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Figure S1: Median structures of the K-channel of CcO from the MD simulations with different protona-
tion states. Important protein residues are marked by their labels and colours: H96 (light blue), E101
(red), S365 (brown), K362 (blue), T359 (dark green), Y288 (magenta), and the HsO" ion (yellow), if
present.
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Water

Table S1: Average accumulated number of water molecules along the cylinder axis in the K-Channel

of CcO.

Height 0110 0111 0110H 0100d 0100e 0100f

< 13.0 30.1 4.2 | 155 4+0.7 | 309 =86 | 24.0 £ 2.5 | 16.7 = 3.6 | 13.7 = 3.3
<11.0 294 +£32|15.3+£0.9 | 30.3£81 |23.7+24 | 16.7+3.6 | 13.7+ 3.3
<9.0 278 £32 | 142 £0.4 | 288 £ 7.7 | 22.7 £ 1.9 | 15.8 £ 3.5 | 13.7 = 3.3
<70 26.3 224 | 1354+02 | 273 +68 | 21.4+1.6| 157+ 3.4 | 13.0 %+ 3.4
<5.0 23.7 £23 | 11.44+£0.7 | 254 +£6.7 | 189 £ 1.5 | 13.9 £ 3.0 | 11.9 £ 3.3
< 3.0 21.6 £22 | 9.7+09 | 23.7£6.7 | 16.8 1.6 | 13.5 =2.5 | 10.9 & 3.2
<1.0 195 4+28 | 7.7+£10 | 214 +68 | 143 +1.2 | 125 £ 1.7 | 10.7 &+ 3.2
<-1.0 178 28 | 666 09 | 198 +6.6 | 12.8 £ 0.9 | 10.8 £ 2.0 | 10.7 £+ 3.2
<-3.0 16.1 29| 54+08 |179+64 | 11.2 £+ 0.8 | 9.8 £2.2 | 10.7 £ 3.2
<-5.0 14.4 £ 2.7 | 4.7 £ 0.5 158+ 6.2 | 100+ 1.1 | 94 +1.8 10.5 £+ 3.3
<-7.0 122+24 | 38 +02 | 133 +58 | 87 +10 | 7.7+ 1.0 | 10.0 + 3.4
<-9.0 93+23 | 25+03 [ 102+56| 65+08 | 56 0.5 | 81 £ 3.6
< -11.0 6.5 + 2.2 2.2+ 0.3 6.9 + 4.5 4.3 + 0.6 3.8 £ 0.6 6.1 £+ 3.2
<-13.0 3.7+1.3 1.2+05 | 41+£32 | 23£06 | 20+0.6 | 3.4+ 24
< -15.0 1.4 +05 0.2 £0.0 1.5 +1.2 0.7 £ 0.2 0.7 £ 0.1 14+1.1
Height 0100 0101 0100H 0100a 0100b 0100c

< 13.0 75 +44 | 6720 |120+03 | 99+42 | 9.5+24 | 19.9 £ 2.2
< 11.0 7.2+ 4.5 6.7+20 | 11.8 0.5 | 9.7+ 4.1 95+24 | 19.2 +£2.1
<9.0 6.9 + 4.3 6.1 +1.7 | 11.0 0.3 | 84 £+ 4.2 84 +24 | 184 + 2.2
<70 6.7+43 | 61 +16 |109+03| 82+42 | 84+25 | 17.6 +2.2
<5.0 54+4.0 | 55+15 | 994+05 | 69+38 | 7.7+23 | 16.3 £ 1.7
<3.0 5.0+ 4.2 4.8 +1.3 9.3 £ 0.6 6.4 + 3.9 6.7 £ 2.3 156 £ 1.4
<1.0 444+40 | 39+12 | 86 +06 | 59+36 | 6.7+22 | 151 +0.9
<-1.0 3.5 £ 3.8 3.2+1.0 7.8 £ 0.7 54 + 3.3 6.4 + 2.2 14.7 + 0.5
<-3.0 3.2 £+ 3.8 2.24+0.9 7.4 4+ 0.7 49 4+ 3.5 5.8 £ 2.3 14.3 £ 04
<-5.0 31+38 | 21 +08 | 72+06 | 48 +34 | 5.7+24 | 119+ 0.6
<-7.0 3.0+ 3.6 2.1 £0.8 7.0 £ 0.6 4.6 + 3.2 5.3 £ 2.2 99+ 1.3
<-9.0 23 £ 28 1.6 £ 1.0 54 4+0.9 3.3+24 4.5 + 1.7 72 +1.3
< -11.0 1.6 £ 2.0 1.1+08 | 32+£0.7 | 1.6 %12 | 29+1.2 | 46 £ 1.1
< -13.0 0.7+ 0.9 0.9 £ 0.7 1.4 +£05 0.8 £ 0.6 1.6 £ 0.7 2.3 £0.9
<-15.0 02+03 | 01+01 | 05+0.1 | 03£02 | 04+£0.2 | 0.7+£0.3
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Table S2: Average number of water molecules in the K-channel of CcO, at different distances to the

cylinder axis.
Model r <1.0 r<3.5 r <5.0 r <6.5 r <9.5 polyhedron
0100f | 04 +00| 69+ 1.1 97+ 18 | 128 +2.2 | 174 + 3.6 85 +126
0100e | 1.2+£02 | 894+12 |1224+10 | 1444+12 | 173 +1.1 | 10.7 1.5
0100d | 1.7+0.2 | 134 +£1.3|21.24+0.7|259+03 ]| 30.7+08 | 20.7 £ 0.7
0110H | 1.5+ 0.2 | 11.7 £ 1.7 | 180+ 3.3 | 23.1 +£49 | 31.2+9.1 | 182+ 3.1
0111 1.0+01 | 78+£0.2 | 105+05 | 127+ 0.7 | 155 £ 0.7 | 12.1 £0.5
0110 1.7+05 | 126 £ 0.5 | 19.7 £ 1.7 | 242 £ 2.3 | 30.1 £4.2 | 19.4 4+ 0.9
0100c | 04 £0.2 | 53 +0.2 83+05 | 11.1 209 | 159 + 24 9.7+ 44
0100b | 04+ 0.1 | 5.8 £0.1 84+0.1 | 103 +0.5|140+09 | 11.5+ 3.9
0100a | 02+02| 41+11 | 65+13 | 80+09 |11.3+19| 69=£1.0
0100H | 0.3 +£0.1 | 43+04 | 66+03 | 86+03 | 120+03 | 6.5£0.5
0101 0.1+00| 23+05 | 31+09 | 42+1.5 | 6.7+2.0 55+ 4.1
0100 02401 27+ 1.7 39+26 5.0 £ 3.2 7.5 +£44 2.7+ 34

Height in cylinder in 4

a) ¢)

Figure S2: Water mobility in the different components a) height: along the cylinder Axis, b) radial:
distance to cylinder axis , and ¢) angular component. The symbols mark the average height of protein
residues H96 (light blue triangle A), E101 (red square M), S365 (brown triangle-right P*), K362 (blue
cross %), T359 (green triangle-left ), Y288 (magenta triangle-down V), and position of the H3O+
ion (yellow circle © ), if present. Residues with an excess proton are marked by a circle around the
respective symbol.
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Figure S3: Projection of water occupancy in the K-channel of CcO with different protonation states.

The symbols mark the average height of protein residues H96 (light blue triangle A), E101 (red square
W), S365 (brown triangle-right P*), K362 (blue cross %), T359 (green triangle-left ), Y288 (magenta
triangle-down V), and position of the H30T ion (yellow circle ), if present. Residues with an excess
proton are marked by a circle around the respective symbol.

S5



Protein residues

Dihedral angles
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Figure S4: Probability distributions of side chain dihedral angles of Y288.
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Figure S5: Probability distributions of side chain dihedral angles of T359.
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Figure S6: Probability distributions of side chain dihedral angles of S365.
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Figure S7: Probability distributions of side chain dihedral angles of H96.
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Figure S8: Probability distributions of side chain dihedral angle chil of K362.
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Figure S9: Probability distributions of side chain dihedral angle chi2 of K362.
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Figure S10: Probability distributions of side chain dihedral angle chi3 of K362.
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Figure S11: Probability distributions of side chain dihedral angle chi4 of K362.

S9

chi3

chi3

chi3

chi3

chi4

chi4

chi4

chi4



0100d 0100e 0100f

B chil

Probability

0110 0111 0110H

I
kS

mm chil

Probability
<)
N

e

Probability
o o o
o N S

0100b 0100c

“ mmm chil

0101 0100H

0100a

o
o

0100

o
o

I
kS

B chil

Probability
o
N

| .

0.0 ke
-180 -120 -60 O 60 120 180 -180 -120 -60 O 60 120 180 -180 -120 -60 O 60 120 180
Dihedral/degree Dihedral/degree Dihedral/degree

Figure S12: Probability distributions of side chain dihedral angle chil of E101.
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Distances

Table S3:

Average distances (in A) between important residues in the K-channel of CcO, modelled

in different protonation states.

Model | E101-H96 | E101-S365 | E101-K362 | E101-T359 | S365-Y288
0100f 76 1.8 78+£02| 15106 | 171 +£0.7 | 16.5£0.5
0100e 6.0 £ 1.0 7703 151 +03 | 171 +0.2 | 17.6 £0.2
0100d 6.1 £ 0.5 76 +£03| 143+02| 16,6 +0.1 | 17.6 £0.3
0110H | 69=+1.6 77T+£04| 141 +£03 | 16703 | 174 £0.1
0111 10.3 £ 2.1 6704 | 13.0£06 | 15504 | 173 £0.4
0110 83 £3.5 72+£02| 13602 | 162+£02 | 175 £0.1
0100c 6.4 £0.1 81+£02| 143+£04 | 165£0.2| 16.3 £0.4
0100b 7.0=£09 65+08 | 131 +£10| 15.8+08 | 17.6 £0.1
0100a 7.8 +£0.1 75+£02| 143+01 | 17.0+0.1 | 17.8 £0.2
0100H | 4.6 = 0.1 75+£00| 14303 | 171 £0.0 | 17.8 £0.1
0101 76 £ 2.6 6.0£07] 122+£07 | 151+£10| 178 £0.1
0100 72+ 0.7 78+£02| 14402 | 171 £00 | 179=£0.1
Model | H96-K362 | S365-K362 | T359-S365 | T359-Y288 | T359-K362
0100f | 19.7 £ 2.8 95£02] 12.0£0.3 4.9 £ 0.6 5.1+£1.2
0100e | 181 £ 1.7 84£03] 109+£0.1 7.0+£0.1 4.5 £0.6
0100d | 16.2 £ 1.4 82=+09 | 11.6 £0.3 6.1 £0.6 7.5 £ 1.5
0110H | 17.3 + 2.6 82+£03 | 11.7+£0.1 5.9 £0.1 6.0 £ 0.3
0111 213 £ 3.7 82+04 | 11.3£03 6.2 +04 5.7 £ 0.1
0110 18.8 £5.5 84+£03 | 11.6 £0.1 6.0 £0.1 5.7+ 0.1
0100c | 17.7 £ 1.3 81£02] 109+£0.3 9.5 £0.1 5.8 £ 0.6
0100b | 154 £ 1.0 80=£02 ] 11.0+£0.1 6.7 £0.1 7.3+ 0.3
0100a | 18.6 = 0.3 80=£01] 11.1 £0.1 6.7 £ 0.1 7.5 + 0.3
0100H | 15.0 £ 1.2 81+02] 11.1 £0.1 6.7 £0.1 73+04
0101 175 £ 1.5 81+£02| 11.2+£0.2 6.8 £0.1 6.8 £ 0.3
0100 182+ 14 82+£03 ] 11.1+£0.1 6.9 £0.1 7.0 £ 0.5
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Figure S15: Probability distributions of distances between H96 and Y288.
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Figure S18: Probability distributions of distances between E101 and K362.
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Figure S19: Probability distributions of distances between K362 and Y288.
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Figure S20: Probability distributions of distances between T359 and Y288.
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Figure S21: Probability distributions of distances between T359 and K362.
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Figure S22: Probability distributions of distances between P315 and E101.
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Figure S23: Probability distributions of distances between P315 and S365.
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Figure S24: Probability distributions of distances between M316 and K362.
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Figure S25: Probability distributions of distances between P358 and A319.
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