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Experimental procedures:

1. Ion recognition and transport activities:

Anion binding analysis by 'H-NMR titrations” > — All synthesized compounds were
dissolved in DMSO-d¢ and were used for the 'H-NMR titrations. The increasing
concentrations of tetrabutylammonium chloride (TBACI) were used as Cl ion source during
the titration. The chemical shift (Ad) of the both N-H proton of compounds were recorded
and significant extents of shift (Ad) of both N-H protons were observed for all the tested
compounds. MestReNova software was used to stack all the titration spectra of '"H NMR. The
changes in chemical shift vs concentration of Cl ion were fitted using WinEQNMR2
program (1:1 binding model). All the dissociation constant (K4) values were calculated by
taking the reciprocal of binding constant (K,; as mentioned in WinEQNMR2 program). The
following mathematical equation (Eq.-1) was used for the calculation the binding constant.

Ky — m=i vn=j SmnBmnm[M]"[L]"
cal m=14&mn=0 [M]total

Where, M represents the free, uncomplexed receptor and L is the ligand; Ocarc, 1s the weighted
average of the chemical shifts of the various M-containing species present, M,,L,, and 1 and j

represent the maximum values of m and n respectively.’

Determination of anion binding stoichiometry by Job’s plot* — A continuous variation method
of Job’s plot was adopted to determine the binding stoichiometry of the complex which was
formed during the titration of compound 1c¢ in the presence of CI ion. DMSO-dg solvent was
used to prepare the solutions of host (compound) and the guest (TBACI). During the
measurements total 10 separate NMR tubes containing the required amount of host and guest
concentrations were prepared to keep the final concentration fixed to be at 5 (M). The

chemical shift values were recorded and the changes of chemical shift of N-H proton at
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different mole fraction of the Cl ion were listed in the Table S1. The Job’s plot of compound

Ic indicates a 1:1 binding stoichiometry of the complex.

Ion transport activity studies using fluorescence based assay:

Preparation of EYPC/CHOL-LUVSHPTS" ? — To prepare the large unilamellar vesicles
(LUVs) of EYPC/CHOL-LUVoHPTS, first 50 uL of EYPC (100 mg/mL in deacidified
CHCI3) and 80 pL of cholesterol (25 mg/mL in deacidified CHCl;) were taken in a clean and
dry glass vial, so that the molar ratio of EYPC and cholesterol would be 6:4. Then, this
solution was dried by continuous purging of nitrogen gas for 5-6 hours to obtain a thin film of
lipids inside the glass vial. The dry film was then hydrated with 0.8 mL of 20 mM HEPES
buffer, pH 7.2 containing 100 mM NaCl and 1 mM HPTS for 1 hours with 8-10 times
occasional vortexing. The suspension was then passed through 14-15 cycles of freeze-thaw
(freezing with liquid N, and thawing with lukewarm water, respectively) and vortexed for
another 15 min. Next, the solution was extruded through a polycarbonate membrane (using a
mini-extruder from Avanti Polar Lipids) having pore size of 200 nm for 21-times (as it must
be an odd number), to give LUVs with a mean diameter of ~200 nm." Finally, gel filtration
(Sephadex G-50) column chromatography was performed with 20 mM HEPES buffer, pH
7.2, containing 100 mM NaCl as running solution to remove the untrapped HPTS present in
the extravesicular solution. The HPTS encapsulated LUVs were collected and the final
volume was adjusted to 0.8 mL using 20 mM HEPES buffer, pH 7.2, containing 100 mM

NacCl. The final lipid concentration obtained was 25 mM (assuming 100% lipid regeneration).

Ton transport activity across EYPC/CHOL-LUVSHPTS'" 2 — For the HPTS assay, first 2920
pL of 20 mM HEPES buffer, pH 7.2, containing 100 mM NaCl and 50 pL of the

EYPC/CHOL-LUVoHPTS were taken in a 3 mL fluorescence cuvette and the cuvette was
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placed in the fluorescence spectrophotometer (at 37 °C), fluoromax-4 spectrofluorometer
(Horiba Scientific, Singapore) under slow stirring condition. After that, compounds (10 pL of
the stock solution in DMSO) were added to the buffer. The cuvette was then kept inside the
fluorescence instrument under continuous stirring condition for 3 minutes to allow maximum
incorporation of the compounds into the lipid bilayers. The HPTS fluorescence intensity was
monitored (t = 0 sec) at 510 nm (Ax = 450 nm). Subsequently, 20 pL. of NaOH (0.75 M)
solution was added into the cuvette after 50 sec to create a pH gradient (ApH = ~ 0.6)
between the extra and intra-vesicular regions and to initiate the Cl transport kinetics. After
450 sec the kinetic experiment was terminated by adding 20 puL of 20% Triton-X100 solution
(to rupture the vesicular arrangements) into the cuvette and the fluorescent measurements

were continued for another 50 sec (t = 500 sec).

Quantitative measurement of transport activity from HPTS assay" > — The fluorescence
emission intensities of the HPTS dye were normalized and the intensities appearing at t = 0
and t = 500 s were taken as 0 and 100 units, respectively. The normalized fluorescent
intensities (FI) at t =450 s (prior to the addition of Triton X-100) were considered to measure

the transport activity of the compounds.

Fe—Fo
(Feo—Fop)

i.e. Transport activity, Typrs = x100% L Eq.-2

Where, F; = fluorescence intensity at t = 450 s (prior to the addition of Triton X-100), Fy =
fluorescence intensity immediately before the addition of the NaOH (t = 0 s) and F., =
fluorescence intensity after addition of Triton X-100 (i.e. at saturation after complete leakage

att= 500 s).
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Ion transport activity studies using ion selective electrode based assay:

5.2.1. Chloride ion efflux studies using chloride ion selective electrode (chloride ISE)> ¢ —
The extent of chloride ion efflux from the liposomes was measured using a chloride selective
electrode (chloride ISE from Thermo Scientific™ Orion™). Filling solution was also poured
inside the electrode up to the mark prior to the calibration of the chloride ISE. The chloride
selective electrode was calibrated prior to each experiment, using known concentrations of
NaCl solution (1 ppm, 10 ppm and 100 ppm of aq. NaCl). Chloride concentration (ppm)
appearing in the display of the ion meter was set in the continuous mode for the kinetic

experiments.

Preparation of EYPC/CHOL-LUV™ ¢ — The LUVs were prepared according to the method
mentioned in section 5.1.1. Briefly, 66 pL of EYPC (100 mg/mL in deacidified CHCl3) and
40 pL of cholesterol (25 mg/mL in deacidified CHCls) were collected in a glass vial. The
molar ratio of EYPC and cholesterol for LUVs was 8:2. Then, this solution was dried by
continuous purging of nitrogen gas for 6 hours to obtain a thin film of lipids inside the glass
vial. The dry film was then hydrated with 0.8 mL of 20 mM phosphate buffer, pH 7.2
containing 100 mM NacCl for 1 hours with 8-10 times occasional vortexing. The suspension
was then passed through 14-15 cycles of freeze-thaw and vortexed for another 15 min. This
suspension was allowed to sit for additional 30 min at room temperature. Next, the solution
was extruded through a polycarbonate membrane having pore size of 200 nm for 21-times, to
give LUVs with a mean diameter of ~200 nm. Finally, dialysis was performed with 20 mM
phosphate buffer, pH 7.2, containing 100 mM NaNOs; (iso-osmolar with the NaCl buffer) as
external solution to remove NaCl present in the extra vesicular solution. The chloride-

encapsulated LUVs were collected from the dialysis bag and the final volume was adjusted to
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0.8 mL using 20 mM phosphate buffer, pH 7.2, containing 100 mM NaNOs. The final lipid

concentration obtained was 25 mM (assuming 100% lipid regeneration).

Chloride efflux study across EYPC/CHOL-LUV> ¢ — In this experiment, 4.94 mL of 20 mM
phosphate buffer, pH 7.2, containing 100 mM NaNOj and 50 pL of the EYPC/CHOL-LUV
were taken in a glass vial. Then the chloride electrode was immersed into the vesicle solution
under mild stirring condition (using external magnetic stirrer) for 3 min. The chloride efflux
was monitored (t = 0 sec) using an ion meter. The compounds (10 pL of the stock solution in
DMSO) were added (at t = 50 sec) into the vesicle solution to initiate the Cl transport
kinetics. The kinetic experiment was terminated after 500 sec by adding 20 pL of 20%

Triton-X100 solution into the vesicle solution (to rupture the vesicular arrangements).

Quantitative measurement of transport activity from chloride ISE assay” ¢ — The chloride
efflux efficiency of the compounds were normalized and the intensities appearing at t = 0 and
t = 700 s were taken as 0 and 100 units, respectively. The normalized chloride efflux
efficiencies (EE) at t = 500 sec (prior to the addition of Triton X-100) were also considered

for the measurement of transport efficacy of the compounds.

EE;—EEq

—t -0 0
e X100%

i.e. Chloride ef flux ef ficiency, EEcnioride =
Eq.-3

Where, EE; = chloride efflux efficiency at t = 500 s (prior to the addition of Triton X-100),
EE, = chloride efflux efficiency immediately before the addition of the compound (t = 0 s)
and EE, = chloride efflux efficiency after addition of Triton X-100 (i.e. at saturation after

complete leakage at t =700 s).
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Ion selectivity studies:

Ion selectivity studies of the compounds were performed using HPTS assay with applied pH
gradient as discussed in the section 5.1.2. The EYPC/CHOL-LUVoHPTS were prepared
following a similar method as described in the previous section. Required amount of solid
HEPES and the salts of either MCI or NasA (LiCl, NaCl, KCI, CaCl,, and MgCl,, NaBr, Nal,
NaNO3, NaOAc) were dissolved in Milli-Q water to attain a final concentration of 20 mM
and 100 mM, respectively. The pH of the solution was adjusted to 7.2 by drop wise addition

of 1 M NaOH solution.

Cation selectivity studies" > > — In this assay, 2920 pL of 20 mM HEPES buffer of pH 7.2,
containing 100 mM of MCI salt (where M = Li’, Na', K", Ca2+, and Mg2+) and 50 pL of the
EYPC/CHOL-LUVoHPTS were taken in a 3 mL fluorescence cuvette. To this solution 10 pLL
stock solution of the compound in DMSO was added. The cuvette was then kept inside the
fluorescence instrument for 3 min under continuous stirring condition for equilibration. Then
the HPTS fluoresce measurement (A= 510 nm and A = 450 nm) was started (t = 0 sec) and
after 50 sec, 20 uL of MOH (0.75 M) solution was added into the cuvette to initiate the CI
ion efflux kinetics and the fluorescence emission of HPTS dye was monitored. The kinetic
experiment was terminated by the addition of 20 pL of Triton X-100 (20%) in the cuvette at t
= 450 sec (to lyse the vesicles) and the fluorescence measurements were continued for
another 50 sec (t = 500 sec). The fluorescence emission intensities (Y axis) of the HPTS dye

att=0and t = 500 s were normalized to 0 and 100 units, respectively.

Anion selectivity assayl’ %5 — Anion selectivity assay was also performed using HPTS assay

as described in the above section 5.1.2. In this assay, 100 mM of NayA salt solution (where A
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=Cl,Br,I,NO; and OAc ; x = valency) was taken as external buffer. In all cases NaOH

was used to initiate the transport kinetics.

Determination of the pK, values using UV-Vis Spectrophotometer™ ’:

The pK, values of compounds in aqueous solution were measured by monitoring the changes
in absorbance of the compounds at different pH. The UV-Vis spectra of the compounds were
recorded in a Perkin-Elmer Lambda 25 UV-Visible spectrophotometer and the pH
measurements were performed using a HI 2210 pH meter (HANNA Instruments) at 298 K.
The stock solutions of compounds were prepared in DMSO (5 mM) and appropriately diluted
using 9:1 DMSO/H;0 (v/v) solution containing 0.1 M NaCl to obtain a 0.5 mM solution of
the compound. The pH of the solutions was varied from 4 to 10. The solutions were adjusted
to acidic and basic pH using 0.1M HCI (in 0.1 M aq. NaCl) and 0.1M NaOH (in 0.1 M agq.
NaCl) solutions, respectively. The absorbance values at the wavelength (nm) at which the
maximum changes were observed were plotted against the log[pH] values. The pK, values

were determined from the sigmoidal curves obtained from the plot of log[pH] vs. absorbance.

Chloride efflux studies at different pH using ISE>:

The chloride efflux efficiency of the potent compounds was measured at different pH using
ISE. The EYPC/CHOL-LUVs were prepared following a similar method as described in the
above section using 20 mM phosphate buffer containing 100 mM NaCl at different pH (pH
7.2 and pH 5.5). The LUVs were first dialyzed against 100 mM NaNOj; (iso-osmolar with the
NaCl buffer) in 20 mM phosphate buffer of appropriate pH. Then, the chloride efflux
efficiency of the compounds was measured according to the above mentioned method for
both the buffer solutions at different pH (same pH buffer was used in both extra and intra-

vesicular solution).
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Measurement of half maximal effective concentrations (ECsg) of the compounds at different
pH from chloride efflux studies’ — The chloride efflux efficiency at various concentration of
compounds were measured at different pH (either pH 7.2 or pH 5.5) to determine the ECsg
values (i.e. half maximal effective concentration). The efflux efficiency (Y axis) obtained
from the chloride ISE measurements were normalized [t = 0 to t = 700 s (X axis)]. The
normalized efflux efficiency (EE) values at t = 500 s (prior to the addition of Triton X-100)
were considered as the transport activity of the compounds. The efflux efficiency (EE) of a
compound at a particular concentration was determined by using the equation Eq.-2. To get
the effective concentration (ECsp) of the compound, the chloride efflux efficiency values
were plotted against concentration (mol% with respect to lipid) and fitted in the sigmoidal
equation.

Chloride Ef flux Ef ficiency,

EEx— EEj
[1+ 10(logE650—logc)n]

EE = EE, +

Here, EE( and EE,, correspond to the efflux efficiency obtained at the lowest and at highest
concentrations of the compound, respectively. The ‘c’ represents concentration (mol% with
respect to lipid) of the compounds. During calculations the ISE data were subtracted from the
control experiment. The number of molecules required for the efflux and/or influx of a single

ion is given by ‘n’ and it is the Hill coefficient for the compound.

Evidence for the HCI co-transport:

HPTS assay without applying any pH gradient’ — First 2940 pL of 20 mM HEPES buffer, pH
7.2, containing 100 mM NaX, (where, X~ = CI", Br, I, NO;~ and SO4%) and 50 pL of the
EYPC/CHOL-LUVoHPTS were taken in a 3 mL fluorescence cuvette and the cuvette was

placed inside the fluorescence spectrophotometer at 37 °C under mild stirring condition. After
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that the HPTS fluorescence intensity was monitored (from, t = 0 sec) at 510 nm (A = 450
nm). The compounds (10 pL of the stock solution in DMSO) were added to the solution to
initiate the Cl transport kinetics. After 400 sec the kinetic experiment was terminated by
adding 20 pL of 20% Triton-X100 solution (to rupture pH gradient completely) and the
fluorescence measurements were continued for another 50 sec (t = 500 sec). Similar

experiments were performed at pH 5.5 using citrate buffer containing 100 mM salt.

Ion transport activity in the presence of FCCP (FCCP assay)z’ ¥ — The vesicles were prepared
by following the same procedure as discussed in the section 5.1.1. The ion transport activity
was measured in the absence and presence of FCCP (H" selective transporter). First 2920 uL
of 20 mM HEPES buffer, pH 7.2, containing 100 mM NaCl and 50 pL of the EYPC/CHOL-
LUVoHPTS were taken in a 3 mL fluorescence cuvette and the cuvette was placed in the
fluorescence spectrophotometer at 37 °C under mild stirring condition. After that, the
compound (8 pL of the stock solution in DMSO) and 2 pL of FCCP solution in DMSO (4
uM) were added to the solution. The cuvette was then kept inside the fluorescence instrument
under stirring condition for 3 minutes to allow maximum incorporation of the compounds
into the lipid bilayers. After that the HPTS fluorescence intensity was monitored (t = 0 sec) at
510 nm (Aex = 450 nm). Subsequently, 20 pL of NaOH (0.75 M) solution was added into the
cuvette after 50 sec to create a pH gradient (ApH = ~ 0.6) between the extra and intra-
vesicular regions and to initiate the Cl transport kinetics. After 450 sec the kinetic
experiment was terminated by adding 20 uL of 20% Triton-X100 solution (to rupture the
vesicular arrangements) into the cuvette and the fluorescent measurements were continued
for another 50 sec (t = 500 sec). The control experiment was performed in the absence of

FCCP also.
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Ton transport activity in presence of Valinomycin (Valinomycin assay)™ * — The vesicles were
prepared by following the exact same procedure as discussed in the above section. The ion
transport activity was measured in the absence and presence of valinomycin. First 2920 pL of
20 mM HEPES buffer, pH 7.2, containing 100 mM KCI and 50 pL of the EYPC/CHOL-
LUVoHPTS were taken in a 3 mL fluorescence cuvette and the cuvette was placed in the
fluorescence spectrophotometer at 37 °C under mild stirring condition. After that, the
compound (8 pL of the stock solution in DMSO) and 2 pL of Valinomycin solution in DMSO
(4 nM) were added to the solution. The cuvette was then kept inside the fluorescence
instrument under stirring condition for 3 minutes to allow maximum incorporation of the
compounds into the lipid bilayers. After that the HPTS fluorescence intensity was monitored
(t =0 sec) at 510 nm (Aex = 450 nm). Subsequently, 20 uL of NaOH (0.75 M) solution was
added into the cuvette after 50 sec to create a pH gradient (ApH = ~ 0.6) between the extra
and intra-vesicular regions and to initiate the Cl transport kinetics. After 450 sec the kinetic
experiment was terminated by adding 20 pL of 20% Triton-X100 solution (to rupture the
vesicular arrangements) into the cuvette and the fluorescent measurements were continued

for another 50 sec (t = 500 sec).

U-Tube experiment for HCI cotransport™ * — In the U-tube experiment CHCl; solvent,
segregating the two aqueous phases was used to mimic the lipid bilayer. For the
measurements of ion transport efficacy of the compounds, at first 0.2 mM solution of the
compounds dissolved in CHCI; (20 mL) was placed in a U-tube (1.5 cm cone with 15 cm arm
length). A tiny magnet was placed into the CHClI; solution to maintain the equilibrium in the
organic phase solution. Then, the left arm of the U-tube was filled with 10 mL of 100 mM
aqueous HCI solution (pH = 1.2) and the right arm was filled with 10 mL of 100 mM aqueous

NaNOj solution. The changes in pH along with CI ion concentration in the right arm
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aqueous solution of U-tube was measured time to time by employing pH meter and ISE,
respectively (up to 70 hours). The changes of pH and Cl concentrations at the right arm
aqueous solution of the U-tube confirmed the transport of HCI from the left arm to the right

arm.

Evidence for the carrier mechanism:

Preparation of DPPC-LUVolucigenin® — For the preparation of DPPC-LUVolucigenin, first
50 pL of DPPC (100 mg/mL stock in de-acidified CHCls) was taken in acid washed clean and
dry glass vial and the organic solvent was removed under reduced pressure for 6 hours at
room temperature. The dry thin film was then hydrated with 500 uL of 20 mM HEPES
buffer, pH 7.2, containing 100 mM NaNO; and 1 mM lucigenin. The solution was then
vortexed for 20 min at room temperature and sonicated for 30 min at 50 °C. After that, the
solution was subjected to freeze-thaw cycle for 13-14 times. The vesicle solution was then
extruded through a polycarbonate membrane having pore size of 200 nm for 21-times.
Finally, gel filtration (Sephadex G-50) column chromatography was performed with 20 mM
HEPES buffer, pH 7.2, containing 100 mM NaNO; as running solution to remove free
lucigenin present in the extravesicular solution. The final volume of the collected vesicle
solution was adjusted to 500 uL with 20 mM HEPES buffer pH 7.2 containing 100 mM

NaNO:s. The final lipid concentration was 14 mM (assuming 100% lipid regeneration).

Transport activity across DPPC-LUVolucigenin (DPPC-lucigenin assay)™ * — The transport
activity of the compounds using this DPPC-lucigenin assay was measured using fluorescence
spectrophotometer. In this assay, 2890 uL of 20 mM HEPES buffer, pH 7.2, containing 100
mM NaNO; and 50 pL of the DPPC-LUV>lucigenin were taken in a 3 mL fluorescence

cuvette. After that, 50 uL of NaCl solution (stock solution of 2 M) was added to the cuvette..
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The kinetic experiment was started (at t = 0 s) and lucigenin fluorescence emission was
monitored at 506 nm (excited at 455 nm). The cuvette was then kept under stirring condition
and the chamber temperature was set to 25 °C. After 50 sec, compound (10 pL. of DMSO
stock solution of the compound) was added to initiate the Cl influx kinetics. Finally, to
terminate the kinetic experiment, the vesicles were lysed by adding 20% Triton X-100 (20
pL) in the cuvette at t = 450 sec and fluorescent measurements were continued for another 50
sec (t = 500 sec). A similar measurement was performed to investigate the transport
efficiency of the compound at 45 °C. The time-dependent lucigenin fluorescence plot was
fitted with 1% order exponential decay equation to calculate the half-life and initial rate at

different temperatures.

Studies on the Stability of HPTS encapsulated vesicles in the presence of compounds:

Test for the leaching-out of the compounds from the membrane bilayer environment® — To
examine whether the compounds get leached out during the transport activity measurement
under the vesicular environment the leaching test was performed. It is hypothesized that if the
transporters leached out from the membrane bilayer environment to the aqueous medium then
transport efficiency of the compounds will be greatly affected (reduced) by the dilution of the
vesicular solution. Whereas, dilution factor will not affect the transport efficiency if the
transporters are localized inside the bilayer environment. In this assay, various concentration
of EYPC/CHOL-LUVoHPTS vesicles in 20 mM HEPES buffer, pH 7.2 containing 100 mM
NaNOs; (final concentration of the vesicles were 300 pM, 400 uM, 500 pM and 600 uM)
were taken in a 3 mL fluorescence cuvette. Consequently, 10 pL DMSO solution of the
compound was added to the cuvette (to maintain a fixed anionophore/lipid ratio in all cases).
The cuvette was then kept inside the fluorescence instrument under continuous stirring

condition for 3 minutes for maximum incorporation of the compounds into the vesicles and
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the HPTS assay was performed as mentioned earlier. The kinetic experiments showed no
change of transport activity in four different lipid concentrations for compound, confirming

the non-leaching property of the anionophores.

Calcein leakage assay’ — The vesicles were prepared by following the same procedure as
discussed in the section 5.1.1, where 50 mM calcein was used for the vesicle preparation
instead of 1 mM HPTS. The phosphate and citrate buffers were used for the preparation of
EYPC/CHOL-LUVo>ocalcein at pH 7.2 and 5.5, respectively. Sodium nitrate solution (100
mM) was used as running solution. First, 2940 pL of 20 mM phosphate buffer, pH 7.2,
containing 100 mM NacCl and 50 pL of the EYPC/CHOL-LUV>calcein were taken in a 3 mL
fluorescence cuvette and the cuvette was placed in the fluorescence spectrophotometer at 37
°C under slow stirring condition. The cuvette was then kept inside the fluorescence
instrument under stirring condition for 3 minutes to allow maximum incorporation of the
compounds into the lipid bilayers. The calcein fluorescence intensity was monitored (t = 0
sec) at 520 nm (Aex = 490 nm). Subsequently, 10 pL of the compound (stock solution in
DMSO) was added to the solution and the change in calcein fluorescence intensity was
measured. After 450 sec the kinetic experiment was terminated by adding 20 pL of 20%
Triton-X100 solution (to rupture the vesicle completely) into the cuvette and the fluorescent

measurements were continued for another 50 sec (t = 500 sec).

Determination of the apparent pKa of the compounds within the membrane bilayer using ion
selective electrode’:

The pH-dependent (pH from 4-9) chloride efflux efficiency of the compounds were measured
using ISE. The EYPC/CHOL-LUVs were prepared following a similar method as described

in the above section 5.2.2 using 20 mM phosphate buffer containing 100 mM NaCl at various

S15



pH (9.0, 8.2, 7.2, 6.2, 5.5, 5.0 and 4.0), independently. The prepared LUVs were dialyzed
against 100 mM NaNOj (iso-osmolar with the NaCl buffer) in 20 mM phosphate buffer of the
appropriate pH. The chloride efflux efficiency measurements were performed according to
the above mentioned method for all the pH solutions (same pH buffer was used in both extra

and intra-vesicular solution).

Density functional theory (DFT) studies:

The density functional theory (DFT) is recognized as one of the most successful approaches
in analyzing the structural and electronic properties of molecules and their interacting
systems. Investigation of various non-covalent interactions like hydrogen bond and charge
distribution of the molecules or atom are widely used. We performed DFT analysis (using the
Gaussian 09 program) to explore the stability of compound-Cl ion complex and interacting
patterns of compound with the Cl ion where the molecule 1d behave as host and the chloride
ion behave as guest molecules in the complex system. All the considered electronic structure
were fully optimized at B3LYP/6-31+G(d) and B3LYP/6-31++G(d,p) level of theories using

Gaussian 09 program package.” '* !

The analysis showed that the CI ion interacts with
neutral, monoprotonated and diprotonated compound. The interatomic bond distance [7 (CI --
--H)] and the interaction energies were tabulated (Table S3). The interaction energies as well
as the numbers of effective hydrogen bonds with the Cl ion are increasing with increasing
the protonation at the benzimidazole moiety which strongly support its higher ion recognition
capability and also support the role of the additional proton in the benzimidazole moiety.
These results strongly support the ion recognition and transport capabilities of these

compounds both in neutral and acidic conditions. Similar calculations were also performed

for compound 2 and the calculated bond distances as well as the interaction energy were
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tabulated in Table S3. The DFT calculations with two different levels indicate that the level of

the calculations does not affect the trend of the results as clear from Table S3.

Biological Activity Studies:

MTT-based cytotoxicity assay — BHK-21, MCF-7 and T-47D cells were seeded in a 96-well
flat bottom tissue culture plates at a density of 10° cells/well (per 100 pL). The cells were
incubated at 37 °C and 5% CO, for 16 h. The media was discarded and each well was washed
with PBS." * 2 The compounds were added with media to each well in different
concentrations and incubated for 24 h. After that incubation, 10 uL of MTT solution (5 mg
MTT/mL of PBS) was added and cells were incubated for 4 h. MTT containing media was
removed from each well and 100 pL. of DMSO was added (in each well) to dissolve the
formazan crystals. The absorbance was recorded in a microplate reader (Multiskan™ GO) at
the wavelength of 570 nm. All experiments were performed in triplicate, and the relative cell

viability (%) was expressed as a percentage relative to the untreated cells.

Chloride mediated cell death studies — MTT assay was performed using HBSS (Hank’s
balanced salt solution) buffer in the absence and presence of ClI' ion. T-47D cell line was
selected for this study. Cells were maintained and prepared according to the mentioned
method."* '* Cell culture media was replaced by HBSS buffer (either with C1~ or without CI~
ion) containing 10% FBS. Compound was added to each well in different concentration and
incubated for 24 h. After that HBSS buffer solution was replaced by MTT-DMEM mixture
and incubated for additional 4 h. MTT containing media was removed from each well and
100 pL of DMSO was added (in each well) to dissolve the formazan crystals. The absorbance
was recorded in a microplate reader (Multiskan™ GO) at the wavelength of 570 nm. All

experiments were performed in triplicate, and the relative cell viability (%) was expressed as
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a percentage relative to the untreated cells. We also performed MTT assay in the absence and
presence of compounds at pH 6.5 using HBSS buffer containing ClI™ ion and10% FBS using

MCF-7 cell line. The incubation time was 8 hours.

Hank's balanced salt solution with Cl™ ion was prepared using 136.9 mM NacCl, 5.5 mM KClI,
0.34 mM Na,HPO,, 0.44 mM KH,PO4, 0.81 mM MgSO4, 1.25 mM CaCl,, 5.5 mM D-
glucose, 4.2 mM NaHCO; and 10 mM HEPES (pH 7.4).

Hank's balanced salt solution without Cl™ ion was prepared using 136.9 mM Na-gluconate,
5.5 mM K-gluconate, 0.34 mM Na,HPO,, 0.44 mM KH,PO,4, 0.81 mM MgSQO,4, 1.25 mM

Ca-gluconate, 5.5 mM D-glucose, 4.2 mM NaHCO; and 10 mM HEPES (pH 7.4).
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Figure S1: *H NMR (600MHz) titration spectra for compound 1a with sequential addition of
TBACI in DMSO-dg solvent. The amounts of added TBACI are shown on the spectra (A).
Plot of concentration of TBACI vs chemical shift of *H signal, fitted to 1:1 binding model of
WINnEQNMR?2 program (B).
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Figure S2: 'H NMR (600MHz) titration spectra for compound 1d with sequential addition of
TBACI in DMSO-dg solvent. The amounts of added TBACI are shown on the spectra (A).
Plot of concentration of TBACI vs chemical shift of *H signal, fitted to 1:1 binding model of
WINnEQNMR?2 program (B).
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Figure S4: 'H NMR (600MHz) titration spectra for compound 3 with sequential addition of
TBACI in DMSO-dg solvent. The amounts of added TBACI are shown on the spectra (A).
Plot of concentration of TBACI vs chemical shift of *H signal, fitted to 1:1 binding model of

WINnEQNMR?2 program (B).

S22



Table S1: Calculation and Result table for Job’s plot analysis.

Sample Host Guest | [H] + [G] [H)/ o of Ad {[H]/
No. conc. conc. (M) ([H]+[G | proton ([H]
(HI, M) | ([G], M) )] +[G])}*Ad
JB-1-1d 0.5 45 5.0 0.1 11.33 | 0.22 0.022
JB-2-1d 1.0 4.0 5.0 0.2 11.31 | 0.2 0.04
JB-3-1d 15 35 5.0 0.3 11.27 | 0.16 0.048
JB-4-1d 2.0 3.0 5.0 0.4 11.24 | 0.13 0.052
JB-5-1d 2.5 2.5 5.0 0.5 11.22 | 0.11 0.055
JB-6-1d 3.0 2.0 5.0 0.6 11.19 | 0.08 0.048
JB-7-1d 35 15 5.0 0.7 11.17 | 0.06 0.042
JB-8-1d 4.0 1.0 5.0 0.8 11.14 | 0.03 0.024
JB-9-1d 45 0.5 5.0 0.9 11.13 | 0.02 0.018
JB-10-1d 5.0 0.0 5.0 1.0 11.11 | 0.00 0.00
0.06 =
-9
0.054 -6 Ny
b o,
r N\
0.04 - .}.’ .\
/ AY
5 / \
% 0.034 / \
o / \
* °
< 0.024
z Y
0.01 '
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0.00 - ®
0.0 072 0?4 0?6 ) 078 ‘IfO
[H1/([H] + [G])

Figure S5: Job’s plot for the compound 1c (according to the Table S1).
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Figure S6. Representations of HPTS fluorescence based ion transport Kinetics using
EYPC/CHOL-LUVoHPTS.

1 I ) I ) I
100 ——
8ol 32 1alb1cld 4 i
= 60
- o -
v Lot
N iy
= | // 1
£ .
= 40} y .
Zo -:T—.-—’-
1 / ]
[o] B _
1 " | 1 1 \ | " 1 N |
0 100 200 300 400 500

Time (s)
Figure S7. Transmembrane CI™ ion transport activity of the bis(benzimidazole) derivatives

(1-3) as measured by HPTS assay at pH 7.2. Compound concentration = 5 mol% with respect
to lipid.
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Figure S8. Transmembrane CI™ ion transport activity of the bis(benzimidazole) derivatives
(1c and 1d) as measured by HPTS assay at pH 7.2. Compound concentration = 5 mol% with

respect to lipid.
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Figure S9. Absorbance spectra of compound 1a (0.5 mM) at different pH in 9:1 DMSO/H,0
(v/v) solution containing 0.1 M NaCl (A). Comparison plots of absorbance at 295 nm at
different pH (B).
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Figure S10. Absorbance spectra of compound 1b (0.5 mM) at different pH in 9:1
DMSO/H,0 (v/v) solution containing 0.1 M NaCl (A). Comparison plots of absorbance at

293 nm at different pH (B).
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Figure S11. Absorbance spectra of compound 1c (0.5 mM) at different pH in 9:1
DMSO/H,0 (v/v) solution containing 0.1 M NaCl (A). Comparison plots of absorbance at

294 nm at different pH (B).
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Figure S12. Absorbance spectra of compound 1d (0.5 mM) at different pH in 9:1
DMSO/H,0 (v/v) solution containing 0.1 M NaCl (A). Comparison plots of absorbance at
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Figure S13. Absorbance spectra of compound 2 (0.5 mM) at different pH in 9:1 DMSO/H,0
(v/v) solution containing 0.1 M NaCl (A). Comparison plots of absorbance at 250 nm at
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Figure S14. Absorbance spectra of compound 3 (0.5 mM) at different pH in 9:1 DMSO/H,0
(v/v) solution containing 0.1 M NaCl (A). Comparison plots of absorbance at 295 nm at

different pH (B).
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Figure S15. Absorbance spectra of compound 4 (0.5 mM) at different pH in 9:1 DMSO/H,0
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Figure S16. Chloride ion efflux capability of compound 1c (0.5 mol% with respect to lipid)
atpH5.5and 7.2.
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Figure S17. Chloride ion efflux capability of compound 1d (0.5 mol% with respect to lipid)
atpH 6.2 and 7.2.
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Figure S18. Chloride ion transport assays of compound 1a by chloride ion selective electrode
using EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C).
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Figure S19. Chloride ion transport assays of compound 1b by chloride ion selective electrode
using EYPC/CHOL-LUVs at pH 7.2.
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Figure S20. Chloride ion transport assays of compound 1c by chloride ion selective electrode
using EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C).
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Figure S21. Chloride ion transport assays of compound 1d by chloride ion selective electrode

using EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C).
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Figure S22. Chloride ion transport assays of compound 2 by chloride ion selective electrode

using EYPC/CHOL-LUVs at pH 7.2.
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Figure S23. Chloride ion transport assays of compound 3 by chloride ion selective electrode

using EYPC/CHOL-LUVs at pH 7.2.
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Figure S24. Chloride ion transport assays of compound 4 by chloride ion selective electrode
using EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C).
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Figure S25. Chloride ion transport assays of compound 5 by chloride ion selective electrode

using EYPC/CHOL-LUVs at pH 7.2.

The chloride influx-efflux process through membrane in the solution is an equilibrium process.
Several experiments showed that synthesized compounds follow carrier mechanism. To get 100%
chloride efflux, the liposome membrane supposed to be completely destroyed. Particularly, calcein
assay shows that our compound does not destroy the membrane. However, the initial blast may be due

to higher chloride efflux ability by the compounds at higher concentration.
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Figure S26. Concentration dependent CI™ ion transport activity of compound la across
EYPC/CHOL-LUVs at pH 55 (A), 6.2 (B) and 7.2 (C). The transport efficacy of the

compound 1a was measured using chloride ion selective electrode.
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Figure S27. Concentration dependent CI™ ion transport activity of compound 1b across
EYPC/CHOL-LUVs at pH 7.2. The transport efficacy of the compound 1b was measured

using chloride ion selective electrode.
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Figure S28. Concentration dependent CI™ ion transport activity of compound 1c across
EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C). The transport efficacy of the

compound 1c was measured using chloride ion selective electrode.
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Figure S29. Concentration dependent CI~ ion transport activity of compound 1d across
EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C). The transport efficacy of the

compound 1d was measured using chloride ion selective electrode.
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Figure S30. Concentration dependent CI™ ion transport activity of compound 2 across
EYPC/CHOL-LUVs at pH 7.2. The transport efficacy of the compound 2 was measured

using chloride ion selective electrode.
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Figure S31. Concentration dependent CI™ ion transport activity of compound 3 across
EYPC/CHOL-LUVs at pH 7.2. The transport efficacy of the compound 3 was measured

using chloride ion selective electrode.
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Figure S32. Concentration dependent CI™ ion transport activity of compound 4 across
EYPC/CHOL-LUVs at pH 5.5 (A), 6.2 (B) and 7.2 (C). The transport efficacy of the

compound 4 was measured using chloride ion selective electrode.
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Figure S33. Concentration dependent CI™ ion transport activity of compound 5 across

EYPC/CHOL-LUVs at pH 7.2. The transport efficacy of the compound 5 was measured

using chloride ion selective electrode.

Table S2. The CI™ ion transport activities of the potent compounds under liposomal

environment at various pH.

ECso (Mol%)?
pH 7.2 pH 6.2 pH55
la 0.829 0.433 0.096
1c 0.776 0.399 0.087
1d 0.762 0.360 0.086
4 0.860 0.471 0.101

®ECx of the compounds were calculated at 450 sec after the addition of the compounds.
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Figure S34. Schematic representation of fluorescence based cation transport activity assay

using EYPC/CHOL-LUVsDHPTS.
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Figure S35. Schematic representation of fluorescence based anion transport

using EYPC/CHOL-LUVsDOHPTS.
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Figure S36. Cation (A and C) and anion (B and D) selectivity of compound 1c and 1d,

respectively as measured by HPTS assay at pH 7.2.
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Figure S37. Anion selectivity of compound 1c (A and C) and 1d (B and D) at pH 5.5 and 7.2

(5 mol% with respect to lipid) was measured across EYPC/CHOL-LUV-oHPTS without

applying any pH gradient.
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Figure S38. Comparison of ion transport activity of compound 1c in the presence and
absence of FCCP both at pH 5.5 (A) and 7.2 (C). Comparison of ion transport activity of
compound 1d in the presence and absence of valinomycin (Val) both at pH 5.5 (B) and 7.2

(D).
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Figure S39. Representations of lucigenin fluorescence based ion transport Kinetics using
EYPC/CHOL-LUV> lucigenin.
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Figure S40. Measurement of the H*/ CI™ transport efficacy by the compound 1c (0.1 mM)
using a chloride ion selective electrode across a U-tube in the presence of HCI gradient (A).
Temperature dependent lucigenin assay to demonstrate the carrier-mechanistic pathway of

CI™ ion transport activity by the compound 1c (0.5 mol%) across DPPC-LUV>lucigenin (B).
Control experiment with DPPC-LUV>lucigenin (C).

Table S3. Calculated half-life and initial rate of CI™ transport activity of compounds across
DPPC-LUVolucigenin at different temperatures.

Entry Half-life (s) Initial rate (s™)

1c (25 °C) 132.07 £1.12 0.0053 + 0.0008
1c (45 °C) 23.24+0.39  0.0298 + 0.0054
1d (25 °C) 211.4+153  0.0033 +0.0003
1d (45 °C) 25.77 +0.58  0.0269 + 0.0029
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Figure S41. Leaching experiment for compound 1d at transporter to lipid ratio of 0.001
mol%.
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Figure S42. Extent of calcein leakage from the EYPC/CHOL-LUV>ocalcein with time in the
presence of compounds (0.5 mol%) at pH 5.5 (A) and 7.2 (B). After time t = 50, DMSO
solutions of compounds or DMSO (blank) was added, and the fluorescence intensity (Aex =

490 nm, Aem = 520 nm) was recorded. After t= 450 sec the LUVs were lysed using triton-
X100.
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Table S4: Optimized structure of considered compounds at neutral, monoprotonated and
deprotonated states at B3LYP/6-31+G(d) and B3LYP/6-31++G(d,p) level of theories.

IE and IE and
B3LYP/6-31+G(d) r (Cl-- B3LYP/6-31++G(d,p) r (Cl----
H) H)
3 :gh 64.58 ,.‘_:Ja 65.08
; "f \ -9 a=2474 »d fs a=2.474
N &
.9® o? ::0): g#’ fj b=2259 , @ ;’,,d: 0’ ff‘, b=2.259
o, v oo P 29 v @0
Pag ‘8 .,*J, *{ c=2.270 2 ,J)‘ ,\a‘da’ Q“", c=2.270
9 9 9
d=2497 1d (No Protonation) d=2.497
129.16 130.20
a=2.672 a=2.669
b =2.256 b=2.256
€ =2.263 €=2.256
d=2.193 d=2.192

1d (Mono-Protonation)

1d (Mono-Protonation)
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9
2 3 193.58 2 @ 194.88
. b
. @ }J", a=2.342 , 00 e a=2.340
. ! F . ]
s ‘;" 94, “‘.J’f‘j , b=2175 | @ .«“,3:'5. o%99 , b=2176
S d & f{ c=2.187 j“/‘ R de c=2.188
d=2.353 d=2.351
1d (Di-Protonation) 1d (Di-Protonation)
41.72 42.16
: ; 9 3 2 ? ; " J‘ 2
P °9 ,, — o @ e ? _
?%9e ] 2 2 a=2.330 9%y @ el a=2.330
[ o - 2o 0"
’ 1'12‘{"1 397e%9" popges Ce%e’l T T e b=2.167
L c=3.386 - c=3.385
2 (No Protonation) 2 (No Protonation)
, ’ s 109.85 . 111.07
‘ / ? " ) 9 ’ 9
‘09, g 909 29 P90 379 9d g Y9090 g 29 am3 725
.9 : ’,.J‘J.‘, S ‘Q, o J ‘.J'J.,.“a,
e L 3TN b=2.044 8 SR IR TR 4 b=2.043
- ¢=2.098 @ ¢=2.099
2 (Mono-Protonation) 2 (Mono-Protonation)
9 161.18 3 162.36
? Y 9 Y S
& 2 ‘9w, 2 - w2 9% j -
. 99, 3 3leda a=2.287 ? "..‘.‘J{f‘v a=2.287
Yo%’ T 3T pmigso 9% DS U porgss
- ¢=3.035 L c=3.036
2 (Di-Protonation) 2 (Di-Protonation)
Interaction Energy (IE) given in Italics. Dashed line indicates hydrogen bonding.
Table S5: XYZ Cartesian coordinate for compound 1d (No Protonation).
B3LYP/6-31+G(d) B3LYP/6-31++G(d,p)
A TE =-1897.7658907 #IF=0 A TE =-1897.7985634 #IF=0
X y z X y Z
C -257237 3.969929 -0.16654 Cc -2.5717 3.970135 -0.17741
C -3.68181 3.083205 -0.11933 C -3.68114 3.083803 -0.12302
C -4.99782 3.525461 -0.23961 C -4.9974 3.525571 -0.24149
C -5.19548 4900734  -0.41213 C -5.19513 4900099  -0.41927
C -4.10848 5.793288 -0.45924 C -4.1083 5.792045 -0.47384
C -2.79067 5.3409 -0.33738 C -2.79019 5.34027 -0.35398
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