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Simulation details of each system

Table S1. Details of each conventional MD simulation system.

No. water

. . . . No. simulation . .
Simulation Box dimension lipids molecules time Initial conformation
16 mangostin |  7.5x7.5x7.5 nm 0 13450 150 ns in water (60 mM)
16 13527
ciprofloxacin, 7.5x7.5x7.5 nm 0 150 ns in water (60 mM)
(zwitterionic)
16 xanthone 7.5x7.5x7.5 nm 0 13621 150 ns in water (60 mM)
16 . 7.5x7.5x7.5 nm 0 13476 150 ns in water (60 mM)
tetracycline
16 alph?‘ 6.05x5.96x10.8 nm 128 7236 1000 ns on membrane
mangostin
16 5841
ciprofloxacin, | 6.02x5.95x9.73 nm 128 1000 ns on membrane
(neutral)
16 5841
ciprofloxacin, 6.4x6.3x8.5 nm 128 1000 ns in membrane
(neutral)
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Table S2.

Details of each umbrella sampling simulation system.

. Simulati No.lipid | Box length
: : Size of .
simulati temper No. on time No. water [molecules (nm)
compound . each
on ature windows . of each molecules
window .
window
| 2 mangostin 310 24 015 50 ns 11367 0 TxXTx7
molecules
2 9097 0 6.5x6.5x6.5
2 ciprofloxacin | 5, 24 0.15 50 ns
molecules
(zwitterionic)
3 2 xanthone 310 24 0.15 50 ns 7136 0 6X6X6
molecules
4 2 tetracycline 310 24 0.15 50 ns 9086 0 6.5x6.5x6.5
molecules
5 1 mangostin 310 36 0.1 nm 400 ns 3841 72 4.5x4.5x10.2
molecule
6 1 mangostin 323 3 0.15 nm 400 ns 3841 72 4.5x4.5x10.2
molecule
1 72 4.51x4.51x9.
7 Ciprofloxacin | 5, 28 0.15nm | 400ns 3267 18
molecule
(neutral)
1 72 4.51x4.51x9.
8 Ciprofloxacin | 5,5 28 0.15nm | 400ns 3267 18
molecule
(neutral)
9 1 xanthone 310 28 0.15 nm 200 ns 3866 72 4.5x4.5%x10.2
molecule
10 1 tetracycline 310 28 015 nm 200 ns 3935 72 4.47x4.47x10
molecule 5
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Convergence of PMF calculations: Convergence depends on sufficient sampling of the
phase space. We believe our PMF simulations are converged because of the following. Firstly,
the four compounds used in this study are small uncharged molecules. These compounds
have relatively rigid conformations, resulting in significant sampling of the phase space
during the simulations. It has been reported that the main error in PMF calculations of the
interactions of small molecules with lipid bilayers arises from hidden free energy barriers
which largely arise from the formation of lipid defects induced by charged molecules' and in
such cases, complex reaction coordinates are required. For example, analogues of the
arginine side chain are known to induce lipid defects filled with water molecules during the
translocation of the molecules across the membrane, which, if not accounted for carefully,
result in insufficient sampling. In contrast, the four compounds in our study are all uncharged
and translocate across the membrane without significant membrane deformations.
Additionally, the PMFs in our study were computed using umbrella sampling (US)
simulations. In each umbrella window, the simulation was run for 200-400 ns, which, to our
knowledge, is the longest time scale used in US simulations for calculating the free energies
of such processes of solutes traversing membranes. In another work by Chris Neale and
Pomés 2, 200 ns windows were used to calculate the PMF of the translocation of a charged
molecule, n-propylguanidinium, across the membrane. Other studies have generally used
much shorter windows in US simulations of solute-bilayer systems. For example, Cramariuc
et al. used 15 ns windows to calculate the PMF of the translocation of ciprofloxacin across
the membrane’. Indeed, shorter time scale windows (50 ns) were also used to study even
flexible molecules such as peptides translocating across the membrane *. Finally, we also
calculated error bars in our study using the boot strap method, and they suggest convergence

of the PMFs.
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Results

Figure S1. Number of hydrogen bonds during the aggregation of each compound.
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Figure S2. Temperature dependence of transfer free energies of alpha-mangostin and
ciprofloxacin across a membrane
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Figure S3. The orientation distributions of mangostin and ciprofloxacin at different distances
from the membrane bilayer center. Two angles theta and phi were defined to characterize the
orientation of each compound, with theta being the angle between the long axis of the

molecule and the bilayer normal, and phi being the vector normal to the aromatic plane and
the bilayer.

Distance=0.75 nm
03 0.15

—_ alpha mangostin _— a‘Jpha-man_gostin
—_— clprofloxacln —— ciprofloxacin
202 2 0.10
5 3
5 3
[ [
50.1 s 0.05
0.0 0.00
120 18( o 60 120 180
theta (ang]e between the long phi (angle betweer_i the normal of the
axis and bilayer normal) molecule and bilayer normal)

Distance=0.9 nm
0.20 0.15

S alpha mangostin ’ —_— a_lpha-mangostin
—_— clprofloxacm — ciprofloxacin

o
o
(&}

o

=

<)

probability
o
IS
probability

o

o

5]
o
o
=]

o
=3
S

o

o

S

120 18I 0 60 120 180
theta (angle between the long phi (angle between the normal of the
axis and bilayer normal) molecule and bilayer normal)

Distance=1.05 nm

0.12 0.15
—— alpha-mangostin —— alpha-mangostin
—— ciprofloxacin —— ciprofloxacin
E 0.08 20.10
:E ]
3 g
] o
a 0.04 5 0.05
0.00 0.00
120 18C 0 . 60 120 180
theta (angle between the long phi (angle between the normal of the
axis and bilayer normal) molecule and bilayer normal)

Distance=1.2 nm

0.25 0.15
—_— alpha mangostin —— alpha-mangostin
—_— clprofloxacln —— ciprofloxacin
0.20
2 0.10
=015 g
8 a
[:-] [3
'8 0.10 g
g 5.0.05
0.05
0 00 0.00
’ 120 18( 0 60 120 180
theta (angle between the long phi (angle between the normal of the
axis and bilayer normal) molecule and bilayer normal)

S7



Figure S4. Area per lipid of the bacterial membrane in the presence of 16 mangostin and 16
ciprofloxacin molecules.
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