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1 Appendix

1.1 Consistency of DKL minimization and configuration integral

Apart from gauge transformations, the minimization of Eq. (2, main manuscript)
w.r.t. model potential U is equivalent to solving the configuration integral in
Eq. (1, main manuscript). To show this, Eq. (1, main manuscript) can be
rewritten as

q(rm) =

∫
drt δ (µ(rt)− rm) p(rt) (1)

with

q(r) :=
exp [−βU(r)]

Zq
, (2)

p(r) :=
exp [−βV (r)]

Zp
(3)
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and Zq, Zp being the corresponding partition functions. Eq. (1) is, apart from
gauge transformations U → U + const, unambigously related to Eq. (1, main
manuscript).

On the other hand, the derivative of the Kullback-Leibler divergence in
Eq. (2, main manuscript) is

∂DKL

∂U(rm)
= − ∂

∂U(rm)

∫
drt p(rt) ln [q(µ(rt))] (4)

= −
∫

drt
p(rt)

q(µ(rt))

∂

∂U(rm)

{
exp [−βU(µ(rt))]

Zq

}
(5)

=

∫
drt

p(rt)

q(µ(rt))
·

{
exp [−βU(µ(rt))]

Z2
q

· ∂

∂U(rm)

∫
ds exp [−βU(s)]

+
exp [−βU(µ(rt))]

Zq
· βδ (µ(rt)− rm)

}
(6)

=

∫
drt

p(rt)

q(µ(rt))

{
− β q(µ(rt)) q(rm)

+ β q(µ(rt)) δ (µ(rt)− rm)

}
(7)

= β ·

{
− q(rm)

∫
drt p(rt) +

∫
drt p(rt)δ (µ(rt)− rm)

}
(8)

= β ·

{
− q(rm) +

∫
drt p(rt)δ (µ(rt)− rm)

}
. (9)

For an extremal point ∂DKL

∂U(rm) = 0 holds and we thus directly obtain Eq. (1).
�

1.2 Structural analysis of Kir type channels

Figure 1 shows the localization of the critical residues in the alignment (A)
and the pdb structures (B) of the Kir type channels.

1.3 Analysis of TRPV channels

Figure 2 shows the identified critical residues of two TRPV channels.

1.4 Settings and analysis of the simulated annealing

We use a total number of Ntotal ≥ 105 iterations for the simulated annealig
routine. The value for the initial temperature Tstart (final temperature Tend)
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Fig. 1 Supplement. The critical four residues determined from the minimal AIC value in the
KcsA structure are also detected in all four other Kir type channels. (A) Multiple sequence
alignment of the four channel proteins. The selectivity filter sequence, which is conserved in
the K+ selective channels and deviates in a critical amino acid in NaK is highlighted in grey.
The residues with the maximal score in the AIC value in each channel are highlighted in
yellow. (B) Localization of the critical residues (green spheres) in two of the four monomers
from each channel.

is chosen such that an acceptance probability of pstartaccept ≥ 0.99 (pendaccept ≤ 0.01)
should be achieved. This is done by a heuristic pre-calculation via bisection: We
start with a random mapping and perform a Metropolis sampling according to
Algorithm 1, but with a fixed temperature. We determine the corresponding
acceptance ratios. Subsequently, we adjust the temperature to come closer to
the desired value and perform the next sampling. These steps are repeated
until convergence. The cooling factor is chosen as α = 0.99 which, together
with the above parameters, determines the value of Nsub (number of samplings
with a constant temperature).
We perform ten independent runs of Algorithm 1, each having a different seed
for the random number generation. We then concatenate the scores from all
runs and choose the mapping according to the highest score. Fig. 3 shows the
convergence of scores of a single exemplary run for the AIC minimization of
KcsA (1BL8). In this case, the mapping with the highest score is identical in
every one of the ten independent runs.
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Fig. 2 Supplement. Relative distribution of critical residues in pores of two TRPV channels.
Analysis as in Fig. 4 (main manuscript) for TRPV1 and TRPV2 proteins (A). The plot shows
the relative frequencies of residues with the 10 best AIC. The data from KcsA (Fig. 4 B,
main manuscript) are shown in top row for reference. The plots are aligned to the GXG
sequence in the selectivity filter (orange arrow). (B) Localization of the critical residues
(green spheres) in two of the four monomers from each channel.

1.5 AIC values of all channels with a Kir type architecture

Table 1 shows the optimized AIC values of the Kir type channels for different
numbers of model residues.
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