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Table S1. Physical features of the extracellular loops of the WT-OpdK protein (1).

Loops Residues (position in Total ~ Charges  Rangeof |Average B-factor”

sequence) residues the B-factor

L1 RDHDAGKSL (25-33) 9 -2/+2 54.1-65.0 60.6 £5.7

L2 LNSGRGTSNSELLPLHDDGR 23 -4/+2 44.2 - 66.4 51.3+6.4

AAD (68-90)

L3  GEMLPDIPLLRYDDGRLLPQ 20 -4/+2 19.6 - 28.5 23.4+27
(111-130)

L4 LRNSADMQDLSAWSAPTQK 22 -3/+2 24.3-35.8 30.0+28

SDG (157-178)

L5 ED (203-204) 2 -2/0 25.5-27.2 26.4+£1.2

L6 DGAARAGEI (236-244) 9 -2/+1 26.7 - 36.9 30.7+3.7

L7 GDSGWQSVYGSSGRSMGN 30 -4/+1 17.8-57.3 248+72

DMFNGNFTNADE (271-300)
L8 NATTKAGSGGK (330-340) 11 0/+2 26.6-475 36.2+7.3
L9 SFNSD (372-376) 5 -1/0 28.8-34.9 321+23

“The last two columns indicate the range of the temperature B-factor based upon the C, atoms and the
average B-factor of the fluctuating loop.
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Figure S1: Purification of P. aeruginosa OpdK used for single-channel electrical recordings. SDS-
PAGE gel showing the final sample of OpdK after cleavage of the N-terminal hepta-histidine tag by TEV
protease (Lane 1). The protein before cleavage is shown in Lane 2. The molecular weights of marker
proteins are shown on the left side (Novex Sharp Standard, Invitrogen). An amount of 3 ug OpdK
protein was loaded on each lane.
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Standard histograms of fitted current amplitudes
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Figure S2: Typical standard histograms of fitted current amplitudes, which were resulted from event-list
protocol in ClampFit software (Axon). The vertical axis represents the number of events in the respective
peak. (A) The transmembrane potential was +80 mV. The data were acquired in 1 M KCl. The conditions
were the same as in Fig. 2, the main text. The panel shows contaminations of the open O4 and Os sub-
states; (B) The transmembrane potential was -80 mV. The data were acquired in 1 M KCI. The conditions
were the same as in Fig. 3, the main text; (C) The transmembrane potential was +80 mV. The data were
acquired in 4 M KCl. The conditions were the same as in Fig. 4, the main text; (D) The transmembrane
potential was -80 mV. The data were acquired in 4 M KCI. The conditions were the same as in Fig. 5, the
main text.




Single-channel electrical trace of the WT-OpdK protein at a lower temperature
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Figure S3: The wild-type OpdK protein pore exhibits a three-state discrete channel kinetics under a
broad range of conditions. The figure show a single-channel electrical trace acquired in 2 M KCl, 10 mM
potassium phosphate, pH 7.4 at 4°C. The applied transmembrane potential was +40 mV. For the sake of
clarity, the trace was low-pass Bessel filtered at 200 Hz.

Temperature controller for single-channel electrical recordings with planar

lipid bilayers. The temperature-control experiments were carried out by using a Dagan HCC-100A
controller (Dagan Corporation, Minneapolis, MN), which was adapted to planar bilayer recordings (2;3).
The HCC-100A heats and cools an aluminum thermal stage through Peltier elements. The temperature
was computer-controlled through an external command connection via the Digidata 1322A (Axon).

Temperature was simultaneously monitored in the aluminum stage and in the bilayer chamber with
thermocouple probes.

Table S2. Properties of the loop-deletion OpdK mutants.

Loop Deleted Residues Charges Number of Salt Bridges
residues
L3 124-129 (DGRLLP) 1/-1 6 Asp124-Argl6
Arg126-Glu78
L4 166-175 (LSAWSAPTQK) 1/0 10 None
L7 281-287 (SSGRSMG) 1/0 7 Arg284-Aspll6
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Figure S4: Locations of the loop deletions examined in this work.
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Figure S5: Single-channel electrical recordings with loop-deletion OpdK mutants. (A) OpdK; (B) OpdK
AL3; (C) OpdK AL4. The single-channel electrical recordings were acquired in 2 M KCl, 10 mM
potassium phosphate, pH 8.0. The applied transmembrane potential was +40 mV. For the sake of clarity,
the electrical traces were low-pass Bessel filtered at 200 Hz.



A three-state kinetic model for the current fluctuations of the wild-type OpdK

protein.
Using standard formalisms of chemical kinetics for single-molecule fluctuations of the OpdK protein
channel (4), we have the following system of partial differential equations (5-7):

dP,
o= _k01»02 Por + kOZaOl Po2
dt
dP,
d('zz = +Ko1-,02Po1 ~Ko2501Po2 + Kos502Pos —Koz03Po2 D
dP,
d?3 = —Ko302Pos + Koz03Po2

where Po1, Poz2 and Pos are the probabilities to occupy the O3, O, and O3 sub-states, respectively. These
probabilities are defined by the following expressions (5-7):

T, N,z
p. — o _Nola _ ¢
o1 = ool
T N,,7,
Poy = 22 = —92-92 :(f01+ f03)7'02 (S2)
T T
T N,.7
Pos = -(FS = O-F 2 = fo3Tos

Here, To1, Toz and Tog are the total times occupied by the Oy, O, and O3 sub-states, respectively. No1, Noz
and Nog are the total recorded events that correspond to the Oy, O, and Os sub-states, respectively. T
indicates the total recording time. f and 7z denote the event frequency and the average dwell time for a
well-defined sub-state, respectively. The equations (S2) show two components for the O; state,
corresponding to transitions toward the O, and O3 sub-states. In other words, the well made by the O,
sub-state is flanked by two barriers for reaching the O; and O3 sub-states.

The rates for reaching the O; and O3 sub-states are just the corresponding event frequencies, which are
normalized to the Po, probability:

Kozo1 = for = for
” Poo 1= foi701 = fostos (S3)
k _ fos fos

0203 — =
Poo 1= f01701— foaTos

At equilibrium, the partial derivatives of equations (S1) are zero, since the event probabilities are
constant. Therefore,

1
k01—>02 = 2__
o1 (S4)
1
ko3—>oz =
To3

The equations (S3) and (S4) indicate that the four rates, which describe the kinetic scheme with three
open sub-states, can be calculated using the event frequencies and the average dwell times of the flanked
0O; and O3 sub-states. In addition, the equations (S3) and (S4) confirm the general rule that the average
dwell time in a particular sub-state is given by the reciprocal of the sum of the kinetic rate constants for
the transitions occurring away from that respective sub-state (3;4;8;9):

1

= (S5)

= kOZ—)Ol + k02a03
To2



Table S3: The standard free energies corresponding to various gating transitions of the OpdK protein.
(A) 1 M KCL; (B) 2 M KCI; (C) 3 M KCI; (D) 4 M KCL. The buffer solution contained 10 mM potassium
phosphate, pH 8.0. All standard free energy (AG ) values are given in kgT. Data represent averages + SDs
over a number of at least three distinct single-channel electrical recordings.

A.
U (mV) AGy 0, AGqy; 0,
-80 -2.8+0.2 -1.6+£0.1
-60 -3.4+0.2 -1.6+0.1
-40 -44+0.5 -1.5+£ 041
-20 -4.9+0.6 -1.8+£ 0.1
+20 -3.7+ 0.1 -2.0+0.1
+40 -3.4+0.2 -1.6+£0.3
+60 -3.3+£0.5 -1.8+£0.2
+80 -2.6+0.1 -1.6+0.2
B.
U (mV) AGoy 0, AGys 0,
-80 -3.0+0.2 -1.2+0.3
-60 -3.3+04 -1.1+0.3
-40 -3.6 £ 0.3 -0.8+0.5
-20 -3.7+0.1 -1.1+04
+20 -3.5+04 -1.1+£0.3
+40 -3.5+04 -0.9+0.3
+60 -3.3+0.5 -1.4+0.2
+80 -3.3+0.5 -1.4+0.2
C.
U (mV) AGyy 0, AGyy 0,
-80 -2.7+0.3 -0.9+0.5
-60 -3.3+0.1 -0.9+0.3
-40 -3.9+£0.2 -1.5+£ 041
-20 -4.0+0.3 -1.3+£041
+20 -4.2+0.3 -1.6+0.3
+40 -4.0+0.6 -1.4+£0.1
+60 -4.0+0.9 -1.3+0.1
+80 -3.6+1.1 -1.11+£0.2
D.
U (mV) AGyy 0, AGqs 0,
-80 -3.2+0.1 -04+04
-60 -3.0+ 0.1 -01+04
-40 -3.6+0.4 -0.2+0.3
-20 -3.9+0.2 -0.3+0.2
+20 -4.8+0.3 -04+0.2
+40 -4.2+0.6 -04+0.3
+60 -41+0.6 -04+0.2
+80 -4.2+0.6 -0.3+0.2




Voltage dependence of the current amplitude of the discrete single-channel transitions. The
current amplitudes of the O — O; and O, — Os transitions are voltage dependent (Fig. S1). In the range -
80 to +80 mV, both current amplitudes Io.01 (the large-amplitude current blockades) and Ios.02 (the low-
amplitude current transitions) are not linearly dependent on the applied transmembrane potential. On

the other hand, at higher KCI concentrations, the slope of the Ios.02 current amplitude is greater than the
corresponding value of the Io.03 current amplitude.
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Figure S6: Voltage dependence of the current amplitudes of the single-channel transitions observed with
the OpdK protein at various KCI concentrations. (A) 1 M KCI; (B) 2 M KCI; (C) 3 M KCI; (C) 4 M KCl.
The buffer solution contained 10 mM potassium phosphate, pH 8.0.



Figure S7: Single-channel electrical recordings with the OpdK protein in 500 mM KCl and at an applied
transmembrane potential of -80 mV. The figure shows that the number of current sub-states is conserved.
Under these conditions, the signal-to-noise ratio is low and the single-channel events are very short. This
is the major reason for which we explored the single-channel channel kinetics of OpdK in greater KCI
concentrations.
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