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In situ study of the impact of acidic and neutral 
deposition pH on alkane phosphate film 

formation and stability on TiO2 

Understanding the deposition and stability of  
self-assembled monolayers on titania  is 

important for implant deceives so that better 
tissue integration can occur    

 
In this work the deposition and stability of 

dodecyl phosphate on titania at different pH 
is investigated  

The deposition kinetics is faster at low pH 
however a more stable film is formed from 

pH 7.0 depositions  

pH 4.5  pH 7.0  

S. A. Holt et al. RSC Advances, 3, 2581 (2013) 

Antimicrobial Peptides from Australian 
Frogs Binding to Model Membranes 

Maculatin 1.1 from the green-eyed tree 
frog (Litoria genimaculata)  
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Maculatin 1.1 is likely to induce pore-formation 
in anionic membranes  

D. I. Fernandez et al. European Biophysics Journal, 42, 47 (2013) 

Aurein 1.2 from the green and golden 
bell frog (Litoria aurea) 

-10

-8

-6

-4

-2

0

2

lo
g(

R
ef

le
ct

iv
ity

)

0.300.250.200.150.100.05
Q / Å-1

 SiO2 / D2O
 d54DMPC/DMPG (4:1) / D2O
 d54DMPC/DMPG (4:1) + aurein 1.2 / D2O
 d54DMPC/DMPG (4:1) + aurein 1.2 / CM4
 d54DMPC/DMPG (4:1) / H2O
 d54DMPC/DMPG (4:1) + aurein 1.2 / H2O

HG1 HG2 Tails D2O 
6.5

6.0

5.5

5.0

4.5

4.0

3.5

3.0

2.5

S
c
a

tt
e

ri
n
g

 L
e

n
g

th
 D

e
n
s
ity

 /
 x

1
0

-6
 Å

-2

6040200-20
Distance from Interface / Å

Aurein 1.2 causes disordering and 
lysis of anionic bilayers ‘the carpet 
mechanism’  

D. I. Fernandez et al. Physical Chemistry Chemical Physics, 14, 15739 (2012) 

‘Super bugs’ such as methicillin-resistant Staphylococcus aureus (MRSA) has 
resistance to most β-lactam antibiotics. Novel antibiotics are needed that do 
not target metabolic pathways of bacteria and make it improbable for bacteria 
to develop antibiotic resistance. Antimicrobial peptides are an attractive 
alternative as they target the bacterial cell membrane and cause permanent 
damage that is hard for the cell to fix => improbable to develop resistance. 

Molecular Orientation of Tropoelastin is 
Determined by Surface Hydrophobicity 

SiO2 SiO2 

158 Å 

Hydrophilic Hydrophobic 

~200 Å 

Tropoelastin on 
hydrophilic  silica 

Tropoelastin on 
hydrophobic  OTS 

A. P. Le Brun et al. Biomacromolecules, 13, 379 (2012) 

Tropoelastin is a precursor to the 
extracellular protein elastin and is used in 
tissue engineering and implant technology.  

 
The orientation of tropoelastin in monolayers 

depends on the surface hydrophobicity  

John Chow, Daniel Bax, Tony Weiss, University of Sydney 

David Fernandez, Thomas Whitwell, Marc-Antoine Sani, 
Frances Separovic, University of Melbourne 

H. -H. Shen et al. Soft Matter, 7, 8041 (2011) 

Interaction of Cubic Phase Nanoparticles with 
Biological Membranes 

Phytantriol = Phy  
Of interest due to bio-

compatibility and drug delivery 
potential  

DPPS-doped Phy 
cubosomes show 
faster adsorption 
kinetics to 
membranes  
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a)

Targeted Detection of Phosphatidylserine in 
Biomimetic Apoptotic Membranes Using Annexin 

V-Containing Cubosomes 

Decorated Annexin V DPPS-Phy cubosomes 
as probe for enhanced targeted detection 
of apoptotic  membranes   

Annexin V-DPPS-Phy cubosomes 
binding to a POPC/POPS (2:1) bilayer 

Hsin-Hui Shen, Keith McLean, Patrick Hartley, CSIRO / Monash University 

From N Ruiz, D Kahne & TJ Silhavy Nature Reviews Microbiology 
2006, 4:57-66 

Structural Models of the Gram-negative 
Bacterial Outer Membrane   

The aim is to create 
realistic models of the 
bacterial outer membrane 
for structural studies 
using monolayers and 
floating supported 
bilayers (FSB).  

Modified silicon surface 

Lipid monolayer chemically 
bonded to silicon 

DOPE 

LPS 
Floating bilayer 

FSB’s were created by 
using Langmuir-Blodgett 
and Langmuir-Schaefer 
dipping techniques.  
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A. P. Le Brun et al. Biomacromolecules, 14, 2014 (2013)  

Outer membrane lipids 
such as 
lipopolysaccharides 
(LPS) were deuterated. 

The reflectivity data and nSLD 
profile floating model membrane of 
DOPE and RcLPS under a D2O (red) 
and H2O (blue) solvent contrast.  

Honours project of Tomas Mayfield, Flinders University 

Protein-Ligand Interactions in Planar Lipid Bilayers  
Claire Hatty and Richard Banati, ANSTO LifeSciences / University of Sydney 

Neutron 
Reflectometry 
reveals that PK11195 
is in the hydrophobic 
tails when bound to a 
lipid bilayer  

Investigating the interactions of the ligand PK11195 
with the protein TSPO in lipid bilayers  

Interfacial Behaviour of DNA-Based Biosensors  
Tanja Kjällman, Jadranka Travas-Sejdic, Duncan McGillivray, University of Auckland  

T. H. M. Kjällman et al. Soft Matter, 7, 5020, (2011) 

Investigating the hybridisation of 
surface immobilised single-stranded 
DNA 

NR and nSLD profiles of single-stranded DNA + 
PEG back filling on gold and hybridisation of 
complementary DNA 

Disc chopper system 

Collimation system and 
neutron guide optics 

Sample stages 

Detector 
vacuum tank 

Incident 
beam 

2D 3He detector 

Slit 4 
Slit 3 

Slit 2 

Slit 1 

Time-of-flight 
(1.2 % < Δλ/λ < 8.4 %) 

M. James et al. Nuclear Instruments and Methods in Physics A, 632, 112, (2011) 

Platypus Neutron Reflectometry 

θi"
Ii 

T 
θr"

Ir 
R  =  Ir 

     Ii 
 Q =   4π sinθ 

              λ 

Depth profiling  of nanoscale 
systems with atomic resolution: 
 
Film thickness (1 nm – 100 nm) 
 
Film composition 
 
Hydration of surface coatings 
 
Molecular self-assembly 
 
Magnetic thin-films 
 
Biological structure and function 

Study of films and surfaces at the: 
 
Air-solid interface 
 
Solid-liquid interface 
 
Air-liquid interface  
“free liquids” 
 
Magnetic interfaces  
“polarised neutron reflectometry” 

Molecular Deuteration 

Hydrogen (1H) 
One proton 

Scattering length = -3.741 fm 

Deuterium (2H) 
One proton, one neutron 

Scattering length = +6.674 fm 

The difference in 
scattering length 
between hydrogen and 
its isotope deuterium 
is very useful in 
neutron scattering 

Use a D2O solvent to match out the deuterated lipids 
and highlight the hydrogenous membrane protein 

Use a H2O solvent to match out the hydrogenous 
membrane protein and highlight the deuterated lipids 

Molecules such as proteins, 
nucleic acids, biopolymers 
etc. can be labelled with 
deuterium through bio-
deuteration. Bacterial cells 
such as E. coli are grown in 
D2O and the deuterium is 
incorporated into the 
molecule of interest.   

Small molecules such as fatty 
acids, lipids, phospholipids, 
surfactants etc. can be 
labelled chemically by mixing 
synthetic precursors with 
D2O and placing them under 
heat and pressure in the 
presence of a catalyst  and 
then use synthetic organic 
chemistry to create the 
molecules  

X. Chen et al. Food and Bioproducts Processing, 90, 563 (2012) 
T. A. Darwish et al. Journal of Labelled Compounds and Radiopharmaceuticals, 56, 520, (2013)    

Jeremy Lakey, University of Newcastle upon Tyne, UK  

H. -H. Shen et al. Biomaterials, 34, 8361 (2013) 

Adv. Funct. Mater. 2020, 30, 1808270. DOI: 10.1002/adfm.201808270
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