, increase their numbers

Slide 45: 
Horizontal gene transfer
Plasmid transfer – beginnings of recombinant DNA
Gets variation by stealing it from another bacterium 
Stealing/using other pieces of DNA, and incorporates it into their own DNA sequence
2 bacteria cells forms a pillas (connection) 
duplicates DNA, sends one strand to the other DNA
changes original cell (has new batch of DNA) – has been transformed 
Bacteria resistance: resistant factors sits on the plasmid DNA that is transferred 
Bacteria can transfer the resistant to other bacteria 
Resistance can jump from one strain to another (a different bacteria) – can pass resistance to another disease/pathogen
That’s what happened in hospitals
Killed all the ones that didn’t have the plasmid
Darwinian natural selection
The resistant bacteria survive, 
Hospitals filled with resistant bacteria, that can pass around resistance to other diseases

Slide 46: 
Gene transfer in conjugation involving a plasmid
Plasmid will incorporate itself into the DNA of the whole cell
Instead of having 2 separate circle, one circle is inserted into another circle 
Snip ends, and attach
Sometimes when the plasmid comes out of the circle, the breakage point can be somewhere else 
May end up with mostly plasmid DNA, with a small with a small portion of genomic DNA
When plasmid breaks out, it sometimes takes some of the genomic DNA with it
Sends a piece of the DNA to the other cell
Result: new piece of DNA that is a mix of plasmid DNA and genomic DNA
New cell, when creating a plasmid, will create a plasmid that contains genes from the other cell 
Moved a whole block of genes (DNA) from one cell to another 
Took genetic material with it when plasmid moved 
Can have horizontal gene transfer of just the plasmid, or plasmid and a piece of the genome 
Takes chunks of DNA from one genome and inserts it into another one 
Infinite ways genome can change

Slide 47
Transformation: 
Takes random piece of DNA, and put it into their own genome
That’s why we try not to cross contaminate bacteria, bacteria on their own will take up DNA and incorporate it into their DNA
Inifinte amount of ways to introduce variation in DNA

Slide 48:
When viruses infect bacteria
Virus: piece of DNA looking for a cell that it can inject its DNA into, will turn off protein synthesis machinery of the cell, and will use the machinery of the cell to reproduce its own DNA sequence
Destroys all the DNA of the cell
Occasionally, a fragment of the host DNA still exists
Just sits there
That little piece of DNA gets incorporated when virus is reproducing its DNA
When that virus goes off to inject its DNA into another cell, it injects that piece of DNA from the original cell into the new cell
That piece of DNA is then incorporated into the new cell 

Slide 63: 
Hadean Eon
Archaean Eon 
Proterozoic Eon
Phanerozic
Paleozoic Era 
Cambrain, Ordivician, Silurian, Devonian, Carboniferous and Permian periods
Mesozoic era
Triassic, Jurassic, and Cretaceous
Cenozoic Era
Paleogene and Neogene periods 


Mnemonics: 
Helen Ate a Pizza Pie and panicked  mauled the cashier
How about practicing parallel parking my car
Hilarious Americans process propose preposterous politics making calamity 
Harry and petrified peter petgrew mooned the chamber of secrets

Slide 49: 
All living things use ATP as energy source
Divide world into 2 types: autotropes (use CO2 as carbon source), and heterotrophs (takes carbon molecules down to simple carbon chains, and then stiches them together – from molecules of life) 
Autotrophs/hetertrophs: where they get their carbon


Only 2 ways to get C: From CO2, or existing 
3 ways to get chemical energy: from light, breaks existing bonds, form minerals

Photoautotrophs – from light, and CO2
Chemoorganotrophs: breaks bonds, used CO2
Carbon bonds that already exist
Chemolithotrophs: uses minerals, and CO2
Mineral transformation 

Photoautotrophs and chemoorganogeterotrophs are the only ones that occur in the living world

Bacteria, on the other hand, can use almost everything


Slide 50: 
Redox pair: compound that has received electron, has extra e, is in higher energy state 
Movement of electrons
When it moves back down to a lower energy state, the energy released can be used to drive reactions

Slide 51: 
 Direct burning of sugar releases a lot of energy, but we cannot harvest it
Stepwise oxidation allows energy to be transferred to carriers, which drives a proton pump

Slide 52: 
Bacteria, on the other hand, can use almost everything

Slide 53: 
We use to only think of them as disease and nitrogen fixing
But they have major contributors to what goes on in the living world


Slide 54: 
Bacterial diseases transferred in 4 ways: air, contact, food, other insect
TB: bacterial based disease – treated for soo long with antibacterial, there is now a strain that is resistant to it, and untreatable 

Slide 55:
Nitrogen in body: amino acids, DNA, RNA, (purine/ pyridamine backbone)
Take highly stable Nitrogen (N2), bacteria takes electrons and ATP to turn that into ammonia 
Every single Nitrogen has been fixed by bacteria
First came to us from a bacterium 

Slide 56: 
Bacteria can recycle elemental nitrogen as well (NO2, NO3), as well as N2 from the air
One other form to get nitrogen into soil: lightning
Electrical charges in air 

Slide 57
Archaea: can withstand very extreme conditions
Characterized by the type of extremes they live in 
Thermophiles (extreme hot/cold), halophiles (extreme salty conditions) 
Most of them don’t like oxygen environment 
Tend to find them in remote locations (of low oxygen) i.e. bottom of ocean, hot springs

Slide 58: 
Achaean seems to have changed very little over time
Almost the same as their fossils
Can only tell them apart from their genomes

Slide 59: 
First photoautotrophic bio reaction
Form biofilms

Slide 60: 
This reaction can yield the most energy 
Used light to put carbon molescules together
Do this in such intensity 
Oxygen produced reacts with the minerals in the ocean, and oxidizes the sediments of the ocean 
Planet started to rust 
Oxygen levels builds up in water, diffuses into air (then oxidizes minerals on land)
Then starts to build up in the atmosphere, and then creates an ozone layer
Protective umbrella
Cyanobacteria gave us the oxygen environment, as well as the ozone layer 
This will never happen again

Slide 62: 
Cyanobacteria are still doing this, but not present in the numbers that they had before 
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First single cell eukaryote 
World will not change
Will essentially be a soup of bacteria and single celled eukaryotes

Slide 3: 
Bacteria came first, then archaea, then eukarya 
Not easy to figure out who came first: bacteria or archaea
Bacteria spore may have came on a meteor

Slide 4: 
There is a nuclear envelope that surrounds eukarya that does not occur in archaea and bacteria
Bacteria turns into eukaryote cell

Slide 5: 
Surface to volume ratio: 
Surface is the exchange surface 
When size increase, volume increases faster than surface point where surface is not adequate to supply the volume 
Need ability to enlarge, but still be able to supply the volume
Some bacteria fold the membrane (i.e. lungs) 
Bateria has tendency to fold their membranes to enhance their surface to volume ratio
double membrane surrounding nuclear material

Slide 6:
Mitochondria is missing
Bacteria feeds on each other (other bacteria) 
Bacteria engulf other bacteria in phagocytosis 
One bacteria that got absorbed didn’t get digested, started living it it 
Sitting in cytoplasm 
Can do krebs cycle
Gets pyruvate from cytoplasm 
Provides ATP for cell
Cell then gives bacteria more pyruvate (cycle)
Became mitochondria
Has 2 membranes 
Inner membrane is bacterial
Outer is eukaryote (from phagocytosis) 
Mitochondria all reproduce independently from the cell 
Bacterial chemistry is the same for ALL CELLS
cells that did became dominant (way more successful that other cells)
everything is from this cell 
same thing will happen with a photosynthethic bacteria – becomes chloroplast, evolve into plants

Slide 7:
-and ciliary movement 

Slide 8: 
Or basal bodies
Moves components around in cell, transportation
Centrioles builds microtubules
They replicate themselves


Slide 10: 
Little molecule burns ATP, 
Dyenines: always move towards Centriole
Kinesines: always moves away from Centriole 

Slide 11: 
Finger of protoplasm 
Microtubule array, becomes a flagellum 

Slide 12: 
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