	Hadean and Archean Eons

Geological Time Scale (Major Eons): Hadean and Archean (this unit)
Hadean (4,600 – 3,800 Ma)
· Formation of solar system and planet, ends off with origin of life
Archaean (3,800 – 2,500 Ma)
· Anaerobic bacterial life, oxygen starts to accumulate in atmosphere (Archea – live in extreme conditions)
Proterozoic (2,500 – 543 Ma)
· Oxygen atmosphere, single celled aerobic organisms
Phanerozoic (543 Ma to Present)
· Multicellular organisms

Hadean Eon:
Building Phase:
· Meteorites that contained lots of minerals (C, H, O) crashed into Earth’s surface and provided it with the basic building blocks of life.
· At this point, Earth is still a molten ball and meteorites are still flying into it on a regular basis
Stabalizing Phase:
· Earth starts to develop a crust on top of the molten lava
· Earth is unique in which its mass is able to hold in an atmosphere  so it could trap in the molecules needed to survive
· The water vapour in the air starts to cool down and water starts to accumulate on the Earth’s surface which formed the oceans. 
· However, if another meteorite strikes then the water is Vapourized (Evaporation) because of the intense amount of heat created by the impact and the cycle starts over again.
· Meteorites stopped hitting the Earth at the end of Hadean Eon

Panspermia: 
· Life came from extraterrestrial origins. 
· No conclusive arguments (bacteria came from meteorites to Earth)
· We still don’t know WHERE exactly life came from
· Hypothesis that proposes life on Earth was transferred from elsewhere in the Universe 

Carbon:
· All life on earth is carbon – based. (Silicon has the same properties as carbon and somewhere in the universe there might be a whole parallel forms of life all based on silicon instead of carbon – Silicon used in computer chips here on Earth)
· Carbon is the ideal “lego block” for building larger structures (organisms). This is because carbon is a perfectly symmetrical element (tetrahedral orientation of its electrons).

Adhesion:
· Water sticks to other objects
· The adherence of molecules to the walls of conducting tubes, as in plants
· Explains the meniscus you see in test tubes, etc.

Cohesion:
· The high resistance of water molecules to separation.
· Water has a high tendancy to stick together due to polar characteristics
· Surface tension is an example of cohesion






Surface Tension:
· The force that places water molecules under tension, making them harder to separate than the water molecules under them. At the top, water molecules are in contact with air, so surface tension is created.
· Some insects are able to walk on water due to surface tension. (Due to cohesion)
· Surfactants:
· Reduce the surface tension of water by absorbing at the liquid-gas interface
· Can also form micelles and vesicles in water. When micelles form, polar phosphate heads stick out towards water, and tails form a core that can encapsulate an oil droplet.

Non-Polar Compound:
· The dipoles of the element cancel each other out
· Symmetrical distribution of charge, so that no positive or negative poles exist ex. Hydrocarbons
· Non – Polar Covalent bonds:
· Have equal sharing of the bonding electron pair (one element does not have the electrons more than the other)

Polar Compound:
· Water is an example of a polar compound
· An uneven distribution of charge, one side of the molecule is more negative or positive than the other side
· Ex. H2O – The oxygen is more negative in charge than the hydrogens, net dipole is not zero, [image: \therefore \!\,] Polar.
· Polar Covalent bonds:
· Unequal sharing of electrons when bonding in this manner. Reason is difference in electronegativity.

Hydrogen Bond:
· Is the attractive interaction of a hydrogen atom between an electronegative atom such as fluorine, oxygen, 
· Hydrogen bonds are INTEROLECULER! Between molecules, not between atoms.
· Occurs in water (inorganic) and DNA (organic)
 
Crystal Lattice of Water:
· Is a very exact organization of water molecules to form a crystal like substance
· When water is cooled down, it gets denser. When it reaches 4°C exactly, water forms a crystal lattice, which gets less dense because the atoms are more spread out.
· The lattice insults and maintains the temperature of the water under it, allowing organisms to survive in the liquid portion.

Interstellar Space Dust:
· The solar system was formed by the gravitational condensation of Space Dust (consisted mostly of H)
· Condensation of interstellar gas forms stars, and its consequence is formation of planets (such as earth)
· There are probably many millions of planets in our galaxy (because so many stars)

Biomonomers:
· Monomer 
· Is a large molecule that bonds to other monomers to form polymers (biopolymers)
· Ex. Most common monomer is glucose (forms cellulose, starch, chitin, etc.)

Biopolymers:
·  Macromolecules
· Are polymers produced by living organisms
· Ex. Cellulose, starch, proteins, peptides, DNA, RNA, lipids
· Monomeric unites are: sugars, amino acids, nucleotide, glycerol & 3 fatty acids (respectively)
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Chemical Evolution: *refer to flow chart* 
· The abiotic (non-living) synthesis of organic molecules such as amino acids
· The assembly of complex organic molecules from simple molecules, including protein, RNA, or both
· The aggregation of complex organic molecules inside membrane-bound protocells
· Prebiotic soup, hydrothermal vents, interstellar organics, miller-Urey, Biopolymers, Biomonomers
· RELATE TO protocells, prebiotic soup, hydrothermal vents, etc. 

Interstellar Organic Compounds:
· Organic compounds coming from meteorites (C, H, O, N, etc.)
· However, the heat may have destroyed these compounds upon arrival on Earth

Miller – Urey Experiment: (Proof)
· Oparin and Haldane suggested that ultraviolet light (from Sun because no O3 layer at the time) and lots of lightning provided enough energy, with combination of a reducing atmosphere, to “spark” the accumulation of simple “building blocks” of life.
· Components of a reducing atmosphere: hydrogen, methane, ammonia, water vapour
· After recreating the atmosphere of the late Hadean Era, they found acetate backbone, amino acid backbone, as well as other basic building blocks
· Prebiotic Soup: Reigning theory proved by Miller – Urey experiment
· Life sprang from non-life (various chemicals in early Earth’s oceans
· Spontaneous generation/origins had occurred (making of the first nucleic acid) because of the lack of oxygen in the air, however, it is unable to now (O2 in atmosphere) because the conditions found in early Earth have changed
· Suggested that amino acids were chemically combined and “cooked” by various sources of energy (lightning, ultraviolet rays, etc.)

Green House Gases:
· Carbon dioxide, Ammonia, etc would massively build up in the early stages of Earth’s formation (end of Hadean Eon)
· These gases helped to create life on the planet (prebiotic soup, hydrothermal vents)
· Currently these gases are bad for our society. It is kind of ironic that these gases are what started life on Earth, however, these gases are the very same that will most likely end life on Earth as well (global warming).

Reducing atmosphere: (Related to early earth and how it was able to create electron-rich molecules)
· Refers to large amount of H2, Ch4, NH3 available on primitive earth (fully reduced)
· All the molecules were fully reduced, so electrons where able to be shared very easily
· Counter – Abundance of O2 prevents complex, electron-rich molecules from being formed                   (Oxidizing Atmosphere)





Hydrothermal Vents:
· Are highly reducing conditions. These vents were found on the ocean floor.
· These vents release geothermally heated water, methane and ammonia, which may have lead to the basic building blocks of life on primitive Earth
· Organisms that thrive in this environment are of great interest to scientists because of their ability to survive in such extreme conditions

Protocell/Protobiont: (Biological Evolution)
· A group of abiotically produced organic molecules that are surrounded by a membrane or membrane – like structure.
· Allowed a closed space for the molecules to “order” and “organize” themselves because it was distinctly different from the outside environment. (higher/lower concentrations inside or outside of membrane)
· Protocells are said to have formed spontaneously due to the conditions of primitive Earth- (relate to prebiotic soup) – Spontaneous Origins (protocells produced abiotically, panspermia, etc. Relate shittt)
· They carry out metabolic reactions (Glucose-phosphate -> goes in....Glucose + phosphate come out separate)

Central Dogma:
· Flow of information from DNA to RNA to Protein.
· Replication, transcription, translation
· There is no way we can artificially make nucleotides, there we cannot synthesize proteins on our own
· Link to RNA WORLD!!

RNA World:
· In CONTRAST to Central Dogma, early life on earth may have existed in an `RNA World` 
· In primitive earth, suggested that RNA was the carrier of both information as well as its own catalyst. 
· Nowadays, we have DNA and protein catalysts that do this for us, and RNA is just the messenger between the two.
· This is because DNA (information storage) and catalysis (protein) do a far better job than just the RNA by itself. (evolution) 

Proteins First Hypothesis:
· Suggested that a small population of RNA molecules evolved and could catalyze the formation of very simple protein, independent of the ribosome.
· This is a major leap for protein synthesis because proteins are far more versatile than RNA molecules.
· 2 Reasons why:
· The catalytic power of most enzymes is much greater than the ribozyme
· Proteins are much more diverse than ribozymes. 20 different types of amino acids can be incorporated within a protein whereas the ribozyme only has 4 nucleotide bases. 

Clays: 
· Hypothesis that solid surfaces (clay) would have provided a unique environment for polymerization to occur.

Hydrophilic:
· Like water (or any solvent). Ex: phosphate head (lipid bilayer or micelle)

Hydrophobic:
· Does not like water (or any solvent) ex. Fatty acid tails (lipid bilayer or micelle)
[image: File:Phospholipids aqueous solution structures.svg]
Micelles:
· Hydrophobic fatty acid tails face the inside of the sphere so does not get `wet`
· Hydrophilic phosphate heads face towards the surrounding solvent (water) 
· Replication:
· Lipid cells will divide and grow on their own. Protein and nucleotides are being made in microspheres

Emergence: “What is life and emergence?”
· More than the sum of the parts
· Organicists (1930): vital force replaced by genetic program and the importance of emergence.
· For amino acids: they are more than just that
· Haemoglobin is the binding protein, as soon as one oxygen binds, next three bind immediately

What is Life?
· Self Replicating: life from life with genetic program
· Metabolizing: Capturing and releasing energy
· Self regulating: A delicate balance (homeostasis)
· Reproduce: life from life (cell theory)
· Evolving: adapting and changing
· Responding: Sensing and interacting with surround world
· Growth: increase in size (cell theory)

Archean Eon

Archea: none are pathogenic
· One of 2 domains of prokaryotes
· Share some traits that of bacteria and prokaryotes, however have some unique characteristics as well that sets them apart into their own domain
· They strive in harsh climates and extreme conditions (hydrothermal vents, volcanoes, Primitive earth, etc.)
· Late hadean eon was the ideal time for Archaea to flourish because there were such extreme conditions
· The reason for their success among harsh climates is that they have differences in their plasma membrane (polar heads on both sides, isoprene tails rather than fatty acids) which make them more resistant to disruption (better for extreme climates)

Bacteria (Eubacteria):
· bacteria have been present for a long time
· bacteria haven't changed from their fossilized ancestors
· considered "living fossils"; doing the same thing as they did 2 billion years ago
Aerobic:
· Organisms that need oxygen to survive
· Final electron acceptor is Oxygen (called aerobes – can be obligate or obligate anaerobes)
· These organisms accept ONLY O2 as the final electron acceptor in ETS (ex. Humans)

Anaerobic:
· Organisms that DO NOT need oxygen to survive
· Final electron acceptor may be metals (ex. nitrate or sulphate)
· These organisms accept metals as final electron acceptors in the ETS (anaerobic respiration)

Autotroph:
· Organism that produces its own food using CO2 and sunlight (as well as other small inorganic molecules)
· Plants are autotrophs, produce their own food, some bacteria may be autotrophs as well
· Photosynthesis:
· Conversion of light energy (sun) into chemical energy, sugar, and organic molecules. (Inorganice to Organic)
· Autotrophs use photosynthesis to get their energy and food

Nucleoid:
· Area of the cell that contains the tightly packed chromosome (condensed DNA molecule)
· The chromosome is not contained in a membrane. 
Plasmid:
· Small circles of DNA 
· Contains genes for non essential, however, beneficial functions (ie. Antibiotic resistance)
· Replicate independently of the cell’s chromosomes and can be transferred from one cell to another
· Through the process of conjugation
· This way bacteria can spread their Antibiotic Resistance to other bacteria very quickly in a population

Peptidoglycan:
· Primary component of bacterial cell walls
· It is a polymer of sugars and amino acids (forms linear chains)
· (sort of like the ribose (sugar) attached to the nucleotide bases in DNA – connection)
· Peptide – Cross linkages between chains give the cell wall great strength and rigidity

Gram – Positive/Negative:
· Bacteria can be divided into two broad groups depending on their reaction to the Gram stain procedure:
· Gram Positive bacteria:
· Cell walls composed entirely of a single thick peptidoglycan layer
· The stain sticks better
· Gram Negative bacteria:
· Has two layers, thin peptidoglycan layer just outside the plasma membrane, and an outer membrane
· This type of bacteria defends from foreign invaders better
· Almost all pathogens/diseases are Gram Negative
· Pathogen:
· Is a germ that causes infection or disease or illness to its host.
· [image: Figure 21.3 The structure of a bacterial cell.]All pathogens are Gram negative bacteria




























Cyanobacteria: Gram-negative photoautotrophs bacteria
· Were so abundant that almost all O2 released was from them – lead to evolution of eukaryotic cells and aerobic respiration.
· By product of Oxygen (first EVER photosynthesis – water splitting method)
· This sets the stage for aerobic metabolism and everything else that was able to live
· This is the most important group of bacteria

[image: Figure 2.24 A flagellum of a bacterium (prokaryote). The flagellum spins around its axis which causes the cell to move.]Morphological Diversity:
· Bacteria described and named on morphology (Size, Shape, Mobility)

Bacteria Flagellum:
· Made of single protein called flagellin. 
· Moves cell by rotating Flagellum
· Prokaryote flagella protrude through the membrane - >

Bacterial Reproduction:
1. Binary fission
· Prokaryotes undergo a cycle of growth, DNA replication, and cell division, producing two daughter cells from an original parent cell.
· This way of reproduction, there is no variation; Cells simply “clone” themselves
· Good for increasing numbers but not variation
· Scientists believe that Mitosis evolved from binary fission

2. Conjugation
· Plasmid transfer
· Process by which a copy of part of the DNA of a donor cell (Plasmid) moves through the cytoplasmic bridge into the recipient cell where genetic recombination can occur
· This process of reproduction provides immense amounts of variation. (If one bacteria has the antibiotic resistant gene, then it can share that with other bacteria through this process.

3. Transformation 
· Bacteria can incorporate foreign DNA fragments into their own system
· Bacteria are constantly swapping their DNA either by conjugation or transformation
· This is the GREATEST source of variation
· Example: If bacteria didn’t have the ability to digest lipids, however picks up some DNA coding that allowed for digestion of lipids, then it would have that ability. 

4. Transduction
· Occurs when a virus (phage) infects a bacterial cell
· The bacterial cell breaks down its DNA and incorporates it with the viral DNA so it will be in the capsids of the virus.
· Once Enough phages have replicated themselves in the cell, the cell then bursts and viruses are released ready to infect other cells
· However some of the viruses that were in the released cell now contain the bacterial DNA instead of the viral DNA, or both 

ATP Synthase:
· Is a protein complex that is all over the membrane
· It couples the transport of proteins across a membrane to the synthesis of ATP
· The spinning of the headpiece in ATP Synthase represents the smallest molecular rotary motor known in nature (ATP – universal high energy intermediate)




Cellular Respiration:
· NAD+ -- receives electron; becomes high energy; reduced to NADH
· need to take high energy electron and turn back to original state; try to trap as ATP;
· mitochondria -- electron being passed between series of processes ion the ETS
· all eukaryotes are restricted to energy from sugar
· prokaryotes (bacteria) can use just about anything to obtain its energy
· Electron Transport Chain (ETS): series of oxidation and reduction reactions
· [bookmark: highlight_6]The NADH synthesized by both glycolysis and the citric acid cycle is oxidized, with the liberated electrons being passed along an electron transport chain until they are transferred to O2, producing water. The free energy released during electron transport is used to establish a proton gradient across a membrane, and this, in turn, is what synthesizes the remaining ATP.

Electron Donor:
· Donates electrons to other compounds
· Leaves itself being oxidized, while the compound it donated its electron to is reduced.
· [bookmark: highlight_2]Some early cells developed the capacity to carry out photosynthesis using water as an electron donor ; the oxygen produced as a by-product accumulated, and the oxidizing character of Earth's atmosphere increased

Oxidized:
· Compounds that are oxidized get stripped of their electrons (while reducing other compounds; adding electrons to other compounds)

Electron Acceptor:
· Accepts electrons from other compounds
· Gets reduced by another compound. That other compound gets oxidized (Stripped of its electrons)
· O2 is the final electron acceptor in the Electron Transport System (ETS)

Reduced:
· Compounds that are reduced, accept or gain electrons from other compounds. In the process, they oxidize, or remove the electrons from the other compounds.

Fermentation:
· Process where electron carried by NADH are taken to an organic acceptor instead of the ETS
· Lactic Acid Fermentation or Alcohol fermentation

Autotrophic
· Phototroph: use sunlight for energy, and CO2 as their carbon source (Green plants)
· Chemoorganotrophs: use organic compounds are their energy and carbon source (glucose, acetate, etc.) 
· Chemolithotrophs: thrive in habitats such as deep sea hydrothermal vents, where reduced inorganic compounds are abundant
· Their ability to harness energy from these compounds makes them the foundation of the vent community (analogy – plants are like that for terrestrial organisms, rely on them to turn inorganic to organic)

Heterotrophs
· Photoheterotrophs: use sun light for energy, but cannot use carbon dioxide as their sole carbon source
· They use compounds such as carbohydrates, fatty acids and alcohols as their “organic” food
· Chemoorganoheteroptrophs: requires organic substrates to get its carbon for growth and development
· Example: Decomposers
· Chemolithotrophic Heterotrophs:




Heterotroph:
· An organism that gets its nutrients and energy from by eating other organisms or their remains
· Animals, humans, etc.

Extremophiles:
· Archea isolated to extreme environments
· Hot springs, hydrothermal vents at bottom of ocean, and salt lakes
· “extreme lovers”

Stromatolites:
· Type of layered rock that is formed when microorganisms bind particles of sediments together, forming thin sheets

Nitrogen Fixation: Earth’s atmosphere contains approx. 80% nitrogen gas (however has strong triple bond)
· The strong triple bond that forms nitrogen gas is hard to break loose, therefore is useless unless “Fixed”
· Nitrogen fixing bacteria are the only bacteria that are able to take inorganic nitrogen and convert it to organi
· N2 is reduced to ammonia (NH3) and then quickly ionized to NH4+ to make nucleic and amino acids
· Is the only means of replenishing the nitrogen sources (Nitrogen cycle)
· Therefore all organism rely on nitrogen fixed bacteria
· Cyanobacteria is an example of nitrogen fixing bacteria

Bacterial Importance:
· Disease 
· How we first got into researching bacteria, by trying to figure out the diseases it causes
· Nitrogen Fixing 
· converts inorganic N2 into organic nitrogen (amino and nucleic acids) – nitrogen cylce
· Decomposition
· decomposes matter
· Unique biochemical pathways
· Cyanobacteria (Produced most of the O2 in atmosphere to sustain aerobic metabolisms
· Extremophiles (Archea)
· Archea that have been around since end of hadean eon. Lived in extreme conditions, hydrothermal vents, volcanic regions, salt lakes, etc.

*Bacteria reproduce asexually*
*Bacteria are living fossils*
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