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SUPPLEMENTAL TABLE S1

Alcohol properties
Name* Structure’ MW DY (mM) cLogP§
Methanol o CHs 32.0 665.9+£77.6  -0.72
Ethanol HO ™ CH, 46.1 146.7+133  -0.19
1-Propanol 1o~ CHs 60.1 35.5242.07 0.34
CH3
2-Propanol HO,J\CHB 60.1 93.29£5.95 0.16
1-Butanol ~ HO >""cH, 74.1  11.94+0.66 0.88
CH,
2-Butanol 74.1 23.69+2.63 0.69
utano i )\,CH3
HC, ch,
tert-Butanol HOXC ; 74.1 48.27+4.54 0.51
3
1-Pentanol o~ CHs 88.2  4.73+£0.46 1.41
CH3
2-Pentanol Ho)\/\:Ha 88.1  8.44+0.55 1.22
CH,
3-Pentanol LCH 88.1 1423+1.14 122
HO 3
1-Hexanol ~ HO ™ ™>"">""cH, 102.2  1.15+0.12 1.94
CH,
2-H 1 1022 2.68+0.29 1.75
€xano i )\/\/CH3
CH,
3-Hexanol f\/\ 1022 3.36+0.32 1.75
HO CH,
1-Heptanol o >~ CHy 116.2  0.43+0.04 2.47
CH,
2-Heptanol J\/\/\% 1162 1.02+0.06 2.29
CH,
Heptanol [, 1162 136£0.03 229
HO’ 3
1-Octanol ~ HO™ >""">""cH, 1302 0.41+0.03 3.00
CH,
- +
2-Octanol L "~ _~_cH, 1302 0.46+0.04 2.82
CH,
3-Octanol L/w 1302 0.65+0.01 2.82
HO" CH,
CH,
4-Octanol o, 1302 0.66+0.04 2.82
HO
1-Nonanol o """ CH; 1443 0.19+0.01 3.53
CH

2-Nonanol N 1443 020001  3.35
HO CH
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1-Decanol ~ HO™ >""""""cH, 1583  0.63£0.04 406  0.68
CH,

2-Decanol I’ _~_~_ocn, 1583 017+001 388  0.33

*Name, alcohol name. 'Structures were drawn using MarvinSketch 5.0.3 from ChemAxon
(Budapest, Hungary). *MW, molecular weight (g/mole). 'D, concentration (mM) at which the
alcohol doubles the fluorescence quenching rate. “cLogP, calculated octanol/water partitioning
values, obtained using the ACD/Labs logP (1) algorithm (see Supplemental Methods). I Maic,

mole fraction of alcohol in the bilayer at D, see Supplemental Methods.
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SUPPLEMENTAL FIGURE S1 The relative changes in fluorescence quenching rate as a
function of alcohol concentration. Each alcohol was measured on at least three independent days
of experiments (differently shaped symbols). For each alcohol, the fluorescence quenching rate
was normalized to the rate in the absence of alcohol for that experiment. The control rates
ranged from 15 to 50 with 29+7 (mean+SD). The red solid lines are f([alc]) = 1 + [alc]/D fits to

the results. Notice the different x-axis scales for the different alcohol chain lengths.
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SUPPLEMENTAL FIGURE S2 Evaluating straight-chain alcohol/lipid partition coefficients.
(A) Experimental partition coefficients (Kp) for octanol/water (triangles) and various lipid
bilayers/water (circles). (B) Octanol/water K, estimated using the XlogP3-AA algorithm (2),
the logP plugin in MarvinSketch (3), and the ACD/Labs logP algorithm (1), as well as
experimental values and estimates from the PhysProp database (SRC, Syracuse, NY). All
experimental data from (A) are included as small black symbols; the dashed lines have slopes of
0.59, representing 800 cal/mole per -CH, group. (C) Same data as in (B), except that the middle

800 cal/mole line in B has been subtracted from all values to better visualize any data disparity.
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SUPPLEMENTAL FIGURE S3 Testing for aqueous phase depletion. The effect of doubling
the assays lipid concentration. The relative changes in the rate of fluorescence quenching are
shown for (A) ethanol, (B) 1-octanol and (C) 1-decanol. Results using the assay’s standard lipid
concentration are shown with open symbols, results using twice the lipid concentration are shown
with solid symbols. Each alcohol was measured on at least three independent days of
experiments (differently shaped symbols), the red solid lines (regular lipid concentration) and red
dotted lines (double lipid concentration) are f([alc]) = 1 + [alc]/D fits to the results. Only in (C)
is the double lipid concentration (red dotted line) shifted significantly (p-value < 0.05) compared

to the standard lipid concentration (red solid line).

BJ204297-file002.doc, printed 7/20/2011 - 9:58 AM



Ingolfsson and Andersen — Supporting Material Page 7
Alcohols effect on lipid bilayer properties

1.5

—
o

control

0.5

rate / rate

S ©
kS
g g
2 g
Q =
- Z

1-Decano

SUPPLEMENTAL FIGURE S4 Alcohol bilayer-perturbing effects in a thinner bilayer.
Fluorophore-loaded LUV's were made using the shorter DCy.;PC lipid and 26 nM of gA was
added to the vesicles. Yet there are more conducting gA channels per vesicle than in the
experiments in Figs. 1-3 (see Supplemental Methods); thus, if present, any bilayer defects would
be expected to have more pronounced effects in the thinner membranes. The alcohols, however,
had much less effect than in Figs. 1-3, due to the reduced hydrophobic mismatch in the thinner
bilayer, effectively excluding that the alcohols promoted the leakage of T1" along pathways at the
channel/bilayer boundary. The effects of ethanol (red), 1-octanol (green), 1-nonanol (black), and
1-decanol (blue) were determined at twice their doubling rate concentration (D) in the thicker
DC;;.iPC membranes (294, 0.82, 0.38, and 1.26 mM respectively). Average and SD of the

relative change in quenching rates following the alcohol addition.
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SUPPLEMENTAL FIGURE S5 Effect of varying the alcohol incubation time. The effects of
1-nonanol (black) and 1-decanol (blue) were determined at D (0.19 and 0.63 mM respectively)
and incubated at 25°C for 5 or 10 min. Average and SD of the relative change in quenching rates

as a function of added alcohols.
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Supplemental Methods

The gA-based fluorescence assay was performed as described in (4, 5), which probes
how the partitioning of amphiphiles, such as alcohols, into lipid bilayers alters the gA
monomer<>dimer equilibrium, which is sensitive to changes in lipid bilayer thickness and
changes in lipid bilayer physical properties (6).

Large unilamellar vesicles (LUVs) were prepared with the encapsulated fluorophore, 8-
aminonaphthalene-1,3,6-trisulfonic acid (ANTS) using a combination of hydration, sonication,
freeze-thawing and mini-extrusion. The vesicle-forming lipid was 1,2-dierucoyl-sn-glycero-3-
phosphocholine (DC,,.1PC), this lipid was selected because it forms bilayers with a low
permeability to the quencher (T1") and with the gA monomer<>dimer equilibrium shifted toward
the non-conducting monomers—but still poised such that we can observe changes in either
direction (4). In the thinner 1,2-dioleoyl-sn-glycero-3-phosphocholine (DC;s.1PC) and 1,2-
dieicosenoyl-sn-glycero-3-phosphocholine (DCy. PC) bilayers, the T1" permeability is much
higher than in the DCs,.,PC bilayers—and the gA monomer<>dimer equilibrium shifted strongly
toward the conducting dimers, making it difficult to detect changes in the dimerization. The
experiments in the DCy.;PC LUVs therefore were done with 10-fold lower gA concentration,
compared to the DC,,.1PC LUVs. But we still observed absolute quencher influx rates that were
more than two-fold larger than those observed in the standard (DC,,.;PC ) LUVs (data not
shown), and the alcohols cause only small shifts in the monomer<>dimer equilibrium (as evident
from the minimal changes in the quencher influx rate, Fig. S4.

DC».1PC has a gel-liquid crystal phase transition temperature around 11 °C (7).
Alcohols can both decrease and, in the case of the long-chain alcohols, also increase the phase
transition temperature, but at the mole-fractions used here the changes are modest—the alcohol-
induced shift in the phase transition temperature in (usually saturated) phosphatidylcholine
bilayers are reported to be less than 5 °C at mole-fractions of 0.2 (8-11). If the ANTS-containing
vesicles are cooled to below their phase transition temperature, the fluorescent dye leaks out.

When we store the vesicles at 12.5 °C in the presence of the long-chain alcohols for 24 h there is
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no dye leakage; similarly, when we incubate the LUVs with any of the alcohols at 25 °C, there
was no dye leakage with any of the alcohols—even at the highest concentration tested. The
changes in quenching rate therefore are not caused by alcohol-induced changes in the gel-liquid
crystal phase transition temperature.

The DCy,.PC (in chloroform) was dried under nitrogen and further dried in a desiccator
under vacuum overnight to fully remove the chloroform. The lipid was rehydrated in 100 mM
NaNOs, 25 mM ANTS and 10 mM HEPES at pH 7.0 at room temperature overnight. The lipid
suspension was then sonicated in a low power sonicator for 1-2 min, freeze-thawed 5-6 times,
and extruded 21 times through a 0.1 um polycarbonate membrane filter. Extravesicular ANTS
was removed using a PD-10 Desalting column (GE Healthcare, Piscataway, NJ), and the solution
was stored at 12 °C in the dark for a maximum of ten days. 24 hours before each experiment, the
ANTS-loaded LUV suspension was further diluted to a final lipid concentration of ~200 uM in
140 mM NaNOs, 10 mM HEPES, pH 7.0 (25 mM internal ANTS), and a portion of the vesicles
were incubated with 260 nM gA from Bacillus brevis (Sigma Chemical Co). gA and the
alcohols tested at low concentrations (chain lengths < 7) were diluted in dimethyl sulfoxide
(DMSO) (Burdick & Jackson, Muskegon, MI). A few alcohols (chain lengths between 6 and 8),
used at intermediate concentrations, were tested dissolved in DMSO and without DMSO, with
no discernible difference. The total solvent (DMSO) concentration was kept constant between
the tested samples and controls, never exceeding 0.6%, a concentration that has little effect on
the quenching rate (4). The alcohols were incubated for 10 min at 25°C with the final ANTS-
loaded LUV suspension. The 10 min incubation time was sufficient to equilibrate the alcohols,
as 1-nonanol and 1-decanol incubated for 5 or 10 min showed no apparent difference in activity,
Fig. S5.

The fluorescence time courses were recorded for a 1:1 mixture of ANTS-loaded LUV
sample and buffer (140 mM NaNOs, 10 mM HEPES, pH 7.0) or quencher (50 mM TINO:s,
94 mM NaNO;, 10 mM HEPES, pH 7.0) solution rapidly mixed using a SX.20 Stopped-Flow

Spectrometer with a 150-W xenon lamp and a sampling rate set to 5,000 points/s. Excitation was
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set at 352 nm and the fluorescence emission was recorded above 455 nm, using a high-pass filter.
The traces were analyzed using MATLAB 7.4 (The MathWorks, Inc, Natick, MA). For each
sample the fluorescence was normalized to the average of the first 2-10 ms buffer values and a
stretched exponential (12) was fit to the first 2—100 ms for each quencher run. Due to the
stochastic nature of gA channel distribution between the vesicles and the un-uniformity in the
LUVs size distribution the quenching time courses follow a multi-exponential distribution. This

multi-exponential time course was fitted by a stretched exponential:
F(t) = F () +(F(0)— F(0))-exp{~(t/1,)"}

b

where F(1) is the fluorescence at time t and  ranges between 0 and 1 and depends on the degree
of multi-exponentiality of the distribution. The fluorescence quenching rates is then calculated
as:
k)=(B/,)-(t/7,)""
(t)—(B To)'(t T0) _
For additional details on the influx rate quantification see appending in (4). Each sample was
measured at least seven times and a average of the quenching rates at 2 ms was calculated. Each

alcohol was tested on at least three different occasions/days of experiments.

Alcohol Membrane Partition Coefficients

Determining reasonable/consistent estimates for the membrane/aqueous partition
coefficients (Ppw) for all the alcohols tested turned out to be more difficult than expected. A
compound’s partition coefficient (Kp) indicates the compound’s relative preference for one
medium over the other and will vary depending on the composition of the two media, pH,
temperature and the mole fraction of the compound in the two phases (13-17). Alcohols’ do not
have titratable groups, and their K;s should not be pH dependent. Alcohol bilayer/aqueous Ks
have been determined by many investigators, using a variety of methods and systems. Katz and
Diamond (18, 19) determined Ks into dimyristoyl lecithin liposomes over a range of

temperatures using '*C-labeled compounds; 25 °C results for four straight-chain alcohols are
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shown in Fig. S3 A (black circles). Jain et al. (20) evaluated the bilayer-perturbing ability and
Kps of alkanols using a variety of methods; included in Fig. S3 A (red circles) are five straight-
chain alcohol K,s between aqueous phase and phosphatidylcholine liposomes, measured with gas
chromatography. Kamaya et al. (21) measured Kgs for six straight-chain alcohols into
phosphatidylcholine liposomes, using the shift in the liposome phase-transition temperature,
green circles in Fig. S3 A. Franks and Lieb (22) determined the membrane/buffer partitioning of
a few long-chain alcohols, including three shown in Fig. S3 A (blue circles), using alcohol
quenching of the firefly luciferase. Rowe and colleagues (23) determined the partitioning of four
straight-chain alcohols into lipid vesicles composed of various lipid types using titration
calorimetry. Fig. S3 A (orange circles) shows results for dipalmitoylphosphatidylcholine
(DPPC) lipid vesicles at 45°C.

There is considerable variability among the measured alcohol P,s obtained using
different methods (Fig. S3 A, circles). This may reflect, in part, differences in experimental
approaches and/or systems used. For example, in isothermal titration calorimetric (ITC) studies
on 1-butanol partitioning into DPPC lipid vesicles, P varied more than 2.5-fold over a 40°C
change in temperature, with discreet jumps corresponding to the changes in the lipid phase (24).
Experiments using headspace gas chromatography (25) and ITC (23) as well as statistical
thermodynamics predictions (26), suggest that Py, for short-chain alcohols may vary two-fold
depending on the bilayer lipids’ acyl chain length and saturation, lipid head group and
cholesterol content. Yet, despite the variability between the results obtained using these different
methods, the decrease in the free energy of partitioning with each successively longer alcohol
(determined using the same method) tends to be constant, see Fig. S3 A; being 700-800 cal/mole
for each added -CH, group (21, 22, 27-29).

Octanol/water partition coefficients (Po.) are often used as proxies for molecules’
bilayer/aqueous phase partition coefficients, especially for neutral solutes; they are easier to
measure and provide a standard reference phase for comparison between compounds (16, 17).

P.w measurements are more consistent than general membrane/aqueous phase measurements
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(Fig. S3 A triangles vs. circles). Leo and colleagues (30), in their classic review on partition
coefficients between polar and nonpolar phases, describe equations for converting between Kps
into different phases, and report an extensive list of experimentally determined partition
coefficients. Fig. S3 A includes seven straight-chain alcohols P,s from that list (black
triangles). Hansch and Dunn (31) reported experimentally determined P,s as well as estimates
calculated from additivity principles (32), Fig. S3 A (red triangles). McCreery and Hunt (33)
report membrane/buffer Kys for dozens of alcohols, including ten straight-chain alcohols. The
membrane/buffer partition coefficients were derived from Pys by dividing by 5 (the Pys were
experimentally determined or estimates)—these values were converted back to P, and are
shown in Fig. S3 A (green triangles). Lyon et al. (34) report membrane partition coefficients for
a number of alcohols, including six straight-chain alcohols. For the shorter alcohols they use
oil/water partition data from (35), convert them to P,s using the solvent regression equation,
determined by (30), and divide by 5 to get membrane/water partitioning. For the longer alcohols,
they linearly extrapolated from the measured log P,y values. The straight-chain alcohol values
were converted back to Py and included in Fig. S3 A (blue triangles). Abraham and colleagues
(36, 37) analyzed and predicted physiochemical properties for a large set of molecules, including
eleven straight-chain alcohols in Fig. S3 A (orange triangles). The compounds P, values are
derived from multiple sources, including gaseous solubility experiments.

In addition to P, values being more consistent than Py, values, numerous methods
have been developed to calculate P4, values; for reviews on calculated octanol/water partition
coefficients (cLogP) methods see (38, 39). Fig. S3 B shows the experimental data from Fig. S3
A (small black symbols) overlaid with cLogP from: the XlogP3-AA (2) algorithm, logP plugin in
MarvinSketch (3) ChemAxon Ltd. (Budapest, Hungary), and the ACD/Labs logP (1) Advanced
Chemistry Development, Inc. (Toronto, Canada) algorithm. Fig. S3 B shows both experimental
and estimated values from the PhysProp database SRC (Syracuse, NY). The three evenly spaced
dashed black lines have a slope of 0.59, representing about 800 cal/mole decrease in the free

energy of partitioning for each -CH; group in the straight-chain alcohols. Fig. S3 C shows the
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same data as Fig. S3 B but with the middle 800 cal line being subtracted from all the results to
better illustrate the difference between the Ks and the different cLogP methods. From the
comparison in Fig. S3 C we chose the cLogP values from the ACD/Labs logP (1) algorithm as
estimates for the membrane/aqueous phase partitioning for all the alcohols in this study; see

Table S1 for the cLogP values.

Alcohol to Lipid Mole Fraction

The alcohols’ membrane concentrations ([alc],,) were estimated as in (4, 40, 41). The
calculated octanol/water partition coefficients (cLogP) using the ACD/Labs logP algorithm (1)
from Advanced Chemistry Development, Inc. (where located) were used as a substitute for
alcohol lipid bilayer/aqueous phase partition coefficients (Ks); see above for
discussion/evaluation of the selected partitioning values. The membrane alcohol concentration
([alc]m) is:

[alc] = Kp x[alc], , (1)
where [alc], is the alcohol concentration in the aqueous phase. Eq. 1 is valid in the limit of
infinite water to lipid volume ratio (rym). With finite water to lipid volume ratio, the alcohol
partitioning into the bilayer decreases [alc], below the nominal concentration—where the
nominal concentration ([alc]yom) 1S the concentration added, with no depletion due to bilayer

partitioning. The alcohol bilayer ([alc]n) and aqueous ([alc],) phase concentrations are related

as:
[alc], = %[alc]mm, 2)
p a/m
Kp = r-a/m
[alc]m = K—[alc]nom : (3)
p a/m

From Eq. 3 we get the alcohol to lipid mole fraction in the membrane phase (Myc):

[alc]

" =l +01, ®
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where [L]y, is the molar lipid concentration in the membrane phase. In our case [L]n= 1.1 M

and rym = 5500.
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