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ATP Synthase – 
Coupling ATPase



Transmembrane Proton gradient

Energy transduction occurs by means of a proton circuit 
through the insulating, coupling membrane and between the 
two bulk aqueous phases (the matrix and the intermembrane 
space/cytosol in mitochondria).
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F1-Fo ATPase



ATP synthase can transport protons across the membrane in 
one direction down the concentration (Δ pH )  and charge 
(Δψ ) gradient , using the energy for ATP synthesis.



Alternatively the ATP synthase can use the energy from ATP 
hydrolysis to pump protons in the opposite direction (active 
transport against the concentration and charge gradient). 



Evidence for ΔpH–driven ATP synthesis

1. The ‘acid-bath experiment’. ΔpH driving ATP synthesis was demonstrated in 1966 by Jagendorf and 
Uribe, using thylakoid membranes of chloroplasts.   
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Coupling ATPase

Also known as “ATP Synthase”

One of the class of F-ATPases  (c.f. V-ATPases; P-ATPases)

- F1
- Fo

ATP + H2O ADP + Pi

Also known previously as respiratory “complex V”
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Evidence for ΔpH–driven ATP synthesis

2. Experiment of Racker and co-workers, demonstrating light-driven ATP synthesis in lipid vesicles containing 
bacteriorhodopsin (a light-drive proton pump) and ATP synthase from mitochondria from beef heart 















Figure from: ALLEN, J F (2002) Photosynthesis of ATP - Electrons, Proton Pumps, Rotors, and Poise. Cell 110, 273–276



Figure from: ALLEN, J F (2002) Photosynthesis of ATP - Electrons, Proton Pumps, Rotors, and Poise. Cell 110, 273–276





















29



29

http://www.res.titech.ac.jp/~seibutu/

http://www.res.titech.ac.jp/~seibutu/
http://www.res.titech.ac.jp/~seibutu/


30

http://www.res.titech.ac.jp/~seibutu/







Fo



F1



F1

Fo



Rotation of the Fo-ATPase.Fo-ATPase as a proton-driven, rotary stepping motor, as proposed by Junge (1997).
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The F1-Fo ATPase
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