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Section 7.6

Biological Oxidations:
VERY succinct overview

I. Degradation of glucose

Ch 6
Ch 7

Most of you (not all) have seen this in great detail in Biochemistry.  
Here we will just give an overview, focusing on the physical

chemistry aspects.

An overview
•  Oxidative phosphorylation transforms the NADH 

and FADH2 produced in the citric acid cycle, 
glycolysis, or fatty acid oxidation into energy

•  The NADH and FADH2 is used to reduce oxygen 
to water

•  During the reduction process protons are 
transferred from one side of a mitochondrial 
membrane to the other creating a proton gradiant

•  The H+ gradient is then used to produce ATP
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Citric Acid Cycle
4 NADH + 1 FADH2

produced

Oxidative phosphorylation takes place on the inside of the 
inner membrane of the mitochondria (N side of inner 
membrane).  The inner membrane is impermeable but has 
specific transporters.  The outer membrane is permeable to 
most small molecules and ions

Electron carriers function in 
multienzyme complexes

•  The electron carriers of the respiratory chain are 
organized into four membrane-embedded 
supramolecular complexes: complex I, II, III, & 
IV.

•  These complexes can be physically separated.
•  Complexes I and II catalyze electron transfer to 

ubiquinone from two different electron donors: 
NADH (complex I) and succinate (complex II);

•  Complex III carries electrons from ubiquinone to 
cytochrome c;

•  Complex IV completes the sequence by 
transferring electrons from cytochrome c to O2.
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Cytochrome c oxidase (also called complex IV) catalyzes the 
reduction of oxygen to water

It has two non-
covalently attached 
heme groups and three 
copper ions. 

Cytochrome c oxidase also 
manages to pump 4 more 
protons across the membrane 
in the process for a total of 8 
protons removed from matrix  

4Cyt cred   +  8H+
matrix  + O2   goes to   

4Cyt cox  + 2H2O   +  4H+
cytosol

Big picture
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Summary

Respiratory chain

Structure of ATP synthase.  The F1 
contains 3α, 3β, γ, δ, ε subunits.  The α 
and β subunits alternate in a hexameric 
ring.  The β subunit participates in 
catalysis.The center consists of γ, ε 
subunits which breaks the symmetry of 
the hexameric ring.
F0 contains a proton channel.  The 
10-14 c subunits are embedded in the 
membrane as a ring.  The a subunit is 
on the outside and both a and c are 
important for the channel.  The F0 and 
F1 are connected through the γ, ε 
subunits and the a, b, δ subunits.  The c 
ring and γ, ε subunits rotate the rest stay 
still. Mitochondrial matrix
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Summary

ΔGo’ = -νFEo’

E = Eo - RT/(νF)*lnKNernst Equation

NAD+ + H+  + 2e- NADH

0.5O2  + 2H+  +   2e- H2O E'0 = +0.82 V

E'0 = -0.32 V

ΔGo’ = -2* 96,485 C mol-1*(+0.82-(-0.32)) V
=-220 kJ/mol = -52.6 kcal/mol

How many ATPs??

RT/F = 0.0257 V (at T=298 K)

Eo ' = Eox
o ' +Ered

o '
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ΔG = RTln (c1/c2) + ZFΔV 

Where c1 and c2 are the concentrations on the ion on 
each side of the membrane, Z is the charge on the ion, 
and ΔV is the potential in volts across the membrane

Under typical conditions the pH inside is 1.4 units 
lower than outside and the membrane potential is 0.14 
V (outside more positive) so ΔG is 5.3 kcal/mol of 
protons.

How many protons can you pump accross 
the membrane with 52.6 cal/mol?

How does the proton gradient generate ATP?

ADP  +  Pi   +  H+   going to ATP  + H2O     ΔG0’  =  +7.3 kcal/mol

NADH + 0.5O2 + H+ going to NAD+ + H2O  ΔG0’  =  -52.6 kcal/mol

10 H+ transferred H+
matrix   going to H+

cytosol          ΔG  =  +5.2 kcal/mol
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II. Membrane Potentials:
Focus on Neurons, Action Potential

Differential membrane permeability 
and osmotic pressure lead to membrane potential

Permeable to K+ but not Cl-

Net appears to be only – 28 mV,
but differential permeability has
been neglected (experiment: -70 mV).

Concentration/mM
Ion Intracellular Extracellular
Na+ 15 150
K+ 150 5
Cl- 10 110

Distribution of ions and membrane potential 
for typical nerve cell Maintained by active transport



11/23/15

8

Px = membrane permeability of ion

Goldman Equation
Close to measured value of -70 mV

Action potential originates signal

•  Depolarization
•  Voltage-gated ion channel
•  Threshold potential

•  Release of neurotrasmitter
•  Initial muscle constraction
•  …
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EKG

The End


