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Table 1: Pore water density for the studied polyalanine model channels, normal-
ized to the density of bulk water, as function of the peptide backbone carbonyl

dipole moment.



2 Details for gramicidin and aquaporins simula-
tions

We used full atomistic molecular dynamics simulations to obtain estimates for
the water pore densities in natural occurring water channels, such as gramicidins
and aquaporin channels. Here we report on the set up of the simulation systems.

For all simulated systems, interactions between all atoms were described
by means of the OPLS all-atom force field (1, 2), and water molecules were
described by the TIP4P model (3). The DMPC and POPC force field parame-
ters were taken form Berger et al. (4). All simulations were performed using the
GROMACS 3.3.1 simulation software (5, 6). Electrostatic interactions were cal-
culated with the particle mesh Ewald method (7, 8). Short-range repulsive and
attractive dispersion interactions were simultaneously described by a Lennard-
Jones potential, using a cut-off length of 1.0nm. The Settle (9) algorithm was
used to constrain bond lengths and angles of water molecules, and LINCS (10)
was used for all other bonds and angles, allowing a time step of 2 fs. The temper-
ature in the simulations was kept constant by separately coupling the peptide,
the lipid molecules, and the water molecules together with the ions to an exter-
nal heat bath at 300K (11) (7 = 0.1 ps). The pressure in the simulations was
kept constant by a weak anisotropic coupling (7 = 1ps) to a pressure bath of
1atm. Average pore radii were computed using the program HOLE (12). Pore
occupancies used to determine the reported water pore densities were extracted
from the equilibrated trajectories.

For gramicidin channels, initial structures for gA in the helical dimer confor-
mation and the linked MDg were taken from protein database entries IMAG (13)
and 1TKQ (14), respectively. After energy minimization in vacuum, the chan-
nels were embedded in a previously equilibrated dimyristoylphosphatidylcholine
lipid bilayer containing 124 lipids, solvated by ~3600 water molecules. To in-
sert the channels in the DMPC bilayer, an initial cylindrical hole was made by
removing two lipids in the central position from each layer. A molecular surface
of the gA was used to define a region from which the lipid molecules should be
expelled. A modified version of the GROMACS simulation package was used to
expel the lipids by means of force normal to the molecular surface (15). After
a cavity was formed in the bilayer, the peptide was finally incorporated and
an energy minimization was carried out with the peptidic backbone kept fixed.
The same process was repeated for midigramicidin.

After the insertion of the peptides in the membrane, the backbone of the
peptides was kept fixed by means of position restraints to equilibrate the inter-
face between the channel and the membrane. After 2ns of molecular dynamics
simulations, the position restraints were removed and the channels were allowed
to freely diffuse within the membrane. The simulation time for gA amounted
to 100 ns, and to 90 ns for MDg.

The simulation set-up for aquaporin water channels Aqp-1 and GlpF was
done as previously reported in Hub et al. (16). The effective radii and the
normalized water occupancy were extracted from 20ns equilibrium simulations.



References

1]

[6]

Kaminski, G. A., R. A. Friesner, J. Tirado-Rives, and W. L. Jorgensen,
2001. Evaluation and Reparametrization of the OPLS-AA Force Field for
Proteins via Comparison with Accurate Quantum Chemical Calculations
on Peptides. J. Phys. Chem. B 105:6474—6487.

Jorgensen, W. L., D. S. Maxwell, and J. Tirado-Rives, 1996. Development
and Testing of the OPLS All-Atom Force Field on Conformational Energet-
ics and Properties of Organic Liquids. J. Am. Chem. Soc. 118:11225-11236.

Jorgensen, W. L., J. Chandrasekhar, J. D. Madura, R. W. Impey, and
M. L. Klein, 1983. Comparison of simple potential functions for simulating
liquid water. J. Chem. Phys. 79:926-935.

Berger, O., O. Edholm, and F. Jahnig, 1997. Molecular dynamics simula-
tions of a fluid bilayer of dipalmitoylphosphatidylcholine at full hydration,
constant pressure, and constant temperature. Biophys. J. 72:2002-2013.

Lindahl, E., B. Hess, and D. Van der Spoel, 2001. GROMACS 3.0: a
package for molecular simulation and trajectory analysis. J. Mol. Model.
7:306-317.

Van der Spoel, D., E. Lindahl, B. Hess, G. Groenhof, A. E. Mark, and
H. J. C. Berendsen, 2005. GROMACS: Fast, flexible and free. J. Comput.
Chem. 26:1701-1718.

Darden, T., D. York, and L. Pedersen, 1993. Particle mesh Ewald:
an N-log(N) method for Ewald sums in large systems. J. Chem. Phys.
98:10089-10092.

Essmann, U., L. Perera, M. L. Berkowitz, T. Darden, H. Lee, and L. G.
Pedersen, 1995. A smooth particle mesh ewald potential. J. Chem. Phys.
103:8577-8592.

Miyamoto, S., and P. A. Kollman, 1992. SETTLE: An Analytical Version
of the SHAKE and RATTLE Algorithms for Rigid Water Models. J. Comp.
Chem. 13:952-962.

Hess, B., H. Bekker, H. J. C. Berendsen, and J. G. E. M. Fraaije, 1997.
LINCS: A Linear Constraint Solver for Molecular Simulations. J. Comp.
Chem. 18:1463-1472.

Berendsen, H. J. C., J. P. M. Postma, A. DiNola, and J. R. Haak, 1984.
Molecular dynamics with coupling to an external bath. J. Chem. Phys.
81:3684-3690.

Smart, O. S., J. G. Neduvelil, X. Wang, B. A. Wallace, and M. S. P.
Sansom, 1996. HOLE: A Program for the Analysis of the Pore Dimensions
of Ton Channel Structural Models. J. Mol. Graphics 14:354-360.



[13]

[14]

[15]

Ketchem, R. R., B. Roux, and T. A. Cross, 1997. High-resolution polypep-
tide structure in a lamellar phase lipid environment from solid state NMR
derived orientational constraints. Structure 5:1655—-1669.

Xie, X., L. Al-Momani, P. Reiss, C. Griesinger, and U. Koert, 2005. An
asymmetric ion channel derived from gramicidin A. Synthesis, function and
NMR structure. FEBS J. 272:975-986.

Faraldo-Gémez, J. D., G. R. Smith, and M. S. Sansom, 2002. Setting up
and optimization of membrane protein simulations. Furop. Biophys. J.
31:217-227.

Hub, J. S., and B. L. de Groot, 2008. Mechanism of selectivity in aquaporins
and aquaglyceroporins. Proc. Natl. Acad. Sci. USA 105:1198-1203.



