PAGE  
1

Dr. Nedwidek 
Cellular Respiration Notes
SLS43QM
Stuyvesant HS
    11/18/13: end of wk.

Aim: How do heterotrophs and autotrophs get energy by cell respiration?

Water is the critical fuel source for photosynthesis…I hopefully showed you earlier this week that the roots of a green plant draw water from a ground source, and deliver it to the leaves where the reaction centers split the water, release the electrons, and manufacture sugars to nourish the plants themselves and ultimately their consumers.  Plants have a number of mechanisms (cohesion-tension and transpiration) to move water, nutrients and sugar (pressure flow) around.  Exam 11/26/13.
Major Concept: Aerobic Cellular respiration (CR) and psynth are functional chemical opposites.  Principle: Photosynthesis rate is in direct proportion to the evolution of O2 and consumption of CO2.  Conversely, the Cell resp rate (Aerobic) is in direct proportion to the evolution of CO2 and consumption of O2.  Can you think of a chemical way to measure absorption and evolution of CO2 gas in an aqueous environment?   I’ll show you one!!!! ( FUN Demo in class.

Copy the balance sheets below for photosynthesis and cell respiration that illustrate the sources and outputs of the important elements involved.

Photosynthesis



Cellular Respiration (Aerobic)

In 

Out

Water is broken here…..




and reassembled here.

Both processes use 3C intermediates (G3P).  The synthesis reagents correspond to what they are broken down to in complementary processes.

Aerobic cell respiration forward reaction is summarized below:

Remove H, oxidize
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-Reducing agent e- carrier donates sugar e- to system.

C6H12O6 + 6O2  (  6CO2 + 6H2O



|

     (
-The oxidizing agent or electron acceptor is O2.



-----------------------



Add H, reduce

Why are these reactions more effective if coupled?  They power each other/happen at the same time.

CR evolved in bacteria (probably Archaea) because of organisms that had the evolutionary advantage of metabolizing the only available energy source—low energy sugar. Bacteria then became symbiotic with eukaryotic cells in an advantageous relationship.  As mitochondria, they became geared exclusively toward respiratory functions (aerobic), while anaerobic processes continue in the cytoplasm.

Chloroplasts and Mitochondria as endosymbionts: they have their own dedicated genomes, the sole purpose of which is/has become the harness of energy; even double membranes suggest a huge phagocytosis event that brought on a cell membrane that was initially part of the eukaryotic cell:

While we examine the breakdown of glucose as the primary supplier of energy for mitochondrial electron transport, it (glucose) is actually one of the more minor electron sources.  Lipids, carbs and proteins can be broken down to “feed” cell resp at other entry points.  Lipids in particular can supply acetyl coA to the Krebs cycle directly.  Glycolysis occurs anaerobically at the cytoplasm, Krebs occurs in the mitochondrial matrix, and electron transport occurs at the mitochondrial inner membrane, driven aerobically.  Here are some sample redox half-reactions:

(oxidizing agent) NAD+ + H+ + e- ( NADH (reduced form)

(reducing agent) FADH2 ( (oxidized form) FAD + 2H+ + e-

*These carriers –NAD+ and FAD—pick up electrons from food to actively carry out the forward reaction above (page 1) for aerobic cell respiration

Critical general terminology for aerobic CR: cellular respiration, oxidative phosphorylation (ox-phos), fermentation, pyruvate, glycolysis, Krebs cycle, e- transport chain, mitochondrial matrix, inner membrane (IM), outer membrane (OM), intermembrane space (IM space).

Glycolysis Events: 1 glucose (6C)-> 2 pyruvate
net gain of 2 ATP.
Occurs in cytosol.

-Glycolysis is the breakdown of a glucose sugar to a net 2 ATP and 2 pyruvate.  Also makes some NADH (electron energy is transferred to NAD); NADH transfers electron energy indirectly to ATP.

-It’s anaerobic (no O2 required).

-One 6-carbon sugar ring is phosphorylated and splits to 2 x 3 C molecules: PGAL (G3P): remember photosynthesis.

-G3P isomerizes and then makes pyruvate. 

-pyruvate is a small 3 carbon molecule that holds energy.  It is unleashed anaerobically in the cytoplasm or converted aerobically in mitochondria to lots of ATP.

-The events leading to pyruvate synthesis require many enzymes whose names you will resent if I make you know them.  They are kinases, and isomerases, and phosphoglyceromutases, and the last step is the conversion of phosphoenolpyruvate (PEP) to pyruvate by pyruvate kinase.  Kinases add phosphate to a molecule, by the way.  The important idea is that steps are required to get to this stage, and that slightly more ATP is made than spent per glucose; it is also important that in this process, one glucose turns krebs twice.

Fermentation: our favorite! Without it, no bread, cheese, wine, or beer!  Just boring, smelly rot.

-Pyruvate synthesis provides a net gain of 2 ATP.  This is important for the subsequent events.

-Yeast are a major force in the baking and brewing industries.   They are utilized for fermentation.  In yeast, pyruvate gets converted to ethanol and CO2, yielding 2 more ATP, and regenerating NAD.  Both the ethanol and the CO2 are able to be harnessed.  The ethanol is refined commercially and sold for consumption (I’m sure you had no idea about this at all!)  and the CO2 provides bubbles in champagnes and beer, as well as making those pesky holes in the bread before it goes into the oven (which is tantamount to mass murder of millions of yeast).  In people, under oxygen debt, pyruvate gets converted to lactate, and yields 2 more ATP, regenerating NAD.  During strenuous exercise, muscle cramps result because one is depleted of O2, and lactic acid builds up, tightening those muscles.

Mitochondrial Matrix: all oxygen-dependent processes happen here.

-NADH is made in the cytoplasm and actively transported to the matrix to drop off its electrons; this costs some ATP.

-pyruvate is actively transported to the matrix where it is converted to acetyl coA.  This both releases CO2 and forms NADH.  It happens in the mitochondrion and is the critical step for

Fueling Krebs (also known as tricarboxylic acid cycle (TCA) or citric acid cycle):

2 pyruvate ( 2 acetyl coA.  While cytosolic fermentation generates a small amount of energy (net 2ATP or 4ATP made minus 2 ATP spent) from one glucose, Krebs generates from one glucose sugar (2 pyruvate, 2 acetyl coA), 6NADH, 2FADH2, 4CO2, and 2ATP (indirectly, through 2 GTP).  Reduced electron carriers are charged with food energy here during multiple key chemical conversions, which you again will resent having to grace with the intellectual expenditure of reading but do not need to memorize: isocitrate(alpha ketoglutarate (akg) forms NADH and CO2; akg(succinate forms NADH, CO2 and ATP; succinate(fumarate forms FADH2, and malate(oxaloacetate forms NADH.  When these charged carriers deposit their energy, 32-38 ATP (it is also written 32-34 or 32-36) are generated for one glucose sugar metabolized in the mitochondrion by oxidative phosphorylation (OXPHOS).   All of this is driven by the presence of O2: 2H+ + ½O2 ( H2O.  O2 drives chemiosmosis as it catches the H+-flow from the proton motive force.  O2 is an electron sink and a H+ acceptor.

Draw a quick simple schematic diagram of mitochondrial anatomy below.  All aerobic CR occurs here:

Cristae increase available surface area for ATP synthase (Fo channels protons, F1 synthesizes and releases ATP in matrix)

IM= inner membrane; OM= outer membrane; IM space= intermembrane space.

Oxidative phosphorylation refers specifically to the simultaneous need for oxygen O2 to drive the maximum amount of phosphorylation or additon of phosphate to ADP to form or yield ATP.  Overview incorporating chemiosmosis: This event provides the greatest energy yield. O2 catches the protons (think of them as freshmen) that move “down” the gradient (through the synthase channel) after they have been pumped “up” to the IM space against their will much like students being held in class waiting for the bell to ring.  The electrons in shuttled carriers in the matrix have been transferred through/along the electron transport chain in the inner mitochondrial membrane.  This powers active proton pumping “against” a gradient into the intermembrane space or the classroom.  When the bell rings, the students or protons run out the door, in this case ATP synthase, pretty fast, and they then meet Oxygen (which acts as an electron sink and a proton recipient) in the matrix.  I don’t know what typically catches freshmen and changes them into something else on a regular basis, maybe puberty and college?  But that takes 4 years and this happens in microseconds.  Movement of protons back down that gradient allows O2 ( H2O.  All of electron transport occurs in the mitochondrion: the inner membrane is where the energy transfer proteins are.

Major events leading into and occurring during Ox Phos:

-Preparation of nutrients: Fats(fatty acids(acetyl coA; Proteins(amino acids(pyruvate; carbs(sugars(glucose(pyruvate

-Big molecules like cytosolic NADH that are made from glycolysis cannot penetrate membranes.  They have to be shuttled.  This costs ATP.  Pyruvate is moved into the mitochondrion through a transport protein.

-Protons are actively pumped into the IM space:

-This is powered by charging of NADH, FADH2 from Krebs in the matrix.

-When these reduced carriers drop their electrons to e- transport proteins (more names to resent) like the ones you hear about in vitamin commercials (ex: flavin mononucleotide, coenzyme Q, and the cytochromes like cyt b, cyt c, and cyt a) embedded like mountain peaks in the inner membrane, the protons fly off and are held in the IM space (see above for description).

-the chemiosmotic flow of protons, back through ATP synthase , with a gradient in its favor, allows the release of mature, synthesized ATP (remember the water flowing over the pinwheel) in the matrix, and:

-O2 is also “waiting” for protons and electrons in the matrix, where water is ultimately formed.

-Cyanide kills organisms by interfering with the action of O2 as an electron sink in this process.

-water provides a biochemically favorable environment for other reactions in the cell, and you put some water out as waste when you exhale it along with CO2.  

A detailed diagram of the mitochondrion anatomy will be posted for copy in class the middle of pre-Thanksgiving week.  Copy it here or in your notes:

I will also show you a balance sheet for all reactions that occur in your body that filter into this energy harnessing pathway run in the mitochondria of each cell.  Our next unit is respiration (gas exchange) in heterotrophs.  Connect these ideas to that.  Know why we need diatomic oxygen to break down food. It fuels large numbers of ATP (~36) from small numbers of carbon compounds.  Know why we exhale carbon dioxide and a little bit of water.  The water comes from chemiosmosis.  The CO2 comes from the conversion of pyruvate to coA and from several transitions in Krebs. Know that electrons from the food we digest (we led into this unit with explanations of digestion) “feed” into this energy release mechanism (see above) via protein, fat, and carb breakdown.  Nucleotides and vitamins provide other raw materials for the cofactors in the electron transport chain and the energy carriers.  
