C2, C3, C2.1, C3.1, C3.3, C3.4

 4a.  Electron Transport Chain

Series of compounds (mostly proteins) located within inner mito. membrane.

Compounds arranged in order of increasing electronegativity (weakest electron attractor (NADH dehydrogenase) at beginning and strongest (cytochrome oxidase) at end.

Each piece is reduced and oxidized in turn.

There are 3 proton (H+) pumps in the E.T.C.

· NADH dehydrogenase

· bc1 complex
· cytochrome oxidase complex

Q = Ubiquinone
mobile electron carriers

C = Cytochrome C

E.T.C.:  highly exergonic, free energy lost by a pair of electrons at each step is used to pump 3 H+ into intermembrane space.

The chemical potential energy of the electrons position is converted to electrochemical potential energy of H+ gradient.

NADH  (  has ability to pump 3 H+
FADH2  (  has ability to pump 2 H+
NADH:  made in glycolysis, can diffuse through outermembrane of mito, but not inner membrane, requires a shuttle called 


GLYCEROL-PHOSPHATE shuttle

NADH changes to FADH2, therefore starts at Q in E.T.C. (pumps 2 H+)

4b.  Chemiosmosis

Electrochemical gradient (or Hydrogen ion gradient) is created from the reduced NADH and FADH2.  The reducing power is stored as electrical potential energy in this gradient.  
The inner mitochondrial membrane is impermeable to the hydrogen ions, therefore there is a high concentration of H ions on one side and a corresponding increase in positive charge. 

The electrical potential energy is converted into the chemical potential energy of ATP by complexes called ATP synthases (special proton channels associated with the enzyme ATPase).  
Protons must pass through special proton channels associated enzyme ATPase. 

Reduction of the electrochemical energy results in the synthesis of ATP from ADP + Pi.

ATP can leave through membrane by facilitated diffusion. into the cytoplasm where they are used to drive endergonic processes. (i.e. movement, active transport, etc.)

Hmk:  How much ATP is made from 1 glucose?

           How efficient is aerobic respiration?
