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compensated, at least in part, by interactions with the channel wall and by in-
teractions with the lipid headgroups at the channel mouth. Consequently, dif-
ferences in single channel permeability (pf) measured for gramicidin A chan-
nels embedded into different lipids were interpreted in terms of differences
in water dehydration costs. However, recent atomistic molecular dynamics sim-
ulations identified lipid headgroup interactions with the channel entrance lead-
ing to transient blocking of the channel. This observation suggests that the lipid
environment affects the channel not only by changing the water energetics but
also by mechanically blocking the entrance. To test this hypothesis we mea-
sured ion and water fluxes through acylated gramicidin-A derivatives, which
were reconstituted into solvent free diphytanoyl-phosphatidyl-choline mem-
branes. Ion conductance of channels with C9 and C10 acyl-chain anchors
differed only by about 20 % from wild type gramicidin-A conductance. Simi-
larly, the anchor had only a minor effect on dimer stability as indicated by a de-
crease in channel lifetime from 2.3 s to 2 s or 1.6 s for the C9 and C10 deriv-
atives, respectively. As the gramicidin channels most of the time do not contain
ions, the acyl-chain anchor affects water transport more efficiently. Two C9 an-
chors increased pf by a factor 2 or 3 depending on their position. In contrast,
derivates with only one C9 or C10 acyl anchor showed no increase in pf. Taken
together with data about the lipid dependency of pf, these results indicate that
the lipid headgroups affect single file transport by both changing the solvation
energy and by blocking the channel entrance.
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Amyloid Oligomers Increase the Lifetime and Single Channel Conduc-
tance of Gramicidin Channels
Yuri Sokolov, Saskia C. Milton, Charles G. Glabe, James E. Hall.
UCI, Irvine, CA, USA.
Our previous data suggest that Ab does not itself contribute a new intrinsic con-
ductance to the membrane but instead alters physical properties of the membrane
specifically increasing the apparent dielectric constant of hydrocarbon region.
This change could in turn affect the properties of membrane ion channels.
In order to test this notion we compared the effects of amyloid oligomers on the
single channel conductance and mean open time of gramicidin in 2 M NaCl and
CsCl using DOPC and a series brominated lipids that change the dielectric
properties of lipid bilayer at different depths into the membrane (11,12-
bromo-16:0, 10,9- bromo-16:0 and 7,6- bromo-16:0, PC). Amyloid oligomers
always increase the single channel conductance and mean open time both in
2 M NaCl and CsCl regardless of the nature of lipid used. The single channel
conductance of gramicidin in brominated lipid membranes is always lower than
that in DOPC membranes.
In terms of a simple three-barrier two- site model such as that used by Barnett
et al., 1986, this suggests that amyloid oligomers lower the energies of both Cs
and Na ions in the gramicidin channel but at different critical locations relative
to the barrier profile. For Naþ, amyloid oligomers lower the principal central
barrier and thus increase the translocation rate of Naþ at a given voltage. For
Csþ, amyloid oligomers act as if they lower the energy of the Cs ion in the
channel, but in such a way as to increase the depth of one or both of the two
wells in the barrier profile. Brominated lipids apparently increase the depth of
the wells at the ends of the channel consistent with their X-ray locations.
Supported by the Hillblom Foundation and NIH 1P01AG032131.
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Rice University, Houston, TX, USA.
Alzheimer’s Ab-40 and penetratin exhibited the same conformation changes
upon binding to membranes. Recently we have studied the thermodynamics
of membrane-mediated b-aggregate formation in equilibrium experiments
using penetratin-lipid mixtures. The results showed that penetratin bound to
the membrane interface in the a-helical conformation at low peptide-to-lipid
(P/L) ratios. As P/L exceeds a lipid dependent critical value P/L*, small b-ag-
gregates were formed, which served as the nuclei for large b-aggregates. We
tested this free energy description in a kinetic experiment using GUVs. A
GUV made of 7:3 DOPC/DOPG and 0.2% lipid dye was aspirated by a micro-
pipette and transferred to a solution of containing penetratin in various concen-
trations. As the peptides began to bind to the GUV, the membrane area initially
expanded till it reached a maximum (this corresponds to P/L->P/L*). Then
the area began to decrease from the maximum expanded value (corresponding
to P/L exceeding P/L* where the membrane thinning decreases with increasing

P/L). Concomitant with the
area decrease, lipid aggre-
gates began to appear on the
surface of GUV and some
of them came off the GUV
surface.
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Membrane Mediated Peptide Conformation Change from Alpha-Mono-
mers to Beta-Aggregates
Chang-Chun Lee, Yen Sun, Huey W. Huang.
Rice University, Houston, TX, USA.
The major component of Alzheimer’s disease amyloid plague, b-amyloid pro-
tein 1-40 and the peptide penetratin exhibited the same membrane mediated
conformation changes. Both peptides are random coils in solution but change
to a-helical or b-like conformations in the presence of negatively charged lipid
membranes. Both peptides change from a to b conformations as the lipid charge
increases or as the peptide concentration increases. Since the principle behind
these phenomena might clarify the molecular mechanism of b-amyloid forma-
tion, we investigated the correlation between the peptide conformation of
penetratin and its effect on the membrane thickness in four different lipids
with varying degrees of chain unsaturation. The results revealed a new effect
of membranes on penetratin , i.e., as the degree of chain saturation increased,
the peptide changed from a-helical to b-like conformation. We found that pen-
etratin in the helical conformation was bound to the interface and thinned the
membrane. In contrast, penetratin in the b-conformation had little effect on
the bilayer thickness, therefore it was most likely bound on the surface of lipid
headgroups. From the systematic results we were able to deduce the molecular
mechanism in terms of free energies that explains the effect of membrane bind-
ing on the secondary structure of penetratin. The mechanism could be the pro-
totype for the membrane-mediated version of nucleation-dependent amyloid
formation proposed by Jarrett and Lansbury. It might explain why membrane
binding has been suspected as the catalyst for polymerization leading to amy-
loid formation.
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The Hydrophobic Surfactant Proteins Induce Cubic Phases Without Alter-
ing Spontaneous Curvature
Mariya Chavarha1, Hamed Khoojinian1, Leonard C. Schulwitz1,
Samares C. Biswas1, Shankar B. Rananavare2, Stephen B. Hall1.
1Oregon Health & Science University, Portland, OR, USA, 2Portland State
University, Portland, OR, USA.
Prior evidence suggests that the hydrophobic surfactant proteins, SP-B and SP-
C, promote adsorption of the surfactant lipids to the alveolar air/water interface
by facilitating formation of a rate-limiting negatively curved stalk between the
vesicular bilayer and the interface. In support of the proposed model, the phys-
iological mixture of the surfactant proteins (SP), in amounts as low as 0.03%
(w:w), induce 1-palmitoyl-2-oleoyl phosphatidylethanolamine (POPE) to form
inverse bicontinuous cubic (QII) phases, in which each leaflet has the saddle-
shaped net-negative curvature predicted for the hypothetical stalk. One mech-
anism by which the proteins might promote formation of the QII phases is by
altering the spontaneous curvature of the lipid leaflets. If the lipid-protein
mixtures form the inverse hexagonal (HII) phase, then a shift in spontaneous
curvature would change the dimensions of the unit cell. POPE forms HII struc-
tures only above 71�C, and only for 0-0.03% SP. To obtain HII structures with
a wider range of protein contents, we substituted lipids that form HII structures
at lower temperatures. X-ray diffraction showed that 1,2-dioleoyl phosphatidyl-
ethanolamine and its stereoisomer 1,2-dielaidoyl phosphatidylethanolamine
form QII phases with SP at or above 0.03%. During heating from 10 to 95�C,
both lipids form HII structures over the full range of protein concentrations
from 0-3% SP. The dimensions of the HII unit cell were unaffected by the
content of protein. The lack of any effect of the surfactant proteins on the size
of the HII phase indicates that the proteins facilitate formation of the QII phases,
and suggests that they promote adsorption, by a mechanism other than chang-
ing spontaneous curvature. (Studies conducted at the Stanford Synchrotron
Radiation Lightsource).
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Modifications to Surfactant Protein B Structure and Lipid Interactions
Under Ards Conditions: Consequences of Tryptophan Oxidation
Muzaddid Sarker, Jarratt Rose, John Bartlett, Mitchell Browne,
Valerie Booth.
Memorial University of Newfoundland, St. John’s, NL, Canada.
Oxidation of Surfactant Protein B (SP-B) is one of several mechanisms
proposed to lead to inactivation of lung surfactant in patients with Acute Respi-
ratory Distress Syndrome (ARDS). We have used solution NMR, circular
dichroism and molecular dynamics simulation to explore the consequences
of oxidation of the tryptophan residue in fragments of SP-B. These fragments
include the N-terminal helix of SP-B, as well as Mini-B, a fragment that in-
cludes both the N-and C-terminal helices. The fragments were studied in a num-
ber of conditions including aqueous solution, organic solvent, zwitterionic and
anionic micelles, as well as monolayers. Tryptophan oxidation was found to
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result in both the partial loss of a-helical structure, as well as differences in pep-
tide positioning with respect to the lipids.
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Antimicrobial Peptides in Toroidal and Cylindrical Pores
Maja Mihajlovic, Themis Lazaridis.
The City College of New York, New York, NY, USA.
Antimicrobial peptides (AMPs) are small, usually cationic peptides, which per-
meabilize biological membranes. Understanding their mechanism of action
might help design better antibiotics. Using molecular dynamics (MD) simula-
tions, we investigate the preference of alamethicin and melittin for pores of
different shapes. In the simulations, an alamethicin hexamer initially embedded
in a pre-formed cylindrical pore preserves the pore shape or closes the pore if
glutamines in the N-terminus are not located within the pore. On the other
hand, when a melittin tetramer is embedded in a toroidal pore or in a cylindrical
pore, at the end of the simulations the pore is lined both with peptides and lipid
headgroups, and, thus, can be classified as a toroidal pore. These observations
agree with the prevailing views that alamethicin forms barrel-stave pores
whereas melittin forms toroidal pores. The melittin tetramer interacts more
strongly with lipids in the toroidal pore than in the cylindrical one, due to more
favorable electrostatic interactions. Using an implicit membrane model, modi-
fied to include pores of different shapes, we show that melittin is better solvated
in toroidal pores than in cylindrical ones.
Membrane Structure I
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Hybrid Lipids as a Biological Line-Active Component
Robert Brewster1, Sam A. Safran2.
1Caltech, Pasadena, CA, USA, 2Weizmann Institute of Science, Rehovot,
Israel.
The lipid raft hypothesis posits that certain cellular functions are mediated by
small (nanometric to tens of nanometers) domains rich in sphingolipids and
cholesterol. These sphingolipids have two completely saturated hydrocarbon
tails that show good orientational order in the membrane. The surrounding
phase consists mostly of lipids with at least one unsaturated bond in the hydro-
carbon tails which forces a ‘‘kink’’ in the chain and inhibits ordering. In vitro,
this phase separation can be replicated; however, the finite domains coarsen
into macroscopic domains with time. We have extended a model for the inter-
actions of lipids in the membrane, motivated by the work in (Elliott et al., PRL
2006 and Garbes Putzel and Schick, Biophys. J. 2008), which depends entirely
on the local ordering of hydrocarbon tails. We generalize this model to
INCLUDE an additional species THAT IS LINE ACTIVE and identify a bio-
logically relevant component, a hybrid lipid with one fully saturated hydrocar-
bon chain and one chain with at least one unsaturated bond, that may serve as
a line-active component. we show that in some cases, the hybrid is capable of
reducing the line tension between the saturated and unsaturated domains to
zero, thus stabilizing finite sized domains in equilibrium. We then present
simple packing arguments that predict the expected size of such domains as
a function of the molecular volume and area per headgroup of the composing
lipids which is dictated by parameters such as cholesterol concentration, chain
length and degree of unsaturation.

1471-Pos
Characterization of Horizontal Lipid Bilayers as a Model System to Study
Lipid Phase Separation
Richard Wagner, Frank Erdmann, Alf Honigmann.
University Osnabrueck, Osnabrueck, Germany.
Black lipid membranes are widely used as a model system to study ion channel
activity with electrophysiological techniques. In this study we characterize the
properties of the bilayer system with respect to its dynamics of lipid phase sep-
aration using single molecule fluorescence fluctuation and electrophysiological
techniques. On the nanosecond time scale we determined the rotational motions
of fluorescently labeled lipids using confocal time resolved anisotropy to probe
the microscopic viscosity of the membrane. Simultaneously long range mobil-
ity was investigated by the lateral diffusion of the lipids through the laser focus
with fluorescence correlation spectroscopy. Depending on the solvent used for
membrane preparation, lateral diffusion coefficients between Dlat ¼ 10 - 25
mm2/s and rotational diffusion coefficients of Drot ¼ 2.8 107 s�1 - 1.4 107 s�1

were measured in pure liquid disordered (Ld) membranes. In ternary mixtures
containing saturated, unsaturated phospholipids and cholesterol, liquid ordered
(Lo) domains segregated from the Ld phase at 23�C. The lateral mobility of
lipids in Lo domains was ~8-fold lower compared to the Ld phase while the
rotational mobility decreased by a factor of 1.5. Burst integrated steady state
anisotropy histograms as well as anisotropy imaging were used to visualize
the rotational mobility of lipid probes in phase separated bilayers. The electrical
conductance of pure Ld and ternary bilayers was linearly dependent on the tem-
perature. No discrete current fluctuations were found near the phase transition
between coexisting Ld and Lo domains. Our results demonstrate that horizontal
bilayers can be used as an alternative model system for lipid phase separation
(taking solvent partitioning into account) favorably when electrical properties
of the membrane want to be studied in parallel
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Phase-Field Modeling and Simulations of Lipid Membranes Coupling
Composition with Membrane Mechanical Properties
Chloe M. Funkhouser1, Francisco J. Solis2, Katsuyo Thornton1.
1University of Michigan, Ann Arbor, MI, USA, 2Arizona State University,
Glendale, AZ, USA.
The plasma membrane, a lipid bilayer membrane surrounding all mammalian
cells, is not homogeneous, but rather contains domains termed ‘rafts,’ defined
as regions enriched with cholesterol and saturated lipids. Understanding how
and why these rafts form is of great importance to cell biologists and immunol-
ogists, since they are involved in many important cell functions and processes
including endocytosis, cell adhesion, signaling, protein organization, lipid reg-
ulation, and infection by pathogens. These raft structures also show great poten-
tial for technological applications, especially in connection with biosensors
and drug delivery systems. We examine the formation and evolution of lipid
raft-like domains in multicomponent lipid membrane vesicles using a contin-
uum-level simulation method. Our objective is to investigate how various phys-
ical parameters input into the model, such as spontaneous curvature, bending
rigidity, and phase fraction, affect the dynamics and equilibrium morphological
phases formed in two-phase lipid membrane systems. This model is applied to
membranes with spherical background geometries, simulating the composi-
tional and shape evolution of lipid vesicles, coupled using a modified Helfrich
free energy. The compositional evolution is modeled using a phase-field
method and is described by a Cahn-Hilliard-type equation, while the shape
changes are described by relaxation dynamics in which the vesicle surface area
is conserved. We find that the compositional and morphological evolution are
significantly altered when the mechanical coupling is present by comparing the
results with those of systems where this coupling is absent. More specifically,
we find that the evolution is significantly slowed when the phases have equal
and opposite spontaneous curvatures and are present in roughly equal amounts.
We also investigate equilibrium shapes formed by completely phase-separated
vesicles as a function of spontaneous curvature, bending rigidity, and phase
fraction.
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Computation of Lipid Headgroup Interactions
Andrew M. Smith1, Adriana L. Rogozea2, Carina M. Poltera2,
Gonzalo Ordonez1, Shubho Banerjee3, Horia I. Petrache2.
1Butler University, Indianapolis, IN, USA, 2Indiana University Purdue
University Indianapolis, Indianapolis, IN, USA, 3Rhodes College, Memphis,
TN, USA.
The equilibrium structure of lipid aggregates is determined by the balance of
numerous forces between hydrophobic acyl chains, hydrophilic lipid head-
groups, and the lipid’s environment. Among these forces, lipid headgroup in-
teractions are both important to the stability of lipid structures and responsible
for many of the interactions between biological membranes and aqueous sol-
utes including ions and soluble peptides. In order to model these headgroup in-
teractions, we consider the electrical properties of the headgroup molecules via
the multipole expansion. While common lipid headgroups such as phosphati-
dylcholine are electrically neutral, they are characterized by non-zero higher
order terms in the multipole expansion. Making a dipole approximation, we
employ a two dimensional lattice of classical dipoles to model the headgroup
networks of lipid aggregates. Restrictions to each dipole’s position and orien-
tation are imposed to account for the effect of hydrocarbon chains which are not
included in the model. A Monte Carlo algorithm is used to calculate headgroup-
headgroup interactions and network energies in both dipole and point-charge
approximations.
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