REDUCING ACTIVATION ENERGY
a) Bringing reactants together
b) Exposing substrates to an altered chemical environment (charge etc.)
c) Changing shape of molecule to that of the transition state 

ENZYMES 
· Catalytic cycle
· Enzyme activity is modulated by several factors 
· Temperature 
· pH
· Interactions with other compounds 
a) Cofactors and coenzymes
b) Inhibitors (competitive, noncompetitive) and regulators
c) Feedback

Allosteric regulation: reversible binding of a regulatory molecule to the allosteric site, location on the enzyme outside the active site 

Usually, exergonic and endergonic reactions are coupled together indirectly 
· Energy stored in high energy phosphate bonds
· ATP
Phosphate bonds intrinsically unstable: hydrolysis involves the release of energy
Common: ATP ADP + Pi
Less common: ATP: AMP + 2Pi

ATP can yield an energized intermediate that can react to yield the final products
-need negative delta G for it to be spontaneous
-deltaG=G(final) – G(initial)

ATP GENERATED IN 2 WAYS
1. Substrate level phosphorylation
· An enzyme transfers a phosphate group directly from a substrate to ADP
2. Oxidative phosphorylation 
· ADP + Pi ATP (reaction catalyzed by ATP synthase which is located on the inner mitochondrial membrane) 
· Accounts for majority of total cellular ATP production 

Not all catabolism occurs at the inner membrane wall
· Some occurs in cytosol, a lot in mitochondrial matrix 
Reducing power: transfer energy released from catabolism to the ATP synthase in a usable form 

COMMON MOLECULES THAT ACT IN REDOX REACTIONS 
1. NAD+(oxidized)/NADH(reduced) 
2. FAD/FADH2 

THREE IMPORTANT EXAMPLES OF REDOX REACTIONS 
· C-H bond is oxidized (loses electrons to NAD+) 
· NAD+ is the oxidizing agent (gains electros from C-H bond)
· NAD+ reduced to NADH which is the reduced form
· Therefore we can transfer potential energy from the C-H bond to NAD+

Flow of electrons: transfer of potential energy from chemical form like glucose to chemical form like ATP

HOW IS REDUCING POWER USED TO MAKE ATP?
· ETC
· Mitochondrial inner membrane 
· Series of closely coupled electron carriers 
· Proteins with prosthetic group

Energy from exergonic electron flow allows the ETC to create proton motive force by pumping H+ ions from matrix to intermembrane space

PROTON MOTIVE FORCE
· Represents potential energy
· Is an electrochemical gradient
a) H+ gradient 
-difference in pH
b) Difference in concentration of negative charge 

HOW DOES THE PROTON MOTIVE FORCE (PMF) LEAD TO ATP SYNTHESIS?
· ATP synthase is an IMP in the mitochondrial inner membrane 
· ATP synthase allows H+ ions to pass down the gradient into the matrix 
· ATP synthase uses the potential energy of the pmf to synthesize ATP from ADP and Pi
· Therefore energy is transferred from pmf to ATP

ENERGY TRANSFORMATIONS 
Chemical  reducing power  pmf  ATP

Chemiosmotic theory: coupling of chemical reactions (phosphorylation) to transportation processes (proton transport) 

Brown fat in newborn mammals and hibernating animals can use cellular respiration to drive heat production rather than ATP synthesis. 

Electron transport has been uncoupled from ATP synthesis, proteins that do this are called uncoupling proteins 

CATABOLISM OF GLUCOSE (EXAMPLE)
1. Glycolysis (example of substrate level phosphorylation)
· Occurs in cytosol 
· Yields in small amount of NADH and small amount of ATP
2. Krebs cycle 
· Occurs in mitochondrial matrix
· Yields lots of NADH, small amount of FADH2 and ATP
3. Oxidative phosphorylation 
· Occurs in inner mitochondrial membrane 
· Yields lots of ATP 

PYRUVATE DEHYDROGENASE
· During glycolysis, most of the energy in glucose is conserved in pyruvate 
· If oxygen is present then pyruvate will enter the mitochondrion
· Pyruvate (3 C) is converted to Acetyl CoA (2 C), yielding…
· 1 CO2
· 1 NADH + H+
· 1 Acetyl CoA
· Acetyl CoA is oxidized in the Krebs cycle

KREBS CYCLE 
Isocitrate (6 C) molecule is converted to succinyl CoA (4 C)
Yield: 
· 2 CO2
· 2 NADH 
Succinyl CoA (4 C) is converted to fumarate (4 C)
Yield:
· 1 ATP 
· 1 FADH2
Fumarate is converted to oxaloacetate 
Yield:
· 1 NADH 

Magnitude of the p.m.f created by passage of electrons through ETC depends on the point of entry 
NADH: approx.. 3 ATP
FADH2: approx.. 2 ATP
NADH in cytosol: approx.. 2 ATP (2 since NADH produced is cytosol cannot enter mitochondrion)

WHAT HAPPENS IN PROKARYOTES?
· Bacteria metabolize energy rich substrates
· Generate small amount of ATP by substrate level phosphorylation
· Generate a lot of NADH/FADH2
· Electrons enter ETC; create p.m.f across plasma membrane 

P.M.F CAN BE USED TO:
· Synthesize ATP
· Drive transportation processes
· Drive mechanical work 
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Aerobic uses oxygen as a final electron acceptor

Cellular respiration: use of an electron transport chain to create a p.m.f that drives ATP synthesis
Aerobic respiration: oxygen used an the final electron acceptor, strict aerobes require oxygen
Anaerobic respiration: another substance is used as a final electron acceptor, e.g NO3-, SO4-2
Strict anaerobes: cannot survive in the presence of oxygen 

FERMENTATION
· Some organisms that carry out aerobic respiration can produce sufficient ATP by glycolysis in the absence of oxygen
· Process is inefficient but useful
· Problem: what happens when all of the NAD is converted to NADH



12 c 6 acteyl coa 6 atp 

acetyl coa1 atp 1 atp
3 nadh 9 atp
1 fadh2 2 atp
=12 atpx6=72 atp
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