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Selectiveion binding and itsrolein potassium channel selectivity
T.W. Allen, Department of Chemistry, University of California, Davis, One Shields Avenue, Davis, CA, 95616,
U.SA.

lon channels catalyse rapid and selecion mosement across cell membranes to control electrical and
chemical activity in the bodyK* channels hee the remarkable ability to pass kons at near ditision-limited
rates, while sensitely excluding N4 ions; a characteristic essential for membrane repolarization during action
potentials. Sincé was suggestedyer 20 years ago (Neyton & Millerl988), that K channel pores consisted
of multiple K*-selectve kinding sites, and high resolution structures Bt al., 1998; Morais-Cabraét al.,
2001) subsequently vealed these sites, the pading view has been that Kchannels select for *Kionsvia a
mechanism of selegt hinding.

Recent molecular dynamics simulations (Figure, left), x-ray crystallograpld patch clamping
(Thompsoret al., 2009) hae wnvdled a putatie Na" binding site within the K channel selectivity filterand
new calculations (Kim & Allen, 2010) hae demonstrated thexestence of multiple such sites, leading us to
question the hypothesis of selgetiermeatiorvia selectve inding. EachK™ binding site (S0-S4, red balls in
the Figure) consists of a cage of 8 casiddor threonine OH for S4) oxygen ligands, made froro planar
rings formed by the KcsA tetramer (onlydwubunits depicted as lineskach of these sites is adjacent to one
or two Na' binding sites, consisting of planar rings of 4 carbonyl oxygen atoms, as shown in the Figure (green
balls). Freeenegy calculations indicate that these planar sites select féroMa K*, and that the net
selectvity for K* over Na" in the selectivity filter is much lower than previously calculated. These results
suggest the need for a broademwigf selectivity mechanisms, including possible kinetic entry barriers for Na
ions (Bezanilla & Armstrong, 1972), with fully-atomistic molecular dynamics simulations helpingdal re
those barriers within the multiple-ion permeation process.
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Theinduction and stabilization of transmembrane pores by peptides
A.E. Mark, School of Chemistry and Molecular Bioscience, The University of Queensland, S Lucia, QLD
4072, Australia.

Atomistic molecular dynamics simulation techniquegehileen used to examine the interaction of a range
of pore-forming and cell-penetrating peptides with lipid membranes. Such systems are archetypigkziseof
self-oganizing molecular systems leading to functional comgde In general it had been assumed that the
structured formed were highly gelar Howeve, smulations of the spontaneous induction of transmembrane
pores by the antimicrobial peptides Magainin and Melletin suggest that the pores are at least initially highly
disordered casting doubt on the validity of current models (Leontiadou, Mark & Marrink, 2006; Ses@lipta
2008). In contrast in the case of the cell-penetrating peptides Penetrin andiTtpeplide no spontaneous
formation of transmembrane poreaswobserved. Instead, the simulations suggest that the peptides may enter
the cell by micropinogtosis, whereby the peptides induce curvature in the membrane, ultimately leading to the
formation of small vesicles within the cell that encapsulate the peptides (Yesyldvskyink & Mark, 2009).

Leontiadou, H, Mark, AE & Marrink, SJ, (2006) Antimicrobial peptides in actloarnal of the American
Chemical Society 128, 12156-12161.
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shaw significant disorderBiochimica et Biophysica Acta - Biomembranes 1778, 2308-2317.
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penetrating peptides Penetratin and tA€ peptide with lipid bilayersBiophysical Journal 97, 40—-49.
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Monitoring the conformational changesinvolved in MscL channel gating using FRET
microscopy and simulation

B. Corry, School of Biomedical, Biomolecular and Chemical Sciences, University of Western Australia, Crawley,
WA 6009, Australia.

Large scale conformational changes often play an essential role in the functioning of proteing; yet the
can be hard to probe with experimental methods aredpake wer timescales that are difficult to simulateeW
are using a combination of vio resolution experimental techniques in combination with a variety of
computational methods to try to understand the large structural rearrangements taking placatimgtio€ the
mechanosensite channel MscL. These bacterial channels open large pores in response to membrane tension in
order to rescue the cell under osmotic shock. In this caseaimesguctural data on the protein in a natural
ervironment using patch-clamp studies and confocal FRET micrgs€ombining this with existing EPR data
as restraints in molecular and coarse grain simulations has allowed us to determine the likely structure of the
open state of the pore. While there are ynahrallenges to bevercome in this methodologyncluding careful
approaches to labelling; control of the protein state; careful analysis of the orientation, geometry and number of
fluorescent probes; and rigorous sampling of the conformational space; we Ieltat provides a useful tool
for studying the structures of a range of membrane proteins in natural environments.
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Free energy simulations of Asp/Glu transporter GltPh
S Kuyucak and T. Bastug, School of Physics, University of Sydney, NSW 2006, Australia.

Glutamate is the dominant excitatory neurotransmitter in the brain. Its extracellular concentratjomn is k
at the nanomolar &l by glutamate transporters — membrane proteins that continuously pump glutamate back to
the neurons using theisting ionic gradients. Because small changes in glutamate concentratemdgar
effects in signaling in the brain, glutamate transporters ayetdgets for treatment of various neurological
conditions. Here we use the recently determined bacterial transporter structure GItPh in MD simulations to
delineate the basic stepsviélved in glutamate transport and provide a structural basis for the transport
mechanism. & have confirmed the binding sites Nal, Na2 and Asp, suggested by the experimental structure,
and found a third Na ion binding site (called Na3), which is critical for the functioning of the transgtiter
also strengthens the case for constructing homology models for human glutamate transporters (EAAT1-5) from
the GItPh structure. Our proposed binding site for Na3 is completely consistent with the structural data, which is
not the case for other proposed sites.

We have calculated the binding free energies for Na ions and Asp in various configurations and thus
determined the order of binding as Na3, Nal, Asp, Na2 {oip the notation used in the crystal structure). T
understand the seledgtly of GItPh for Asp, we hee performed free energy perturbation calculations for the
transformation Asp to Glu and found a selectivity free gndyarrier of 4-5 kcal/mol consistent with the
experimental obseations. Thids basically caused by steric interactions - the larger sidechain of Glu does not
quite fit in the binding site. Once we understand the operation of the bacterial transponét create a
homology model for the mammalian glutamate transporter EAAT1 amestigate similarities and differences in
the transport mechanism with the bacterial one, following steps similarye.abo
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Mimicking biological ion channels using nanotubes
T.A. Hilder, D. Gordon and SH. Chung, Computational Biophysics Group, Research School of Biology,
Australian National University, Canberra, ACT 0200, Australia.

Biological ion channels are sele@ly permeable to specific ionic species, and regulate thedldons
across the cell membrane. Jhmaintain the resting membrane potential, generate propagated action potentials
in nerves and control a wide variety of cell functiong Mport that hollv nanotubes constructed from carbon
atoms, and with hydrogen, carbonyl or carboxylic acid terminated ends eaability to mirror some of the
important functions of various biological ion channels. In particthase carbon nanotubes (CNTs), embedded
in a lipid bilayer (illustrated in Figure), are selgely permeable to cations or anions, depending on their
terminated ends and diamet&hey broadly mimic some of the permeation characteristics of the antibiotic
gramicidin, chloride channels, and the mutant glycine receptor.

Using a combination of molecular and stochastic dynamics simulations (see @oatlp8009 for details), we
characterize certain properties of these engineered nanotubes, such as the free energy profiles encountered
chaged particles, the current-voltage-concentration profiles and ¥bemllo conduction mechanism. &V
demonstrate that CNTs can be designed such thatatBeselectie o dther cations or anions by modifying

their surface chemistryn particular we dscuss three CNTs with a length of approximately 36 A agting

surface chemistrynamely (i) with a radius of 4.53 A and terminated with caybagmoups (see Hildeet al.,

2010 for details); (ii) with a radius of 4.53 A and terminated with hydrogen and withetyjons near the
entrance and exit of the nanotub@leydrogenated (outside surface hydrogenation); and (iii) with a radius of
5.08 A and terminated with carboxylic acid. These CNTs aravishio broadly mimic the permeation
characteristics of (i) the CIC-1 chloride channel and @ABut with conduction rates 4 times and 2 times
larget respectiely (see Hilderet al., 2010 for details); (ii) the antibiotic gramicidiubwith a potassium current

6 times larger; and (iii) the mutant glycine receptor in which anions chaperone sodium across the channel
(illustrated in Figure) but with a sodium conductance 7 timegtafhese synthetic nanotubes may lead to a
host of pharmaceutical products to assist in treatments such as antibacterial, cancer and cystic fibrosis ir
addition to potential applications as sensitiosensors.
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