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Figure A1l. Schematic plot of energy landscape of the F, motor.
Free-energy landscape plot describing the thermodynamic relationship
between different states. Horizontal lines represent states, with imaginary
intermediate states in dashed lines. Tilted lines represent transitions between
states. Locally, any transition of positive AG must be driven by a neighboring
transition of a negative AG. Components in blue are related to output energy of
the motor, and those in red to PMF. Because the transport process is cyclical,
the choice of the starting point is arbitrary. Therefore, the starting and ending
states are identical, only differing in the release of heat (Q) during one
transport cycle. On one hand, this heat release can be considered as a
thermodynamic driving force for the process: The larger it is, the faster the
process may occur. On the other hand, in order to achieve energy conversion
of high efficiency, Q should be small, approaching zero.
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Free energy terms associated with proton translocation in F, complex
See Figs. 2 and A1 for illustrations. A negative AG indicates that the
corresponding process is thermodynamically favorable.

ncAl-i(H+) +Woutpuit = —Q <0

(Second law of thermodynamics. Efficiency of energy conversion
IS Woutput /lncAM(H+)I < l)

Apu(H") = FAY +Ap([H']) <0

(electrochemical potential of proton; where AY <0)
Ap([H']) = RTIN([H']/[H']L) = —2.3RTApH

= AGL(H") + AGr(H") +AGp(H") <0

(chemical potential of proton concentration; where ApH > 0)



AGL(H") = RTIn(Ka2/[H']L)

(free energy of proton loading from the extracellular/‘outer’ space)
AGr(H") = RTIn( [H']r/Kq,1)

(free energy of proton releasing to the cytosolic/’inner’ space)
AGp(H") = RTIn(Kq,1/Kq )

(differential binding energy of proton between S; and S, states)
AGpi(H") + AGpz(H") = FAY +AGp(H")

(driving energy for the rotation)
AGp1(H") = yFAY +RTIn(Kq1/Kq,0)

(driving energy between Ry and R; states)
AGpa(H") = (1-y)FAY +RTIn(Kg,0/Kq 2)

(driving energy between R, and Ry states)



