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MEMBRANE BIOCHEMISTRY

BIOENERGETICS

One definition of a living organisms is one that defies entropy i.e 
increases its order / energy rather than energy decreasing.

Living organisms need this energy for biosynthesis, reproduction 
and movement.

The ultimate source of energy for nearly all living organisms is 
sunlight, which is turned into chemical energy by photosynthesis in 
phototrophs.

This chemical energy is then utilised by heterotrophic organisms 
such as ourselves as a source of energy.

Eukaryotic phototrophs capture light energy in sub-cellular 
organelles called chloroplasts

Eukaryotic heterotrophs capture chemical energy in sub-cellular 
organelles called mitochondria

Prokaryotes carry out these processes in their plasma membrane.



In all three cases electron transfer within a membrane (driven either by 
light or chemical / redox energy)  is linked to the storage of 
energy in the form of adenosine triphosphate (ATP)

So theses systems use a membrane to couple electron transfer within a 
membrane to the synthesis of ATP, and are called COUPLING 
MEMBRANES

So there are three types of coupling membrane

a) That found in mitochondria, the inner mitochondria membrane, 
and you will study this in the practicals

b) That found in chloroplasts, the thylakoid membrane

c) That found in prokaryotes, their plasma membrane

In these lectures we are going to describe the experiments that lead to 
the formulation of the chemiosmotic hypothesis, that suggested 
that electron transfer within a membrane was linked to the 
synthesis of ATP and other energy-requiring processes (such as 
active transport) by the creation of an electrochemical gradient of 
protons across the coupling membrane.

For this Peter Mitchell was awarded the Nobel prize in Chemistry in 
1978.  



In the practicals we will study 

a) The electron transfer chain in animal mitochondria using the 
oxygen electrode

b)  the linkage between electron transfer and ATP synthesis using 
the oxygen electrode



Mitochondria major catabolic sub-cellular organelle, 
catalysing breakdown (oxidation) of all three major types 
of biological macromolecule i.e. fatty acids (lipids), 
pyruvate (carbohydrates) and amino-acids (protein).

Energy released is stored as chemical energy in form of 
ATP, and mitochondria also provide precursors for 
biosynthesis in cytosol.



Relationship between the major oxidative pathways of the 
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Described relationship amongst major oxidative 
pathways in mitochondria. major functions can be 
conveniently listed as 

1) the oxidation of pyruvate to acetyl coA by pyruvate 
dehydrogenase

2) the oxidation of fatty acids to acetyl coA (animals 
only) in β-oxidation

3) the oxidation of acetyl coA to CO2 and reduced 
cofactors (i.e. NADH and succinate) in citric acid cycle

4) the oxidation of reduced cofactors by oxygen forming 
water and releasing energy (respiratory electron transfer)

5) the synthesis of ATP from ADP and phosphate using 
energy released during electron transfer (oxidative 
phosphorylation) There is also transamination of amino-
acids to produce acetyl coA or intermediates of TCA 
cycle.





(Rich, P.R. (2003) The cost of living. Nature, 421, 583)

• ATP synthases are generally operating at a 
potential gradient of roughly 250 mV

• If we assume that all of our 100 watt power 
requirement arises from these protons, our 
net transmembrane proton flux would have 
to be 400 amps, or roughly 2.5 x 1021 
protons per second. 

• 3 ATP are formed for each 10 protons. 
• ATP is reformed at a rate of around 1021 

per second, equivalent to a turnover rate of 
ATP of 85 kg/day. 





The mitochondrial theory of ageing



"Errors" in electron transfer - transfers to the 
"wrong"  electron acceptor - occur at fixed 
frequency.  
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"Errors" in electron transfer - transfers to the 
"wrong"  electron acceptor - occur at fixed 
frequency.  

The products of these reactions damage 
mitochondrial genes, which then produce 
defective proteins, which then make more 
"errors" in electron transfer....damaging more 
genes, making more defective proteins....and so 
on.

The mitochondrial theory of ageing













Structure of Mitochondria

 Most cells contain several hundred –thousand 
mitochondria. Shape is very varied. Typically, 
they have a diameter of about 1 µm, but other 
shapes or even reticulate networks are found. 
Typically oval-shaped sub-cellular organelles about 2 µM 
in length and 0.5 µM in diameter, although shape and size 
may vary depending on specialisation of the tissue they are 
found in (i.e. cup-shaped to increase surface area and thus 
exchange metabolites with cytosol).

 











 So mitochondria have four compartments

outer mitochondrial membrane (OMM)

intermembrane space (IMS)

inner mitochondrial membrane (IMM)

matrix

 



Functions 1-3 above are located in matrix, Functions 4 and 5 are 
located in IMM. so IMM is coupling membrane  coupling electron 
transfer in membrane to ATP synthesis. Label P (positive)[IMS] and N 
(negative)[matrix] phases depending on direction of proton (+ve 
charge) pumping across membrane.

But the IMM is also the compartment membrane, since it is 
impermeable to small charged molecules. So controls import of 
substrates for catabolic reactions and export of ATP synthesised, 
because this occurs via specifiic transport proteins, many of which 
catalyse active transport 

1) the oxidation of pyruvate to acetyl coA by pyruvate dehydrogenase

2) the oxidation of fatty acids to acetyl coA (animals only) in β-
oxidation

3) the oxidation of acetyl coA to CO2 and reduced cofactors (i.e. NADH 
and succinate) in citric acid cycle

4) the oxidation of reduced cofactors by oxygen forming water and 
releasing energy (respiratory electron transfer)

5) the synthesis of ATP from ADP and phosphate using energy released 
during electron transfer (oxidative phosphorylation) There is also 
transamination of amino-acids to produce acetyl coA or intermediates of 
TCA cycle.









OMM freely permeable to molecules <12kDa r.m.m. because of 
presence of porins. Main function is to restrict swelling of IMM and 
protect IMM against enzymes of cytosol.

 

IMM is not permeable to anything except small uncharged molecules 
(because of hydrophobic core of lipid bilayer). So contains many 
transport proteins to connect mitochondria to cytosol. So IMM 
compartment membrane as well as coupling membrane.

IMM infolded into cristae to increase surface area for electron transfer 
and ATP synthesis. Inside cristae continuous with IMS. Find IMM 
greater proportion of mitochondria in mitochondria specialised for ATP 
synthesis (i.e. in heart muscle) than in mitochondria specialised for 
catabolism (in liver cells).



http://www.wiley.com/college/karp/CL_EWSTU01546_S/animations/chapter05_animation_02_files/chapter05_Animation_02.swf
http://www.wiley.com/college/karp/CL_EWSTU01546_S/animations/chapter05_animation_02_files/chapter05_Animation_02.swf




Next lecture....

The respiratory chain

Membrane Biochemistry

1

jfallen.org/lectures


