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clever chemistry targets tumours

Our flag -
ship Nano 
  SIMS at the 

University of Western 
australia (UWa) is 
helping australian 
researchers to unlock 
the secrets of the 
soil that we rely on 
for food. Prof. Daniel 
Murphy, chair in Soil 
Science at UWa, is 
collaborating with 
aMMRF scientists a/
Profs Matt Kilburn 
and Peta clode, to address fundamental 
questions relating to carbon, nitrogen and 
phosphorus cycling in agricultural and natural 
ecosystems. This research was featured 
recently on the aBc TV's Landline program. 
Food security for a growing population, 
managing greenhouse gases, climate change 
adaptation and protecting natural ecosystems 
& biodiversity – these  challenges require a 
deeper understanding of how microorganisms 
function and interact with minerals and plant 
roots in the soil. 

In many terrestrial ecosystems nitrogen 
availability determines primary productivity. 
The power of NanoSIMS in these studies is 
twofold. Firstly, NanoSIMS can measure 
specific elements, including nitrogen, at 
high-resolution. Secondly, it can examine the 
full complexity of soil structures where the 
relationships of all the mineral and cellular 
components are preserved. This takes soil 
science into realms that were not previously 
amenable to investigation. ■

Different kinds of cancers present 
particular types of challenges to 
researchers seeking improved 

treatments. Not all are amenable to surgery 
and cancerous cells at the heart of solid 
tumours are very hard to reach with standard 
anti-cancer drug delivery methods. Tumours 

contain relatively few, and rather disorgan-
ised, blood vessels making drug delivery ineff-
icient. To kill the cells, drugs have to diffuse 
long distances away from the blood vessels 
into a more acidic, low-oxygen environment. 
The chemistry of most drugs is not compat-
ible with this sort of environment. Work done 
by Dr Natsuho Yamamoto, Dr Nicole Bryce 
and Prof. Trevor hambley at the University of 
Sydney tackles this problem by turning these 
properties to advantage. They designed pro-
drugs (inactive forms of drugs made active by 
particular bodily processes) that can diffuse 
readily throughout the tumour and be taken up 
preferentially by cells in the acidic, low oxygen 
conditions in the heart of these tumours. This 
work was published recently in the Journal of 
Medicinal Chemistry.

The approach was to design a weakly 
acidic prodrug that would be complexed with 

cobalt(III) as a chaperone to form stable, inert 
complexes that can travel safely through the 
bloodstream. Once the complex reaches the 
reducing, low ph environment in the tumour, 
the cobalt(III) releases the active form of the 
drug. Fine-tuning the prodrug's behaviour 
was achieved by associating it with a variety 

of negatively charged 
ancillary molecules. 

as a model to test 
this system the team 
used a fluorescently 
labelled drug in the 
complex with cobalt. 
conveniently, in this 
state, the fluores-
cence is quenched 
making it easy to tell 
if it has been released 
from the complex. 
Through the use of 
live-cell imaging in 
the aMMRF at the 
University of Sydney 
Drs Yamamoto and 
Bryce showed that 
uptake of the drug 
into cultured colo-

rectal cancer cells 
was dependent on the 

precise ph of the cellular environment. also, 
three-dimensional clusters of tumour cells, 
called spheroids, that mimic solid tumours, 
enabled the researchers to demonstrate that 
the most negatively charged cobalt-chaper-
oned complexes moved most efficiently to 
the hypoxic centres of the spheroids. The 
negatively charged complexes cannot be 
taken up by the outer layers of cells. however, 
once they reach the acidic centre, the charge 
on the complex changes, the labelled drug is 
released, which can then be taken up by the 
hypoxic cells.

This work demonstrates that it is possible 
to effectively deliver cytotoxic drugs to attack 
currently difficult-to-treat and highly malignant 
tumours through manipulation of the chem-
istry of cobalt-chaperoned complexes. ■

Phase contrast image of a spheroid overlaid with fluorescence imaging of the 
drug (blue) and hypoxic cells (pink). The spheroid is 700μm in diameter.

NanoSIMS image showing flow of 15N through fungal cells (large green area) 
and into plant root cells (top left) after exposure to 15N13c amino acids. Fungal 
cells not taking up 15N are in blue. The field of view is 20μm wide.

UWA

The dynamic new aMMRF website 
is designed to improve our 
communication with researchers 
and stakeholders. We invite you 
to participate in the new User 
hub and to share our innovation, 
research and community stories 
online. Thank you to all those 
who contributed ideas and 
feedback. ■

Redesigned website 
now live

USyd

Digging 
deep into 
soil science 
with Nano-
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We were delighted to receive the news 
late in December 2012 that the aMMRF 
was successful in its application to the 
collaborative Research Infrastructure 
Scheme (cRIS) and will receive funding 
to enable operations until the end of 
December 2014. established by the then 
Minster for Tertiary education, Skills, 
Science and Research, Senator, the 
hon. chris evans, cRIS aims to support 
the operation of critical research facili-
ties so they can continue to provide the 
infrastructure and networks required for 
world-class research. 

The aMMRF application to cRIS was 
assessed by a Universities australia–
Government consultative group as being 
a priority for funding at the minimum 
level that was requested. This will 
ensure continued basic operation and 
maintenance of flagship instruments as 
well as the availability of the flagship engi-
neers and support staff who facilitate 
researchers' access to the facilities.

In prioritising the aMMRF, the 
consultative Group have recognised the 
track record of our facilities in providing 
highly cost-effective microscopy and 
microanalysis infrastructure that makes 
such an impact on australian research 
outcomes. It also recognises the best-
practice standards and reputation related 
to facility operation and management 
that we have established over the years. 

While having world-class instrumenta-
tion is a key element, much of the credit 
for our cRIS success is due to our staff 
who are dedicated to providing a high 
quality and professional research expe-
rience. From identifying the technique 
required through to registering a project, 
training in the technique, performing their 
experiments and analysis, to ultimately 
publishing a paper, the researcher 
receives word-class support.

as 2013 gets under way, our staff are 
gearing up for a swathe of new project 
registrations that will, I am sure, entail 
new and interesting microscopy and 
microanalysis challenges. Training is the 
focus at present and details of aMMRF 
training options are outlined on our 
website. MyScope, our suite of online 
training modules, is now being integrated 
into our training programs. This ensures 
that instrument time is used most effi-
ciently and researchers can progress 
quickly on our sophisticated instrumenta-
tion to get the best data for their their 
particular project.

Simon Ringer executive Director & ceO
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Optimising plastic solar cells 
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Grant success

Solar cells based on plastic are an 
exciting development in the next 
generation of renewable energy 

devices, in particular because they can be 
printed, making them potentially low cost. 
They can also be shaped and designed to be 
architecturally more attractive than the silicon 
cells currently in use. The down side is that 
the efficiency is much lower than silicon cells 
and the lifetime is currently shorter. Mr anirudh 
Sharma, Dr Gunther andersson and Prof. David 
lewis from Flinders University are working to 
improve the performance of plastic solar cells.

These cells are based on a series of 
polymer layers to absorb the light, separate 
the charge and conduct it out of the thin cell. In 
one configuration of these organic photovoltaic 
cells (OPVs), zinc oxide nanoparticles (ZnO) are 
being used to modify the electrical properties 

of the electrodes, to ensure the current runs 
in the desired direction. however, devices in 

which the thickness of the ZnO layer was care-
fully varied showed unexpected results. 

To understand the root cause of the non-
linear variation, focused ion beam milling in the 
aMMRF at the University of adelaide was used 

to slice through a series of devices with varied 
ZnO thicknesses. high-resolution scanning 
electron microscopy and transmission elec-
tron microscopy were then used to visualise 
this structure. The microscopy results have 
confirmed speculation from electrical testing 
that, rather than a forming a sharp interface 
with the adjacent layer of plastic, the layer of 
ZnO nanospheres is porous and forms a mixed 
phase layer in which the polymer deposited to 
form the next layer, penetrates into the porous 
ZnO layer. If the ZnO layer is too thin, the 
penetration results in direct contact with the 
electrode and a short circuit occurs, while if it 
is too thick, the ZnO acts as a resistor. 

Understanding and optimising the structure 
of the layers and interfaces in these devices 
will lead to commercially viable devices with 
higher efficiency and longer lifetimes. ■

What is in-vivo X-ray microtomography?

Flagship atom probe gets an upgrade

Small animals are essential models of human 
disease and allow research into anatomy, 
drug development and treatment. Traditional 
imaging techniques involve invasive methods 
that are labour intensive and do not permit 
longitudinal studies. however, in-vivo imaging 
technology has rapidly advanced in the past 
few years to facilitate live-animal imaging 
in pre-clinical research. In particular, X-ray 
microtomography, also known as micro-cT, 
is a non-invasive technique that can generate 
3-D tomographic data using low X-ray doses. 
Most significantly, the technique enables 
researchers to follow biological processes 
in animal models in real time, for example to 
track tumour growth or disease progression 
in a single animal.

live animal micro-cT scanners are based 
on the same principles as clinical cT scanners 
but provide fast imaging at higher resolution 
(voxel size < 100 µm). a series of 2-D X-ray 
projection images of an anaesthetised animal 
are collected at different angular rotations, 
mapping the X-ray absorption at each point. 
The projection images are subsequently 

reconstructed to form a 3-D model of struc-
tures within the animal. The models can 
provide morphological detail of tissues such 
as bone, muscle and fat whilst radio-opaque 
contrast agents can be used in 3-D imaging of 
soft tissue such as blood vessels, lymphatics 
and gastrointestinal spaces. 

Bone is relatively easy to visualise with 
X-rays because of its high contrast. This 
allows researchers to successfully study 
models of bone disease, such as osteopo-
rosis, visualising changes in the animal's 
skeletal micro-architecture. Bone loss due 
to tumour growth can also be visualised and 
bone regrowth measured after the applica-
tion of drug therapies. Researchers from 
the School of Dentistry at the University of 
Western australia (UWa) are using the tech-
nique to examine the bone growth around 
dental implants in a rat model with an aim to 
improve dental care. The in-vivo system was 
also successfully used by researchers from 
the University of adelaide (Uoa) to study the 
effects of novel therapeutic agents on alveolar 
bone loss in a mouse model of periodontis. 

high-resolution imaging of soft tissue is 
more difficult as there is very little natural 
contrast. however, with the use of radio-
opaque dyes it is possible to study the vascular 
system and image vital organs like the liver. 
live-animal cardiovascular and respiratory 
imaging is now also possible with integrated 
physiological monitoring subsystems 

incorporated into the scanners. Gating for 
breathing and ecG corrects for respiratory 
and cardiac movement and improves spatial 
resolution during thoracic imaging.

In-vivo micro-cT is available in the aMMRF 
at UWa and Uoa. contact Dr Tamara abel, 
tamara.abel@uwa.edu.au or Ms Ruth Williams, 
ruthellen.williams@adelaide.edu.au ■

The cameca/Imago local electrode 
atom Probe (leaP) 3000XSi 
system at the University of Sydney 

has been recently transformed, through a 
laser upgrade, into the latest leaP 4000XSi 
system. The new laser is the most advanced 
pulsed UV laser technology allowing analysis 
of some materials, such as semiconductors, 
that were difficult or impossible to analyse on 
the previous systems. 

The new 355 nm UV laser (previously 532 
nm green laser) has extremely sharp focus of 
3 μm achieved by a sophisticated in-vacuum 
target optics system. This laser system and 

the detector algorithm improve the mass 
resolving power twofold over the previous 
system, helping to identify the trace-element 
peaks leading to a more accurate composi-
tional analysis. Because of the advanced pulse 
generator and control systems, experiments 
can now be conducted at twice the speed as on 
the previous system, enabling data to be gath-
ered at a rate of five million ions per minute.

Furthermore, the leaP system is now 
entirely supported by a controlled pneumatic 
suspension assembly to minimise the effect 
of ground vibrations and improve specimen 
survivability. ■
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Researchers and students at the 
Waite campus of the University of 
adelaide no longer have to travel to 

the city to access advanced microscopy.
The creation of the new annex of adelaide 

Microscopy, the aMMRF at the University of 
adelaide, was driven by an increasing require-
ment for advanced microscopy in agricultural 
research. With a growing instrument profile 
it made sense to move a transmission and a 
scanning electron microscope to the new loca-
tion. In addition, a range of light microscopy 

capabilities and associated sample preparation 
equipment has also been added to the new 
adelaide Microscopy Waite Facility.

as Supervisor of the Waite Facility, Dr 
Gwen Mayo will bring her extensive expertise 
in plant science and microscopy to adelaide 
Microscopy, providing invaluable support to 
users of the facility. a keen observer of research 
at the Waite campus over the last few decades, 
Dr Mayo says “This is a fantastic opportunity to 
fill a critical gap at the Waite campus. I am very 
excited and see this as my dream job”. ■

2012 ended on a high for our 
University of Western australia 
(UWa) node, with several major 

australian Research council (aRc) grant 
successes. Dr Jeremy Shaw won a Discovery 
early career Researcher award to support 
his research on magnetoreception in honey 
bees. he plans to make extensive use of 
electron, optical and X-ray characterisation 
facilities across the aMMRF to help unlock the 
secrets of how bees use the earth’s magnetic 

field to aid navigation. This research will build 
on his 2012 Nature paper on magnetorecep-
tion in pigeons. 

The UWa node also attracted more than 
$2.25M in federal government funding for new 
infrastructure through the aRc lIeF scheme, 
winning four grants for electron microscopy, 
flow cytometry, and aFM/nanoindentation 
facilities. This will provide a significant boost 
to australian researchers across the physical, 
biological and geological sciences. ■

Putting politicians in the picture
During the latter part of 2012, 
adelaide Microscopy at the University 
of adelaide (Uoa) hosted visits from 

several of South australia’s leading politicians.

adelaide Microscopy Director, John Terlet 
(top, left) said “Visiting the aMMRF at the 
University of adelaide was an excellent way for 
the government visitors to gain an awareness 
of the importance of the infrastructure that the 
state and federal governments have put into 
the centre in the last five years and the need to 
continue this funding in the future.”

Senator the hon. Sean edwards, liberal 
Senator for South australia (below on the 
right), was first to tour the centre and meet 
researchers and whose work relies on aMMRF 

research infrastructure.
as Minister for Manufacturing, 

Innovation and Trade, the hon. 
Tom Kenyon, MP found his visit 
especially relevant; he appreciated 
how microscopy and microanalysis 
can be of great importance to 
advanced manufacturing.

The hon. Tom Koutsantonis, 
MP, (top, right) was also pleased 

see firsthand how his portfolios of Transport 
and Infrastructure, Mineral Resources and 
energy could benefit from the technologies 
provided by the aMMRF.

additional visits are planned, for more 
government representatives to see the vital 
role played by our collaborative facility in 
australian research and industry. ■

FROM Th e  NODeS     

Dr Jeremy Shaw

Dr Gwen Mayo
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e-learning and the future of education
The future of university education was the 
topic of a select symposium held recently 
in canberra. Our own e-learning expert, 
Dr Bronwen cribb from the University of 
queensland was invited to attend the event. 
The hon. chris evans, Minister for Tertiary 
education, Skills, Science and Research and 

a panel of five senior academics discussed 
how new approaches and technologies can 
transform higher education. Dr cribb is 
widely recognised for her role in the devel-
opment of the aMMRF's online training tool 
MyScope and in the successful implementa-
tion of other blended learning courses. 

MyScope is enhancing microscopy 
training and improving instrument time 
efficiencies beyond even the expectations 
of the development team. Its popularity 
continues to grow with over 14,000 unique 
visitors and nearly 300,000 page views in 
the past year. ■
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In-vivo micro-cT images of a mouse knee and a rat mandible.
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Transmission electron micrograph showing the 
layered structure of part of an OPV cell: from the 
top left are glass, silicon dioxide buffer, indium tin 
oxide, then the ZnO and the thick polymer layer. 
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aMMRF leadership in australian microscopy

Prof. David Sampson – fellow of the OSa 

The aMMRF welcomes 
budding indigenous 
engineers

cOM M U N IT Y  a N NOU NceM eNTS     

The aMMRF-eMBl australia correlative 
light & electron Microscopy Masterclass 
will be held at our University of Sydney 
node on 3–6 June 2013. contact Dr 
Miles apperley (miles.apperley@ammrf.
org.au) if you are interested in attending.

The 23rd  australian conference on 
Microscopy & Microanalysis (acMM23) 
will be held jointly with the International 
conference on Nanoscience & 
Nanotechnology (IcONN 2014) at the 
adelaide convention centre,  South 
australia, 2–6 February 2014. Key 
dates: submission of abstracts by 30 
September 2013, early-bird registration 
by 15 November 2013.
aomevents.com/acMMIcONN

cleM masterclass

New course list  
now online: ammrf.org.au

acMM23/IcONN 2014

In October 2012, the Presidency of the 
australian Microscopy and Microanalysis 
Society (aMMS) passed from Prof. Tim White 
(former australian National University node 
director) to Prof. Martin Saunders, Deputy 
Director of the aMMRF at the University of 
Western australia (UWa). Prof. Saunders 
heads electron microscopy at UWa and 

previously acted as editor of the aMMS news-
letter for almost ten years. The continued 
close affiliation between aMMS, australia's 
peak scientific body representing microscopy, 
and the aMMRF, its core microscopy infra-
structure provider, will further the promotion 
of microscopy on the national stage. ■

Prof. David Sampson, Director of the aMMRF 
at the University of Western australia (UWa) 
was recently elected a fellow of the prestigious 
Optical Society of america (OSa). This was in 
recognition of his exceptional contributions 
to the development and applications of wave-
guide optics for in-situ biomedical imaging. 

This announcement coincides with the 
OSa's annual publication of the Best of the 

Best global research in optics for the year. 
Research by Prof. Sampson's team was 
featured in the publication and a related video 
as one of the top three research articles. The 
research described the development and 
application of a microscope being put inside 
a standard hypodermic needle to enable 3-D 
scanning of tissue in-situ. This will be useful in 
diagnostics, research and surgery. ■

The 2013 Indigenous australian engineering 
Summer School (IaeSS) was held this year 
at the University of Sydney. aboriginal and 
Torres Strait Islander high school students 
from around australia were given the oppor-
tunity to experience engineering studies and 

STa F F  N e WS

Dr Gwen Mayo is Supervisor 
of the new adelaide Microscopy 
Waite Facility at the University of 

adelaide Waite campus. Dr Mayo ran a 
microscopy core technology laboratory at 
the australian centre for Plant Functional 
Genomics for the last decade. her research 
history embraces molecular biology, ento-
mology, horticulture and biological control 
of weeds. She enjoys the challenge that 

plants provide in abundance and is looking 
forward to expanding her networks in the 
wider microscopy community. her technical 
expertise includes specimen preparation, 
laser dissection, RNa in-situ hybridisation, 
and immunolocalisation of fresh, cryo and 
embedded sections for light and electron 
microscopy.

careers firsthand. Deputy Director (Materials) 
of the aMMRF at the University of Sydney, a/
Prof. Julie cairney, gave the group a chance to 
get hands-on with some of the sophisticated 
microscopy instruments that are shaping the 
engineering materials of the future. ■
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