Supporting Information.

Molecular Simulations 

The BZB structure was extracted from the X-ray crystallographic structure of the AmpC b-lactamase/BZB complex (PDB code 1C3B), solved at 2.25 Å resolution [1]. A 50Å x 50Å POPC [2] bilayer patch was built via the membrane plug-in of the VMD program suite [3] resulting in 60 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC) lipid molecules, 30 in each leaflet of the bilayer. A 50Å x 50Å x 80Å box encapsulating the membrane was filled with water molecules by applying the xleap routine of AMBER 8.0 [4] . The resulting system consisted of 16432 atoms.


All parameters of the POPC lipids except the charges were obtained using the Antechamber program [4], combined with the General Amber Force Field GAFF [5,6]. The RESP charges of POPC were calculated using GAUSSIAN03 at the Hartree-Fock 6-31G* level of theory on the optimized structure [7]. GAFF has been shown to provide a good description of POPC lipid properties [8,9]. We reproduce some of the previously calculated properties, thus ensuring the validity of our parameterization. The same procedure was applied to the parameterization of BZB, except for the B(OH)2 moiety for which the parameters of Tafi et al. [10] were used. The TIP3P model was used for water [11]. Periodic boundary conditions were applied. Long range electrostatic interactions were evaluated by the particle–Mesh Ewald (PME) algorithm using a 12 Å cut-off for the real part. The same cut-off was used for van der Waals interactions. The non-bonded atoms pair list was updated every 20 fs. The time-step was 1 fs. All simulations were performed in an isothermal-isobaric ensemble (1 atm, 300 K) with a Nosè–Hoover Langevin barostat (oscillation period 200 fs, decay coefficient 100 fs) and a Langevin thermostat (damping coefficient 1 ps).
MD run and analysis
The POPC model membrane was energy-minimized for 500,000 steps with steepest descent algorithm. Then the solvated membrane was equilibrated for 4.6 ns. The final size of the box was = 45x46x77 Å3. Several properties were calculated in the last 300 ps:

· Area per lipid.  The area per lipid A was calculated dividing the lateral area of the simulation box by the number of lipid molecules in one leaflet. The calculated value was A = 69 ± 1 Å2, in agreement with the experimental result A = 68.3 ± 1.5 Å2 [8,9,11,12]. 

· Lateral diffusion coefficient.  We used the Einstein diffusion equation to evaluate the lateral diffusion coefficient D: 
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 were χ is the mean square displacement and Dt is the size of one time step. The lateral diffusion coefficient Dlat was obtained from the slope of the curve of the mean square displacement versus time, calculated by the g_rmsd routine of the GROMACS package [9]. The calculated value was (0.07 ± 0.01) x10-6 cm2/s, consistently with experimental data and previous molecular dynamics simulations [8,9,12].

· Structural facets. The distances between phosphates on different leaflets of the bilayer (34.8 Å ± 0.3 Å), nitrogens (36.0 Å ± 0.3 Å) and C6 carbon atoms (27.7± 0.6 Å), see Fig. S3, agree with the mean distances reported in literature [12,13]. The distance between phosphate and nitrogen atoms within the same POPC molecule agrees with experimental data (model: P-N-dist = 4.5± 0.3 Å experimental data 4.3-4.5 Å for DOPC [14]). 

BZB was then included in the proximity of the membrane surface.  The system underwent additional 1 ns of MD.  Then, metadynamics simulations were carried out.  During the metadynamics runs, these properties remained rather close to the values above reported.

Metadynamics.

Metadynamics consists in a continuous addition of a history dependent potential energy that enforces the dynamics to explore conformations that were not previously visited [15]. Briefly, the forces acting on each atom are corrected by a history dependent contribution, obtained as the derivative of the history dependent potential energy Gt with respect to a chosen reaction coordinate. We chose the z-component of the distance vector joining the POPC membrane and the BZB center of mass (z-dist) as reaction coordinate. Gt is given by the sum of a set of Gaussian functions centered on values st of each chosen reaction coordinate (or metacoordinate) s at time t:
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The time interval between the addition of two Gaussian functions τ, as well as the Gaussian height w and Gaussian width δ, are tuned to optimize the ratio between accuracy and computational cost. Eventually, after exploring all conformations defined within the reaction coordinate space, the probability distribution of Gaussians becomes flat, and the free energy profile does not change any more. At this stage, the free energy surface can be easily reconstructed as the opposite of the sum of all Gaussians. We used: τ = 100 fs,  w = 0.2 kJ/mol, δ = 0.5 Å


The free energy profile along the z-dist  (G(z)) is shown in Fig. S3a, with the profile calculated every 1 ns up to 15 ns, with the last 400 ps smoothed. We identified the first well converged G(z) after 11 ns, then we obtained 5 independent free energy surfaces. The average <G(z)> and standard deviation were calculated over this set (Fig S3b) [16]. Given the high anisotropic behavior of lipids, the system was divided into four regions [17], symmetric with respect to the centre of the membrane (z=0) :1) a low head group density region at the water lipid interface (z>20);  2) a high head group density region, which corresponds to the membrane surface(12.5<z<20); 3) a high density region, at the beginning of the lipid tails (5.5<z<12.5); 4) a low density region, which corresponds to the center of the bilayer (0<z<5.5). G(z) in each region was estimated as the average of  <G(z)>  (red stars Fig. S3b).

Based on our metadynamics calculation, we   calculated the permeability coefficient. Its inverse can be expressed as the integral over the local resistance across the membrane [18]:
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K (z) is the partition coefficient from water into the membrane, while D(z) is the diffusion coefficient into the membrane at depth z. It is related to the free energy by the equation: 
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Assuming that the transport is governed by a distinct and uniform barrier region inside the membrane the equation can be simplified as [19,20]:
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 Where d is the thickness of the barrier domain, K  and D the partition coefficient and the diffusion coefficient through the barrier region, respectively.
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