








bioRxiv preprint doi: https://doi.org/10.1101/863837. The copyright holder for this preprint (which was not peer-reviewed) is the author/funder. It
is made available under a CC-BY-NC-ND 4.0 International license.

3-Dec-19

Figure 1 Functional and structural analysis of the Kzr2.1 1110D:RuR complex. (A) Ruthenium Red
(RuR) structure (B) and (C) Exemplar TEVC recordings of (B) K2r2.1 (TREK-1) and (C) K2r2.1 1110D
responses to 10 uM RuR (magenta). (D) Dose-response curves for Kop2.1 (TREK-1) (open white circles),
K2p2.1 1110D (black), K2p2.1 1110E (red), and K2p2.1 1110K to RuR. (E) Structure of the K2r2.1 1110D:RuR
complex. Inset shows the location of the RuR binding site. 1110D is shown as sticks. (F) Close up view of

K2r2.1 1110D:RuR interactions. SO ion (cyan) from the K2p2.1 1110D structure is indicated, RuR is shown
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in space filling in panels (E) and (F). (G) LigPLOT (Wallace et al., 1995) diagram of K2r2.1 1110D:RuR

interactions showing ionic interactions (dashed lines) and van der Waals contacts (red) <5A.
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Figure 2 Pope et al.
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Figure 2 Functional and structural analysis of C-type gate activated K2r2.1 1110D:RuR complexes.
(A) and (B) Exemplar TEVC recordings of: (A) K2rp2.1 1110D/G1371 (black) and in the presence of 10 yM
RuR (magenta), and (B) K2r2.1 1110D alone (black) in the presence of 50uM ML335 (cyan), and in the
presence of 50 yM ML335 +10 uM RuR (magenta). (C) and (D) RuR dose-response curves for
(C) K2p2.1 1110D/G1371 (magenta), and (D) K2r2.1 1110D in the presence of 50 uM ML335 (cyan). Dashed
lines show RuR response of Kzp2.1 110D from Figure 1D. (E) Structure of the K2p2.1 1110D:ML335 RuR
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complex. Inset shows the location of the RuR binding site. 1110D is shown as sticks. ML335 (grey) is shown
as space filling. (F) Superposition of RuR binding site from the K»2.11110D:RuR (pink) and
K2p2.1 1110D:ML335:RuR (magenta) RuR and RuRw. indicate RuR from the Kzp2.1 (TREK-1) 1110D:RuR
and K2r2.1 1110D:ML335:RuR structures, respectively. ML335 is shown as sticks. (G) LigPLOT (Wallace
et al., 1995) diagram of K2r2.1 1110D:RuR interactions from the K2r2.1 1110D:ML335:RuR complex

showing ionic interactions (dashed lines) and van der Waals contacts (red) <5A.
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Figure 3 Pope et al.
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Figure 3 Functional and structural analysis of Kzr:Ru360: interactions. (A) Ru360 (RuR) structure.

(B-D) Exemplar TEVC recordings of (B) K2p2.1 (TREK-1), (C) Kz2r2.1 1110D, (D) K2r10.1 (TREK-2), and
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(E) K2r9.1 (TASK-3) alone (black)and in the presence of 90 uM Ru360 (green, teal, and olive,
respectively). (F) Ru360 dose-response curves for K2p2.1 110D (green), Kop2.1 (TREK-1) (light green),
K2r10.1 (TREK-2) (teal), and K2r9.1 (TASK-3) (olive). Dashed line shows RuR dose-response for
K2p2.1 1110D from Figure 1D. (G) Structure of the K2p2.1 1110D:Ru360 complex. Inset shows the location
of the Ru360 binding site. 110D is shown as sticks. (H) Close up view of K2r2.11110D (cyan),
K2pr2.1 1110D:RuR (pink), and K2p2.1 1110D:Ru360 Keystone inhibitor sites. RuR and Ru360 are shown as
sticks. SO ion from the K2r2.1 1110D structure is shown as a sphere. (I) LigPLOT (Wallace et al., 1995)
diagram of K2p2.1 1110D:Ru360 interactions showing ionic interactions (dashed lines) and van der Waals

contacts (red) <5A.
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Figure 4 Pope et al.
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Figure 4 Engineering K2r RuUR super-responders. (A) View through the K2r2.1 (TREK-1) CAP to the
floor of the Keystone inhibitor site. CAP H2 helix (pink) is shown as a cartoon. RuR is shown as semi-
transparent spheres. Surface (white) shows the top of the selectivity filter. 1110D, N147, and D256 are
shown as sticks. (B) Cartoon depiction of the elements framing the Keystone inhibitor site. Locations of
CAP, 1110D, and N147 are indicated. Selectivity filter potassium ions are shown as purple circles. (C-E)
TEVC recordings of (C) K2p2.1 N147D alone (black) and in the presence of 1 yM RuR (magenta), (D)
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K2p2.1 N147D alone (black) and in the presence of 100 uM RuR (magenta) and (E) K2r2.1 N147E alone
(black) and in the presence of 10 yM RuR (magenta). (F) RuR response of K2r2.1 N147D (purple) and
K2p2.1 N147E (orange). Dashed line shows K2p2.1 1110D response to RuR, from Figure 1D. (G) and (H)
TEVC recordings of (G) K2r2.1 1110D/N147D alone (black) and in the presence of 1 yM RuR (magenta),
and (H) K2r2.1 1110D/N147E alone (black) and in the presence of 1 yM RuR (magenta). (I) RuR dose-
response of K2p2.1 [110D/N147D (red) and K2p2.1 [110D/N147E (blue). Dashed line shows Kzp2.1 110D

response to RuR, from Figure 1D.
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Figure 5 Pope et al.
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Figure 5 Mechanisms of small molecule Kzr modulation. (A) Cartoon diagram depicting the ‘finger in
the dam’ mechanism of Kzp inhibition by polynuclear ruthenium amines. lon flow is indicated by the dashed
orange lines. Potassium ions are shown as purple circles. (B) Polysite model of K2p modulation. Diagram
shows structurally defined sites for Kzp modulators: Keystone inhibitor site (magenta), Kop modulator pocket
(orange) (Lolicato et al., 2017), fenestration site (green) (Dong et al., 2015; Schewe et al., 2019), and
modulatory lipid site (cyan) (Lolicato et al., 2017). Extracellular ion pathway (EIP) and selectivity filter ‘C-
type’ gate are indicated. CAP is outlined in blue and shows the position of the negatively charged residues

required for the Keystone inhibitor site (sticks).
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Table 1 ICso values for RUR and Ru360

Inhibitor | Construct | ECso (UM) | n
Kzp2.1 (TREK-1) >100 3
K2p2.11110D 0.287 + 0.054 3
K2p2.1 1110E 136 +2.7 3
- K2p2.1 1110K >100
> K2p2.1 1110D/G137I 0.154 + 0.023 3
iy Kep2.1 1110D + 50 pM  0.173 +0.021 3
=] ML335
x5 Kop2.1 N147D 47.7 +6.3* 2
g X Kzp2.1 N147E 0.0733 £ 0.0165 3
K2p2.1 1110D/N147D 0.0127 +0.0023 3
K2p2.1 1110D/N147E 0.0126 + 0.0034 3
?Q
S Kep10.1 (TREK-2) [D135]* 023 + 0.06 uM
= (Braun et al., 2015)
< K2p9.1 (TASK-3) [E70]* 0.114 + 0.021 pM 3
o
= S Kep2.1(TREK-1) >100 3
3w Kyp2.11110D 11.3+1.8 3
o =
(Te) ~—
™
=)
E So
£§ Kpl0.1(TREK2)[D135]  28%12 3
o Kapo.1 (TASK-3) [E70]* 15.6 +2.7 3

n number of oocytes
Errors are SEM.

“* residue at the Kzp2.1 (TREK-1) 1110D equivalent position
** Lower bound constrained to 0.2
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