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TABLE S1
Channel Model lons Quot VoI (A% Nk N¢j Nuwater T(lnn;)e
1 807131 486 506 26011 12
Kirl.1/ROMK 2 KCI  +20 848051 510 530 27332 19
3 807280 486 506 26016 17
1 811992 512 488 26166 13
Kir2.1/IRK 2 KCl  -24 804171 508 484 25912 15
3 810837 512 488 26127 13
1 N 807130 485 513 26003 20
Kirl.1/ROMK 2 4+I\+/PC| +20 848051 510 538 27324 21
3 807280 486 514 26008 20
1 N 811992 504 488 25912 19
Kir2.1/IRK 2 4+I\QQC| 24 804171 500 484 25913 18
3 810837 504 488 26135 29
1 N 807131 485 509 25983 19
Kirl./ROMK 2 1 +SE'\CA| +20 848051 510 534 27328 19
3 807280 486 514 26008 20
1 N 811992 508 488 26144 18
Kir2.1/IRK 2 1 +SE'\CA| 24 804171 504 484 25916 19
3 810837 508 488 26131 18
Kirl.1/ROMK 1 2 f’i'\c"f " 420 807130 481 509 25956 10
Kir2.1/IRK 12 f’i'\c"f " 24 811992 504 488 26125 10
Kir2.1/IRK  1UAF  KCl  -28 943580 596 568 30404 15

Table S1. Molecular dynamics simulation parameters. The volume is calculated as the number
of water molecules before ion replacement * 29.89 A%. Nyaer represents the final number of

water molecules after addition of ions.
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TABLE S2
PDB Homologue Species Resolution Structural details
IN9P® | Kir3.1/GIRK1 Mus musculus 1.80 A Isolated cytoplasmic domain with open
G-loop gate.
1P7B® | KirBacl.1 Burkholderia 3.65 A Full-length channel with closed helix-
pseudomallei bundle gate and closed G-loop gate.
1U4E®) | Kir3.1/GIRK1 Mus musculus 2.09 A Isolated cytoplasmic domain with open
G-loop gate
1U4F® | Kir2.1/IRK1 Mus musculus 2.41 A Isolated cytoplasmic domain with closed
pore.
1XL4® | KirBac3.1 Magnetospirillum | 2.60 A Full-length channel with closed helix-
magnetotacticum bundle gate and open G-loop gate,
possible Mg?" in selectivity filter .
1XL6™ | KirBac3.1 2.85 A Full-length channel with closed helix-
bundle gate and open G-loop gate,
possible Spermine*" in pore.
2GIX® | Kir2.1/IRK1 + Mus musculus 2.02 A Isolated cytoplasmic domain with closed
R218Q/T309K G-loop gate and one ion density at the
cytoplasmic entrance.
2QKS®™ | Prokaryotic Kir - | Burkholderia 2.20A Full-length channel with two
Kir3.1/GIRK1 xenovorans — conformations in the unit cell: (i) helix-
chimera Mus musculus bundle gate closed and G-loop gate open,
and (ii) helix-bundle gate intermediately
open and G-loop gate closed. In (i), two
ion densities are observed near the G-
loop.
2WLH® | KirBac3.1 Magnetospirillum | 3.28 A Full-length channel with closed helix-
magnetotacticum bundle gate and open G-loop gate.
2WLI® | KirBac3.1 3.09 A Full-length channel with intermediately
open helix-bundle gate and open G-loop
gate.
2wLJ¥ | KirBac3.1 2.60 A Re-refinement of 1XL4, possible Mg in
selectivity filter and Spermine® in
cytoplasmic domain
2WLK® | KirBac3.1 2.80 A Re-refinement of 1XL6, possible
Spermine** in pore
2WLL® | KirBacl.1 Burkholderia 3.65A Re-refinement of 1P7B, possible Mg in
pseudomallei selectivity filter
2WLM® | KirBac3.1 Magnetospirillum | 3.61 A Full-length channel with closed helix-
) magnetotacticum bundle gate and open G-loop gate.
2WLN® | KirBac3.1 3.44 A Full-length channel with closed helix-
bundle gate and open G-loop gate.
2WLO" | KirBac3.1 4.04 A Full-length channel with intermediately
open helix-bundle gate and open G-loop
gate.
2X6A"™ | KirBac3.1 + 3.10A Full-length channel with closed helix-
Q170A bundle gate and open G-loop gate.
2X6B" | KirBac3.1 + 3.30 A Full-length channel with closed helix-
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Q170A bundle gate and open G-loop gate.
Anomalous Ba?* signal in selectivity filter
2X6C" | KirBac3.1 + 2.70 A Full-length channel with closed helix-
Q170A bundle gate and open G-loop gate.
Anomalous Sm** signal in cytoplasmic
domain.
3JYC® [ Kir2.2/IRK2 Gallus gallus 3.1A Full-length channel with closed helix-
bundle gate and intermediately opene G-
loop gate.
3K6N™ | Kir3.1/GIRK1 + | Mus musculus 20A Isolated cytoplamic domain with open G-
S225E loop gate. Five ion densities observed
inside the pore.
3SPC® | Kir2.2/IRK2 + Gallus gallus 2.45 A Full-length channel with closed helix-
PPA (PIP; head- bundle gate and intermediately open G-
group) loop gate.
3SPG® | Kir2.2/IRK2 + 2.61A Full-length channel with closed helix-
R186A + PIP, bundle gate and closed G-loop gate.
3SPH® | Kir2.2/IRK2 + 3.00 A Full-length channel with closed helix-
1223L + PIP, bundle gate and closed G-loop gate.
3SPI® | Kir2.2/IRK2 + 3.31A Full-length channel with closed helix-
PIP, (short chain bundle gate and closed G-loop gate.
analog)
3SPJ® | Kir2.2/IRK2 + 3.31A Full-length channel with closed helix-
1223L bundle gate and closed G-loop gate.
3SYA®? [ Kir3.2/GIRK2 + | Mus musculus 2.98 A Full-length channel with intermediately
PIP, open helix-bundle gate and closed G-loop
gate.
3SsYCY | Kir3.2/GIRK2 + 3.41A Full-length channel with closed helix-
D228N bundle gate and closed G-loop gate.
3sYO® | Kir3.2/GIRK2 3.54 A Full-length channel with intermediately
open helix-bundle gate and closed G-loop
gate.
3SYP® | Kir3.2/GIRK2 + 3.12A Full-length channel with closed helix-
R201A bundle gate and open G-loop gate.
3SYQY | Kir3.2/GIRK2 + 3.44 A Full-length channel with two opposing

R201A + PIP,

subunits in different conformations: (i)
intermediately open helix-bundle gate and
open G-loop gate, and (ii) intermediately
open helix-bundle and closed G-loop gate.

Table S2. Comparison of x-ray crystal structures of Kir channels. Structures are listed
according to date of entry into the PDB. For the the conformation of the gates, open describes a
pore radii greater than 6 A, intermediately-open 3-5 A, and closed < 3 A, based on radii

calculations in Supplementary Figures 2-5.
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TABLE S3

Kir Kir Kird.1 | Kir2.1 Kir Kir2.2 | Kir3.2 Kirl.1 Kir2.1
Bac Bac GIRK1 | IRK1 Bac IRK GIRK2 | ROMK1 IRK1
1.1 1.1 (IN9P) | (1U4F) 3.1 (3JYC) | (3SYQ (open (open
(1P7B*) | (open (2WLI) open model) model)
model) model)

KirBac 19A | 31A | 32A | 30A | 33A | 32A | 24A | 25A
1.1
(1P7B%)

KirBac 1.1 33A 35A | 34A | 35A 37A 1.8 A 2.0A
(open
model)

Kir3.1 16A | 28A | 1.8A 1.6 A 37A 38A
GIRK1
(1N9P)

Kir2.1 28A | 08A | 12A 38A 39A
IRK1
(1U4F)

KirBac 2.8 A 2.7A 37A 37A
3.1
(2WLI)

Kir2.2 15A | 38A | 39A
IRK
(31YC)

Kir3.2 39A 39A
GIRK2
(3sYQ
open
model)

Kirl.1 1.6 A
ROMK1
(open
model #1)

Kir2.1

IRK1

(open
model #1)

Table S3. RMSD of Ca atoms of a single subunit of cytoplasmic domain crystal structures and
models. Regions containing insertions or deletions were removed from the alignment. Residues
were aligned using the RMSD calulator in VMD. (*) For 1P7B, missing loops were built based
on homology with the Kir3.1/GIRK structure 1N9P prior to alignment.
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FIG. S1
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Figure S1. Calculated pore radius profiles for Kir crystals structures and homology
models. For each, the structure was aligned onto the Z-axis, referred to as the Pore Axis (A).
The solid black line designates the lower membrane interface, where the helix-bundle gate is
positioned. The G-loop gate is positioned at 0 A. The gates are described as closed (C-blocked
circle), open (O-open circle) and intermediate open (IO-grey blocked circle). KirBacl.1 — C/C
(1P7B with loops built from 1N9P), KirBacl.1 — O/O (model based on KirBac3.1 electron
crystallography density map), KirBac3.1 — C/O (2WLH), KirBac3.1 — 10/O (2WLlI), Kir2.1 - C
(cytoplasmic domain only 1U4F), Kir2.2 — C/C (3SPJ), Kir2.2 — C/IO (3JYC), Kir2.1 - O/O
(model), Kir3.1 — O (cytoplasmic domain only 1N9P), Kir3.2 — C/C (3SYC), Kir3.2 - 10/0
(3SYQ, open model), Kirl.1 — O/O (model). Radii are calculated according to previously
described methods (10).
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FIG. S2
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Figure S2. Calculated pore radius profiles for KirBacl.1 pdb structures. The pore axis is
vertical, and the radius is horizontal, both are in A. The G-loop is positioned at 0 A, with the
transmembrane domain > 0 A and cytoplasmic domain < 0 A. The pdb codes are labeled above
each plot. Radii are calculated according to previously described methods (10).
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Figure S3. Calculated pore radius profiles for KirBac3.1 pdb structures. The pore axis is
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vertical, and the radius is horizontal, both are in A. The G-loop is positioned at 0 A, with the

transmembrane domain > 0 A and cytoplasmic domain < 0 A. The pdb codes are labeled above

each plot. Radii are calculated according to previously described methods (10).
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FIG. S4
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Figure S4. Calculated pore radius profiles for Kir2.x pdb structures. The pore axis is

vertical, and the radius is horizontal, both are in A. The G-loop is positioned at 0 A, with the
transmembrane domain > 0 A and cytoplasmic domain < 0 A. The pdb codes are labeled above
each plot. Radii are calculated according to previously described methods (10).
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Figure S5. Calculated pore radius profiles for Kir3.x pdb structures. The pore axis is
vertical, and the radius is horizontal, both are in A. The G-loop is positioned at 0 A, with the
transmembrane domain > 0 A and cytoplasmic domain < 0 A. The pdb codes are labeled above
each plot. Pdb 2QKS is of a KirBac-Kir3.1 chimera. Radii are calculated according to
previously described methods (10).
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open model of KirBacl.1. The pore axis is vertical, and the radius is horizontal, both are in A.
The G-loop is positioned at 0 A, with the transmembrane domain > 0 A and cytoplasmic domain

<0 A. Three separate models were generated based on different starting sequence alignments
for each channel type. Radii are calculated according to previously described methods (10).
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Figure S7. Comparison of Kir2.1/IRK homology model with the x-ray crystal structure of
Kir3.2/GIRK in multiple conformations. X-ray structure of Kir3.2/GIRK2, pdb code 3SYQ,
with opposing subunits of the cytoplasmic domain in different conformations(9). In the same
crystal structure, they found two cytoplasmic subunits in the (A) closed state and two subunits
bound to PIP, giving an open or partially open state (B). (C) A homology models of an open
Kir2.1/IRK used in this study. The two subunits of the different structures are C, RMSD aligned
onto one another, including the conformational change in the RMSD. (D) GIRK2-open (blue) on
GIRK2-closed (green), with a RMSD of 2.3 A. The C, atoms for residues corresponding to
E224, D255, D259 and E299 in Kir2.1/IRK, are shown as spheres in each of the models. The G-
loop upper gate is labeled. (E) Kir2.1/IRK-open (orange) onto GIRK2-open (blue) with RMSD
of 4.6 A. (F) Kir2.1/IRK-open (orange) onto GIRK2-closed (green) with RMSD 5.1 A.

11
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FIG. S8
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Figure S8. Calculated diffusion constant of K* inside the cytoplasmic pore of
Kirl.1/ROMK and Kir2.1/IRK. To determine the diffusion constant profile, trajectory data
was filtered to select only data where the ion resides inside the cytoplasmic pore defined from -
35 A<Z<35Aand R <20 A. Then, for each Z position, the diffusion constant was calculated
using the equation D = <[AZ(t)-<AZ(t)>]*>/2t, where AZ(t) = Z(t+1)-Z(t) and = 1 ps (11). The
profiles demonstrate a decrease in ion diffusion inside the cytoplasmic pore. The experimental
diffusion constant of K* is 0.185 A%/ps (12), however it is well documented that the diffusion of
K™ in these simulations is over-estimated because the TIP3 water model itself produces a
diffusion constant twice that of experimental values (13, 14). The bulk values in these
calculations correspond to other molecular dynamics simulations at 1 M KCI at comparable
temperatures (11). Note that a diffusion constant of 0.1 A%/ps corresponds to 10 cm?/s.
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FIG. S9
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Figure S9. Average SPM*", K* and CI" density distributions. The density for spermine is
calculated using the four nitrogen atoms (N1, N2, N3, N4). A molecular density of p = 6.022 x 10°
*jons/A® corresponds to 1 M concentration. Contours are shown for densities corresponding to
1 and 2.5 M. Note that while K* and CI” adequately sample the system space and converge to 1
M in the bulk, the SPM*" molecule remains mostly in the pore throughout the simulations.
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