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· ECHO Q: why is the bunny eating leaves - how will it use these organic molecules to produce energy?
· a) the atoms will be broken down to produce energy
· b) the molecules will be used to create energy
· c) the phosphate groups will be taken from the molecules to make ATP
· d) the chemical energy in the molecules will be used to generate ATP
· A: the answer is d) - we are using the chemical energy to generate the ATP
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· It produces atp but also does so much more
· In terms of metabolism, there are a dozen diff metabolic processes that mitochondria are crucially involved in
· Stress response in stress relies on mitochondria
· Mitochondria is one of the key organelles for calcium storage
· Mito is at core of specific mechanisms for cell death (talk about next week)
· These mechanisms are ongoing at the same time (same time as atp production too?)
· Chloroplasts: photosynthesis, pigmentation, (not cell respiration - in plants cells it occurs but not in chloroplasts)
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· Mito has a double membrane, chloroplast also has a double membrane
· The double membrane is relevant because of the Electron transport chain (one of pieces of evidence for endosymbiosis)
· Double membrane houses ETC; in order to maximize, to increase SA, to fit in more of these protein complexes that are involved in ETC - the inner membrane has developed a structure to increase SA which are called cristae
· Space between membranes is called intermembrane space
· Very inside of mito is called matrix
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· Chloroplasts also have a double membrane, but inner structure of chloroplast is diff (no cristae), and ETC is not housed in double membrane - it is housed in smaller disc structure inside chloroplasts called thylakoids
· When stack thylakoids, you get a granum
· The inner core of chloroplast is not called the matrix, instead it is called the stroma
· Top image is cartoon, bottom image gives a good idea of what chloroplasts look like in plant cells
· ECHO Q: cellular respiration can best be described as -
· The most popular answers were:
· a) using E released from breaking high-energy covalent bonds in organic molecules to make ATP
· c) taking electrons from food and giving them to oxygen to make water, and using the E released to make ATP
· d) Converting higher energy organic molecules to lower-energy organic molecules, and using the E released to make ATP
· She said she is going to come back to the answer because most people were confused between a and d 
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· Mito are involved in metabolism
· The slide highlights how many diff things are happening in mitochondria at the same time as it is making ATP
· Busy organelle, lot of activity, much more than powerhouse of cell
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· We are going to focus areas of mito and certain reactions that allow us to produce ATP, but need to realize a whole lot of other things going on at same time
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· If we really simplify cellular respiration, you get something like being shown in the image
· Glycolysis happens and allows you to produce 2 ATP (for each glucose molecule) - not a good payout since so many things need ATP (cell will get tired and old very quickly)
· Also get pyruvate (2 of them) that needs to be shuttled into the mitochondria since glycolysis occurs in the cytoplasm - on its own pyruvate doesn’t do much - pyruvate also needs to be oxidized
· Also get 2 NADH from glycolysis
· Through pyruvate oxidation, you get 2 Acetyl CoA, and more NADH
· Acetyl CoA can be processed further using another series of biochemical reactions called the citric acid cycle or the krebs cycle - gives you 2 more ATP - still not enough ATP
· We also get 6 NADH and 2 FADH, maybe can use these
· All of these combined, we can perform oxidative phosphorylation, where ADP is phosphorylated into ATP - 26 to 28 ATP can be formed (just from one glucose) - this is where it gets efficient (can now say mitochondria is energy producing organelle)
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· Goal is to be able to have the last step (where big payoff occurs)
· Requires a very large protein - protein that has many diff subunits, some of which are mobile (rotate), but need something to power the rotation
· Some subunits are fixed (a & b in image), c & alpha beta at bottom are the ones that rotate
·  This is an enzyme called the F0F1 ATPase - its job is to phosphorylate ADP to ATP - hydrogen is used to power it
· Structure and size of enzyme is amazing, but the protein can work in two opposite ways
· Besides using H to power enzyme to phosphorylate ADP
· It can also run in reverse - can use ATP to power the transport of H back into intermembrane space
· What would you tell someone about this wonderful enzyme?
· 10 portion in membrane have to turn at the correct speed to interact with the fixed portion in order to transfer E so that portion at bottom turns
· Where does the E come from? -- proton gradient provides E -- gradient built through pumping H into intermembrane space -- H comes from matrix
· Electrons carriers (NADH) bring protons to ETC and transfer that E so that protein complexes can shuttle H across membrane 
· GOAL OF TODAY: figure out how to power protein up
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· For glycolysis we are outside mito and inside cytosol
· Glucose is being used and broken down to produce electron carriers and ATP - there is a cost (investment phase) to breaking down glucose, you actually have to use ATP to break it down, but there is a payoff phase where you get back what you invested and more
· The key is the electron carriers and the protons that are produced
· How to get from glucose to pyruvate? - 10 biochemical reactions (don’t need to focus on these 10) - focus on the NADH and ATP being produced
· Pyruvate opens up the gate - how to get into mito where the payoff lies
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· 8 biochemical reactions - agn don’t need to focus on this - know the outcome of the cycle and where it happens, which and how many electron carriers you get, how much ATP and what to do with all of this
· Get NADH and FADH2 - for each Acetyl CoA
· We have 2 pyruvate from glycolysis - so the above happens twice (multiply by 2)
· ECHO Q: Rotenone inhibits complex 1 (NADH dehydrogenase). When complex 1 is completely inhibited, cells will:
· A: consume less oxygen but still make some ATP through glycolysis and respiration-- goal is still to power ATPase -- all of NADH produced from glycolysis, krebs cycle, pyruvate oxidation would normally go to complex 1, so stuck with all NADH, and not getting benefit of  transporting electrons, and complex 1 isn’t shuttling H across membrane into intermembrane space - but also got FADH2 which goes to complex 2 in ETC (complex 2 not affected)
· You are still getting ATP from glycolysis, krebs cycle, and pyruvate oxidation since these are not affected, so getting some ATP -- and FADH2 is still able to activate complex 2 and rest of chain so getting some H pumped across membrane and will be able to power ATPase, but not getting 26-28 payoff because [ ] gradient is lower - cuz it is lower you have less to work with so you produce less
· Metabolism relies on membrane transport
· If have time: Check what substrate-level phosphorylation is, and confirm you know what fermentation is 
· Going back to first ECHO question: c) is correct - taking electrons from food and giving them to oxygen to make water, and using the energy released to make ATP
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· This is the ETC
· So many diff examples like the ECHO q that can interfere with diff parts of ETC - can try building scenarios and figuring out what happens
· Outer mitochondrial membrane would be upper part of image - find image that shows where diff parts of mito membrane are on this diagram
·  Electron carriers are coming to membrane and joining up with the large proteins - these proteins are integral proteins (transmembrane)
· When electron carriers transfer E, they are able to shuttle H against the [ ] gradient into the intermembrane space, building [ ] gradient
· What are the conditions (things that must be there) in order to build the [ ] gradient: membrane needs to be impermeable to H to build the gradient - if it is permeable to H then when you pump it across it will just seep out and no gradient will be built and ATPase is not powered
· Side note: Every time a proton goes through, ATPase cranks 1/10th
·  Orientation
· Allowing huge protein to move so membrane needs to be very fluid
· Membrane needs to be a certain thickness to house the transmembrane domain

· Build proton gradient and use gradient to power the large protein - this is facilitated diffusion since a big protein is helping protons get across
· When protein runs in reverse - hydrolyzing ATP to get H up across membrane against the [ ] gradient - this is primary active transport (ATP pump) 
· Back to orientation - the direction of the [ ] gradient tells you what is going on
· Side note: have a whole bunch of electron carriers that bring electrons to membrane - they transfer that E, and that E is being relayed to the next complex - at some point you have to end that reaction - oxygen is the final electron acceptor - once transfer electrons to oxygen, that successive chain of electron transport is complete and it allows you to build water - building water contributes to using up some of the H in order to facilitate having a [ ] gradient
· Side note: primary active transport is a mechanism that allows you to transport something against the [ ] gradient and the source of E is ATP
· So when pump runs in reverse, it hydrolyzes ATP into ADP and transfers that E so that H can travel in opposite direction (against [ ] gradient)
· Want to spit H back into the intermembrane space - at some pt the cell’s needs in atp is not so high, but need to replenish the ADP so the next time atp needs to be built, adp is available then 
· If need to replenish ADP or restore some of H gradient -  Runs in reverse to hydrolyze ATP - not really an on and off switch - mostly runs in facilitated direction
· Once produced all this atp, where does it go: atp needs to be taken out of matrix into the cell - using atp when proteins being built or during any activities, motor proteins use atp
· Where does H come from/adp come from? - some come from glycolysis, but this is in the cytosol so needs to get into membrane and membrane is not very permeable to H (so can build gradient) - has to do with relationship with pH
· Look at videos regarding ETC 

