PAGE  
1

Dr. Nedwidek 
Energy Transfer Overview 
SLS43QM
Stuyvesant HS
     week of 11/18/13

Aim: What do cellular respiration and photosynthesis have in common?

DN: Worm lab due today. HW for this unit will be due Fri., Nov 22, 2013. Define chemiosmosis.  Explain why and how photosynthesis requires a net expenditure of water while aerobic cellular respiration requires a net production of water.  Name, in chart form, the organelles where photosynthesis and cell respiration occur, and which of these organelles exists in plants and animals.  What is an isotope?  What are some uses of isotopes for analyzing cellular processes?




Organelle 1
Organelle 2
cr (yes/no)
ps (yes/no)

Plant cells

Animal cells

pH or overall proton concentration in mitochondria drives oxidative cell respiration.

Photosynthesis is carried out by _______________________.

Write the forward reaction below, and be able to identify the chemical symbols and names of the components:

Aerobic cellular respiration is carried out by ___________________ and _____________________.

Write the forward reaction below, and be able to identify the symbols and names of components:

Aerobic respiration-produces high energy yield in the presence of O2.

Anaerobic respiration-produces lo energy yield without oxygen.

So how do scientists know about all of the literal ins and outs of these reactions?

They use isotopes (with extra neutrons) like 14C, 35S, 32P, 125I, 3H, 2H, 15N, and 18O to trace the movement of molecules inside cells.  For example, 18O was used to confirm that the O2 released from psynth comes directly from water and no other molecule.  32P tracks phosphate energy.

Energy harvest and release are among many cellular processes that require the COUPLING of endergonic and exergonic reactions.  Reduction and oxidation reactions (or electron transfer reactions) are often coupled to (drive) one another.  They are complementary.  They involve/allow electron transfer.  They are key elements in photosynthesis and cell respiration.

The constraints below for reduction and oxidation do not require all 3 events below to occur.  

Reduction



Oxidation

Removes O2



adds O2
Adds H



removes H

**Adds e-



loses e-

Previously, I mentioned that chemiosmosis involves water formation inside the mitochondrion.  In chloroplasts, imported water is split to yield ATP outside of but near the thylakoid.  This is still a chemical action on water.  What is the ATP used for in plants? To make _________________.

Do bacteria do oxidative phosphorylation?  Yes or no?  Why do you know?

Uncharged carriers (oxidized, without electrons) include NAD+, FAD, NADP+.  When they reduce (or obtain electrons), they become NADH, FADH2, and NADPH, respectively.  They are all derived from vitamins (for example, flavins are B vitamins).  Without vitamins, electron transport would be impossible.

Carriers deposit energy to electron transport chain molecules.  The charge upon each carrier is reduced when electrons are added.  The mitochondrion converts pyruvate or acetyl coA to usable energy oxidatively.  

In Aerobic respiration, sugars made by digestion of polysaccharides can be oxidized in two steps, losing their electrons to the carriers.  The carriers become reduced in this process (note the complementarity and coupling of process):

2 steps: 1): Anaerobic/cytoplasm: formation of pyruvate (via glycolysis)

**2): Aerobic/mitochondrion: delivery of pyruvate to Krebs cycle.  Subsequent “reduction” of an electron carrier adds negative charge to it, reducing its overall charge but increasing its electron burden.  The carriers at play here are NAD+, FAD.  This electron burden is then dumped upon the electron transport chain, which powers the protonmotive force in chemiosmosis, which spits ATP out of the synthase, ready to rock the cell!  

On that note, you are hereby ordered to eat well or your mitochondria will be sad (. (( Happy Thankgiving, dear ones! Smiles and happiness, Dr. Ned ((
**In photosynthesis, reduction takes place with different timing and consequences.  Consider the conversion of NADP+ to NADPH.  This requires the addition of an electron pair, and an H+ nucleus, both of which come from water.  The resultant NADPH has reduced charge, and, consistently, a gain in electrons.   This molecule deposits its energy in the calvin cycle to form PGA, and then ultimately glucose sugar.  Simultaneously, the protonmotive force is constantly resupplied by the photon-splitting of water to form loose electrons and protons.  The electron-fired proton buildup and flow against entropy drives ATP synthesis from ADP.  ATP is more versatile energy than NADPH, but NADPH is needed to shuttle the electron energy back into sugar synthesis.  When it loses this energy to this process, it is considered oxidized (NADP+)

Next lesson is a full consideration of photosynthesis.  GO PLANTS!!!  GREEN RULES!!

Then we move to cell respiration, which is done by both green plants and heterotrophs.  Note that relatives of these processes are done in bacteria as well.  That is the basis for their transformation into organelles as proposed by the endosymbiont theory. 
