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MbCD. Significant large-scale self-clustering of IgE-Fc3RI occurs upon cross-
linking with multivalent antigen, and we describe analytical methods to correct
for multiple gold binding and quantify clustering in these stimulated cells.
Our correlation function particle distribution approach is likely to have wide
applicability in nanoscale image analysis.
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Design of a Biologically Relevant Supported Bilayer Platform for the Study
of Membrane Active Peptides
Janice Lin, John Szymanski, Peter C. Searson, Kalina Hristova.
The Johns Hopkins University, Baltimore, MD, USA.
Membrane active peptides represent a class of soluble proteins that interact and
disrupt the plasma membrane. Examples of these include antimicrobial pep-
tides, cancer therapeutics, and cell-penetrating peptides. These peptides are
amphipathic and, in a concentration dependent manner, can self assemble to
destabilize the lipid bilayer. These peptides are rich in positively charged lysine
and arginine residues and thus have a strong preference for negatively charged
bilayers. In order to study the insertion mechanism and kinetics of these pep-
tides, we have designed a negatively charged, supported bilayer platform on
silicon. The negative charge serves to electrostatically drive peptides to bind
to the lipid bilayer interface. Furthermore, this platform is electrically address-
able through electrochemical impedance spectroscopy, which yields bilayer
resistance, thickness, and structural heterogeneity data. This platform consists
of an asymmetrical bilayer with 10 mol% negatively charged POPS, choles-
terol, and POPC in the upper leaflet and DPhPC lipids in the lower leaflet,
all supported by a PEG cushion on a silicon wafer. Resistances up to 2*104

Ohm cm2 and capacitances of 0.8 yF cm�2 have been measured for the plat-
form. The high resistance allows for high accuracy in the detection of the
activity of membrane active peptides of interest.
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Staphylococcus aureus Enriched in Ordered Lipids Present Resistance
Towards the Antibacterial Agent sPLA2-IIA: An Unusual Mechanism to
Survive
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Jorge L. Romero Becerra, Martha J. Vives, Chad Leidy.
Universidad de los Andes, Bogota, Colombia.
Bacterial membranes present solid-ordered/liquid-disordered (so/ld) coopera-
tive melting event close to physiological temperature. The cellular advantage
of this thermotropic melting event is yet to be determined. We show that this
thermal behavior provides resistance towards a membrane active antibacterial
agent.
Phospholipase A2 type IIA (sPLA2-IIA) is a hydrolytic enzyme which pres-
ents antibacterial properties towards Gram positive bacteria. The enzyme
has higher activity in ld phase compared to so phase in anionic membranes.
We show that the lipid phase behavior of Staphylococcus aureus (S.aureus)
membranes as measured by FTIR modulates sPLA2-IIA by inducing a sharp
drop in activity below the melting temperature of the membrane (centered at
15.3�C).
The effects of sPLA2-IIA treatment on cell viability are also investigated.
While above the main melting event viability drops to 20% of the initial
CFU after treatment, below the main melting event cell viability only drops
to 60% under the same treatment. This strongly suggests that cells in the
solid-ordered phase are better adapted to survive the enzymatic insult.
These results led us to explore if a subpopulation of S.aureus enriched in
ordered lipids can be selected after repeated treatment with sPLA2-IIA at
37�C. After selecting for resistance at 37�C we measured growth curves, mem-
brane order, and cell viability as a function of treatment temperature. The
results suggest that at 37�C there is a bacterial subpopulation with increased
membrane rigidity that insures survival of the colony to an insult by sPLA2-
IIA. This subpopulation also presents a longer latency period which can be
explained by the increased presence in ordered lipids, which are known to in-
hibit cell division. Even if the growth conditions are not optimal, the presence
of this subpopulation ensures survival from the antibacterial insult.
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Hyaluronan (HA), an unbranched non-sulfated glycosaminoglycan, is an im-
portant component of the extracellular and pericellular matrix of various cell
types. It has key roles in many biological processes such as wound healing,
angiogenesis, embryonic development, tumor progression and invasion. HA is
especially abundant around tumor cells in malignant gliomas where it is
associated with high invasivity and a poor prognosis. However it is unknown
how malignancy is correlated with the biomechanical properties of the cellu-
lar glycocalyx and the lifetime of the chemical bonds formed by HA with its
ligands. Here we introduce a method applicable to the study of biophysical
properties of cellular glycocalyx through tether extraction. Specifically, we
reveal the extent of the cellular ECM of a glioma cell line (HB), we demon-
strate that tethers formed through non specific binding can be pulled from the
cellular glycocalyx and by using a magnetic tweezers we determine the life-
time of these tethers. To calculate lifetime we simultaneously extract multiple
tethers under constant force using paramagnetic beads as force transducer.
We demonstrate that the stochastic lifetimes of these tethers and thus the
bonds they are associated with are exponentially distributed and can be pa-
rametrized by a generalized Bell model. We determine the maximum likeli-
hood estimates of the relevant parameters, such as force-free dissociation
constant and reactive compliance. We test the consistency of our approach
using computer simulations. This method could be employed in the develop-
ment of therapies which interfere with HA organization and HA-receptor
binding.
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Analytical Derivation of Thermodynamic Properties of Bolalipid
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Sergei I. Mukhin, Boris B. Kheyfets.
Moscow Institute for Steel and Alloys, Moscow, Russian Federation.
A model of bilayer lipid membrane with bola-lipids is studied. The bola-lipid is
modeled by linking tails of the hydrophobic chains in the opposite monolayers
within bilayer. We use for analytical derivations a flexible string model of
hydrocarbon chain (Mukhin, Baoukina 2005) with modified condition at the
linked chains ends. Calculated lateral pressure profiles are asymmetrical due to
different concentrations of the U-shaped bolalipids in the opposite monolayers,
Fig. 1, and orientational order parameters for linked and regular chains differ
significantly at the monolayers interface, Fig. 2.
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Highly Stable Poly(Lipid) Bilayers for Long-Term Ion Channel Recordings
Benjamin A. Heitz, Robert P. Cordero, S. Scott Saavedra,
Craig A. Aspinwall.
University of Arizona, Tucson, AZ, USA.
Long-term ion channel (IC) screening using cell-based assays is currently
limited by throughput and cell to cell variability. ICs isolated and reconstituted
into suspended lipid membranes offer an isolated view into IC structure and
function, but IC recordings are limited by the short lifetime of the bilayer.
Polymerizable lipids (poly(lipids)) offers one potential strategy for long-term
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investigation and screening of ICs and has been investigated with several model
ion channels.
The electrical properties and stability of lipid bilayers suspended across
glass micropipettes compared natural and polymerized lipids. Breakdown
voltage, capacitance, and conductance of the several pure and mixed polymer-
izable/non-polymerizable lipid bilayers were determined using a patch clamp
apparatus.
Using, polymerizable phospholipids, we have synthesized membranes with
markedly enhanced lifetimes from ca. 3 hours to upwards of 3 weeks. These
poly(lipid) bilayers have been used to monitor IC activity of alpha-hemolysin
for ca. 1week before loss of alpha-hemolysin. However, poly(lipid) bilayers
are rigid and do not support the function of ICs that require membrane fluidity,
To address this limitation, binary bilayers composed of poly(lipids) and non-
polymerizable lipids were investigated. The resulting mixed bilayers demon-
strate markedly enhanced long term stability compared to non-polymerized
bilayers and facility IC studies. Alamethicin, a model for voltage-gated ion
channels, was shown to be non-functional when reconstituted into homoge-
neous poly(lipid) bilayers, whereas reconstitution in to mixed bilayers revealed
alamethicin activity that and enhanced membrane stability.
A functional, truncated form of the KATP channel complex, 6xHis-EGFP-
Kir6.2d26, was chosen as a model ligand-gated IC, expressed and purified from
yeast. Long-term goals are to reconstitute the truncated version of KATP chan-
nels into polymerizable and non-polymerizable bilayers using varying strate-
gies into biomimetric sensing platforms screening ligands and drug candidates
for activity.
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Biological membranes are of overarching importance for all aspects of cell
structure and function in living organisms. Planar tethered bilayer lipid mem-
branes (tBLMs) are synthetic membrane models stabilized by the proximity
of a solid substrate that enhances its long-time stability by orders of magni-
tude.[1,2] A nanometer-thin hydration layer between the bilayer and the sub-
strate ensures that the biomimetic lipid membrane remains fluid with in-plane
lipid dynamics similar to that in vesicles.[3] In this work we establish tBLMs
composed of binary and ternary lipid mixtures as more complex, and hence
more realistic, membrane models. Such membranes may be used for studies
of protein-membrane interactions.[4] Biophysical properties of mixed tBLMs
vary significantly with bilayer composition. We report a structural and compo-
sitional characterization by neutron reflectometry of tBLMs that comprise
various lipid compositions including cholesterol. With specific deuteration of
selected bilayer components, such studies enable the determination of volume
fractions of individual lipid species in the asymmetric tBLM. A new composi-
tion-space model was developed to interpret neutron reflectivity data of such
systems. This model enables for the first time to extract more detailed informa-
tion about the bilayer leaflet proximal to the substrate and lets us explore in
more detail the distribution of lipid components across the bilayer. Such a
detailed structural and compositional assessment is the prerequisite for more
detailed studies of the association of amyloid-beta oligomer particles with
membranes in studies on the origin of Alzheimer’s disease.[4]
Supported by the NIH (1P01AG032131) and the AHAF (A2008-307).
[1]D.J. McGillivray, et al.2007. Biointerphases 2:21-33.
[2]F. Heinrich, et al. 2009. Langmuir 25:4219-4229.
[3]S. Shenoy, et al. 2009. Soft Matter, submitted.
[4]G. Valincius, et al., 2008. Biophys. J. 95:4845-4861.
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Matthew T. Davidson, Shelli L. Frey.
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In model membrane mixtures that mimic lipid raft compositions, the more
ordered domains are enriched in the ganglioside, GM1, which contains four neu-
tral sugars and a negatively charged sialic acid. To understand the organization
and partitioning of GM1 in cell membranes, the outer leaflet of the cell mem-
brane was modeled using Langmuir monolayers of DPPC and varying concen-
trations of GM1. At low biologically relevant concentrations, GM1 condenses
the DPPC monolayer while at higher concentrations, it fluidizes, with a
switch-over point between the two behaviors at a ratio of 3:1 DPPC:GM1.
Atomic force microscopy performed on deposited monolayers indicated that
GM1 is located in nanoscale clusters within the condensed DPPC domains.
The total surface area of these nanosize domains is larger than that attributable
to GM1 molecules alone, suggesting the regions are due to GM1 and DPPC pack-
ing preferentially in condensed complexes due to variations in molecular
geometry.
To further study this effect, geometry of the phospholipid was varied. The zwit-
terionic lipid, 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE),
with its smaller headgroup cross-sectional area compared to DPPC, was com-
bined with various ratios of GM1. Additivity plots constructed for the mixtures
to show deviations from ideal mixing indicated a 3:2 DMPE:GM1 ratio was
most condensed compared to the individual components. Molecular geometry
of the phospholipid headgroup plays a role in the condensation effect of GM1 on
neighboring phospholipids. Additional experiments on certain monolayer
mixtures of 1,2-dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE) and GM1,
components that are each fluid in pure monolayers, showed formation of con-
densed domains. This indicates the condensation effect of GM1 is strong enough
to induce biologically relevant ordering phase transitions. Results will also be
shown from experiments combining phospholipids containing negatively
charged phosphatidylglycerol headgroups with GM1 to show the effect of
electrostatic repulsion on the induced condensation.
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Determining the Water Content of Lipid Membranes by Neutron
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Ella Mihailescu1, David Worcester2, Francisco Castro-Roman3,
Monica Fernandez-Vidal1, Stephen H. White1.
1University of California, IRVINE, CA, USA, 2University of Missouri,
Columbia, MO, USA, 3CINVESTAV-IPN, Departamento de Fı́sica, Mexico
DF, Mexico.
Knowledge of the structure of fluid lipid bilayers is essential for understanding
complex biological phenomena in cellular membranes. Water, in particular, is
an important component of the membrane since membrane proteins anchor and
function in cellular membranes through interactions with water and lipid polar
headgroups. Here we present an experimental method to determine directly the
content of water in a membrane, at thermodynamic equilibrium with its envi-
ronment, which does not require knowledge of the density of water. Neutron
diffraction and specific lipid deuteration is employed to determine the number
of waters in a unit cell (lipid alone or lipid/peptide and lipid/cholesterol
mixtures) of oriented lipid multilayers hydrated from water vapor phase, under
various humidity conditions. Having determined the number of deuterium
atoms per lipid by Mass Spectroscopy, the number of water molecules per lipid
can be determined with high precision by neutron diffraction, using the content
of deuterium in the sample as a calibration measure. The number of water
molecules per unit cell will be presented for a few lipid types (phosphocholines
or charged-headgroup lipids), and compared with results obtained by other
methods. The extent to which the water held in a membrane is altered by the
presence of cholesterol or a voltage-sensing trans-membrane peptide will be
demonstrated.
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Observation of Intermediates in Lamellar to Cubic Phase Transformations
of Lipid Nanoparticles
Xavier Mulet1, Xiaojuan Gong2,3, Lynne J. Waddington4,
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3School of Chemistry, F11, The University of Sydney, Sydney University,
Australia, 4CSIRO Molecular and Health Technologies, Parkville, VIC,
Australia, 5CSIRO Materials Science and Engineering, Clayton, VIC,
Australia.
Self-assembled lipid systems have recently come to prominence in medical
applications as potential carriers for a range of bioactive agents (1); these
include medical imaging, therapeutic compounds. One of their primary advan-
tages is versatility as they can be adapted to different agents and target sites.
During the preparation of cubic phase lipid nanoparticulate dispersions, we ob-
served the presence of new intermediates during the transition from the fluid
lamellar lyotropic phase to the cubic phase. This phase transition is regarded
as a model for membrane-fusion processes(2). Many organelles demonstrate
highly ordered cubic membrane structures. Determining the mechanistic
origins of such lipid organelle complexity has been elusive.
We increased the lifetime of very short-lived non-equilibrium intermediate
structures by the use of steric stabilizer in the dispersions. These structures
were characterized using synchrotron small-angle X-ray scattering and
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