
The Influence of the Membrane Potential on the Protonation

of Bacteriorhodopsin: Insights from Electrostatic

Calculations into the Regulation of Proton Pumping.

Elisa Bombarda1,2, Torsten Becker1, and G. Matthias Ullmann1,∗

1 Structural Biology / Bioinformatics, University of Bayreuth, Universitätsstr. 30,
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Figure S 1: Protonation probabilities of functionally important sites of bacteriorhopsin in de-

pendence on the pH and the membrane potentialΨ. The protonation probability〈x〉 is given by

a color scale.
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Figure S 2: Protonation probabilities of functionally important sites of bacteriorhopsin in de-

pendence on pHEC and pHCP. The effect of the pH gradient on the membrane potential is

compensated by other ions and thus the membrane potential iszero. The protonation probabil-

ity 〈x〉 is given by a color scale.
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Figure S 3: Protonation probabilities of functionally important sites of bacteriorhopsin in depen-

dence on pHEC and pHCP. The pH gradient between the two sides of the membrane gives rise

to a membrane potential which is proportial to∆pH. The proportionality factora is assumed to

be 0.5. The protonation probability〈x〉 is given by a color scale.
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Wild Type Asp115Asn
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Figure S 4: Protonation probabilities of Asp85 in the wild type protein (left) and in the

Asp115Asn mutation (right) under different conditions. Itcan be seen that the mutation strongly

influences the titration behavior. A regulation of the photocycle in the mutant protein seems not

to be possible. a) Protonation probability in dependence onthe pH and the membrane potential

Ψ b) Protonation probability in dependence on pHEC and pHCP. The effect of the pH gradient

on the membrane potential is compensated by other ions and thus the membrane potential is

zero. c) Protonation probability in dependence on pHEC and pHCP. The pH gradient between

the two sides of the membrane gives rise to a membrane potential which is proportial to∆pH.

The proportionality factora is assumed to be 0.5. The protonation probability〈x〉 is given by a

color scale.
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