


Lecture 1
-Elysia chlorotica, sea slug, mollusc, invertebrate, has chloroplasts
-Animal is brown when it’s young, has no chloroplasts
-Feeds on algae, turns green by taking it’s chloroplasts and integrating it into its gut cells, digests all other cells other than the chloroplasts
Kleptoplasty, act of stealing plastids
Animals: Heterotrophic
	-Reduced organic matter, carbon-based food energy, glucose, from an outside source
Plants: Autotrophic
	-Takes in inorganic form of carbon, use light to convert into a reduced organic form
Vaucheria litorea
	-filamentous yellow-green algae
Eukaryotes
	-mitochondria
	-nuclear membrane
Elysia cells are full of retroviruses, endogenous retroviruses, do not know how to get out, reinfecting the hosts

Lecture 2
-4 billion years ago, actual origins of life
-3.8 billion years, prokaryotic cells appeared, evidence of life
-2.7 billion years ago, oxygen appears
-2.2 billion years, eukaryotes
-1.4 billion years, multicellular eukaryotes
-600 million years, animals 
-150,000 years ago, humans
3 Domains of life- Bacteria, archaea, eukarya
LUCA- Last Universal Common Ancestor
-Every living thing has lipid membranes
-Genetic information encoded by DNA, gets converted into protein
-DNA to RNA to Protein transfer of information, universal
-Every living thing uses ATP 
-Every form of life can metabolise glucose	
-Common system of protein assembly, mRNA, tRNA, transcription, translation, all very similar
-Proteins are fundamental molecules to life
-Not to say this is the only form of life ever to exist
Stromatolites, early form of life, 3.5 billion years ago, stromatolites prove that life evolved pretty fast
	-produced by cyanobacteria
Stages of prebiotic evolution, what is needed
	-Abiotic synthesis
	-Heritable information
	-Formation of cells
Geophysical stage- What was the composition of the earth and atmosphere?
	-Primordial Soup
		Early Atmosphere- H2O, H2, CH4, NH3, H2S
		Energy sources- ultraviolet light, lightening
Reducing atmosphere- lots of protons, allows build-up of highly reduced (electrons), nothing that will stop the build of highly complex molecules
Chemical Stage- How could the building blocks of life by synthesized?
	-Miller Urey Experiment
-Placement of gases that were found on primordial earth (CH4, NH3, H2O, H2), charged -with energy, electrodes, and produced organic molecules from inorganic molecules, such as amino acids, sugar, purines & pyrimidines
-Molecular oxygen will not allow inorganic molecules to be produced, highly oxidized atmosphere, not reducing
	-The Chirality problem
		-Miller-urey expierment was racemic, L-amino acids, D sugars
		-Biology is not racemic, it is homochiral
Chirality
	-Chiral molecules that are not superimposable on it’s mirror image
	-Same chemical and physical properties
	-Two enatomers (optical monomers)
	-Vastly different biological properties due to chirality
	-Thalidomide
-Used as a morning sickness drug, may readily convert from antiemetic to teratogen chiralities
Homochirality- essential to the evolution of life
	-Specificity is required
	-L amino acids, D sugars, random chance
	-Extraterrestrial origin
		-Murchison meteorite
			-contains 7 amino acids
			-9% more L isomers
Biological Stage- how did the building blocks organize into living cells?
	-Development of DNA, RNA, protein triad
	-Synthesis of polymers, not just monomers
	-The first cells
	-Enzymes are required to catalyze intermediate steps of transcription and translation
RNA jack of all trades: Information, structure, catalysis
	-RNA can fold, like enzymes
	-Complementary base-pairing
	Ribosome
		-Ancient organelle
		-2/3 RNA 1/3 protein
	Ribozyme is an RNA molecule that has catalytic ability
	-Self-splicing introns – catalyze their own excision
	-Ribosome aminotransferase activity
Evolution of information transfer
	-RNA  Protein
	Proteins have better structure and catalysis than RNA
	Diversity, 20 different amino acids, compared to RNA, four base pairs
	-DNA  RNA  Protein
		-Deoxyribose is more stable than RNA
		-Thymine replaces Uracil
		-C to U mutation is common, get rid of uracil
		-Complementary strands
The First cells
	How monomers are synthesized into polymers
	-Accelerated by clay particles (montmorillonite)
	-High surface area & charged surface
	-Conversion of micelles into vesicles, spontaneous, sped up by clay
	Nucleotides attached to charge surface can undergo polymerization
	Fluorescent dye that is injected into vesicles, retained instead of leaking out 

Lecture 3
Drake Equation- How likely it is for aliens to exist out there
Andromeda M31 galaxy
150,000 years to get to the nearest star, distances are impossible to travel
SETI – search for extraterrestrial intelligence
N = Ns x fp x Ne x fl x fi x fc x L
N – number of advanced civilizations in our galaxy
Ns - number of stars
	-approx 100 billion stars
Fp – what fraction of stars have planets
	-Can we detect extrasolar planets?
	-Kepler mission, tries to detect other planets
-Transit method, picks up the decrease of brightness of the star when a planet moves in front of it
-Many of the planets are orbiting binary systems
-Planet formation is a natural consequence of star formation, rare to have stars that don’t have planets
-set fp = 0.5
Ne – habitable planets
	-Habitable zone, ‘Goldelocks’ phenomena, where its not too hot or not too cold
	-Set ne as 2
	-Two habitable planets per system
	-Oxygen is electronegative, takes more electron density than hydrogen does
-Water is polar-covalent but unequal sharing
	-Oxygen is slightly negative, hydrogen is slightly positive
-Based on its molecular weight, H2O should not be a liquid at the temperatures on earth, however hydrogen bonding keeps it intact
-Habitable planets are defined by water being liquid
	-Based on its molecular weight, H2S gas at -53 degrees Celsius
		-Properties of water, high cohesion, high heat capacity, high heat of vaporization
	-Water solvates molecules, water shields electrostatic charges of these molecules
	-Hydration shells minimize charge effect of protein molecules
	-Geological evidence that liquid water used to flow on Mars
-Europa and titan may have life
Fl – fraction of planetary system that actually develop life
	-Life on earth developed pretty fast, 600 million years
	-Assumed that all planets capable of developing life does
	-Set at 1
Fi/Fc – proportion of planets with intelligent, communicating life
	-not easy to estimate
	-set at 10% for each
L – lifetime of a civilization
	-set at 0.00000001
	-100 years/10 billion years for Earth
	-1000 years/10 billion years, average lifetime
N = 100
Depends on how long civilizations last
Fermi Paradox, why if the universe is teeming with life we can’t find them?
	1, Can’t detect them, distances are too great
	N = 100,000,000, distance is 10 light years
	-Technological imcompatibility
	2. No other civilizations exist

Lecture 4

Fundamental component to biological function of cells are proteins (biochemical approach)
Genetic approach towards determining biological function
Protein abundance increases the functioning 	
	-Can be controlled by transcription; make more mRNA, make more of the protein
	-Post-transcription; controlling the abundance of the mRNA
		-mRNA decay is a regulated process
	-Translation; tRNA
	-Post translational control;
Abundance vs activity; there may be high number of proteins, but not all may be active
Constitutive; level of protein activity does not change, ‘housekeeping proteins’
Induced or repressed; either switched on or off, the gene/protein
Northern (RNA) blot analysis- measures transcriptional abundance; isolated RNA, run through a gel electrophoresis, RNA is separated by size,      
smaller go further down, larger stay higher up, transfer to nylon       membrane, easier to work with than gel, radioactive probe is a single-stranded DNA that is complementary to the target RNA, will anneal when isolated together, amount of binding is proportional to transcript abundance
Western blot – measure protein abundance, use antibody instead of probes, antibody will bind to target   	             protein
Southern blot- DNA
Ribosomal RNA dominate RNA type, mRNA is much less seen
Peptides- amino group, carboxylic acid, R group, linked by dehydration, peptide backbone
Amino acids- polar ones, polar charged, non polar
	Non polar- show hydrophobic effect, do not want to interact in a H2O environment
Protein structure- primary, 500 amino acids, straight line
· Secondary
· Produced by regular repeated interactions between backbone
· Alpha-helix, 1 interacts with 5, hydrogen bond formed from amino group to a carboxylic acid
· Beta sheet, one peptide folds over, hydrogen bonding between amino and carboxylic group
· Tertiary
· Gives overall 3-dimensional shape
· Functional state is the native conformation
· Hydrogen bonds, ionic bonds, van der waals (non-polar residues), disulfide bridge (strongest, only covalent bond)
To be functional, most proteins must be flexible
Extremophiles, grow under extreme conditions, protein structure must be unorthodox
Christian Anfinsen
In vitro, outside of the cell, Native 100% active, unfold the protein with urea, denatured, no activity, remove urea, protein refolds
Protein folding is spontaneous, no ATP required
	-dependent solely on primary sequence
	-Millisecond timescale, very fast
Levinthal paradox
-if a protein has x # of amino acids, there are way too many possible conformations, it would take way too long to figure out which is it’s native conformation?
What drives protein folding?
	-the correct native conformation is always the lowest energy state for that protein
	-energy funnelling, all conformations are funnelled to the lowest state, the native
	-secondary structure
	-hydrophobic effect
-hydrophobic molecules are folded together so they don’t react with aqueous surroundings and each other instead
-predicting protein folding is very difficult, no currently existing algorithm can
Protein denaturation
	-Loss of native conformation
	-Heat – breaks weak bonds
	-pH – disrupts ionic bonds
	-Organic solvent (acetone, hexane)
	-Urea
Consequences of denaturation, exposing hydrophobic molecules, loss of activity
In vivo, Anfinsen’s Dogma has lower chance of working due to disruptions with other peptides
If there are many peptides floating around, this can cause misfolding due to macromolecular crowding
-Chaperones
	-interacts with and stabilizes non-native forms of protein
	-not part of the final assembly of proteins
	-help proteins fold, especially in macromolecular crowding situations 
	-to get lots of proteins folding properly, ATP dependent, requiring

Lecture 5 Energy and Thermodynamics
-Energy, the capacity to do work
	-Kinetic (planets, electrons)
	-potential 
	-chemical-potential
Isolated, closed, and open systems
Isolated- no matter or energy exchange
Closed- only energy exchange; Earth is a closed system
Open- both matter and energy are exchanged
First law of thermodynamics
	-Total energy constant; we can transform, but all energy is conserved
	-Can’t make, or destroy
	-Energy transformations are not 100%, entropy steals some of it
Second law of thermodynamics
	-Entropy, every energy transformation increases the disorder of the universe.
	-Energy transformations are not 100%
	-The disorder of an isolated system always goes up
	-Physical objects always break down
-Proteins are constantly breaking down, explains decrease of photosynthesis and cellular respiration
-You can never switch off transcription/translation because of entropy; translation is required constantly to keep entropy at bay
Spontaneous reactions- not necessarily fast, but will go by itself, no energy input requirement
1. When products have lower potential energy than the reactants
-Enthalpy is negative, reaction is exothermic
2. Products are less ordered than the reactant molecules
-Entropy (S) increases
Free energy
	G = H – TS
	Exergonic reaction is G is less than zero, spontaneous
	Endergonic reaction is G greater than zero, non-spontaneous
Melting of ice is endothermic but has higher entropy, subsequently exergonic
More free energy, less stable, greater work capacity
	-Glucose, solid to liquid and a gas, strong negative ^G, reaction is exothermic
Less free energy, more stable, less work capacity
ATP hydrolysis- G = -7.3 kcal/mol
-When one of the phosphates are removed, energy is released, spontaneous, does not occur in cells
Instead of ATP hydrolysis, energy coupling is used to charge ATP
-Glutamic acid + Ammonia  Glutamine – G = 3.4 kcal/mol, driven by energy released by ATP
Glutamine + ATP  Glutamine-P
Energy coupling- energy from exergonic reaction drives an endergonic reaction
Energy of muscle contractions comes from breakdown of ATP; phosphoralating the glutamic acid
Energy coupling requires an enzyme, ATP breakdown instead of hydrolysis
	-Terminal phosphate group is transferred onto glutamine
High phosphoryl group transfer potential 
Isolated systems reach equilibrium, ^G = 0
	-maximum stability, as human beings, you never want to reach maximum stability, negative ^G
Open systems – never at equilibrium
Life does not go against the 2nd law since living organisms are open systems
	-Need to eat to maintain low entropy

Lecture 6 Enzymes
-Enzymes can increase the rate of a reaction by 10^12 to 10^20 times
-Propane is thermodynamically unstable since it is exergonic, but kinetically it will be very stable, since molecules do not have enough energy to overcome the activation energy
-Enzymes can speed up the rate of exergonic reactions, but cannot speed up endergonic reactions; requires energy coupling. Breakdown of ATP, energy coupling requires enzyme.
-Life needs enzymes since temperature becomes a problem, as you can’t raise the temperature without destroying life
-Enzymes lower activation energy
-Rate is proportional to the number of activated molecules
-Active site is only apparent when the protein folds into its native conformation, cannot be predicted from primary sequence
Requirements
	-Must be flexible, induced fit, substrate comes close, enzyme wraps around substrate
Enzymes catalyze reactions much faster than ribozymes
E + S  ES  E + P
-You can measure the rate the substrate disappears or product is made, changes colour, change in colour is proportional to how much product is made
How do enzymes lower Ea?
	-precise orientation of two substrate
	-charge interactions
	-maybe substrate needs to be strained, conformational strain
Catalytic site mimics transitional state without requiring energy input
Enzyme kinetics
-saturation kinetics, the enzyme concentration no matter how high no longer increases rate of reaction, Vmax, saturation rate is enzyme dependent
-Some enzymes can work very well at low substrate
-High substrate affinity, Km will be very low
-Enzymes that work with toxins has a very high substrate affinity and must get rid of toxins fast
-Km, substrate concentration that gets you one half of Vmax
Enzyme Inhibition
	-Competitive
		-inhibitor very similar to substrate, must compete with substrate for the active site
		-can be overcome by high concentration of substrate 
		-reversible (act as substrate), irreversible (covalently bond with enzyme)
		-vmax is identical with low amounts of inhibitor, Km has moved to right with competitor 
	-Penicillin, competitive inhibitor, prevents bacterial growth
		-Peptidoglycan are the bacterial cell walls, needs peptide bonds 
		-Transpeptidase are the enzymes that link peptide bonds for the cell walls
-Penicillin acts as an irreversible competitive inhibitor that binds to transpeptidase 
		-Wipes out all of the transpeptidase that the bacteria has
	-Non competitive
		-changes the conformation of the enzyme, changing the active site
		-lowers the Vmax, however Km is the same value, actually killing enzymes
		-essentially reduces the amount of functional enzyme
Competitive only slows down process, however non-competitive lowers the potential of the process
Cofactors (prosthetic groups)
	-Many enzymes are not functional protein alone
	-Apoprotein + cofactor = functional enzyme, post translational regulation of an enzyme
Nitrogen assimilation
	-Chlamydomonas (green algae)
-Need nitrogen in the form of ammonia, gets readily converted into amino acid, many living things can convert nitrate into ammonia
-Many living things have nitrate reductase to convert nitrate to ammonia
-Western blot of apoprotein is fine, not defective in the apoprotein (nitrate reductase)
	-Nitrate reductaste requires Moco – molybdenum cofactor
	-Mutation is in the biosynthetic pathway that starts with GTP, and synthesizes the Moco
	-Sulfite oxidase requires moco, there are four enzymes that require Moco in humans
-Feeding them intravenously cPMP at the beginning early after birth will rescue them to produce Moco
	-MOCS1 deficiency, can’t convert GTP into Moco
	

Lecture 7 – Membrane Biology
Variance of membrane biology, not just lipids
All biological membranes have the lipid bilayer
	-Hydrophilic head
	-Hydrophobic fatty-acid tail, spontaneous, low energy state, hydrophobic effect
Amphipathic – both hydrophilic and hydrophobic, lipid bilayer
	Detergents can dissolve both fat molecules and hydrophilic since it is amphipathic
-Saturated fatty acid, all single bonds
-Cis-unsaturated bonds have more of a kink angle than trans-unsaturated fats
-Trans-unsaturated does not occur in nature, cheaper and acts like saturated fats
-Fats are synthesized into saturated fatty acids
Saturated fats are less fluid than unsaturated fat
-Diversity depends on the desaturase acting on the membrane
-As temperature decreases, the abundance of desaturase increases to increase fluidity of membranes, transcriptional control
Membrane permeability
-Size and charge impedes simple diffusion through the membranes
-O2, CO2, N2 are hydrophobic molecules
-Proteins that span the membrane assist in transport of large and charged molecules, Intregral membrane protein
	-Hydrophilic channel faces the outside of the membrane
	-Hydrophobic channel faces the hydrophobic core of the membrane
How can proteins interact with hydrophobic core? Proteins are mixture of polar and nonpolar
-Alpha helix minimizes charges of backbone
-Non-polar amino acids interact with hydrophobic core
Transmembrane proteins can be predicted by primary sequence; takes about 20 amino acids, area enriched in hydrophobic non-polar proteins 
Entropy drives diffusion, simple
	-Bigger molecules can be diffused with assistance
-in many cases, you don’t want diffusion to occur since you want one side to be more disordered, in these cases ATP is required and active transport is required
-ABC transporters, ATP binding domain, transmembrane domain, specificity is dictated by the transmembrane domain, ATP binding domain is just the engine that binds ATP
The speed of simple diffusion is only dependent on concentration of one side
-You would want to facilitate diffusion to increase the rate of transport, shows saturation kinetics

Cystic Fibrosis
CFTR, a single ABC protein transporter- 6000 bases, 1480 amino acids, 27 exons, 400 different mutations, most common F508
-Can’t breathe right because mucus lining is dry
-CFTR pumps chloride into the epithelial lining, which drives water movement into the cilia side, keeping the mucus wet
Chloride pumping is linked to water moving
Cholera kills by massive water loss
CF heterozygote advantage
In vitro, ^F508 works fine
^F508 gets broken down and never gets to the plasma membrane to pump chloride because of the proteosome, doesn’t fold properly
Protein quality control
-Chaperons helps to fold the ^F508 protein, however, since there is defection, tags for degredation
-Detect stability of folded protein

Lecture 8 Photosynthesis
-Light energy used to produce carbohydrate and oxygen
-No useable energy in Co2 because the oxygen is in there; useable energy means you can extract electrons
-Easy to get electrons away from sugar, carbon-hydrogen bonds means high energy content
-Photosynthesis is endergonic, potential energy goes up, CO2 to sugar, requires ATP
-Redox reactions in terms of photosynthesis, CO2 gets reduced, H2O gets oxidized to oxygen
-NADPH gives the electrons, can be readily used
-Calvin cycle, fixing Co2 and sugars requires ATP and NADPH produced in the light-dependent reactions
Chlamydomonas reinhardtii
	-single cell, green algae phytoplankton
	-has eyespot, can detect light, in it’s chloroplast
	-phototaxis, ability to sense light in the environment
Light
	-all waves are considered light, visible light is a very narrow band
	-light can behave like a wave, or can act with photons/particles of light
	-energy of light is inversely related to the wavelength, as wavelength is shorter, energy is higher
	-to be used photons must be absorbed		
	-blue light has more energy than red light, blue  green  red
	-molecules that absorb light are pigments
	-every photosynthetic molecule absorbs chlorophyll a
	-beta-carotene, all pigments have conjugated double bonds
`	-represents non-bonding electrons that can absorb light
	-Chromophore, when pigment is attached to the pigment protein complex
Light absorption
	-chlorophyll gets exposed to blue photon, gets elevated into higher excited state, unstable
	-heat loss is immediately lost, goes to lower excited state
-red light excites chlorophyll to lower excited state, not enough energy to elevate to higher, if the condition is right, can dump all heat to ground state, but it can also lose only a little heat, can go to fluorescence (spitting light out), slightly lower energy
-Red photon can dump as heat, fluoresce, donate electrons to photochemistry, or can transfer energy to 
neighboring molecule 
-Photochemistry is when the chlorophyll molecule becomes oxidized
-Most of the energy has to go to either energy transfer or photochemistry
Why is chlorophyll green?
-No excited state that matches green photon energy, pigment cannot absorb green photon, thus is bounced off
-One photon can only excite one electron in a pigment
-For absorption to take place, energy must match the photon, if they don’t match, photon cant be absorbed by that specific pigment
What’s so special about visible light?
-Visible light is the only wavelength that hits the surface of the earth, it’s the most dominant and common form of light
-Visible light has the ability to excite electrons
Chloroplast structure
	-Chlorophyll is found on the thylakoid membrane
	-Photosynthesis occurs in the stroma
	-In eukaryotes, photosynthesis occurs in chloroplasts
-Photosynthesis doesn’t need chloroplasts; in bacteria, there are thylakoid membranes found in the cytosol
-Photosystems are the light-harvesting complexes
-Resonance energy transfer
Photosynthetic electron transport
PS2(P680)  PQox/PQred  Cytochrome complex  PC  PS1(P700)  Fd  NADP+ Reductase
-Photons hit the PS structures, electrons are transferred
-H2O reduces P680 back from charge to no charge
-Two electrons required NADP+ + H+  NADPH
-Four photons to get two electrons and H2O is split, two H2O must be split to get one single molecule of oxygen
-Lumen bottom, stroma top
-Lumen becomes progressively acidic as it becomes the H+ reservoir of the PQ reduction/oxidation cycle
-H+ reduce PQ, electrons oxidize PQ
-ATP synthase is used to transport H+ from lumen to stroma, catalyzed phosphoralation to synthesize ATP, reduce ADP + Pi
What does light actually do?
-The more negative redox potential, the higher the ability to donate electrons, the more positive redox potential, the higher ability to receive electrons
-Light elevates P680 to P680*, changing the redox potential to be more negative to spontaneously donate electrons to PQ
Oxidation-reduction of P680
	P680  P680*  P680+, reduced back to P680 accepting electron from water
	P680+ is the strongest biological oxidant
	Ability to oxidize water, formation of oxygen from the luminal side of the thylakoid
	Oxygenic photosynthesis, water molecules are the donors to PS2
Anoxygenic photosynthesis
	-Found only in bacteria
	-Does not evolve oxygen
	-Only requires a single photosynthetic system
	-PS  PQ  NADPH Reductase
	-H2S is used instead of H2O since it is easier to oxidize
-Evolved the ability to use water as the donor, as it is much more common that H2S, evolutionary feat, led to oxygen exploding in abundance in the atmosphere

Lecture 9 
-Photosynthetic organisms fixating CO2
-Phytoplankton responsible for oceanic carbon fixation
-Higher chlorophyll levels where it’s colder in terms of phytoplankton photosynthesis
	-Food web, dissolved gas
	-Low iron in warmer places, phytoplankton requires iron in colder places
-Calvin cycle in the stroma of the chloroplast
	-Endergonic, needs ATP and NADPH from light cycle
3RuBP (5 carbons, PCCCCCP) + 3CO2  6 PGA (3-carbons, CCCP) (6ATP  6ADP CARBOXYLATION) 6 1,3-biphosphoglycerate (3 carbon, PCCCP)  (6NADPH  6NADP+ REDUCTION) 6 G3P Glyceraldehyde-3-phosphate (3 carbons, CCCP)  1 G3P leaves, 5 G3P gets recycled  (3ATP  3ADP)
Gas exchanged in Elysia 
	- Measure respiration either by oxygen consumption or rate of CO2 released
	-Measure photosynthesis by either oxygen evolution or glucose  
	-Shows saturation kinetics with light intensity
-Light compensation point is when the calvin cycle compensates exactly for cellular respiration in terms of CO2
Growth is a gain in carbon
O2 can compete with CO2	
	Rubisco, carboxylating enzyme, oxygen can compete with CO2
	Rubisco is a very ancient enzyme, no competitive reason for rubisco 
Photorespiration	
 Carboxylation
	RuBP + CO2  2 PGA
Oxygenation
	RuBP + O2  PGA + Phosphoglycolate (2C) lost as CO2 by respiration
Evolution of Rubisco
	Carboxylation vs Oxygenation
	-Km is very small for CO2, very high affinity for CO2
	-Km is very high for O2
In anaerobic bacteria, enzyme is less specific for CO2, enzyme is now very specific towards CO2 in plants and algae
CO2 Concentration Mechanisms
1. Aquatic photoautotrophs
Bicarbonate is found in the oceans, pump is used to pump bicarbonate into the chloroplast, more CO2 than O2
2. C4 metabolism
CO2 comes through stomata, goes through the enzyme PEP Carboxylase, fixes carbon into C4, C4 gets transported deeper and decarboxylation occurs, releasing CO2, C3 is recycled, found where it is hot and sunny, needs more ATP, needs more sun, does not care about O2, focuses only on CO2
In hot temperatures, there is less CO2 in ratio to O2
	Photorespiration is a big deal in hot places, C4 plants don’t photorespire nearly as much as C3

Lecture 10 Cellular Respiration
-Cellular respiration occurs in every living organism
Catabolic pathways
	-overall pathway has a negative ^G, exergonic
	-however, each reaction doesn’t have to be exergonic
Anabolic pathways
	-overall pathway has a positive ^G, endergonic 
	-each reaction doesn’t have to be endergonic
	Biosynthetic
Energy comes from catabolic pathways to drive conversion of ADP to ATP
Anabolic pathways takes energy produced from ATP
-Food as fuel
	-CH bonds, has high energy associated with them
In cellular respiration, carbon gets oxidized into carbon dioxide, and oxygen gets reduced into water
Cellular respiration is controlled combustion
Respiration has small Ea and has many little steps
-energy is transferred to energy carriers, energy is harnessed
-direct burning has large Ea, and all energy is released as heat, none stored
NAD+ as an electron shuttle, NAD+ is used in catabolic, reduced to NADH
Glucose  Glucose-6-phosphate  Fructose-6-phosphate  Fructose-1,6-biphosphate
Phosphorylation is used to make the molecules more reactive, retain the glucose	
No role of oxygen in glycolysis, 2 molecules of pyruvate produced from glycolysis
Less free energy in pyruvate
-Glucose in the cytosol
-Substrate-level phosphorylation, production of ATP from ADP
Rest of cellular respiration occurs in the mitochondria
Pyruvate gets transferred into the mitochondrial matrix
-Pyruvate goes through decarboxylation, carbon is removed, CO2, dehydrogenase catalyzes reaction of NAD+ into NADH, reacts with Coenzyme A, Acetyl-CoA
Acetyl-CoA is product of pyruvate dehydrogenase complex
-Inborn errors of metabolism
-Pyruvate dehydrogenase deficiency
-Causes severe mental retardation, brain does not get enough ATP with this disorder
-Can be overcome with a ketogenic diet
-Lactate/pyruvate ratio, ATP/ADP ratio, NAD/NADH ratio
-Oxaloacetate (4) combines with CoA (2), turns into citrate (6), released 2CO2, produced 3 NADH from 3 NAD+, drives ATP, succinate, FAD  FADH2

Lecture 11: respiration 2
-The electron transport chain occurs in bacteria as well
-NADH dehydrogenase  Q  Cytochrome complex  Cytochrome c  Cytochrome oxidase
-The electrons move because the redox potential increases from each complex to the next
-The cofactors are the groups that are actually moving the proteins
-Oxygen is the terminal electron acceptor of the respiration cycle
-Chemiosmosis, linking the proton gradient to do work
-Proton-motive force
       -PMF, charge difference
-Electron transport is linked by proton pumping, moves through back into the ADP synthesis, from intermembrane space to matrix
-Oxidative phosphorylation
-Coupled processes are coupled by the proton gradient
-Each NADH – 3ATP
-Each FADH2 – 2ATP
-Oligomycin is an inhibitor that inhibits ATP synthase
-Uncouple ATP transport chain by making the membrane of ATP synthase more permeable
-Fat tissues involves high amount of uncoupling to regulate heat production
       -UCP1
-High metabolism may be linked to high amount of UCP1
-Uncoupling promotes weight loss
-Rate of electron transport/oxygen consumption is regulated by the amount of ADP around
        -Respiratory control
-Need to add substrate to isolated mitochondria to make it work 
            -Adding NADH, oxygen consumption increases slightly, adding ADP, oxygen consumption is high,                                      add DNP, respiration goes off the roof, does not need ADP and ignores oligomycin
-Oxygen supply controls the fate of pyruvate
-If there is enough oxygen, goes into mitochondria, if not enough oxygen, pyruvate stays in cytosol and is converted into Ethanol or Lactate
1. Redox homeostasis, NAD+/NADH, if NAD+ is high the oxygen consumption is high
2. Hypoxyinducable factor activates transcription under hypoxia
-Hif-1 activates transcription under hypoxia
-Under high levels of oxygen, Hif is degraded
-Low oxygen, Hif-1 becomes stable, now functional, regulates transcription, activates over 100 genes, pyruvate dehydrogenase kinase, shuts the pyruvate dehydrogenase complex, doesn’t allow pyruvate to be metabolized
Lactate synthesis (fermentation)
-ADP is always high, lactate synthesis supplies enough NAD+ to continue glycolysis, lactate is produced from reducing NADH

Lecture 12 Evolution of Eukaryotes
-Infolding of the plasma membrane, endomembrane system, nuclear envelope, ER
-Energy-transducing organelles (mitochondria, chloroplasts)
-Endosymbiosis, these organelles were just free living cells incorporated
-Mitochondria first, aerobic, prokaryote, then cyanobacterium, chloroplasts
Evidence for endosymbiosis
-Morphology, mitochondria look like aerobic prokaryotes
-Formation/division, only way you can get these organelles are from pre-existing organelles
-Electron transport chains, prokaryotes have ETC, free living, STRONG evidence
-They have their own genomes
-Transcription/translation machinery
Why, what drove the evolution of eukaryotes?
-Earlier prokaryotes were anaerobic, no oxygen because cyanobacteria, first bacteria to develop oxygenic photosynthesis, no oxygen in the atmosphere
-Now oxygen is evolved, more energy can be extracted with the development of aerobic respiration
-Eukaryotic cells are bigger and more complex
-Through endosymbiosis cells overcame an energy barrier, now energy not such a big deal, lots of it available
-Bacterium has high PM surface area/volume, all the organelles sit on the plasma membrane, lots of other things that demand 
-Low PM surface area/volume in eukaryotes, ETC is no longer found on the plasma membrane, now in the mitochondria
-Protein synthesis requires 75% of cell energy budget, DNA replication is only 2%, the more proteins that can be made, the larger the genomes can be
-Over millions of years, genome from mitochondrion is transferred to nucleus, relocated, lateral gene transfer
-L ateral gene transfer is occurring always
-Giardia, diplomonads, very primitive eukaryote
      -Lack mitochondria, never had them or lost them?
-CPN60 is a chaperone, gene is found in the nucleus, translated, then imported into the mitochondria
-This chaperone helps them fold correctly, Giardia has CPN60
-Ancestor, endosymbiosis occurred, gene is transferred from mitochondria to nucleus, Giardia simply lost mitochondria, in the environment didn’t need it
Rubisco assembly
-8 Large subunits, 8 small subunits
-Rubisco assembly requires two genomes, large chloroplast genome, small subunit gets imported
-What about elysia? No evidence of lateral gene transfer in elysia, no evidence of vaucheria genes in elysia
Lateral Gene Transfer.. why?
-Who’s the boss?
-Reactive molecules, oxidize DNA (induce mutation), reactive oxygen species (ROS)
-DNA in the nucleus can recombine
-Genes stay to make it continue to function
-Genes would stay in the mitochondria genome since some cells require local control, respiratory chain

Lecture 13
-Many proteins in the electron transport are encoded by genes in the chloroplast
-Chloroplasts have circular genomes, all prokaryotes and almost all eukaryotes
-Genes are transcribed in the chloroplast, makes its own ribosomes
-Three gene expression machineries within the cell
-All life form uses DNA, uses a similar gene expression
-mRNA can pair with itself, has a great deal of secondary structure, can contain information in it’s structure as well, can influence it’s subsequent translation
-tRNA base pairs with itself, understand how polarity works
Ribosomal RNA base pairs with itself and is catalytic secondary structure
-Catalytic RNA lives in the RNA, not in the protein
-Not all genes encode for DNA, some genes encode for RNA singularly
-RNA polymerase binds onto promoters, 3 prime to 5 prime, always read template, synthesize 5 prime to 3 prime
-Genes can be coded on either strand, have no correlation with other proteins, since all genes have different promoters, there is no such thing as the same template strand for one whole genome
-in the DNA there is also regulatory information
-Transcription does not stop at stop codons, polymerases do not understand the coding
-A-U are relatively weak base pairs, two hydrogen bonds
-Makes a hairpin loop, knocks polymerase after the loop from a secondary structure, way to stop transcription
-RNA is smart primarily because of it’s secondary structure
-Terminator only works after it’s been transcribed
-Ribosomal RNA is complementary to the region of the mRNA, SD box sequence
-Start codon is the beginning of translation, upstream, 5’ UTR (untranslated region), region that is in the mRNA, but not translated into protein, helping to dock the ribosome
-Release factor binds to the termination codon in the A site, no tRNA that does not recognize stop-codon, release factor binds to a stop-codon sequence, proteins cannot base pair
-Genetic code is universal, codons are universal
-Chloroplasts have no nucleus, no nucleus within bacteria and archae
-As soon as mRNA is produced, it is available for translation; not true for eukaryotes

Lecture 14 (Review Section 14 and 15)
-Many kinds of information in DNA
-Promoters are understand as DNA
-Lactose metabolism is regulated by the lac Operon in E. coli
-Galactosidease breaks down the lactose into Galactose and glucose, as well as allolactose
-Normally, galactosidease activity is low, increases when lactose is added
-Wild type phenotype is inducible
-Mutant phenotypes lack inducibility; LacI-, galactosidease is active all the time
-LacZ- lacks galactosidease activity entirely
-Repressor binds to DNA, then come off
-Alolactose binds to the repressor, disabling the repressor
-Repressor binds DNA, dna goes down, negative control
-Cells always prefer to grow on glucose if it is available, prefer not to express the Lac operon
-Lac operon expression goes down in presence of glucose
-Negative control is when the protein binds to the DNA and the expression decreases 




