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Parameterization of Zn(II) complexes. In Figure ESI-1 we present the structure used in the 

parameterization of the Zn(II) complexes studied here. The resulting structure was used as a 

skeleton for the generation of the other complexes. A gas-phase geometry optimization was 

performed in the represented structure, and linear transit scans were also performed in the presence 

of the two additional X-ray water molecules (that were not coordinated to the metal). These two 

water molecules were excluded from the RESP charge generation protocol, which was also 

performed in gas-phase. The inclusion of the two additional water molecules was a necessity, to 

1

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2018



maintain the overall geometry of the metal center; otherwise, the coordinated water ligand would 

strongly interact with the other oxygen donor atoms (upon optimization of the structure). The 

protocol was the same for the other Zn(II) complexes. The tetra-coordinated Zn(II) complex 2 was 

also parameterized following the same approach, without the inclusion of the water molecules.

Figure ESI-1. Representation of the X-ray DFT-optimized structures. a. penta-coordinated 

[Zn(II)(dmpp)2Wat] complex; and b. the tetra-coordinated [Zn(II)(dmpp)2] complex. Two 

additional (non-metal coordinated) water molecules were included in the gas-phase optimization 

of the former complex and for the linear transit scans of bonds and angles involving zinc. RESP 

charge derivation protocol was employed in the transparency-highlighted structure (excluding the 

two X-ray water molecules). Hydrogen bond interactions with X-ray water molecules are also 

highlighted.
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Partition errors. The errors for the results shown in Table 1 (binding free energies, partition, 

and permeability estimates), where derived from the PMFs’ errors originated from the 

bootstrapping analysis. For the binding free energy error, the binding energies were determined 

for each bootstrap-generated PMF (200 total profiles per compound); these were sorted in 

ascending order, and finally grouped in 10 blocks. Then we calculated the standard deviation of 

the mean (σM), using the following formula: , for M estimates of the mean, 
 [1/(𝑀 ‒ 1)

𝑀

∑
𝑗 = 1

(𝜇𝑗 ‒ �̅�)2]1/2

µ, with overall mean .1 The partition coefficient and permeability estimate errors were determined �̅�

through error propagation analysis. 

Membrane models and their stability. The stability of the membrane models was assessed by a 

few structural and dynamical membrane properties: area per lipid (AL), head-to-head bilayer 

thickness (DHH), order parameters of the acyl chains (SCD), electron density profiles, lipid lateral 

diffusion coefficients (Dl), and isothermal area compressibility modulus (KA). In Table ESI-1, we 

present the results for the AL, DHH, and Dl properties over the last 20 ns of the equilibration MD 

simulations, considering the two membrane models employed in this study: i) the 32:32 system; 

and ii) the 150:150 system. We also show the simulated values for the KA property, but in this 

case, the last 80 ns of the 100 ns MD simulations were considered in the analysis. As described by 

others,2 it is very difficult to obtain accurate results for the isothermal area compressibility 

property, KA. Normally, relatively large simulations (0.5 µs or more) are needed for a good 

agreement with the experiment, even in smaller systems. Available experimental results are also 

presented, together with the temperature conditions of the experiments and simulations.3–8
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Table ESI-1. Structural (area per lipid – AL, head-to-head bilayer thickness - DHH, KA - isothermal 

area compressibility modulus) and dynamical (lipid diffusion coefficients - Dl) properties are 

hereby presented for each bilayer system. i) is indicative of the 32:32 system, and ii) of the 150:150 

system. The analysis of these parameters comprises the last 20 ns of the MD simulation of the 

equilibration stage, except for the KA property, where the last 80 ns were considered. Experimental 

results are also depicted together with the temperature conditions of the experiments.

AL / nm2 DHH / nm Dl / 10-8∙cm2∙s-1 KA / mN∙m-1

lipid T / 
K

sim. i) sim. 
ii) exptl. sim. 

i)
sim. 
ii) exptl. sim. 

i)
sim. 
ii) exptl. sim. i) sim. ii) exptl.

303 - - 0.599 - - 3.44, 
3.53 - - 5.95, 

9.00
- - 234 ± 23, 

257

310 0.604 0.612 - 3.56 3.50 - 6.80 8.90 - 267 ± 19 252 ± 34 -DMPC

323 - - 0.633 - - - - - 22.3 - - -

Order parameters of the lipid tails were also assessed. These are plotted in Figure ESI-2. We see 

that the order parameters are below 0.30, which is characteristic of a disordered lipid phase, in 

accordance with the expected behavior at 310 K for this lipid system. Experimental order 

parameters are also presented.9 
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Figure ESI-2. Order parameters (|SCD|) considering the last 20 ns of the equilibration MD 

simulation. Experimental data reflects the results of the sn-2 chain at 308 K.

Electron density profiles were used to assess the DHH, through the phosphate group peak-to-peak 

distance between both layers. We only show in Figure ESI-3 the profile for the 150:150 bilayer 

system, as no marked differences were detected between the two employed bilayers. The density 

of other important lipid moieties is also depicted.

Figure ESI-3. Electron density profile of the last 20 ns of the equilibration MD simulation for the 

150:150 system. The density profiles presented here include the contribution from hydrogen 

atoms, when present in the phospholipid's chemical groups. The terminology used for the 

phospholipids’ groups is derived from the parent molecules or functional groups that establish 
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each phospholipid group. A membrane representation is added in the background of the density 

profile.

Figure ESI-4. The number of water molecules as a function of the distance to the zinc atom (xx 

axis) and as a function of the distance from the bilayer center (yy axis). a. Number of water 

molecules considering the [Zn(dmpp)2Wat] complex. b. number of water molecules considering 

the [Zn(dmpp)2] complex. 
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Figure ESI-5. Order parameters (|SCD|) considering the last 20 ns of the cMD simulations. a. and 

b. sn-1 chain and sn-2 order parameters for the cMD simulations of the 32:32 lipid systems, in the 

presence and absence of zinc(II) complexes (one complex per system); c. and d. sn-1 and sn-2 

order parameters for the cMD simulations of the 150:150 lipid systems, in the presence and 

absence of eight [Zn(mpp)2Wat] complexes.
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Table ESI-2. The area per lipid (AL) of the 32:32 lipid systems, in the presence of zinc(II) 

complexes. The AL in the absence of zinc(II) complexes is also shown for comparison.

complex AL / nm2

no complex 0.604 ± 0.016

[Zn(mpp)2Wat] 0.614 ± 0.018

[Zn(dmpp)2Wat] 0.611 ± 0.017

[Zn(depp)2Wat] 0.624 ± 0.014

[Zn(heepp)2Wat] 0.602 ± 0.016

[Zn(hexylmpp)2Wat] 0.631 ± 0.017
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