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Small molecule diffusion in irverse cubic phase lipid systems

S. Faserl?R. Mulder? J. Cosgrifi,2 X. Mulet? F. Sepaovict and A. Polyzog,'School of ChemistrBio21
Institute The University of Melbourn&/C 3010, Australia?lan Wark Laboratories, CSIRCMSE , Clayton
North, VIC 3165, Australia antDepartment of Chemistrigniversity of Cambridg, Cambridge, United
Kingdom.

The cubic phases formed by amphiphiles are an important class of nanostructured self-assembled
material. Colloidally stable, particulate dispersions of theerie cubic phase, termed cubosomes, are of
particular interest due to their thermal stahiliyge surface-area to volume ratio (up to 48@mh of cubic gel),
their ability to incorporate functional molecules, and a viscosity approximately equal to thateoflnvsuch
structurally complex, multi-component systems, diffusion NMR is aepful technique for measuring small
molecule diffusion within cubosomes and, importardlipws simultaneous acquisition of diffusion clgénts
for free molecules in solution or bound to a receptor embedded in the lipid matrix. The model system used here
is the biotin-Neutravidin system (K= Mo M), with the biotin chemically attached to a lipid incorporated
into the cubosomes, whilst the Newithin is added in solution. The results reported here indicate a multi-
component diffusion of ater and proteins through the pores of cubosomes. NMR diffusion measurements sho
signal attenuation in the water and protein resonances whilst the lipid components of the system remain
unafected (Figure). The decrease in diffusion constants for water and protein in the cubosome system in
comparison to free solution indicates thafudifon is dependent on the porous nature of the cubosome and
protein binding.

DOSY proton NMR speetof the phytantriol inverse cubic phase at 25°C.
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Detection of proteins in the pathological deposits in Pseudoexfoliation syndrome using Atomic
Force Microscopy

R. Creasg! C. Gibsont S. Sharma,J.E. Craig! T. Bedcke,? P. Hinterdorfer and N.H. Voelker,* IFlinders
University of South Australia, GPO Box 2100, Adelai $01, Australia?Nanochemistry Resezr Institute,
Curtin University GPO Box U1987, Perth, WW6845, Australia andlinstitute for Biophysics, Johannes Kepler
University Linz, Altenbger St. 69, Linz 4040, Austria.

Protein aggrgation is of significant interest to various disciplines; it can be the cause of debilitating
diseases, or the foundation of adeed nanomaterials. One ocular disease hallmarked by proteigaiggrées
known as Pseuda#oliation Syndrome (PEX). This condition is caused by the formation of insoluble
aggreaes, and is characterised by deposition of fibrillar proteinaceous material on the anterior lens capsule.
PEX deposits in theye block the agueous outfltomechanisms, which can lead to anvel®mn in intraocular
pressure and subsequent glaucoma. Glaucoma is the second leading causssiblerblindness wridwide,
and PEX is the most common known risk factor for glaucoma.

Proteomic analyses Y& revaaled an association of various genetic reeskand protein expression with
PEX; havever a complete explanation for disease susceptibility is not yatadle. As the agggees are a
comple arrangement of proteins, the ultrastructure is poorly characterised arydoroéein constituents of the
aggr@aes remain unknen. This study addresses the critical issue of determining the molecular nature of PEX
on lens capsules in their nagigate by atomic force microscpAFM) based antibody recognition imaging.

The particular focus of this study is on a type of AFM methodology referred to as topognaplecognition

imaging (TREC). Proteins identified by proteomic data as being implicated in the PEX patblmgy, such as
clusterin and LOXL1, are detected by an AFM probe modified with the appropriate anflbpdgraphical

AFM images and antibody recognition images are obtained simultaneously to determine the specific location of
proteins in and around PEX agga®es on the lens capsule anterior surface. These data, combined with data
from alternatie antibody-recognition imaging techniques, proteomic and genetic analyses, are leading to an
improved understanding of the pathogdiological basis of PEX. A more complete understanding of the
pathoplysiological basis for the disease will lead to theettsoment of earlier detection methods and treatments
that target the disease instead of the subsequent glaucoma.
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Visualisation of bacterial hydrodynamics
J.L. Flewellen, University of Oxford, Clarendon LaboratdPsrks Road, Oxford, OX1 3REngland.

Bacteria and other microgenisms lve in an ajueous, law-Reynolds number environment where viscous
forces dominate. The means by which gnamcroorganisms propel themselves through such arirenment
are not well understood. Additionagllynderstanding the way in which fluid couples physical interactions
between micro-scale objects and aogs has reoed increasing attention in a number of biological and
technological fields @ recent years. The traditional approaches teesiigating these problems are
mathematical simulations and particle image velocimetry (PRgeements. While modeling can be done in
three dimensions, the vast majority of experimenta¢stigations hae keen restricted to only two. This is
primarily due to the reduced depth of fielditable at the high magnifications required to see migaosms.

I have used some n@ approaches to irestigating hydrodynamic interactions on the micro-scale,
specifically in the context of the bacterial flagellar motdrave adapted in-line holographic PIV techniques
(Cheonget al, 2009) for use in a biological environment under high magnification. Assays of motile
Escheritia coliare seeded with microsphere tracer particles and illuminated with a collimated laser beam. The
coherent light scattering foh microsphere interferes with non-scattered light and results in a characteristic
interference pattern. From this pattern, microsphere positions in three dimensions can be determined. This
technique allws for greater depth of field than other techniques, and, when combined with high-speed video
microscopy, can generate a full three-dimensional map ofw fleld in a dynamic micro-system.

Independentlymicrospheres can also be used as pasditectors of dynamic bewiaur. In a ®parate
experiment, a microsphere is held in an optical trap in close proximity to a second microsphere attached to the
motor of an immobilised bacterium. The resultingdtodynamic interactions are recorded through video
microscopy. The ultimate aim of this approach is tovddep a non-contact method of detecting the motion of
dynamic systems which are invisible under normal microscop

These methods hold promise foptoring and visualising not only bacterial systems, byt &mamic,
agueous micro-scale environment.

Cheong, FC, Sun, B, Dyfus, R, Amato-Grill, J, Xiao, K, Dixon, L & GrieDG (2009). Flav visualization and
flow cytometry with holographic video microsopptics Expressl7(15), 13071-13079.
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Shedding light on liposomes: Using lipid-mimetic metal complexes for fluorescent labeling
A. MechlerM. S. Hida, E. Doevan and C. Hogan, Department of Chemisérjirobe UniversityVIC 3086,
Australia .

For the study of biophysical systemsvatving phospholipid membranes, such as membrane lysis by
antimicrobial peptides, supported membrane deposition, or liposome size and shape studies, it is often desired t
apply a fluorescent label to the lipid phasewier, lipid membranes are dynamic systems that are highly
dependent on the strength of headgroup interactions, internal pressure and lipid .ntbkitingr of these
factors is changed, the properties of the membrane (surface tension, liposome dibitigteto attach to
surfaces) might change as well, compromising the measurements. Unfortuihadebscent labeled lipids and
membrane-specific dyes typically do change thgsiglhchemical properties of the membrane. Our aim was to
develop a fluorescent dye that is similar to the lipid molecules in shape and size, and to use it for liposome
imaging.

Two metal complges, (Ru(2,2-bigridine),(4,4-dinonyl-2,2-dipyridyl)(PF6) and
(Ir(2-phenylpyridine)(4,4-dinonyl-2,2-digridyl)(PF6)) hae keen synthesized, both with the same molecular
structure: a "head group" made of the metal coordinated Yoyariab ppy, respectiely, and a "tail group" with
two dkane chains. The lipid-mimetic compgis have been successfully reconstituted into DMPC liposomes.
Importantly when making the liposomes, extrusion was omitted; only a geottexwg and 30 s weak
sonication was employed and the liposome size distribution was lefioleee As a result, liposomes of a
relatively broad size distribution were created, tendingvards a bimodal distribution containing small
unilamellar liposomes (SUVILOOnm of diameter) and large (up to micron size) liposomesyesad by DLS
measurements. Importantlthe size distribution of the liposomes labeled with the metal coels \ery
similar to DMPC liposomes without the fluorescent label, thus the presence of thexcologdenot alter
significantly the physicochemical properties of the membrane. Igidady assumed that if larger liposomes
form they must be multilamellar "onion" structures with an SUV corewkler, confocal microscopic imaging
of the metal comple labeled liposomes shows hallostructures with occasional encapsulated smaller
liposomes. The figure shows axaenple of a confocal microscopic cross-section picture of a large liposome
enclosing a smaller one. Remarkablihe metal compbkes suffer minimal, practically ngligible
photobleaching, making longer time lapse studies feasible. Thamatal complees fluoresce at diérent
wavelengths opening the door for dichroic measurements with thidateeling method.

A liposome- in- liposome system, labeled with Ru@opygne The diameter of the outer liposome 3.5um.
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Shedding light on neurodegeneration: small angle X-ray scattering and misfolded proteins
C.C. Curtain, Mental Health Resedr Institute The University of MelbournéMelbourne VIC 3010, Australia.

The misfolding pathways that lead to cytotoxic specty between diseases such as Alzheisn@&D),
Huntingtons and Rarkinsons hut there is a common link in that thell involve sme form of oligomeric
species, in contrast to thetea- or intra-cellular fibrillar deposits of aggaeed protein that are gerded as end
products of the pathological processli@magneet al, 2010). T ducidate possible folding pathways for the
amyloid 3 peptide of AD (4) we made time-resolved, stoppedHlcSAXS measurements at the Australian
Synchrotron on B 1-40 and /8 1-42 peptides in dilute NaOH (13mM) that were rapidly mixed with pH 6.9
phosphate tifered saline containing Ctiions. These showed that protofibril formation occurred in less than
one second in either control or €ucontaining bffer and that olution of the fibrils in subsequent seconds
followed a non-linear pattern. Static measurements on the peptides that had been reacted with sub-micella
concentrations of the lipid mimetic, N-laytaminopropyl-N,N'- dimethylamine oxide (LIAO) and a dipeptide
formed of tyrosine 10 cross-linked3AL-40 (Kok et al, 2009), havever, gavea dable well-defined “Y” shaped
structure for both the di-tyrosine linked peptide andACD associated f 1-42. The “Y” shape is reminiscent
of the Fc antibody fragment. Since the di-tyrosine diohlpeptide is neurotoxic, as in the case yabtoxic
antibodies, its tw ams may carry ligands able to cross-link cell membrane receptors to initigtetaxic
cascade.

Villemagne VL, Perez KA, P&kKE, Kok WM, Rowe CC, White AR, Bourgeat &lvado O, Bedo J, Hutton
CA, Faux NG, Masters CL, Barnham KJ (20I16)rnal of Neuroscienc@0: 6315-22.

Kok WM, Scanlon DB, Karas JA, Miles LA,eWw DJ, Rarker MW, Barnham KJ,Hutton CA (2009Fhemical
Communications (Cambrigg England)7: 6228-30.
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