Biology – October 1st Podcast

Hadean and Achaean Eons

Hadean 
· Is the period of time when the earth is going to go from a molten mass to something that has a permanent crust on it.
· In the water systems, that will develop at this time, primarily the earth is a massive floating planet with a water surface all over, there is no continental land mass necessarily a this point in time, but we are going to get the first beginnings of life to appear by the end of the Hadean.
· So big question… How do we get from this circumstance of a molten planet to a planet that’s about to support the creation of life with the very first cells on the face of the planet?
Achaean
· is that period of time on the planet when we had no oxygen, we have what is called a reducing environment, and hydrogen sulfide and all of those toxic chemicals
· bacteria are going to dominate at that period of time
Proterozoic
· when we finally get the oxygen environment in place, and we are going to get bacteria and single cell eukaryotes that are going to take advantage of that oxygen environment
Phanerozoic
· we are going to see multicellular organisms make their appearance 

The HADEAN Eon 
· is a period of 0.8 Billion years 
· the age of the earth and the solar system, there’s some debate on this whether it’s 4.8 or 4.6 bilion  years, but it doesn’t really change the story that we are interested in because what we really have at this particular point in time is a solar system that is just forming.
· The milky way galaxy and our solar system that is in the milky way galaxy all have a similar origin and we now know that these origins are pretty much the same wherever you go
· When we get planets and when we get solar systems, we are really talking about a process called accretion and small particles globbed together to become larger particles, larger particles can attract smaller particles to become bigger and this is going on on a galactic scale, and so over a period of time all of these particles and these elements start to collide with each other and you get things that’s start to get bigger and bigger, the biggest kind of object you get is the sun, the sun is the center of our solar system 
· These collisions are getting to the point where they are so massive that when they occur, they release so much energy that what happens is that hydrogen atoms are being fused to form helium and when that fusion occurs is basically a hydrogen bomb, a nuclear reaction; that reaction gets out of control and we end up with is cosmic meltdown and the radiation that is coming from that which is essentially our sun 
· The sun will pull in things from around the solar system 
· Even galaxies will interact with each other; the Hubble has shown us phenomenal views from outer space
· Three spiral galaxies in the milky way; they can actually fight with each other; the other two are so large and close to the third one that they are ripping it apart and they are going to take all of that mass that’s in that third galaxy and divide it up between themselves and they are going to end up pulling all the material together as each of these galaxies start to stabilize
· In the formation of the milky way galaxy and our solar system, we are in an early phase constantly being innovated by large objects from parts of the solar system and form within our galaxy
· These are huge, planetary sized blobs some of them are filled with frozen water
· Most of the comets we see and capture today and study, they are almost all pure water, so we got huge amounts of influxes of water, minerals and all these collisions that occur at the planetary level ultimately result in building the planets that we have today 
· In our solar system the planets are divided into iron core planets, the ones that are near the center of the sun; these are the ones with a molten iron core and thy have stabilized, the mass of the iron has sunk to the center , the friction and movement of the inside core has sustained the heat, this is why we have planets with a molten and metal core inside with a crust on them. 
· The ones that are future out from the sun, they are made from frozen gases
· There is a moon (Elara) that orbits around Jupiter, which looks like a frozen version of the planet earth
·  We have to realize the planets were never really this stable and in the Hadean (building phase); there is constantly interstellar material being bombarding this system and a lot of it is going to be incorporated in the sun 
· The sun is so big it has the most gravitational pull and its basically going to suck in most of the large objects that are coming in and when they impact with the sun, they fuel that meltdown that is going on there, the sun becomes a little larger overtime and at the same time it refuels the nuclear meltdown occurring on the sun 
· The sun is what gathers up most of these main big objects
· The other one that does this is Jupiter, it acts like a big brother to the other planets near the center because before anything can get towards the iron metal core planets, (Mercury, Venus, Earth, Mars) very often Jupiter and Saturn has enough gravitational pull that it grabs hold of the debris that’s coming in and as a consequence crashes into those planets as well
· Over a period of time meteorites large and small, comets with their water contents and all of these keep hitting the planet earth and at this point the earth is essentially a molten magma mass.
· Each of these planets are positioned in such a way that there’s a perfect balance between its mass and the gravitational pull of the sun so that the velocity of the movement of the planet completely counters the gravitational pull of the sun and we have consequences such as the planet’s in a stable orbit; this is why we have this orbit.
· The asteroid belt is thought to be a shattered planet that completely deteriorated and what we are left with are its remains cycling around the sun
· In essence this building phase is not just about our solar system but the galaxy as well and these giant objects are slowly scrubbing off these debris so overtime there is less and less likelihood for the planet to be hit by anything that is really big in terms of a meteorite impact
· One of the biggest ones to hit is a huge meteorite that hits the earth and gives it a glancing blow, it doesn’t land on earth but scrapes it off the surface, and this splat of molten mass becomes the moon and is then caught in the earth’s gravitational pull and starts circling the earth 
· At this point in time the planet earth is going from molten magma to cooling with a crust and another huge meteorite impact the earth creates so much energy that it turns the earth back into a molten mass again
· So basically the earth is going through a constant phase of turning into molten mass, starting to develop a crust and melting to a molten mass and starting to develop a crust, so this is constantly going on
· Unique thing about earth is that all the water that is coming in, a lot of it and the earth’s gravitational field is adequate enough to be able to hold a gaseous atmosphere around the earth; earth’s gravitational pull is strong enough to create an atmosphere. 
· Large planets have an atmosphere but is very thin near the surface but smaller planets cannot hold onto their atmosphere and so it dissipates them to space
· In that building phase as the earth goes molten, all the water that has been added to the earth by the accretion process vapourizes; since we have an atmosphere it gets trapped so when the earth cools, that water also cools and falls back on to the earth as rain over long periods of time and the oceans refill.
·  Planetary impact, massive heating, water vapour held in place, cooling, the water comes back
· So the water of the ocean was not created on earth but arrived from outer and was trapped on the atmosphere of the earth overtime and there are huge amounts of it that arrived
· In addition to the atmosphere, the earth sits in what is called the habitable zone, scientists like to call it the “goldilocks zone” and this is because it is sitting in a zone that is not too hot, not to cold but just right and that’s a reference to water because in this zone the water has the potential to be all three of its states (solid – ice, liquid – flowing water, and gas – vapour.
· As you move closer to the sun, with the absence of an atmosphere most of the water will disappear and water won’t be in a liquid or solid form, but solely in a vapor form because it is a very hot zone
· Mars sits on the edge of the habitable zone and depending no the age of the sun, the sun has changed in size and the composition, mars has shifted in and out of the habitable zone and mars is at a size where it is capable of holding on to a weak atmosphere, when mars gets in the habitable zone it has the potential to have water in all three states, findings resulted that under the soils of mars there are large amounts of water in the frozen form, since there is frozen water on mars, now the curiosity is to find out when water was in a liquid form on mars; erosion patterns that show that water was flowing and moving on the surface of mars
· The whole real story about all of this in the building phase is getting the planet to the point where there is no longer any large massive meteorite impacts that set the whole planet back to its molten core and we now start to see a stabilizing crust on the planet and what was what was really going on about 4 billion years ago
· From 4.6 to 3.8 Billion years, that first part of that is getting to that stabilizing form, there will still be meteorite impacts but they will not destroy the crust that has developed, they will just damage it, these impacts will still spew out magma and we will get gases like carbon dioxide, methane, hydrogen sulfide, all the nasty volcanic gases that will be in the atmosphere, they are trapped there by the gravitational force of the earth, there is water vapor in there because we are getting evaporation and cooling still happening, 
· Meteorite impacts will puncture the earth, magma will flow up from underneath and then earth will seal and we will have a mosaic of old crust and newly melted mantle (this is the origins of all the nickel, chrome and copper on the earth)
· There is one famous pocket in Ontario where a meteorite punctured a hole which is a very mineral wealthy area, in Sudbury – Ring of Fire is another puncture of meteorite 
· It’s still not completely stable at the end of the building phase but it is stable enough for things to happened 
· Water starts to accumulate on the planet; water has been vaporized condensed and fall back on the surface 
· Basically this building phase leaves behind a planet covered in water and rock mass that is completely sterile, there is no potential of life because of the heating and cooling effects, 

Question is… How did life come on Earth?
· Instead of life being placed on earth randomly on October 3rd 4004 B.C.E and seeded there on a certain date
· One of the alternative theories is that it came from outer space, we know in the last 10-15 years who Luca is, a lowest universal common ancestor to all life forms
· Luca arose somewhere else and landed here? Luca evolved on earth?  Extraterrestrial Origin (Panspermia)? This doesn’t help us solve anything, because it arises more questions on how Luca evolved and how did he arrive?
· Reason panspermia is considered is because on meteorites and asteroids that have landed on the planet, we know that they are free of contamination, from terrestrial things; a meteor crashed in northern Alberta and it was analyzed and what was found that there were things that have rod like structures on the surface of the meteorite which looked like prokaryotes all stuck together in a little strand 
· In the last 20 years we started to understand that the bacteria are really two groups, the Archea and the Bacteria 
· Archea – they can withstand high temperatures above boiling water, such as bacteria that live in the bottom of the ocean, deep sea vents water pressure makes water boil at 110 degrees Celsius and also withstand very cold temperatures – almost absolute zero: associates’ with outer space
· Pansmermia from outer space theory comes back, so Luca came from another planet and sits at the bottom of our evolutionary tree, this is why scientists are so interested in mars because it can be a candidate for the origin of life on our planet; pieces of meteorites from mars has also come to earth 
· Whether Luca came from outer space or evolved here, we have to deal with the model of the chemistry of life.
· Chemical Evolution – primitive earth cooling and earth gets inorganic chemicals
· Ex of Inorganic chemicals carbon dioxide, methane, hydrogen sulfide,, when we get organic chemicals we are talking about stitching carbon molecules together to make carbon based compounds
· What we need to do is figure out how we get from single chains to carbon changes, how did we put the first two carbon chains together? If we can attach two, we can get as many chains as we want. How do we get from inorganic to small organic molecules? Life isn’t about small organic molecules its about polymers of small organic molecules (amino acids, nucleotides [purines and pyrimidines], 
· Small organic molecules for carbon is sugar (carbs)
· Lipids are also an important element of life – polymerization of plasma membranes, they are lipophilic membrane (hydrophobic) that surrounds an aqueous core that contains dissolved water with the macromolecules of life such as the DNA, protein, amino acids, sugars and carbohydrates – this is what we have to have to get to a cell
· Secret to all of this is water, other than the plasma membrane everything else will dissolve in water




Wacky Water
· Water is a compound that does things which other compounds don’t do 
· It behaves in unusual ways, this is due to the cohesive nature of water and the fact that it is the universal solvent; It is unusual when it solidifies
· Cohesion, adhesion and surface tension; water molecules are polar (have a charge) bonds in water – oxygen is such a large molecule that it pulls some of the electrons that are associated with the hydrogen closer to itself so that hydrogen atom is basically stripped of some of its electrons and they are not evenly distributed like it normally would be so the hydrogen has a slight positive charge than its core, since it has more electrons closer to it, the electrons give it a negative charge, also because the hydrogen atoms are not distributed equally around the water molecule, it is bound to the oxygen molecule on one side
· The hydrogen bonds between the positive and negative ends of the water molecule gives water its cohesive property.
· In liquid water, all water molecules are orienting with their positive sides with the negative side of the adjacent water molecule which makes it flowing, 
· Surface Tension - at the surface of the water there are hydrogen bonds missing at the top so it bonds stronger with adjacent molecules and force becomes stronger at the surface of the water 
· Plants use the cohesive properties of water to transport water around plants
· Universal solvent – is because of its plus and minus charges (polarity) 
· Anything with polarity will interact with water so when mixing salt with water the sodium ions interact with the negative oxygen ends of the water molecule while the chloride ions interact with the positive hydrogen ends of the water molecule; the salt completely dissolves in the water
· Water dissolves proteins, sugars, glycogen, starch and etc. since it can dissolve al these chemicals of life it is the universal solvent 
· Weirdest thing water does is how it behaves under cold temperature 
· If you take a compound and you lower its temperature what will ultimately happen is that the motion of the atoms will get slow and slow to the point where the atoms will interact with each other and stop moving, the absolute stop is when it reaches absolute zero Kelvin, it will stop moving and solidify, if you add heat to that the molecules will start moving again and if you add enough heat, it will turn to vapor
· The thing about water is that it behaves a bit different, as it cools the density of water goes up, so it gets more dense and so does every other compound in the world, but when it reaches 4 to 0 degrees Celsius it starts acting differently
· What water does is they have hydrogen bonds that are interacting and the lattice starts to condense but at 4 degrees the lattice now interlocks at a highly stable position and so the stable lattice structure puffs up and becomes spongy and becomes ice.
· The density of the after as it cools, it gets denser but as it hits the lattice at 4 degrees Celsius, it starts to become less dense due to the structure of the lattice
· And that is why ice floats on top of water 
· Since ice is a less packed structure what it does is that it floats on the water and the aqueous environment still remains underneath
· The puffed up lattice structure has air in it and so it acts as an insulator blanket, the layer of ice has an aquatic environment underneath, it still allows for life to exist (acts as an air cushion above water)
· So in those periods of transition on the planet we will see freezing and thawing but we will not lose the potential to survive underneath in the aqueous environment. 
· Most oceans are always at 4 degrees Celsius, water does not change temperature very easily, you need a lot of energy or heat to raise the temperature of water by one degree Centigrade; water temperature does not change drastically – specific heat capacity of water 
· Water has one of the highest heat capacity 
· Ammonia has the highest specific heat capacity but we cannot live in a world full of ammonia – ammonia kills the Kreb’s cycle; major poisoner of KC
· If other fluids froze solid they would freeze from the bottom up unlike water which only solidifies at the top in a river or lake because it is a less packed structure 
· Transition from water to vapor requires a huge amount of heat
· When you are on land you no longer have the buffering effect of water on you, the temperature on land can change dramatically, therefore you need buffering capacity 
· Lots and lots of water, why? Because it was trapped by the earth’s atmosphere and held it in place and did not let it evaporate it out of the atmosphere of the earth, and so after the end of the Hadean eon the earth was left with an aqueous environment of compounds 
· Water is the only dissolved compound that will allow life to occur, not liquid ammonia or methane and etc…

Organic Evolution
· [bookmark: _GoBack]Carbon – there are piles of it, every sun that dies is a red star when it finally blows and as well as all the solar systems in the galaxies all blows up, it spews out elemental carbon – the universe is full of carbon, there is carbon absolutely everywhere 
· Where do we get the first organic compounds?  Miller and Urey… they knew that the air was filling with gases from volcanic eruptions, 
· Whenever you get volcanoes you get massive lightening storms, due to friction and charge from ashes 
· They made a closed system that was like a little ocean and they heated the water up so it would vaporize and in the system they put gases that they understood to be present at the time, such as methane, ammonia, water vapour and hydrogen
- the water vapor went up and into the atmosphere above and they put in two electrodes and they sent a charge through the electrodes which made a spark, and they took this atmosphere because there was constantly input and it was placed in a cooling coil which meant that the water would condense and return back to liquid phase and back into their mini ocean, this thing was set up and they let it reflux for a week and they put a sample valve in there and took the liquid out and analyzed and in a week they had almost all of the amino acids all the sugar molecules the two carbon acetate that drives pyruvate cycles, 3 carbon pyruvate, carbons related to energy systems of life and even nucleotides, and when they put in carbon dioxide they got all essentials of life and all building blocks of life. 
· When earth stabilizes, it was completely sterile, there was no organic molecules there at all, but just the inorganic chemistry of the planet the constant refluxing of water vapor into the air through charged particles associated with lightning strikes because of the volcanic activity, you could get the monomers 
· 15 years ago we were finally able to get to the deepest parts of the ocean, they can go down to a place where the continents are splitting with magma spilling out 
· Chemistry of high pressure and high temperature down there which was very similar to the Miller-Urey apparatus 
· At the end of the Hadean, primarily there were two major locations for the synthesis of organic compounds, deepest parts of the oceans or raining from the atmosphere and drying up again 
· Comets were the major source of water and we also found inorganic compounds 

Biopolymers 
· DNA -> RNA -> Protein (Central Dogma)
· If you want to make something out of the template you do not make it form the original source but from a copy
· Where did the first code come? Life on Earth is unified by the fact that every single living organism uses exactly the same four nucleotides in the genetic code
· From the simplest bacterium to the most complex organism such as vertebrates an insects the genetic code is identical in the living world 
· This implies that when the code did arrive and it was implemented in such a way that it was adopted by every single life form that was to follow (the 4 codon is the one that works for building life)
· When central dogma arrive it was inherited by all living organisms 
· Panspermia again is the hypothesis for the arrival of central dogma 
· First life form arrive in a prebiotic soup and life starts from there
· It’s important to realized that there are alternatives to them
- one of the concept is the RNA world, what do we really need as a precursor? A molecule that can make copies of itself…once we have one we can have two and we can continue replication from there,
· For a polymer to be able to be catalytic, it folds on itself to make active pockets, side chains of amino acids stick onto the pockets for catalytic activity – reactive pocket can line substrates together and that is what catalysis is - Makes it easier to stitch compounds together 
· RNA world implies that a strand of RNA can fold on itself create a catalytic pocket and in that pocket stitched together are more RNA molecules, to make RNA strands, ultimately makes strands that are copies of itself and if this is the best way to make copy then this is the copy that will take off
· Ribozymes also contain catalytic activity, they could carry out chemical reactions, not make copies
· Hypothesis is that what happened in the central dogma is that it became dangerous to make new strands with the original DNA because if its damaged it will be very dangerous 
· Used RNA as a code to sequence the proteins and so instead of RNA the proteins becomes the catalysts 
· Transfer RNA is what stiches the proteins together, (RNA is the code and assistant) 
· RNA world basically says that we started with RNA and we went backwards and it wasn’t until we learned about 15 years ago that we had any biological precedence that we can get from RNA to DNA 
· Major finding that we can et from RNA to DNA – HIV/AIDS retro viruses
· Proteins is not large enough to fold to interact with the positive and negative charges over its surface with the universal solvent, water, and so it becomes insoluble 
· We can’t get a peptide chain or a nucleotide chain that is water soluble 
· We cannot make nucleotides and protein artificially
· Clays are highly organized minerals that have a crystalline array, this is what makes clay so slippery, clays are an attempt to try and put this all together 
· In our model we can get to macromolecules almost
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