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IMAGING CENTRE

ABOUT US

The $39 million ARC-funded Imaging Centre develops and uses innovative imaging technologies to visualise the molecular interactions 
that underpin the immune system. Featuring an internationally renowned team of lead scientists across five major Australian 
Universities and academic and commercial partners globally, the Centre uses a truly multi-scale and programmatic approach to 
imaging to deliver maximum impact.

The Imaging Centre is headquartered at Monash University with four collaborating organisations – La Trobe University, University of 
New South Wales, the University of Melbourne, and the University of Queensland.

VISION & 
OBJECTIVES

MISSION ENGAGEMENT

EXCELLENCE

The Australian Research Council (ARC) Centre of Excellence in 
Advanced Molecular Imaging — Imaging Centre for short — aims 
to visualise and interpret the atomic, molecular and cellular 
interactions involved in our immune response. We will achieve 
this by developing and using a wide range of tools across 
chemistry, biology and physics.

The Imaging Centre’s objectives are driven by three key guiding 
principles – Excellence, Engagement and Translational Impact.

We aim to foster new, cross-disciplinary collaborations and 
improve communications across our diverse range of experts. 
Multi-disciplinary collaborations deliver truly groundbreaking 
discoveries and provide well-rounded training to our next 
generation of scientists.

Externally, we engage with our peers nationally and internationally, 
in industry and government – as well as with budding scientists 
and the wider public – to form global research collaborations, 
translate our research discoveries into commercial outcomes 
benefitting society and to raise public awareness and enthusiasm 
for the discoveries our Centre is making.

TRANSLATIONAL IMPACT

We will maximise the impact of our discoveries by working 
with companies to pursue translational outcomes. We will also 
leverage the expertise of the commercialisation groups at our 
associated universities. 

We will achieve excellence in terms of the quality of scientific 
outcomes and the quality of the next generation of scientists we 
mentor, train and inspire.

Underpinning these goals are world-class research infrastructure 
and strategic partnerships developed with the Australian 
Synchrotron, the Australian Nuclear Science and Technology 
Organisation (ANSTO), the Deutsches Elektronen-Synchrotron 
(DESY) and the Monash Ramaciotti Centre for Cryo-Electron 
Microscopy.



3

THREE YEARS OF GROWTH
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IMAGING CENTRE

This year our team has made a series of exciting discoveries that relate to the inner working of the immune system. These 

include showing how the immune molecule CD1a plays a crucial role in mediating skin inflammation; new methods for 

optimizing drug delivery using nanoparticles; a breakthrough in understanding how our immune system produces key 

infection fighting cells called mucosal-associated invariant T cells, or MAIT cells; and the discovery of fundamental physics 

related to electronic damage that will shape how we probe molecular structures using XFELs.

FROM THE 
DIRECTOR

We were further delighted that the discoveries of our 

team have been recognised more broadly, with Centre 

scientists winning over $18 million in ARC and 

NHMRC funding. Our Centre further attracted 12 prestigious 

fellowships and several major national awards. In these regards, 

I would particularly like to congratulate Prof. Jamie Rossjohn, 

who was awarded an ARC Laureate fellowship. Furthermore, 

as the year drew to a close, Jamie, together with his long term 

collaborator Prof. Jim McCluskey, won the Victoria Prize for 

Innovation (Life Sciences).

Our technology base continues to grow. Many of the 

instrumentation we have procured, built and/or developed over 

the past three years came online in 2016. For example, both the 

Monash and University of New South Wales nodes took delivery 

of sophisticated lattice light sheet microscopes – instrumentation 

that promises to revolutionise our understanding of immune cells 

as they recognise and destroy targets. 

The deployment of lattice light sheet instrumentation again 

highlighted one of the great challenges that face life scientists: 

the almost overwhelming wave of data output by modern imaging 

systems. In these regards, our close partnership with MASSIVE 

is proving essential. The MASSIVE team, along with researchers 

from the University of Queensland, University of New South 

Wales and Monash University, are working closely together to 

develop real time analytical solutions for the data flow from light 

and electron microscopes.

Over the past year, we have also spent considerable time 

planning the next phase of our microscopy capabilities expansion. 

In 2017, University of New South Wales node will start testing a 

new super resolution microscope that takes localisation precision 

down to less than 1nm and is designed to reveal the arrangement 

of subunits within a protein complex such as the TCR-CD3 

complex. We are also looking forward to a single-objective light-

sheet microscope and a lattice light-sheet microscope coming 

online this year – both systems are designed to image immune 

cells interacting with antigen presenting cells or target cells; the 

single-objective light-sheet microscope should give us single 

molecule images of the immunological synapse, the lattice light-

sheet microscope and 3D live-cell movies.

In June 2017, the Monash node will take delivery of Australia’s 

first cryo-focused ion beam scanning electron microscope. This 

instrument will revolutionise our ability to image proteins in the 

cellular context at, we hope, unprecedented resolution. 

Our recruitment strategy has continued to bear fruit, and from an 

international perspective we were proud to welcome three new 

EMBL Australia group leaders (Max Cryle, Mate Biro and Chen 

Davidovich) to the Centre, enhancing our linkages nationally and 

through to Europe.

Once again, I would like to thank all our centre members for their 

exceptional contribution throughout the year, and I would like to 

thank our administrative team – Manoj Sridhar, Stephanie Pradier, 

Lanie Theodore, Kathy Palmer, Fabienne Perani, Rossyln Ball, 

Paul Jones, Lyn Fairlie and Jennifer Huynh. 

I hope you enjoy our 2016 Annual Report!

Prof. James Whisstock 

Director, Imaging Centre

NHMRC Senior Principal Research Fellow 
Department of Biochemistry & Molecular Biology 
Monash University
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FROM THE CHAIR

This year has been a very successful year for the Imaging Centre of Excellence, as it grows in confidence, scale and 

productivity. Prof. James Whisstock and his team of chief investigators have once again excelled in producing some 

excellent and groundbreaking science. Citation of the papers by international peers is always a good yard stick by which to 

measure cutting edge research and the publications being produced by the Centre members are not only being published 

in the top journals in the field but are already highly cited.

FROM THE 
CHAIR

One of the stand out features of 2016 has been the 
increase in collaboration across the different nodes 
and disciplines that make up the Centre. Seven new 

collaborative projects commenced in 2016 and the first joint 
PhDs and postdoc positions were filled. While collaboration 
is not a goal in its own right, it is very likely to lead to more 
groundbreaking outcomes as different disciplinary perspectives 
are brought to bear on difficult problems.

The interest in the work of the Centre from the community 
is growing and a highlight for 2016 was the public lecture, the 
Centre put on, by Nobel Laureate, W.E Moerner. Organised by 
the Centre, over 400 people attended. Moerner’s work in the 
development of super-resolved fluorescence microscopy won 
him the Nobel Prize for Chemistry in 2014. The focus of the 
Centre in developing and applying ever more high resolution 
imaging techniques to solve fundamental biological questions 
is clearly of interest to the public, with an increasing media 
presence year on year. 

It was very pleasing to see that the ARC’s response to the 2015 
Annual Report was extremely positive and this augers well for 
the midterm review that will occur in 2017. While the outstanding 
science speaks for itself, the favourable response from the 
ARC is also testament to how the Centre is run by the scientific 
leadership, the professional staff and the contribution of my 
colleagues on the governing board. The advice provided in 2016 
by the International Scientific Advisory Board was welcomed by 
the Centre leadership and will help to position the Centre well 
for the next few years. The governing board looks forward to 
contributing to the midterm review and shaping plans for the 
remainder of the Centre’s life and beyond.

Prof. Frances Shannon  

Governing Board Chair

Deputy Vice Chancellor, Research 
University of Canberra



8

IMAGING CENTRE

The Imaging Centre  is administered by Monash University with day-to-day operations managed by 

the core administrative team including the Centre Director, Prof. James Whisstock, Chief Operating 

Officer, Dr Manoj Sridhar, and Media and Communications Manager, Stephanie Pradier.

GOVERNANCE

Our governing board meets twice a year and ensures 
the Centre’s fiscal compliance, good research practice 
and alignment of activities and goals, while also 

providing advice across all facets of Centre operation. 

The International Scientific Advisory Committee gives 
independent strategic advice to the Director on the positioning of 
the Centre with respect to new research directions, international 
outreach and industry linkage opportunities. They review the 
research, education and outreach programs annually and 
convey findings to the Governing Board for consideration 
and action.

General management and operations of the Centre across the 
five nodes is overseen by the Centre Executive who meet on 
a monthly basis. Our executive take a proactive approach to 
discussing and solving issues arising on scientific, financial and 
commercial fronts.

Centre CIs meet on a quarterly basis to discuss research 
projects, key milestones and achievements, as well as to discuss 
potential opportunities for collaboration and problem solving. 
They are a vital part of the Centre’s operations as they provide a 
stage for our CIs to share ideas and explore new opportunities 
for research collaborations and development. 
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GOVERNANCE

Prof. James Whisstock 

Centre Director 
Monash University

Prof. David Fairlie 

The University of Queensland

Prof. Keith Nugent 

La Trobe University

Prof. Katharina (Kat) Gaus 

Deputy Director 
University of New South Wales

Prof. Dale Godfrey 

The University of Melbourne

Prof. Jamie Rossjohn 

Monash University

Assoc. Prof. Brian Abbey 

La Trobe University

Prof. William (Bill) Heath 

The University of Melbourne

Prof. Harry Quiney 

The University of Melbourne

OUR THEME LEADERS
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INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE 

Prof. Volker Saile 

Chair, International Scientific Advisory Committee

Karlsruhe Institute of Technology, Germany

Prof. Thomas Kay 
Director

St Vincent’s Institute of Medical Research, Australia

Prof. Jose-Maria Carazo 
Head, Biocomputing Unit

National Centre for Biotechnology, Spain

Prof. Jeff Errington 
Director, Centre for Bacterial Cell Biology

University of Newcastle, UK

Volker is Chair of the ISAC and boasts a long and distinguished career in physics. He is a 
member of several German and international science and technology committees, and also 
serves as the President of the Micro, Nano and Emerging Technology Commercialization 
Education Foundation (MANCEF) – initiated by global leaders in the small technology 
community in the early 1990s. In addition to his vast network across Europe and the United 
States, Volker brings to the Centre extensive experience in the areas of synchrotron science, 
microstructures and devices, and mechanical engineering.

Thomas is a renowned Melbourne-based clinician-scientist with particular interest in studying 
the immunopathogenesis of Type 1 (juvenile) diabetes. He also leads a Melbourne-wide 
clinical islet transplant program that began treating diabetic patients by infusion of isolated 
islet cells in 2006. He brings to the Centre his expertise in immunology, clinical trials and 
translational biomedical research.

Jose-Maria is a world-renowned expert in three-dimensional electron microscopy. His 
particular focus is on image processing methods for the experimental determination of the 
structures of large biological macromolecules. With his unique background in both physics and 
molecular biology, Jose-Maria brings to the ISAC his perspective on how the various imaging 
modalities (X-ray, electron microscopy and optical/confocal microscopy) can be harnessed to 
solve challenging problems in biology. Jose-Maria also brings with him expertise in translating 
research to industry. He established a successful spin-out company, Integromics, in 2003.

Jeff is an eminent cell and molecular biologist with an interest in fundamental biological 
problems, especially the cell cycle and cell morphogenesis in bacteria. He has a strong record 
in the commercialisation of basic science and has served on the boards of several companies. 
In addition to his commercial insights, Jeff brings to the Centre scientific knowledge in optical, 
confocal and fluorescence microscopy.
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INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

Prof. Mike Dunne 
Director, Linac Coherent Light Source (LCLS)

Stanford University, USA

Prof. Ilme Schlichting 
Director, Department of Biomolecular Mechanisms

Max Planck Institute for Medical Research, Germany

Prof. Cait MacPhee 
Experimental Biomolecular Physicist

The University of Edinburgh, Scotland 

Cait is part of the Physics of Living Matter and Soft Matter Physics groups at the University 
of Edinburgh where she researches biological self-assembly mechanisms. She enjoys the 
challenges of interdisciplinarity (originally training in the biosciences before she moved 
across to physics), and overcoming the barriers facing women in STEM fields. Cait is a 
Fellow of the Institute of Physics, the Royal Society of Chemistry and the Royal Society of 
Biology. In 2016 she was elected a Fellow of the Royal Society of Edinburgh, and awarded a 
CBE in the New Year’s Honours List.

Prof. Yvonne Jones 
Director of the Cancer Research UK Receptor Structure Research Group

University of Oxford, UK

Yvonne’s research is focussed on the structural biology of extracellular recognition and 
signalling complexes. The core technique she uses is protein crystallography, but her group 
aims to integrate high resolution structural information with correlative light and electron 
microscopy, as well as cell-based functional studies, to probe molecular mechanisms at the 
cell surface. In 1999 Yvonne cofounded the Division of Structural Biology (STRUBI) in the 
Nuffield Department of Clinical Medicine at Oxford. She is currently Joint Head of STRUBI 
and Deputy Director of the Wellcome Trust Centre for Human Genetics. Yvonne is also a 
Fellow of the Academy of Medical Sciences and a Member of EMBO.

Mike is an international leader in the field of high power lasers, with substantial experience 
in the design, construction, operation and exploitation of a wide variety of photon science 
research facilities. His personal research focuses on the development and application 
of high power lasers to high energy-density science and laboratory astrophysics. Mike is 
also Associate Laboratory Director for the SLAC National Accelerator Laboratory and a full 
Professor of Photon Science at Stanford University.

Ilme has been a director at the MPI since 2002. Her research aims to understand how proteins 
achieve their unique functional properties. She wishes to answer the important question of 
how the protein fine-tunes the reactivity of the cofactor and the intermediates occurring during 
the reaction. Ilme was the first to successfully combine photolysis of caged compounds and 
Laue crystallography to study GTP hydrolysis by the Ras protein, to observe ligand binding 
intermediates in myoglobin. Her current interests include the application of X-ray free-electron 
laser radiation for structural biology.
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Prof. Frances Shannon, Chair 
Deputy Vice Chancellor (Research), 
University of Canberra

Prof. Ian Smith 
Vice Provost (Research & Research 
Infrastructure) 
Monash University

Ben Apted 
Partner 
Strategic Project Partners

Dr Kees Eijkel 
CEO 
Kennispark, Twente

Dr Erol Harvey 
CEO 
MiniFAB Pty Ltd

GOVERNING BOARD
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IMAGING CENTRE

While our Centre is composed of chemists, immunologists, physicists, structural biologists, single molecule scientists and 

biophysicists we break these down into three key disciplines: immunology chemistry and physics. The researchers within 

these disciplines are engaged in the application and fundamental development of imaging, respectively, for the mutual 

benefit of all. 

RESEARCH 
PROGRAM

Immunology research focuses on understanding the 
processes involved in our immune system: how it recognises 
a foreign invader, how it then activates an appropriate, or 

sometimes inappropriate, response, and eventually how it effects 
a response to deal with the perceived threat. 

To do this, we must be able to see what is happening. 

Our physics research groups are exploring the fundamental 
science of how X-rays and electrons interact with matter and 
how these interactions may be interpreted to provide insights 
into molecular structure and dynamics, across a range of spatial 
and temporal scales.

And, our chemists are developing novel chemical tools to track 
immune cells and modulate immune cell function.

Together the groups are aiming to develop new characterisation 
tools as well as develop detailed models of how our immune 
system works. From the macroscopic elements of cellular 
interactions, right down to the atomic structures of the proteins 
involved in these interactions – and everything in between.
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2016 RESEARCH OUTCOMES

9 NEW COLLABORATIVE LINKAGES FORMED 

ACROSS MULTIPLE CENTRE NODES

PUBLICATIONS

115

2,849

$18.5m

128
CITATIONS

GRANTS

MEDIA ARTICLES

2016 RESEARCH 
OUTCOMES
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ATOMIC IMAGING 

THEME LEADERS 
Brian Abbey, Keith Nugent and Harry Quiney

The ability to take femtosecond snapshots of the structure and dynamics of biomolecules would provide structural 

biologists with unprecedented access to their form and function. In pursuit of this goal, the Centre Physics program is an 

active participant in the Single Particle Imaging initiative that has been led by the Linac Coherent Light Source. 

This international collaboration has made significant 
strides towards the Centre goal of achieving single 
molecule imaging of structure and dynamics using 

X-ray free-electron laser (XFEL) light sources. These new X-ray 
facilities promise to deliver a revolution in the understanding of 
structural biology, as significant as those delivered to particle 
physics by the Large Hadron Collider or to astrophysics by the 
recent detection of gravitational waves. But this promise can only 
be kept through the sustained effort of an active international 
collaboration spanning many years. 

Long-term commitments to interdisciplinary research is made 
possible by the ARC Centres of Excellence program. In partnership 
with ANSTO and DESY, the Centre Physics program is also taking 
a leading international role by becoming a foundation investor in 
the Single Particles, Clusters, and Biomolecules (SPB) beamline 
at the European XFEL, which will become operational in 2017.

ACHIEVEMENTS

An international collaboration led by Imaging Centre CIs Brian 
Abbey and Harry Quiney demonstrated that there is a rich 
field of new physics to be uncovered while we develop single 
molecule imaging. A study of the dynamics of crystalline 
buckminsterfullerene revealed that its electronic structure 
undergoes an ordered rearrangement on a timescale too 
short to be explained by the motion of the atomic nuclei when 
exposed to intense femtosecond pulses. This is a fundamental 
discovery in crystallography that dramatically demonstrates the 
ability of atomic XFEL imaging to probe molecular dynamics on 
timescales much shorter than a molecular vibrational period. 
This is a critical step towards meeting the goal of the Centre to 
achieve biomolecular imaging with atomic resolution. 

A significant step towards atomic resolution imaging was 
achieved by the Hamburg group led by Imaging Centre PI Henry 
Chapman, who exploited a novel characteristic of disordered 
crystals to obtain the first experimental image of a molecular 
transform at near atomic resolution using XFEL sources 
(published in Nature, February 2016). The molecular transform 
is the signature of true single molecule imaging using X-ray 
or electron diffraction, and direct access to it using this new 
scheme will enable fundamental studies to be undertaken of the 
interaction between biomolecules and intense X-rays – a key goal 
of the Centre.

A new collaboration has developed between the physics group 
and Prof. Bostjan Kobe (the University of Queensland) involving 
the collection of high-resolution SFX and SSX structural data from 
nanocrystals of the myeloid differentiation primary response 
gene 88 (MyD88) Toll/interleukin-1 receptor (TIR) domain. This 
is involved in Toll-like receptor mediated inflammation and has 
been associated with a number of pathological states including 
infectious, autoimmune, inflammatory, cardiovascular and 
cancer-related disorders. The methods developed to collect this 
data are summarised in a joint publication between the University 
of Queensland and La Trobe (published in Scientific Reports, May 
2016). 

ATOMIC 
IMAGING
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IMAGING CENTRE

Media release

X-ray laser–induced electron dynamics observed by femtosecond diffraction from nanocrystals of 
Buckminsterfullerene (Science Advances, Vol 2, article e1601186) 
An international team of over 20 researchers, led by the Imaging Centre, has inadvertently discovered how to 

create a new type of crystal using light ten billion times brighter than the sun. And, their findings reverse what 

has been accepted thinking in crystallography for more than 100 years.

The discovery, led by CIs Brian Abbey, La Trobe University and 
Harry Quiney, the University of Melbourne, was published in the 
journal Science Advances in September. 

The team exposed a sample of crystals, known as 
Buckminsterfullerene or Buckyballs, to intense light emitted 
from the world’s first hard X-ray free electron laser (XFEL), based 
at Stanford University in the United States.

Light from the XFEL is around one billion times brighter than 
light generated by any other X-ray equipment — light from the 
Australian Synchrotron pales in comparison. The other big 
difference is that X-ray sources deliver their energy much slower 
than the XFEL does and all previous observations found X-rays 
melt or destroy crystals randomly. So, scientists assumed that 
XFELs would do the same.

However, the results from XFEL experiments on Buckyballs, was 
not at all expected. When the XFEL intensity was cranked up, past 
a critical point, the electrons in the Buckyballs spontaneously re-
arranged their positions, changing the shape of the molecules 
completely.

Imaging Centre CI and senior author, Brian Abbey said that every 
molecule in the crystal changed from being shaped like a soccer 
ball to being shaped like a rugby ball at the same time. 

Authors: 
Abbey B et al. (September 2016)



“This effect produces completely different images at the detector. It also altered the sample’s 
optical and physical properties. It was like smashing a walnut with a sledgehammer, but instead 
of destroying it and shattering it into a million pieces, we instead found an almond inside!” 
CI Abbey

ATOMIC IMAGING 

19

“Currently, crystallography is the tool used by biologists to probe 
the inner workings of proteins and molecules — the machines of 
life. Being able to see these structures in new ways will help us to 
understand interactions in the human body and may open new 
avenues for drug development,” Brian said.

Harry Quiney said the results were not expected at all and the 
team was stunned: “This is the first time that we have seen X-ray 
light effectively create a new type of crystal phase. “Though it 
only remains stable for a tiny fraction of a second, we observed 
that the sample’s physical, optical and chemical characteristics 
changed dramatically, from its original form.”

“This change means that when we use XFELs for crystallography 
experiments we will have to change the way we interpret the data. 
The results give the 100-year-old science of crystallography a 
new, exciting direction,” Brian said.
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The difficulty lies in combining near 
atomic resolution techniques 
such as X-ray crystallography 

and cryo-EM with conventional optical and 
fluorescence microscopy techniques. The 
former gives us precise angstrom resolution 
of static systems, while the latter allows us to 
follow the dynamics of a system but is limited 
to micron resolution.

Our Centre develops and uses novel hardware 
and software tools to bridge the gap between 
structural biology and cellular function.

Single molecule and super-resolution 
fluorescence microscopy combine spatial 
and temporal resolution, allowing us to follow 
the dynamics of single protein molecules 
and/or complexes in living cells and systems.

These techniques present us with a new 
way of understanding life processes from 
the bottom up. We can follow the paths and 
changes of different molecules as they move 
through the cell, form complexes with other 
molecules and influence cell function.

In 2016, we continued to make strides 
towards establishing a department dedicated 
to and named Single Molecule Science 
at University of New South Wales. The 
researchers in the department, together with 
our experts, will help drive the development 
of these modalities and apply them to 
challenging biological questions.

THEME LEADER 
Kat Gaus

Understanding molecular interactions and how they translate to cellular activity is largely unknown in the biological 

sciences. In order to understand how our immune system works we need to link structural information with the 

interactions of single molecules in intact and live immune cells.

MOLECULAR 
IMAGING

The team reported a new quantitative method able to unravel how oligomerisation 
modulates transcription factor transport and DNA-binding dynamics. Further, their 
methods (pCOMB and cpCOMB -- pair correlation of molecular brightness and Cross 
pCOMB) can also be used to investigate how complex formation affects intracellular 
transport, for example, through the nuclear pore complex. This means that we can now 
investigate how protein complex formation modulates access and subsequent interaction 
with intracellular structures.

Authors: 
Hinde E. et al (March 2016)

Quantifying the dynamics of the oligomeric transcription factor STAT3 by pair 
correlation of molecular brightness (Nature Communications, Vol 7, article 11047)
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MOLECULAR IMAGING 

ACHIEVEMENTS

Australian researchers have applied a new microscopy 
technique to monitor the movements of nanoparticles through 
the inside of a cell. They found that drug delivery is more 
effective when nanoparticles can breach barriers inside the cell, 
and enter the nuclear envelope. Their work has identified for 
the first time how shape affects nanoparticles’ ability to move 
through these intracellular barriers.

A study published in Nature Nanotechnology has answered a 
long-standing question that could lead to the design of better 
drug delivery vehicles: how nanoparticle shape affects the 
voyage through the cell.

“We were able to show for the first time that nanoparticles 
shaped like rods and worms were more effective than spherical 
nanoparticles at traversing intracellular barriers and this 
enabled them to get all the way into the nucleus of the cell,” 
says lead author Imaging Centre AI Hinde.

The study was led by chemists, engineers, and medical 
researchers from University of New South Wales in a 
collaboration between the ARC Centre of Excellence in 
Advanced Molecular Imaging and the ARC Centre of Excellence 
in Convergent Bio-Nano Science and Technology, both 
headquartered at Monash, with research nodes at University of 
New South Wales.

The team applied a new microscopy method to drug delivery 
for the first time, which allowed them to track the movement 
of differently shaped nanoparticles through a single cultured 
cancer cell. They found that the cancer drug, doxorubicin, was 
most effective when it could breach the strong yet porous 
cellular barrier protecting the nucleus – the cell’s control 
centre. Importantly, they discovered that a nanoparticles shape 
influenced how well the drug breached the barrier.

Dr Hinde says researchers could previously see the overall 
distribution of their nanoparticles throughout a cell, but didn’t 
have the microscopy tools to understand how this localisation 
was set up – a key limitation in drug delivery research.

“You need to know how things arrive at their final destination 
in order to target them there. Now we have a tool to track 
this incredible journey to the centre of the cell. It means other 
research groups can use this to assess their nanoparticles and 
drug delivery systems. They’ll be able to work out how to tailor 
their particles to reach the nucleus or other structures in the cell, 
and gauge where the cargo is being dropped off. This wasn’t 
possible before.”

Polymeric nanoparticles will play a vital role in the future of 
medicine: these ultra-tiny particles can carry drugs to help 
attack and kill cancer cells, selectively deliver drugs just to 
where they are needed, and yield breakthroughs in disease 
diagnostics and imaging.

“The impact for the field is huge,” says Scientia Professor Justin 
Gooding from University of New South Wales and the ARC 
Centre of Excellence in Convergent Bio-Nano Science and 
Technology. “It gives us the ability to look inside the cell, see 
what the particles are doing, and design them to do exactly 
what we want them to do.”

The researchers will soon be collaborating with Dr John 
McGhee from University of New South Wales Art & Design, who 
combines scientific data, microscopy images, and computer 
generated animation to create virtual reality renderings of the 
inside of human cells and blood vessels.

The artworks allow researchers to visualise and go on virtual 
reality walking tours through the body, and could help speed up 
the drug development process.

Authors: 
Authors: Hinde E et al. (September 2016)

Content by University of New South Wales Media 

and CoE Media

Pair correlation microscopy reveals the role of nanoparticle 
shape in intracellular transport and site of drug release 
(Nature Nanotechnology, Vol 12, pg 81–89)

Media release
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To understand how our body switches our immune system on and off, and 

how various cellular components of this system perform their surveillance 

functions in the steady-state and during infection, it is essential to image and 

quantify cellular behavior in whole organs and living animals. 

THEME LEADER 
Bill Heath

Our two main areas of research in this theme are in vivo 
imaging and immunohistology. Our in vivo imaging 
studies aim to visualise the interplay between cells 

of the innate (e.g. dendritic cells, neutrophils) and adaptive (e.g. 
T and B cells) immune system in the tissues of living animals, 
dissecting immune cell trafficking, antigen presentation and 
immune responses to infectious agents.

Immunohistology aims to visualise static images of tissues and 
whole organs to provide a large scale, detailed view of immune 
cells, tissue constituents and infecting pathogens. This enables 
individual components of the immune system to be placed in a 
global context of the whole animal.

To achieve these goals, we utilise intravital and in vivo imaging 
techniques developed by our researchers at the University of 
Melbourne and at the Australian National University.

CELLULAR 
IMAGING
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CELLULAR IMAGING 

Media release

ACHIEVEMENTS

In studies designed to understand how the immune system fights infections in the liver, CIs Bill Heath and 
Dale Godfrey, along with AI Mueller and a large group of national and international collaborators, identified 
a novel T cell population that live permanently in the liver, providing immune protection. 

Intravital imaging of the livers of mice revealed that these T cells patrolled the small blood vessels of the 
liver (called sinusoids), where they screened for and killed malaria sporozoites as they infected this organ. 
This work highlighted the potential of this newly-described liver-resident T cell population to fight malaria 
and other infections, as well as cause liver damage and autoimmunity. The study was published in the 
prestigious journal Immunity and was the subject of a number of radio interviews by its lead author Daniel 
Fernandez-Ruiz.

Authors: 
Fernandez-Ruiz D et al. (October 2016)

Liver-Resident Memory CD8+ T 
Cells Form a Front-Line Defense 
against Malaria Liver-Stage 
Infection (Immunity, Vol 45, pg 

889-902)

A three-stage intrathymic development for the mucosal-associated 
invariant T cell lineage. (Nature Immunology, Vol 17, pg 1300-1311)

MAIT cells make up a large portion of immune cells in the human body, 
yet until recently, their function has been a mystery. Recent studies at the 
University of Melbourne, Monash University and the University of Queensland 
found that MAIT cells detect and respond to a vitamin produced by bacteria, 
an indication of infection.

In a new study, the research team from the University of Melbourne at the 
Peter Doherty Institute for Infection and Immunity (Doherty Institute) – a 
joint venture between the University of Melbourne and The Royal Melbourne 
Hospital – found three distinct stages in how MAIT cells develop within the 
human thymus, the factory where immune cells are produced, before they 
exit to go about their job protecting the body against disease.

PhD Student, Hui-Fern Koay, first author on the paper published today in 
Nature Immunology, said that MAIT cells vary widely from person to person, 
and they wanted to understand what caused this variation.

“The logical step was to look at how these cells are produced and we found 
that the three developmental stages are like primary school, high school 
and university.”

This work was co-led by immunologists Dr Daniel Pellicci and 
Prof. Dale Godfrey.

“Just like real students, the very early cells don’t do very much, but we identified 
some of the important factors that help them to mature,” said Dr Pellicci.

“It seems that the younger ones’ sole purpose is to get an education so that 
later on they can do the important job of fighting infection.”

Prof. Dale Godfrey concluded: “This developmental map that we have defined 
lays the foundations to truly understand MAIT cells; what controls their 
production, numbers and function, and how to manipulate their numbers to 
improve immunity to infections and other diseases.

Authors: 
Koay H-F et al. (September 2016)

Content by Peter Doherty Institute
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Recognising abnormalities and foreign invaders is one of the key functions 

of our immune system. A variety of T cells in our body are capable of 

recognising different kinds of antigens. Using atomic and molecular imaging 

techniques, we aim to understand:

• how peptides are captured and presented to the immune system (imaging 

peptide-mediated immunity);

• which antigens do lipid-reactive T cells recognise and respond to, and 

what is the function of these cells in the immune system (imaging lipid-

mediated immunity);

• how microbial metabolites are presented to, and detected by, our immune 

system, and how this triggers subsequent activation of an immune 

response (imaging metabolite-mediated immunity).

THEME LEADERS 
Dale Godfrey and Jamie Rossjohn

RECOGNITION
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Media release

ACHIEVEMENTS

We all know that a brush with poison ivy leaves us with an itchy painful 
rash. Now, Monash and Harvard researchers have discovered the molecular 
cause of this irritation. The finding brings us a step closer to designing 
agents to block this mechanism and sheds light on other serious skin 
conditions, such as psoriasis.

The international team of scientists have shown, for the first time, a connection 
between an immune molecule found in the skin and skin sensitisers – the 
research was published in Nature Immunology.

Prof. Jamie Rossjohn, co-lead author with Dr Florian Winau, Harvard Medical 
School, confirmed the body’s immune molecule, CD1a, plays a crucial role in 
mediating skin inflammation and irritation after contact with urushiol – the 
‘active ingredient’ found in plants endemic to Northern America and parts of 
Europe and Australia.

“A complex set of experiments, coupled with imaging techniques at the 
Australian Synchrotron revealed the molecular interplay between CD1a 
and urushiol. This highlights CDIa’s role in sudden and uncomfortable skin 
reactions,” Prof. Rossjohn says.

Authors: 
Kim JH et al. (August 2016)

CD1a on Langerhans cells controls inflammatory skin diseases 
(Nature Immunology, Vol 17, pg 1159-1166)
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Diversity of T Cells Restricted by the MHC Class I-related 
Molecule MR1 Facilitates Differential Antigen Recognition 
(Immunity, Vol 44, pg 32-45)

A collaborative team of our Imaging Centre researchers have 
discovered a new population of disease-fighting T cells in the 
human immune system.

The study, published in Immunity in January, found that while 
these cells were a close relative of mucosal-associated invariant 
T (MAIT) cells that recognise bacteria such as Mycobacterium 
tuberculosis and E.coli, they differed in the types of foreign 
molecules (antigens) they detect. While MAIT cells typically 
detect vitamin B2 (riboflavin) metabolites — produced by various 
types of bacteria — the new cells detect derivatives of vitamin 
B9 (folate), which is an essential dietary component. The study 
also shows that these MAIT-like cells have highly diverse antigen 
receptors and may be able to detect many other antigens that 
are structurally related to vitamins B2 and B9.

This paper is a valuable addition to a series of pioneering studies 
on MAIT cells by Australian researchers, including teams headed 
by James McCluskey and Dale Godfrey from the University of 
Melbourne, Jamie Rossjohn from Monash University and David 
Fairlie from the University of Queensland.

Co-senior author of the paper, CI Godfrey, based at the Doherty 
Institute node, said the findings provide valuable new insight. 

“We now have a better understanding of the types of cells that 
comprise the human immune system and the various antigens 
they can recognise and therefore the types of diseases that they 
may protect us from,” he said. “The next phase of our research 
will be to test whether they’re elevated, altered or depleted when 
presented with infectious and non-infectious diseases with the 
aim of ultimately determining how they might be manipulated 
to fight disease.”

Co-senior author of the paper, CI Rossjohn, based at Monash 
Biomedicine Discovery Institute, said: “Using the Australian 
Synchrotron, we provided insight into the molecular basis 
underpinning these responses. Collectively this work potentially 
suggests a broader role for MAIT cells in the immune system, 
including in diseases of non-microbial aetiology.”

Prof. Sharon Lewin, Director of the Doherty Institute, concluded: 
“We know a lot about the immune system but there are still pieces 
of this very complex puzzle that are missing, as identified by this 
study.”

Authors: 
Gherardin NA et al. (January 2016)
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Our T cells and T cell receptors are like armed soldiers monitoring our 

body. They can recognise either peptide, lipid or metabolite antigens. Once 

a foreign invader is detected, our immune system activates and deploys the 

appropriate response to deal with the threat. 

THEME LEADER 
Kat Gaus

We know that mammalian T cells are activated by the T cell receptor-CD3 
protein complex. How these complexes signal antigen binding on the 
outside across the membrane is still a mystery.

Coupling specialised fluorescent T cells with single molecule and superresolution 
microscopy techniques, we aim to determine the dynamic spatial organisations 
of signalling complexes, clusters and vesicles. We then aim to link these signalling 
patterns to downstream activation responses (imaging of T cell activation networks).

Researchers at University of New South Wales node seek to understand the 
processes that lead to the T cell activation, their interactions with antigen-presenting 
cells, cancer cells and the extracellular matrix and the potential applications of this 
knowledge to biomedicine.

ACTIVATION
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ACHIEVEMENTS

Quantifying the dynamics of the oligomeric transcription 
factor STAT3 by pair correlation of molecular brightness 
(Nature Communications, Vol 7, article 11047)

The hallmark of an adaptive immune system is the ability of T-cells 
to recognise antigens, or foreign substances, that are potentially 
harmful. Tiny receptors on the external surface of T-cells bind 
to the antigens, and translate biochemical activity outside the 
cell into warning signals, which are passed intracellularly to the 
nucleus. The nucleus then activates the program’s response and 
the killing of the infected cell or cancer cell.

“But these receptors do more than just flick a switch, to tell the 
cell ‘yes or no’,” says Professor Gaus. “It’s almost like they have 
an artificial intelligence. They translate the complex biochemical 
binding event outside the cell into a warning signal, and they 
encode the level of response that’s needed to effectively 
counteract the threat at the exact right time.”

This is vital: should the immune system overreact, the body’s 
T-cells might actually begin to attack our tissues and make us 
sick. On the other hand, if the immune system under reacts, we 
become more vulnerable to infections.

“It’s quite astonishing. The quality control of the whole immune 
response happens at this molecular level,” she says. “What sets 
our Centre apart is that we are able to pinpoint this process by 
imaging individual molecules in single T-cells, and going right 
down to the molecular level to see how this mechanism works.”

Authors:  
Hinde E et al. (March 2016)

Content by University of New South Wales media
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“In people with cancer, for example, T cell 
eventually become inactive or exhausted. Taking 
what we now know about the T cell receptor 
clusters, we can develop strategies to rescue these 
T cell, and turn the receptors back on.” CI Gaus

Media release

Imaging Centre scientists from University of New South Wales 
and Monash have collaborated on a project using powerful 
imaging technology: they have identified how human immune 
receptors become activated in the presence of harmful 
substances. They found that receptors in clusters are more likely 
to turn on and trigger an immune response.

Their discovery, published in Proceedings of the National 
Academy of Sciences, paves the way for new technologies that 
can tune the sensitivity of our T-cells to fight against deadly 
diseases, including cancers.

In George Orwell’s classic dystopian novel Animal Farm, as the 
barnyard devolves into chaos the slogan “all animals are equal” 
quickly becomes “all animals are equal but some animals are 
more equal than others.”

The same might be true for the tiny immune receptors scattered 
across the surface of our T-cells. Before now, it was unclear how 
these complex molecular receptors recognised harmful invaders 
(or antigens) and sent warning signals into the cell. It was largely 
assumed that “all receptors were equal”.

But a “Eureka moment” inside University of New South Wales 
Single Molecule Science lab has flipped this assumption. Using 
powerful imaging technology and some of Australia’s only super-
resolution microscopes, researchers have viewed this critical 
first-stage in the immune response in unprecedented detail.

“Our findings have a touch of Animal Farm,” says Imaging Centre 
Deputy Director, Kat Gaus, who oversaw the research. “Although 
all receptors in a single T-cell are genetically and biochemically 
identical, they are not functionally identical.”

Despite being bombarded with antigens, University of New South 
Wales team found that only 25 percent of receptors on the T-cell 

were activated at a given time. Importantly, they found that this 
performance disparity was linked to spatial organisation on the 
cell’s surface.

The team’s findings describe a novel analysis method to 
distinguish signalling from non-signalling receptors in the same 
T-cell. This provides a valuable pathway to turn vital receptors 
back on and improve our immune response to deadly infections 
and cancers.

“Without reprogramming or genetically changing the whole T-cell, 
we can tune its sensitivity by corralling the receptors together, so 
they are densely clustered on the surface of the cell in a more 
optimal distribution,” says Prof. Gaus.

She says her team has already developed a nanotechnology 
device that can re-arrange receptors on T-cells. Pending funding 
outcomes, they will begin experiments in mouse models, and 
should have a proof-of-principle ready within three years.

Authors: 
Pageon SV et al. (August 2016)

Content by University of New South Wales media 

Functional role of T-cell receptor nanoclusters in signal initiation and antigen discrimination (PNAS, Vol 113, article E5454–E5463)
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Alex at Monash University’s Protein Production Unit.
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In the final step of the immune response, the innate immune system must 

effect an appropriate lethal response in order to effectively combat a 

foreign invader.

THEME LEADERS 
James Whisstock and David Fairlie

EFFECTOR 
FUNCTION

The innate immune system is an ancient defence network 
involving cells and proteins that provide a rapid response 
to infection or injury. 

Innate immune cells first detect pathogens or damaged cells 
and tissues. These immune cells then secrete potent chemical 
signals to attract more immune cells to come to the site of 
infection or injury, thereby amplifying the immune response.

In the final step, innate immune cells and protein networks that 
complement them orchestrate the destruction and removal of 
foreign organisms and damaged cells from the body. When this is 
not successful, the inflammatory response continues unabated 
and can lead to chronic inflammatory diseases and cancer.

The key investigation areas of this research theme include: 
imaging the interactions between extracellular signalling 
proteins and receptors on immune cells; tracking the dynamics 
of movement of various immune cells in response to danger 
signals within the body; and understanding how the immune 
recognition events translate into cell fate decisions. 

We will use chemical approaches to target and track innate 
immune cells and members of the complement protein network 
during the course of innate immune responses. We will also 
employ XFEL and cryo-EM techniques to image major proteins 
central to the complement cascade and perforin-related systems.

Specifically, we look at:

• how the innate immune system detects and responds to 
pathogens and how we can selectively target and modulate 
the response of cells (imaging of innate immune responses); 

• the weaponry associated with immune killing, which includes 
roles for some complement proteins in immune signalling 
(imaging of immune effectors).
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ACHIEVEMENTS

Researchers at Monash University, in collaboration with 
scientists at Birkbeck College London (UK) used cryo-electron 
microscopy (cryo-EM) to determine the sub-nanometre structure 
of the polymerised form of Component Component-9 (C9), the 
pore forming portion of the membrane attack complex. 

The structure of polyC9 revealed the unexpected finding that 
assembly of polyC9 involved two key adaptor domains that 
are ancillary to the central, pore forming region. This finding 
explains how the MAC can self-assemble in solution without the 
requirement for the membrane. This feature of C9 is in direct 
contrast to other immune effectors such as perforin, which 
appear to only be able to start assembling into the oligomeric 
form once bound to the membrane.

The discoveries that the team has made will help drive the 
development of small molecules and antibodies that prevent 
assembly of the MAC. Such molecules may be of utility in 
preventing unwanted MAC function in immune driven disease 
and in transplant rejection. 

Authors: 
Dudkina NV et al. (February 2016)

Structure of the poly-C9 component of the Complement Membrane Attack complex 
(Nature Communications, Vol 7, article 10588)
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Media release

In related work, Centre scientist Assoc. Prof. Hans Elmlund 
together with Prof. Susan Lea from Oxford University have 
determined the EM structure of another key portion of the 
complement system – complement component 5 (C5). Here, 
the team discovered how a range of different proteins, including 
inhibitors found in tick saliva, as well as a therapeutic monoclonal 
antibody are able to specifically shut down C5, thus preventing 
uncontrolled destruction of host red blood cells. 

University of Oxford and Monash University scientists have 
discovered how proteins present in tick saliva prevent the 
immune system from running amok.

Most of us dread the thought of being bitten by a tick, not least 
because they spread serious infections such as Lyme disease. 
However, some of the proteins present in tick saliva could lead 
to cheaper and more effective drugs able to combat rare blood 
diseases.

Work published today in Nature Structural and Molecular Biology 
by a joint team from Oxford University and Australia’s ARC 
Centre of Excellence in Advanced Molecular Imaging, reveals a 
connection between an important therapeutic, Eculizumab, and 
proteins in tick saliva.

Eculizumab, sold under the name Soliris, is currently the only 
therapeutic available for treating life threatening blood disorders, 
Paroxysmal nocturnal hemoglobinuria (PNH) and atypical 
haemolytic-uremic syndrome (aHUS). In these diseases, the 
immune system attacks and destroys blood cells. Soliris works 
by shutting down part of our immune system.

When ticks bite an unsuspecting victim they inject substances 
that inhibit the same part of the immune system that Solaris 
targets. These substances allow the insect to stay attached and 
feed on people for up to ten days without the immune system 
recognising and destroying them. The Oxford and Monash 
research team set out to understand how these insects can shut 
down an immune reaction.

The team used a combination of X-ray crystallography and 
powerful microscopes within the Ramaciotti Centre for Cryo-
electron Microscopy at Monash University to look into the 

molecular structures of both the tick proteins and Soliris in 
complex with the immune proteins they bind.

If you have PNH or aHUS your immune system attacks your 
blood cells. And the consequences of these diseases are 
devastating and systemic.

“Soliris is also one of the most expensive drugs in the world, 
costing up to $500,000 per patient per year,” says Assoc. Prof.. 
Hans Elmlund, Imaging Centre and co-lead author of the paper.

“Using three-dimensional electron microscopy and computer 
modelling we could determine exactly where Soliris binds and 
understand how it inhibits this part of the immune system. 
Knowing this, and knowing how ticks defend themselves will 
provide novel inhibitors.”

Professor Susan Lea, Oxford University and visiting academic 
at Monash University, explains that the tick proteins are much 
smaller and easier to make than the antibodies in Soliris and may 
result in much cheaper therapies for a range of different immune 
disorders.

She adds: “Blood poisoning, or sepsis, kills over six million people 
a year. Affected individuals often die because of a powerful, but 
ultimately catastrophic, immune over-reaction called ‘cytokine 
storm’. Our team hope that the tick-related proteins may one 
day be of use in controlling cytokine storm in order to lessen 
mortality in conditions such as sepsis.”

Authors:  
Jore MM et al. (March 2016)

Structural basis for therapeutic inhibition of complement C5 (Nature Structural and Molecular Biology, Vol 23, pg 378-386)

“The tick proteins act at the same point in the 
cascade as Soliris but they differ in molecular 
detail, and therefore may provide routes to 
treatment of patients with PNH who have 
become resistant to Soliris.” Prof. Susan Lea
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Researchers at the Queensland node of the ARC Centre of 
Excellence in Advanced Molecular Imaging have reported the 
world’s smallest alpha helix, involving just five amino acids, and 
shown how this can impart structure in longer peptides. 

Our immune system works through very complex processes 
driven by proteins interacting with other proteins. The interacting 
segments usually involve between five and 20 amino acids. 
However when these short segments (peptides) are removed 
from a protein, they unwind and have no biological activity. 

Researchers in the Imaging Centre have found ways to stabilise 
these short peptides in coiled or helical structures that are 
identical to protein surfaces. CoE CI Fairlie and his team have 
been imaging the structures of these tiny helix coils in water 
using magnetic resonance techniques similar to the MRI scans 
used on patients to detect tissue injuries and disease. This work  
was published in July in the prestigious international chemistry 
journal Angewandte Chemistry International Edition. 

These small helix compounds are being used as building blocks 
to reconstruct pieces of proteins that can show biological 
activities like larger proteins that make up our immune systems. 
This research has the potential to teach scientists how to reduce 
proteins (from hundreds to thousands of amino acids) down 
to much smaller molecules – less than 20 amino acids – that 
retain the same biological functions of proteins. In the context 
of immunity, we will be able to create short helices, which can 
block the actions of proteins that cause infection, inflammation 
and immune responses.

In the long term this knowledge can lead to a better understanding 
of the molecular basis of immunity, infection and disease and to 
new ways of detecting and treating disease.

Authors: 
Hoang HN et al. (July 2016)

Citation: 
Helix nucleation by the smallest known alpha helix in water 
(Angewandte Chemistry International Edition, Vol 55, pg 8275-8279)
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Many of our investigators were recipients of awards for their outstanding contributions to science. This 

recognition is testament to the calibre of research being conducted within our Centre and we wish to 

congratulate all award winners. And, of course, their teams. Science is at its heart a collaborative, creative 

pursuit and good teams are an essential ingredient to spurring innovation and delivering impact.

MAJOR 
RESEARCH AWARDS

November saw two of our CIs awarded with prestigious prizes. 
Brian Abbey was the 2016 recipient of the Tall Poppy Science 
Award and Jamie Rossjohn, along with his longtime collaborator, 
Jim McCluskey, was awarded the 2016 Victoria Prize for their 
substantial and sustained contributions to our understanding of 
the human immune system.

AI MacKay, was also awarded a Tall Poppy award at the ceremony 
held in Melbourne.

“I was very grateful to be a recipient of the 2016 Young Tall Poppy 
Science Award,” Brian said. “The award is not only given based 
on research, but also for science communication and outreach.”

During their 15-year collaboration, Rossjohn and McCluskey have 
co-published over 125 research papers, translated their research 
for improved health outcomes, and mentored a large number of 
next-generation researchers.

Imaging Centre CIs receive prestigious awards

Jamie Rossjohn 

Victoria Prize for Science & Innovation (Life Sciences), 
and ARC Laureate Fellowship

Brian Abbey 

Australian Institute of Policy & Science Young Tall Poppy Award

Laura MacKay  

Australian Institute of Policy & Science Tall Poppy Award

Jerome Le Nours 

Future Fellowship

Dominika Elmlund 

DECRA Fellowship

Hamish McWilliam 

DECRA Fellowship 

Pictured (L-R): Jamie Rossjohn and Jim McCluskey receiving 

the Vic Prize from Victorian Minister for Small Business, 

Innovation and Trade, the Hon. Philip Dalidakis MP
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University of New South Wales postdoc awarded a long term 
HFSP fellowship

Melanie Chabaud, University of New South Wales, was awarded 
a Long-Term Postdoctoral Fellowship from the Human Frontier 
Science Program (HFSP) to investigate the molecular events 
leading to T cell arrest.

After completing her PhD at the Institut Curie in Paris – where 
she studied dendritic cell migration – Melanie joined the Gaus lab 
at Single Molecule Science in 2015, funded by University of New 
South Wales Vice Chancellor’s Postdoctoral Fellowship.

The HFSP fellowship will help Melanie continue her innovative 
research at the frontiers of the life sciences.

Team Tiny Trap take top honours at Harvard

Jackson Nexhip led a group of six undergraduate students from University of 
New South Wales to victory at Harvard University’s annual biomolecular design 
competition, BIOMOD. Supported in part by our Centre, the team defeated 24 teams 
from around the world. Team Tiny Trap created a novel nanostructure to capture 
drugs, like a mousetrap, by folding strands of DNA – called DNA origami. The trapped 
drug can be delivered straight to cancer cells, reducing unwanted side effects 
associated with traditional, broad-acting therapies.

“BIOMOD is a blank canvas. Undergraduates get to design and build things from 
biomolecules – we have the freedom and the ability to make something new. The 
problem with current methods of drug delivery is that the cargo can’t escape and do 
its job. We wanted to design a vessel that could capture unbound pharmaceuticals 
inside; ready to diffuse out upon delivery. It was tough but a great opportunity and we 
learned a lot,” said Jackson Nexhip.

Jerome Le Nours 

Future Fellowship

Dominika Elmlund 

DECRA Fellowship

Hamish McWilliam 

DECRA Fellowship 

“Congratulations to Prof. Jamie Rossjohn and Prof. 
James McCluskey for receiving Victoria’s highest 
scientific honour. It’s fantastic to see our state’s 
leading researchers being recognised for the work 
they do – they are the reason we are a world-leading 
medical research hub.” Minister Dalidakis

Dr Melanie Chabaud, University of New South Wales
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MEDIA & 
COMMUNICATIONS

Reflecting on the last twelve months, we can see 

a shift in how the public, and the media, find and 

digest scientific information.

Despite this changing landscape, stories about our work 

have continued to be picked up by mainstream media 

outlets, ensuring the relevance and significance of our 

work reaches the Australian public. 

Dr Nick Gherardin, University of Melbourne
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• Continued placement of media stories across print and 
digital news services;

• Steady growth of our Twitter followers from 396 in 2015 to 
527 at the end of 2016;

• A steady increase in website engagement, newsletter 
subscribers and social media presence.

As noted, how mainstream media determine which stories to 
write about has been shifting over the last two to three years. This 
is due to a decline in newsroom staff coupled with an increase in 
the demands of a 24hr news cycle. Interestingly, media releases 
are becoming less important. Personal relationships between 
journalists, media professionals and the researchers themselves 
are of much more importance.

As such, some of our research stories were pitched, without an 
accompanying media release, directly to journalists. Also, the 
demand for visually appealing content for web and social media 

platforms has increased significantly. Being able to provide 
journalists with images, graphics, facts and figures has played a 
big role in having our stories published.

Overall, we have continued to be successful in telling our 
research stories to the wider Australian public, and with the 
changing media environment we have and will continue to alter 
our approach to communicating our research outputs.

We put together nine media releases in 2016, with four additional 
research stories solo pitched. These resulted in two television 
appearances, 20 radio interviews, sic in print news articles and 
over 100 online articles being published about our Centre’s 
research.

Highlights of 2016 include, Stephanie Gras appearing on ABC 
TV talking about her team’s discovery of immune cells learning 
to recognise different strains of the flu and Jamie Rossjohn’s 
multiple story pick ups in the Australian and on ABC radio.

Over the year we saw...

Our strategy for 2017 will shift to focus on producing more video 

content and building closer relationships with key journalists, both 

in Australia and abroad. We will also be taking a targeted approach 

to developing the skills of our younger researchers so they can act as 

spokespeople for our Centre. 

Looking forward
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Online presence 

Throughout 2016 we maintained good numbers of visitors to our 
website. The duration of visits and the number of pages visited 
in each session has increased (up by 14 per cent and 5 per cent, 
respectively), although the number of hits dropped (down from 
27,586 to 21,773). This suggests our audience is more engaged 
with our content. 

While new visitors make up roughly two thirds of our online 
audience, we found that return visitors are spending more time 
exploring the site – further evidence that the redevelopment of 
the website has made for more efficient user experience. We 
also saw spikes in website hits directly corresponding to the 
newsletter stories being broadcast on our Twitter account. This 
suggests the newsletter, coupled with publicising the stories 
through Twitter, is driving more traffic to our website – further 
supported by an increase in bounce rates of 8 per cent (bounce 
rates measure single page visits). 

Our Twitter account continues to grow; we now have 527 
followers, up from 390 at the end of 2015. And engagement with 
our newsletter, compared to the industry standard, is extremely 
high (48 per cent vs. 24 per cent ) – testament to our reputation 
of providing quality, timely information regarding our research 
and activities.

Communications 

Our researchers proactively communicate their work and key insights through 
different outreach opportunities. In 2016, we took part in Melbourne Knowledge 
Week and the International Day of Immunology. And, we hosted two public lectures: 
one by Nobel Laureate William E. Moerner, the second, by Richard Henderson, the 
father of cryo-EM. We also sponsored four summer projects for students to explore 
imaging modalities. 
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International Day of 
Immunology

To celebrate our incredible immune system, 
the International Day of Immunology, held 
annually on 29 April, aims to engage the public 
with immunology and biomedical research. 
Our Centre sponsored the photography 
exhibition and the public lecture, both held at 
the Peter Doherty Institute for Infection and 
Immunity in Melbourne. 

Immunology Heroes and Villains gave the 
public a rare chance to hear from three of 
Melbourne’s top immunologists: Imaging 
Centre CI Godfrey, Dr Susanne Heinzel and Dr 
Maria Liaskos.

W.E. took the audience, of 

approximately 400, through the 

methods he and Eric Betzig 

devised: steering fluorescence 

in individual molecules by light. 

He explained that this makes 

it possible to track processes 

occurring inside living cells –

very important to understanding 

how our immune system works.

W. E. Moerner

L-R: AI Pellicci, Prof. David Tarlinton, Dr Maria 

Liaskos, Dr Susanne Heinzel and CI Godfrey.
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Melbourne Knowledge Week 

In a classic Melbourne lane, behind a classic Melbournian café, Imaging Centre Director and AI Gras joined forces to add a 
little imaging science to the Melbourne Knowledge Week 2016 festival (MKW 2017).

A diverse and interested crowd sat atop wooden pews in “the church” and listened intently to James and Stephanie explain 
how imaging technologies are accelerating innovations in health.

The talks began by focusing on immunology and imaging, and ended with a call for further funding to ensure that science, 
especially fundamental science, is safeguarded well into the future. It was truly wonderful to have an engaged, varied group 
of people take time out of their days to sit, listen and learn about the research being done in our CoE. We were delighted to 
be invited to participate in MKW 2017.

Imaging Centre Director James Whisstock and AI Gras at 

the Festival Hub for Melbourne Knowledge Week, 2016.
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Richard is one of the fathers of cryo-electron microscopy (cryo-EM) and 
the former head of the Medical Research Council Laboratory of Molecular 
Biology at Cambridge University. He wowed the crowd of just over 200 
with the technical improvements and research outputs that led to the 

“resolution revolution”, making cryo-EM the 2015 Nature Methods method 
of the year.

Richard Henderson

At the start of 2016 four young scientists spent the summer months with the Imaging Centre’s 
La Trobe University node learning about our research, from optics to nanofabrication.

Caitlin Allen (Lipidic Cubic Phase) looked at LCP crystallisation. LCP is a key component for 
some serial crystallography experiments in which protein crystals are delivered to an X-ray 
beam (either synchrotron or XFEL) and encased within a ‘toothpaste’-like media.

Elizabeth Iles (Optics) joined the optics group for a six-week summer project to develop new 
approaches to data handling, processing and background subtraction. Elizabeth worked on 
implementing methods for simultaneously collecting, processing and storing data that will 
allow scientists to image whole tissue sections at high spatial resolution.

Susannah Holmes (XFEL and Nanofabrication) developed methods for imaging cell stresses 
using a combination of coherent imaging and plasmonics. She developed new protocols for 
attaching cells to nanofabricated surfaces. This proof-of-principle approach will eventually be 
developed to visualise the biomechanics of a wide range of phenomena, including cell death 
and the actions of drugs in cells and tissues.

Richard Garrett (Nanofabrication) worked on the development of new devices for droplet 
formation, focusing on rapid prototyped polydimethylsiloxane (PDMS) microfluidics devices. 
These devices are being developed with the aim of sample delivery and the placement of 
single particles for applications at the XFEL, synchrotron and cryo-TEM.

Showcasing inspiring projects from next-generation 
imaging scientists

Caitlin Allen working in the 

lab at La Trobe University
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Throughout 2016 we ensured our staff and researchers 
had the necessary capabilities to continue their science 
as well as make sure they knew what was going on at 

each of the nodes.

Each year we gather all our researchers for our summit, held in 
November. For the last two years the summit has run like a mini-
conference, with lots of free time for our researchers to mix and 
mingle.

This year we took all (132) Imaging Centre staff to Torquay; on 
the Victorian coast for two and a half days. To encourage the 
novel collaborations that CoEs are designed to produce, our 
CIs nominated one of their postdocs to give an overview of the 

research being conducted within their group – not an easy task 
when delivering to an audience of peers with different knowledge 
and research backgrounds. These talks have sparked further 
internodal collaborations we hope to see the fruits of over the 
coming years -- so did randomising the seating arrangement for 
the dinner.

As an interdisciplinary research centre our role to connect our 
researchers while training them to communicate their discoveries 
across disciplines is very important (see presentation skills 
workshop highlight overleaf). To this end, the 2016 Summit was 
a great success; we had 22 long form talks, 63 short-poster talks 
and 66 posters in all.

TRAINING

CI Abbey organised an inter-disciplinary satellite meeting, the weekend before the 41st 
Lorne Protein Conference to discuss Lipidic Cubic Phase (LCP) and serial crystallography. 
This meeting brought together 41 researchers both from Australia and oversees, including 
physicists, biologists and engineers. Invited speakers included high-profile, international 
structural biologists, biophysical chemists and X-ray crystallographers. The workshop covered 
some of the recent LCP and serial crystallography developments at the synchrotron and X-ray 
free electron laser (XFEL). Professor Yvonne Jones (the University of Oxford) gave a fantastic 
keynote talk that covered the opportunities and challenges for structural biology, associated 
with serial crystallography at XFELs. Dr Aina Cohen (Stanford Synchrotron Light Source, SSRL), 
talked about the issue of damage in nanocrystals at XFELs and Dr Peter Berntsen (La Trobe 
University) talked about his work in developing new technologies for delivering micro and 
nanocrystals to synchrotron and XFEL beams. As a direct result of this workshop an Imaging 
Centre, La Trobe University led, collaboration has formed to develop a serial crystallography 
capability at the Australian synchrotron that will provide a new research platform for Australian 
structural biologists.

Lorne LCP satellite meeting

Imaging Centre students at 

the 2016 Summit.
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In many ways, the skill of effective cross-
disciplinary communication is more difficult 
to acquire than that of public communication 
because speaking to the public involves 
simplification and this is not always 
appropriate when the goal is high-level 
collaboration.

To help prepare our Imaging Centre scientists 
for the 2016 Imaging Centre Summit we 
enlisted Dr Judy Ford to run workshops 
at each of the nodes. Judy has always 
enjoyed thinking about the bigger picture and 
communicating to very broad and diverse 
crowds, and she has recently been working 
with students preparing for the Three Minute 
Thesis competition.

Judy explained that the hardest part is 
ensuring the end communication is at a level 
that it can be critiqued by others with different 
knowledge and research backgrounds.

“What I plan to do with the students is show 
them some talks – the good, the bad and the 
ugly – and, as a group, discuss what things 
do and don’t work. Students will then write 
a presentation to give to the group on the 
second day.”

The mix of physicists and biologists in 
attendance at the UoM workshop proved the 
need for training our investigators in the art 
of interdisciplinary communication. The level 
of understanding between the two groups 
was reasonable, but the talks on the second 
day highlighted where communications 
could break down.

“Both groups of students did a superb job 
of presenting their research to their peers 
from their own groups and from outside their 
groups,” Judy said. “Even I could follow the 
physics talks to a certain point.”

Judy attended all talks at the 2016 Imaging 
Centre Summit and held a workshop on the 
last day to “debrief”. 

“The workshop at the end of the Summit 
focused on looking back over the things that 
worked and didn’t work,” Judy said. “It was 
great that the students felt confident enough 
to highlight when a speaker from another 
field wasn’t clear in their explanation.”

One of the most important points Judy 
made to the groups was the need to remind 
themselves why they are in their field and 
why they are passionate about it.

Presentation skills workshop

“Even if people don’t have time to talk to their 
audience about their passion and what got them 
where they are, if they remind themselves of this 
before they stand up in front of the audience they 
will come across more passionate and engaging.” 
Judy Ford, Facilitator Presentation skills workshop

Imaging Centre 

investigators at the 2016 

Summit.

Judy Ford
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The Imaging Centre was proud to sponsor 
one of the most prestigious and influential 
conferences for crystallographers in Australia 
and New Zealand.

“The conference is a brilliant interface 
between structural biologists, chemists, 
material scientists and crystallographers,” 
said AI Dunstone, a member of the 
conference’s Scientific Program Committee. 

“It is a nurturing community where 
research students and young postdoctoral 
researchers can present results and ideas. 
X-ray crystallography has been key to many 
Imaging Centre successes.”

Crystal 30

Prof. Branch Moody (Brigham and Women’s Hospital and recipient of the Australia-Harvard Fellowship), was funded by the 
Harvard Club of Australia and Monash University to visit Australian universities for two months in 2016. As part of this visit 
we sponsored Branch to present two sessions at both Monash University and the University of Melbourne:

 1. An approach to rigorous data review that moves science forward

 2. Writing scientific papers that others want to read

Attendees found these sessions extremely valuable and were clearly inspired to learn more about paper writing and 
reviewing as a result. CIs Dale Godfrey and Jamie Rossjohn. Both agreed on the value of having Branch speak with and 
mentor our students.

“Branch’s workshops were a great success. I know he inspired many young investigators to get more involved with paper 
writing and reviewing.” CI Godfrey

Branch Moody

AI Berry and Dr Ben Gully, Monash University
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Finding a rare structure by electron microscopy is the equivalent 
of finding a needle in a haystack and correlative light- and 
immunoelectron microscopy (CLEM) is a sophisticated 
technique to address this challenge. Our Centre sponsored a 
CLEM workshop at the 24th Australian Conference on Microscopy 
and Microanalysis.

Participants from a range of research institutions attended 
(Netherlands, Croatia, ANU, UQ, Uni Adelaide, USyd, UoM, 
PeterMac, RMIT, CSIRO, NSW Health) the hands-on workshop 
run by instructors from Linkam, Zeiss and Monash. 

The workshop consisted of six hands-on and/or demo sessions 
with rotating groups of participants:

1 Sample preparation I

2 Immunofluorescence

3 Cryo-fluorescence

4 Sample preparation II

5 SEM CLEM

6 TEM CLEM

CLEM workshop February

On the second day of the 41st Lorne Proteins 
Conference, Imaging Centre organised 
and ran a cryo-EM workshop together 
with FEI Company – the global leader in 
manufacturing electron microscopes. 
Featuring speakers from FEI and Imaging 
Centre, the workshop was aimed at sharing 
best practice methodologies in cryo-EM and 
covered some of the common issues facing 
electron microscopists around the world. 

Cryo-EM workshop at 
the 41st Lorne Proteins 
Conference

Dr Darryl Johnson, 

University of Melbourne



48

IMAGING CENTRE

Translation of research outcomes, intellectual property and commercialisation is a 

core goal of our Centre. We aim to create strong and tangible applied outcomes across 

the technology and biology sectors. 

Over the last three years our Centre has been fostering a culture of innovation and 

end-user linkages. CI Fairlie acts as our Commercialisation Officer and in 2016 we 

welcomed Kathy Nielsen as our Business Development Manager. 

LINKAGES

National linkages – building stronger ties between our nodes and with national research platforms

Building cross-disciplinary teams to excel

Connecting across our nodes for better outcomes

This year marked great success in forming national linkages across our nodes and with 
important national infrastructure. The Centre formed networks of CIs, AIs and postdocs 
across different nodes particularly in the areas of single molecule science and innate 

immunity. These networks not only spurred collaborative projects, but also enabled initiatives 
such as the Single Molecule Science initiative at University of New South Wales and the Centre 
for Inflammation and Disease at the University of Queensland. The critical mass of expert 
researchers brought together by the Centre allowed these initiatives to present a compelling 
scientific vision and successfully leverage additional funding from the respective institutions 
towards these programs.
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Single Molecule Science at University of New South Wales

University of New South Wale’s Single Molecule Science initiative focuses 
on transforming medicine by providing a molecular perspective on complex 
biological systems and processes, encompassing biophysics, biochemistry 
and cell biology as well as nanotechnology and nanofabrication. SMS’s 
Director, Kat Gaus, is the Deputy Director of our Centre and the work being 
done at University of New South Wales is underpinned by her team’s work 
on new imaging and analysis technologies. Support from the Imaging 
Centre comes in a variety of forms, from collaborations with researchers at 
our other nodes that have sparked ingenious solutions to engineering and 
biological problems, to support for new equipment through joint funding 
grants.

IMB Centre for Inflammation and Disease Research (CIDR)

The Imaging Centre recognised an early need to expand its interactions 
around Theme 9 (Innate Immunity) to include AIs that could bolster its 
activities on imaging innate immune cells and related molecular interactions. 
CI Fairlie and AIs Matt Sweet, Kate Schroder and Jenny Stow went one step 
further and garnered additional funding from the University of Queensland 
to start a new initiative (CIDR) that has established inflammation models 
in cells and rodents, as well as proteins and molecules related to innate 
immunity. These additional resources and systems are helping the Centre 
researchers to study the molecular and structural basis of innate immune 
responses. 

The ARC CoE in Advanced Molecular Imaging has played a major role 
in fostering the development of a new research centre for inflammation 
and disease at the Institute for Molecular Bioscience of the University 
of Queensland. CIDR is focused on better understanding molecular 
mechanisms of innate immunity and inflammation in disease settings, 
including liver fibrosis, inflammatory bowel disease and arthritis. The four 
founders of CIDR (Matthew Sweet, Kate Schroder, Jenny Stow, David Fairlie) 
are all researchers in the Imaging Centre. Our CoE has sponsored CIDR’s 
annual IMB Inflammation Symposium. This year the symposium featured 
a session on imaging inflammation, as well as invited presentations from 
three of our Imaging Centre researchers (Profs. Dale Godfrey, Bill Heath 
and Jenny Stow).

“We look forward to creating new, and 
progressing current, links between 
the two Centres. Over the next few 
years CIDR will continue to develop 
a number of exciting opportunities 
for collaborations in research relating 
to innate immunity and disease.”  
AI Sweet, Director, CIDR
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Electrons and X-rays working together, spurring new ideas?

Hans Elmlund and Andrew Martin are Imaging Centre AIs. One 
works on developing new image processing theories for single-
particle cryo-EM, the other works in the realm of theoretical 
physics. One is based at Monash, the other at Melbourne. One 
has a thing for electrons, the other for X-rays.

What happened when they both attended the Physics 
Symposium in December 2015?

Hans heard a talk by Andrew, and Andrew heard a talk by Hans. 
Now they are working together to enhance the quality and 
innovation of their respective research programs.

Hans and Andrew told us a little about their story; it’s a love affair 
involving big data, algorithms and software. 

“I am slightly closer to the biological side of things than Andrew,” 
Hans begins. “But I was deeply involved in the first X-ray free 
electron laser experiments on biological particles at the Stanford 
Linear Accelerator Centre and when I arrived in Australia to work 
in the Imaging Centre I was excited to find out that our physics 
node had similar interests.” Andrew says that his work aims 
to realise the potential for X-rays to study the structure and 
dynamics of biological molecules.

“To do this requires new theory and data analysis methods. Our 
group studies the unique imaging situations that arise with very 
intense and very short duration pulses,” he says.

Both agree that single particle imaging with X-ray lasers and 
cryo-EM have a common goal: determining the structures of 
biological molecules.

The biggest difference, cryo-EM takes direct measurements of 
the phase while with X-rays all the phase information is lost and 
must be computational recovered.

“Andrew has been working a lot with understanding radiation 
damage and how it influences the metrics used to generate 3D 
images of biomolecules,” Hans explains. “In cryo-EM this is a 
largely unexplored area. My hope is that together our groups will 
be able to contribute to a better understanding of the implications 
of radiation damage associated with cryo-EM imaging,” he says.

“While our group can help with radiation issues, there is a great 
opportunity to use the algorithms Hans developed for cryo-EM 
to analyse our X-ray data,” Andrew counters.

“X-ray experiments measure diffracted intensity while cryo-EM 
experiments measure images or ‘take photos’. Our collaboration 
is based on identifying the implications of these different 
approaches and then figuring out how to adapt the data analysis 
methods. In the future, we hope the inverse will work, applying 
analysis ideas developed in the X-ray community on cryo-EM 
data.”

High-impact fundamental scientific discoveries take time, 
devotion, collaborative spirit and resources. The Imaging Centre 
is uniquely placed to facilitate interdisciplinary collaborations 
between Australian experts – this particular alliance is one of 
many we hope will develop over the lifetime of the Centre.

“By integrating information, data, techniques, tools, perspectives, 
concepts, and/or theories from two or more disciplines, we will 
be able to solve problems whose solutions are beyond the scope 
of a single discipline or area of research practice,” Andrew says.

While they don’t think this will make discoveries faster, they are 
confident that their cross-disciplinary interactions will open up 
routes to new discoveries and ideas that would otherwise never 
have come to exist.

“We are still in the early stages of extending the capability of Hans’ 
software for X-ray data,” Andrew says. “Once this is done we can 
test and compare our algorithms in parallel on X-ray and electron 
data.”

“I agree with Andrew,” Hans follows up, “the first goal is to provide 
a computational framework that can be applied to analyse any 
kind of projection image. To do this we will adopt techniques 
that have been developed for analysis of continuous diffraction 
patterns to the analysis of cryo-EM images and vice versa. Both 
our teams will continue to develop powerful new statistical 
algorithms for data analysis of large populations of noisy images 
of particles in different unknown orientations and with different 
structural composition/conformation.”

“We hope the future will bring synergetic 
approaches, combining information from both 
techniques to gain maximum understanding 
of the systems we study.”
AI Elmlund, AI Martin
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MASSIVE and the Lattice Light sheet

Lattice light-sheet microscopy (LSM) is a very new technique for live imaging. The high-resolution images acquired using LSM 
generate huge quantities of data – terabytes for each image. With the advent of LSM and the increase in data sizes, microscopy 
analysis can no longer be done on laptops. 

Last year, at the Imaging Centre quarterly meeting, MASSIVE Coordinator, Dr Wojtek Goscinski helped to set up a national-scale 
project between Monash University, the University of Queensland and University of New South Wales. The partnership sees the three 
universities, all recent parents of an LSM, collaborate on a single software suite for capturing, pre-processing and analysing LSM data. 

This project will build software to help biologists make the transition to using research clouds and high performance computers. It will 
also ensure standardisation of the pre-processing of data and make sure data sets are stored with appropriate metadata. 

Being such a new and extremely promising technique, this type of collaboration across institutes is important for the future of the 
field. MASSIVE and the Imaging Centre are proud to be working together to implement this project right from the get-go.

The program ‘Characterisation Virtual Laboratory: Trusted lattice light-sheet microscopy access across Australia’ established 
at Monash, is funded by the Australian National Data Service and NeCTAR, which in turn is supported through the Australian 
Government’s National Collaborative Research Infrastructure Strategy (NCRIS) program.
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In November 2016, we announced a new research collaboration 
with the Swiss-based healthcare company Roche (F. Hoffmann-
La Roche Ltd and Hoffmann-La Roche Inc.). The collaboration 
aims to develop next-generation treatments for autoimmune 
diseases, focused on proteins targeting novel molecular 
pathways.

The partnership will enable the multi-disciplinary research team 
and Roche to work together to advance and translate existing 
and new intellectual property into novel treatments.

The collaboration has arisen from work performed by Profs.
Marcel and Claudia Nold from the Hudson Institute and Monash 
University’s Department of Paediatrics, and CI. Prof. James 

Whisstock and Andrew Ellisdon from the Monash Biomedicine 
Discovery Institute. All four scientists are part of the ARC Centre 
of Excellence in Advanced Molecular Imaging.

The research collaboration team will combine skills in clinical 
immunology, cytokine research and drug development 
approaches to translate their research outcomes into 
transformational treatments. The program will further take 
advantage of new structural biology technology available at 
Monash, including nanocrystallisation robotics and the FEI Titan 
KRIOS. The latter instrument is a multi-million dollar electron 
microscope that will be used to guide the design of new biologic 
drugs.

Creating next-generation medicines: new industry collaboration

NIH providing MR1 tetramers for free

The MR1 tetramer technology was developed jointly by Profs. James McCluskey, Jamie Rossjohn and David Fairlie on the 
back of their 2014 Nature paper: T-cell activation by transitory neo-antigens derived from distinct microbial pathways. They  
have transferred their tetramer technology to the NIH and given the NIH permission to produce these MR1 tetramers. These key 
reagents are now being distributed, free of charge to academics across the world, thereby empowering the field to make significant 
discoveries centered on MAIT cells.

L-R: Prof. John Carrol, Monash Biomedicine Discovery 

Institute Director, Dr Andrew Ellisdon, Profs. Marcel and 

Claudia Nold, CI Whisstock and Prof. Brian Williams, 

Hudson Institute Director. 
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GRANTS & 
FELLOWSHIPS

Centre Investigator Project Description

Assoc. Prof. Dominika Elmlund	 	Studying	bacterial	proteins	using	single-particle	electron	microscopy	(SPEM)

Assoc. Prof. Max Cryle	 	In	vitro	biomimetic	synthesis	of	glycopeptide	antibiotics

Prof. Jamie Rossjohn 	 An	investigation	into	how	antigen	recognition	leads	to	T	cell	signal	transduction 
	 Linking	key	immune	recognition	events	to	immune	function

Dr Jerome le Nours	 Lipid-	and	metabolite-based	T-cell	immunity	and	function

Prof. Kat Gaus; Dr Jeremie Rossy	 	Using	novel	drugs	to	control	T	signalling	and	function

Prof. James Whisstock; Using	cryo-electron	microscopy	to	determine	protein	structure	at	near-atomic	resolution 
Prof. Jamie Rossjohn; 
Assoc. Prof. Max Cryle; 
Assoc. Prof. Hans Elmlund; 
Prof. Robert Pike

Dr Michelle Dunstone	 Establishing	a	high	resolution	atomic	force	microscopy	facility

Prof. Kat Gaus	 Regulating	antigen	sensitivity	through	T	cell	signalling	network	plasticity. 
	 Viewing	T	cell/antigen	interaction	with	single	molecule	microscopy

ARC Grants

In 2016, Centre staff successfully secured over $7M in ARC grants and nearly $13M in other 

Australian competitive grants.
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Centre Investigator Project Description

Dr Cyril Reboul	 	An	integrative	structural	biology	approach	to	understanding	the	SAGA	transcriptional	
master	regulator	implicated	in	cancer	and	development

Assoc. Prof. Stephanie Gras	 	A	molecular	investigation	into	lipid-reactive	immunity	to	combat	Mycobacterium	
tuberculosis	infection

Dr Andrew Ellisdon 	 Structural	and	functional	characterisation	of	the	oncogene	P-Rex1

Prof. James Whisstock	 Activation	and	inhibition	of	the	Plasminogen/Plasmin	system

Assoc. Prof. Hans Elmlund	 	Molecular	basis	for	stress-induced	gene	regulation—a	model	system	to	understand	
transcriptional	deregulation	in	cancer	and	neurological	disease

Prof. Jamie Rossjohn A	structural,	chemical	and	functional	investigation	into	MAIT	cell	receptor	recognition 
	 A	structural	investigation	into	T	cell	signalling	machines	(ARC	DP) 
	 A	molecular	investigation	into	immune	function	(ARC	Laureate) 
	 Antigen	presentation,	recognition	and	the	immune	response	(NHMRC	Program) 
	 Innate	pathogen	sensing	by	local	unconventional	T	cells	during	microbial	infections	(MRC) 
	 An	investigation	into	tumour	recognition	by	lipid	reactive	T-cells	(WWCR) 
	 Exploring	the	role	of	human	Natural	Killer	cells	in	tumour	immunity	(CCV)

Prof. Dale Godfrey Unconventional	T	cells	in	health	and	disease

Dr Laura Mackay	 Redefining	Tissue-Resident	Memory	T	cells

Assoc. Prof. Scott Mueller	 Immune	surveillance	of	the	CNS	during	malaria	infection

Prof. William Heath Targeting	antigen	to	Clec9A	on	dendritic	cell	for	humoral	immunity

Dr Daniel Pellicci	 Antigen	recognition	by	CD1a-restricted	T	cells	in	the	human	immune	system

Prof. Kat Gaus Regulation	of	the	signalling	efficiency	of	the	T	cell	antigen	receptor 
	 T	cell	receptor	(TCR)	signaling	in	adoptive	T	cell	therapy	against	B	cell	lymphoma 
	 Statistical	analyses	for	spatial	organisation	in	T	cell	signalling	networks 
	 DNA	nanotechnology	for	controlled	antigen	presentation	to	T	cells 
	 Modulating	T	cell	responses	with	novel	Lck	activating	compounds 
	 Single-objective	selective	plane	illumination	microscope	(soSPIM)

Dr Lawrence Lee  Artificial	synthesis	of	the	type	III	secretion	system	translocon.	A	new	approach	to	
vaccine	design

Dr Elizabeth Hinde Chromatin	dynamics	regulate	genome	function

Dr Kathryn Poole Mechanoelectrical	transduction	in	chondrocytes

Prof. David Fairlie Modulating	Protein-Protein	Interactions	In	Disease 
	 Small	molecule	activators	of	glucagon-like	peptide	receptor

Assoc. Prof. Matthew Sweet Combating	infectious	diseases	by	harnessing	macrophage	functions

Dr Kate Schroder A	novel	mechanism	for	IL-1ß	secretion

NHMRC Grants
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LOOKING 
AHEAD

In 2017 we will reach the mid point of our Centre of Excellence 
and I would like to conclude our annual report by briefly 
looking to the next phases of the Centre’s activities. Our 

scientists are continuing to make great progress in collectively 
addressing the fundamental questions in immunology, chemistry 
and physics that we originally sought to address. I anticipate 
the discoveries we make and publish in the coming years will 
continue to excite broad trans-disciplinary interest across our 
fields of endeavour. What is also especially exciting from my 
perspective is to see the development of significant cross-node 
collaborations that have been sparked through Centre funding.

A key focus of the coming years will be to continue to support 
our large cohort of early and mid career scientists to develop 
their own independent research careers. More broadly, as our 
training and workshop programs expand and develop we will 
help many hundreds of scientists around Australia deploy and 
become familiar with the latest biological imaging techniques. 

In regards to our outreach into the broader community, our 
Centre scientists are building on the foundation of basic research 
and translating the relevant discoveries through developing 
significant commercially relevant relationships with major 
companies and organisations around the world. I anticipate 
that our success in these regards will continue to grow over the 
coming years.

I am also excited about the potential impact our scientists 
will make through interaction with the teaching community in 
the Sir John Monash Science School. Here, our longer-term 
ambition is to develop and apply programs that impact on the 
national curriculum, thus potentially having the capacity to reach 
students all around Australia.

Finally, and from a technological perspective the next three years 
will see our scientists deploy imaging approaches that seemed 
but a distant prospect just three years ago. Through advances 
in electron and light microscopy we will move ever closer to 
truly understanding protein structure and dynamics in the 
context of the cellular environment. Furthermore, through our 
interaction with researchers in Hamburg, we are well placed to 
take advantage of the European XFEL as it comes online later 
this year. Indeed, from my perspective the coming years will 
see multi-modal imaging approaches truly coming of age and 
being deployed to answer biological problems that, to date, have 
proven intractable.

Prof. James Whisstock 

Director, Imaging Centre

NHMRC Senior Principal Research Fellow 
Department of Biochemistry & Molecular Biology 
Monash University



57

LOOKING AHEAD



58

IMAGING CENTRE

2017 ACTIVITY PLAN
Theme Activity

ATOMIC IMAGING  Develop a new national capability for serial crystallography, which includes the delivery and 
installation of the new $3.2m Eiger detector

  Continue strong ties with DESY to ensure Australia is a key player in European XFEL from 
first light

  Continue to develop techniques to recover the high-resolution structure of proteins in 
collaboration with their node partners

  Increase investment in and accelerate development of methods that will produce atomic 
scale molecular movies using XFELs

  Maintain international leadership roles through their membership on high-profile international 
XFEL advisory panels, including the EuXFEL scientific advisory committee, LCLS peer review 
panel and serial femtosecond crystallography management board

MOLECULAR IMAGING  Obtain the first data with the new, ultra-precise single molecule localisation microscopy 
(SMLM), to pinpoint fluorophores with ~ 1-2 nm precision

  Generate single molecule images of the immunological synapse at the interface between a 
T cell and an antigen presenting cell

  Generate 3D movies of antigens and receptors trafficking through live immune cells using 
the lattice light-sheet microscope

  Expand our capability to automate data acquisition on fluorescence microscopes to 
generate larger and user-unbiased data sets

  Continue work on the analysis pipeline to extract novel biological information from single 
molecule and super-resolution images

CELLULAR IMAGING  Undertake test imaging of the adaptive optics two photon system with AI Lee, Australian 
National University

  Develop tissue clearing technology, with focus on imaging immunity in the spleen, lymph 
nodes, brain and liver

  Finalise initial study on T cell infiltration and memory formation in the brain after malaria 
infection

  Characterise the immunobiology of liver resident memory T cells, with focus on life-span, 
requirement for formation, and capacity to protect against infection

  Develop capacity for imaging multiple T cell populations in the liver during malaria sporozoite 
infection

 Develop liver surveillance mathematical model

Research
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2017 ACTIVITY PLAN
Theme Activity

ACTIVATION  Test whether the two-step model for MHC class-I restricted TCRs applies to other TCRsl.

 Further we aim to examine the role of co-receptors in TCR clustering

  Test the model by inducing TCR clustering in the absence of antigens using an optogentic 
tool developed to monitor whether a) TCR clustering is reversible and b) whether TCR 
clustering is sufficient for signal induction

  Elucidate how T cells can sense and respond to extremely low doses of antigen (i.e. <10 
antigens per T cells) using the DNA nanotechnology we developed

RECOGNITION 
PEPTIDE	IMMUNITY Explore molecular basis of anti-viral immunity

 Investigate how HLA polymorphism shapes autoimmunity

 Single molecule imaging on TCR-pMHC complexes

LIPID	IMMUNITY Explore immune responses to Tuberculosis lipids

 Examine CD1 autoreactivity

METABOLITE	IMMUNITY Progress towards developing an antigen discovery platform 
 Investigate MAIT cell agonism

SIGNALLING Continue studies on T cell signalling apparatus

 Investigate the role of BRINP1 in autism spectrum-like phenotype

EFFECTOR FUNCTION  Expand complement modulators for immune cell recruitment versus effector action

 Develop new approaches to controlling complement and other immune effector functions

 Imaging complement C5a and C3a receptors

 Investigate complement mediated immunity

 Obtain atomic resolution  structure of pore and pre-pore forms of key immune effectors

INNATE	IMMUNITY Imaging GPCR signalling in innate immune cells 

 Investigate temporal involvement of different cell populations in innate immunity

 Target and track innate immune cells using fluorescent small molecules

 Explore how immunoevasins target NK receptors
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Focus Area Activity

Technical skills of Centre 
students/postdocs  Host a range of workshops around cryo-EM, crystallography, chemistry, light sheet 

microscopy, crystallisation robotics planned for 2016.

Science communication Create short YouTube video interviews for major publications

 Organise media training for Centre staff, as required

 Organise presentation skills workshop to be held prior to and at annual summit

 Develop animations to accompany press releases for three major publications

 Take part in Melbourne Knowledge Week public lecture

Secondary school students  Continue developing the educational program with John Monash Science School, involving 
Centre PhD students

 Host Growing Tall Poppies programs across Centre with physics nodes

Training & Outreach 
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KPIs
Performance measure Target 2016 Actual 2016

Research findings   
Number of publications 60 115 
Number of citations 600 2,849 
Number of invited talks 20 38 
Number of media releases 4 9 
Number of media articles 5 128

Performance measure Target 2016 Actual 2016

Research training and professional education   
Number of professional training courses 2 10 
Number of Centre attendees 20 106 
Number of new postgraduate students 8 9 
Number of new postdoctoral researchers recruited 4 6 
Number of new Honours students 9 6 
Number of postgraduate completions 4 7 
Number of early career researchers 4 16 
Number of students mentored 20 51 
Number of mentoring programs 4 9

Performance measure Target 2016 Actual 2016

International, national and regional links and networks 
Number of international visitors and visiting fellows 10 22 
Number of national and international workshops held/organised by the Centre 1 5 
Number of visits to overseas labs and facilities 5 65 
Examples of relevant interdisciplinary research 4 6

Performance measure Target 2016 Actual 2016

End-user links 
Number of government, industry and business community briefings 4 40 
Number and nature of public awareness/outreach programs 2 3 
Number of website hits 7,500 21,213 
Number of talks given by Centre staff open to public 3 7

Key performance indicator Target 2016 Actual 2016

Organisational Support 
Annual cash contributions from Admin & Collab Organisations $1,333,334 $1,332,334 
Annual in-kind contributions from Collab Organisations $2,684,041 $6,037,074 
Annual cash contributions from Partner Organisations $195,000 $275,000 
Annual in-kind contributions from Partner Organisations $1,524,572 $1,472,272 
ARC grants secured by Centre staff $500,000 $7,331,218 
Other Australian competitive grants secured by Centre staff $500,000 $12,967,224 
Number of new organisations collaborating with, or involved in, the Centre 1 3

Key Performance Indicators for Imaging Centre (2014 - 2016)
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January 2016

High-density grids for efficient data collection from multiple crystals (Acta Crystallographica D, Vol 72, pg 2-11)

Authors: Baxter EL, Aguila L, Alonso-Mori R, Barnes CO, Bonagura CA, Brehmer W, Brunger AT, Calero G, Caradoc-Davies TT, 
Chatterjee R, Degrado WF, Fraser JS, Ibrahim M, Kern J, Kobilka BK, Kruse AC, Larsson KM, Lemke HT, Lyubimov AY, Manglik A, 
McPhillips SE, Norgren E, Pang SS, Soltis SM, Song J, Thomaston J, Tsai Y, Weis WI, Woldeyes RA, Yachandra V, Yano J, Zouni A and 
Cohen AE

Deterministic approaches to coherent diffractive imaging (Journal of Optics, Vol 18, article 014002)

Authors: Allen LJ, D’Alfonso AJ, Martin AV, Morgan AJ and Quiney HM

Diversity of T Cells Restricted by the MHC ClassI related Molecule MR1 Facilitates Differential Antigen Recognition (Immunity, 
Vol 44, pg 32-45)

Authors: Gherardin NA, Keller AN, Woolley RE, Le Nours J, Ritchie DS, Neeson PJ, Birkinshaw RW, Eckle SBG, Waddington JN, Liu L, 
Fairlie DP, Uldrich AP, Pellicci DG, McCluskey J, Godfrey DI and Rossjohn J

Analysis of two and three dipolar bosons in spherical harmonic trap (Physical Review A, Vol 93, article 012706)

Authors: Bradly CJ, Quiney HM and Martin AM

Human autoreactive T cells recognise CD1b and phospholipids (PNAS, Vol 113, pg 380-385)

Authors: Van Rhijn I, van Berlo T, Hilmenyuk T, Cheng TY, Wolf BJ, Tatituri RV, Uldrich AP, Napolitani G, Cerundolo V, Altman JD, 
Willemsen P, Huang S, Rossjohn J, Besra GS, Brenner MB, Godfrey DI and Moody DB

Potent small agonists of protease activated receptor 2 (ACS Medicinal Chemistry Letters, Vol 7, pg 105-110)

Authors: Yau MK, Suen JY, Xu W, Lim J, Liu L, Adams MN, He Y, Hooper JD, Reid RC and Fairlie DP

A small molecule inhibitor of tropomyosin dissociates actin binding from tropomyosin-directed regulation of actin dynamics 
(Nature Scientific Reports, Vol 6, article 19816)

Authors: Bonello TT, Janco M, Hook J, Byun A, Appaduray M, Dedova I, Hitchcock-DeGregori S, Hardeman EC, Stehn JR, Böcking T 
and Gunning PW

T cell help amplifies innate signals in CD8(+) DCs for Optimal CD8+ T Cell Priming (Cell Reports, Vol 14, pg 586-597)

Authors: Greyer M, Whitney PG, Stock AT, Davey GM, Tebartz C, Bachem A, Mintern JD, Strugnell RA, Turner SJ, Gebhardt T, O’Keeffe 
M, Heath WR and Bedoui S

Soluble LILRA3 promotes neurite outgrowth and synapses formation through high affinity interaction with Nogo 66 (Journal of 
Cell Science, Vol 129, pg 1198-1209)

Authors: An H, Brettle M, Lee T, Heng B, Lim CK, Guillemin GJ, Lord MS, Klotzsch E, Geczy CL, Bryant K, Fath T and Tedla N

PUBLICATIONS
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February 2016

Benzylamide antagonists of protease activated receptor 2 with anti-inflammatory activity (Bioorganic & Medicinal Chemistry 
Letters, Vol 26, pg 986-991)

Authors: Yau MK, Liu L, Lim J, Lohman RJ, Cotterell AJ, Suen JY, Vesey DA, Reid RC and Fairlie DP

Differential anti-inflammatory activity of low versus high dose HDAC inhibitors in human macrophages and collagen induced 
arthritis in rats (The Journal of Pharmacology and Experimental Therapeutics, Vol 356, pg 387-396)

Authors: Lohman RJ, Iyer A, Fairlie TJ, Cotterell A, Gupta P, Reid RC, Vesey DA, Sweet MJ and Fairlie DP

The influence of noise on image quality in phase-diverse coherent diffraction imaging (Journal of Optics, Vol 18, article 
024001)

Authors: Wittler HPA, van Riessen GA and Jones MWM

Structure of the poly-C9 component of the Complement Membrane Attack complex (Nature Communications, Vol 7, article 
10588)

Authors: Dudkina NV, Spicer BA, Reboul CF, Conroy PJ, Lukoyanova N, Elmlund H, Law RHP, Ekkel SM, Kondos SC, Goode RJA, 
Ramm G, Whisstock JC, Saibil HR and Dunstone MA

Annexin A6 regulates interleukin-2-mediated T-cell proliferation (Immunology and Cell Biology, Vol 94, pg 543-553)

Authors: Cornely R, Pollock AH, Rentero C, Norris SE, Alvarez-Guaita A, Grewal T, Mitchell T, Enrich C, Moss SE, Parton RG, Rossy J 
and Gaus K

Broadband x-ray ptychography (AIP Conference Proceedings, Vol 1696, article 020048)

Authors: Pradier SRR, van Riessen G, Cadenazzi GA, Balaur E, Abbey B and Quiney HM

Whole-pattern fitting technique in serial femtosecond nanocrystallography (International Union of Crystallography, Vol 3, pg 
127-138)

Authors: Dilanian RA, Williams SR, Martin AV, Streltsov VA and Quiney HM

Probing the selectivity of Î²-hydroxylation reactions in non-ribosomal peptide synthesis using analytical ultracentrifugation 
(Analytical Biochemistry, Vol 495, pg 42-51)

Authors: Kokona B, Winesett ES, Nikolai Von Krusenstiern A, Cryle MJ, Fairman R and Charkoudian LK

Structure of OxyAtei: completing our picture of the glycopeptide antibiotic producing Cytochrome P450 cascade. (FEBS Letters, 
Vol 590, pg 571-581)

Authors: Haslinger K and Cryle MJ

Atypical Natural Killer T-cell receptor recognition of CD1d-lipid antigens (Nature Communications, Vol 7, article 10570)

Authors: Le Nours J, Praveena T, Pellicci DG, Gherardin NA, Ross FJ, Lim RT, Besra G, Keshipeddy S, Richardson SK, Howell AR, Gras 
S, Godfrey DI, Rossjohn J and Uldrich AP

Deciphering the clinical relevance of allo-human leukocyte antigen cross-reactivity in mediating alloimmunity following 
transplantation. (Current Opinion in Organ Transplantation, Vol 21, pg 29-39)

Authors: Rowntree LC, Nguyen TH, Gras S, Kotsimbos TC and Mifsud NA

Online pyrophosphate assay for analyzing adenylation domains of nonribosomal peptide synthetases. (Chembiochem, Vol 17, 
pg 576-584)

Authors: Kittilä T, Schoppet M and Cryle MJ
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Histone deacetylase inhibitors promote mitochondrial reactive oxygen species production and bacterial clearance by human 
macrophages (Antimicrobial Agents and Chemotherapy, Vol 60, pg 1521-1529)

Authors: Ariffin JK, Iyer A, Reid RC, Fairlie DP and Sweet MJ

March 2016

Giant MACPF/CDC pore forming toxins: A class of their own (Biochimica et Biophysica Acta (BBA) - Biomembranes, Volume 
1858, pg 475–486)

Authors: Reboul CF, Whisstock JC and Dunstone MA

N-terminal domain of Bothrops asper Mycotoxin II Enhances the Activity of Endothelin Converting Enzyme-1 and Neprilysin 
(Nature Scientific Reports, Vol 6, article 22413)

Authors: Smith AI, Rajapakse NW, Kleifeld O, Lomonte B, Sikanyika NL, Spicer AJ, Hodgson WC, Conroy PJ, Small DH, Kaye DM, 
Parkington HC, Whisstock JC and Kuruppu S

Protease activated receptor 2 (PAR2) modulators: a patent review (2010-2015). (Expert Opinion on Therapeutic Patents, Vol 26, 
pg 471-483)

Authors: Yau MK, Lim J, Liu L and Fairlie DP

Distinct mechanisms regulate lck spatial organization in activated T cells (Frontiers in Immunology, Vol 7, article 83)

Authors: Kapoor-Kaushik N, Hinde E, Compeer EB, Yamamoto Y, Kraus F, Yang Z, Lou J, Pageon SV, Tabarin T, Gaus K and Rossy J

Partially coherent contrast-transfer-function approximation (Journal of the Optical Society of America, Vol 33, pg 464-474)

Authors: Nesterets YI and Gureyev TE

Activation of Endothelial Nitric Oxide (eNOS) Occurs through Different Membrane Domains in Endothelial Cells (PLOS One, Vol 
11, article e0151556)

Authors: Tran J, Magenau A, Rodriguez M, Rentero C, Royo T, Enrich C, Thomas SR, Grewal T and Gaus K

HIV-1–Specific CD8 T Cells Exhibit Limited Cross-Reactivity during Acute Infection (Journal of Immunology, Vol 196, pg 3276-
3286)

Authors: Du VY, Bansal A, Carlson J, Salazar-Gonzalez JF, Salazar MG, Ladell K, Gras S, Josephs TM, Heath SL, Price DA, Rossjohn J, 
Hunter E and Goepfert PA

Three dimensional reconstruction of the size and shape of protein microcrystals using Bragg coherent diffractive imaging 
(Journal of Optics, Vol 18, article 5)

Authors: Coughlan H, Darmanin C, Kirkwood H, Phillips N, Hoxley D, Clark J, Harder R, Maxey E and Abbey B

Capturing the structure of the substrate bound condensation domain. (Cell Chemical Biology, Vol 23, pg 315-316)

Authors: Kittilä T and Cryle MJ

A biased view toward celiac disease (Mucosal Immunology, Vol 9, pg 583-586)

Authors: Rossjohn J and Koning F

Quantifying the dynamics of the oligomeric transcription factor STAT3 by pair correlation of molecular brightness (Nature 
Communications, Vol 7, article 11047)

Authors: Hinde E, Pandz E, Yang Z, Ng IHW, Jans DA, Bogoyevitch MA, Gratton E and Gaus K
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Structural basis for therapeutic inhibition of complement C5 (Nature Structural and Molecular Biology, Vol 23, pg 378-386)

Authors: Jore MM, Johnson S, Sheppard D, Barber NM, Li YI, Nunn MA, Elmlund H and Lea SM

Measuring membrane association and protein diffusion within membranes with supercritical angle fluorescence microscopy 
(Biomedical Optics Express, Vol 3, pg 1561-1576)

Authors: Ma Y, Benda A, Nicovich PR and Gaus K

Brinp1-/- mice exhibit autism-like behaviour, altered memory, hyperactivity, and increased Parvalbumin-positive cortical 
interneuron density (Molecular Autism, Vol 7, article 22)

Authors: Bird PI, Berkowicz SR, Featherby TJ, Qu Z, Giousoh A, Borg N, Heng J and Whisstock JC

Molecular basis for universal HLA-A*0201–restricted CD8+ T-cell immunity against influenza viruses (PNAS, Vol 113, pg 4440-
4445)

Authors: Valkenburg S, Josephs T, Clemens B, Price DA, Gras S, Kedzierska K, Miller A, Tong SYC, Grant E, Thomas PG, Nguyen THO, 
Doherty PC, Rossjohn J and Wang GC

April 2016

Towards identification of immune and genetic correlates of severe influenza disease in Indigenous Australians (Immunology 
and Cell Biology, Vol 94, pg 367-77)

Authors: Clemens EB, Grant EJ, Wang Z, Gras S, Tipping P, Rossjohn J, Miller A, Tong SY and Kedzierska K

Killer cell immunoglobulin-like receptor 3DL1 polymorphism defines distinct hierarchies of HLA class I recognition (Journal of 
Experimental Medicine, Vol 213, pg 791-807)

Authors: Saunders PM, Pymm P, Pietra G, Hughes VA, Hitchen C, O’Connor GM, Loiacono F, Widjaja J, Price DA, Falco M, Mingari MC, 
Moretta L, McVicar DW, Rossjohn J, Brooks AG and Vivian JP

The intracellular pathway for the presentation of vitamin B-related antigens by the antigen-presenting molecule MR1 (Nature 
Immunology, Vol 17, pg 531-537)

Authors: McWilliam HEG, Eckle SBG, Theodossis A, Liu L, Chen Z, Wubben JM, Fairlie DP, Strugnell RA, Mintern JD, McCluskey J, 
Rossjohn J and Villadangos JA

An iterative method for robust in-line phase contrast imaging (New Journal of Physics, Vol 18, article 043003)

Authors: Carroll A, van Riessen G, Balaur E, Dolbnya I, Tran G and Peele A

Molar concentration from sequential 2-D water-window X-ray ptychography and X-ray fluorescence in hydrated cells (Scientific 
Reports, Vol 6, article 24280)

Authors: Jones MWM, Elgass KD, Junker MD, de Jonge MD and van Riessen GA

Time-resolved X-ray imaging of a laser-induced nanoplasma and its neutral residuals (New Journal of Physics, Vol 18, article 
043017)

Authors: Flückiger L, Rupp D, Adolph M, Gorkhover T, Krikunova M, Müller M, Oelze T, Ovcharenko Y, Sauppe M, Schorb S, Bostedt C, 
Düsterer S, Harmand M, Redlin H, Treusch R and Möller T

Mucosa-associated invariant T cells are systemically depleted in simian immunodeficiency virus-infected rhesus macaques 
(Journal of Virology, Vol 90, pg 4520-4529)

Authors: Vinton C, Wu F, Rossjohn J, Matsuda K, McCluskey J, Hirsch V, Price DA and Brenchley JM
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Prolonged intake of dietary lipids alters membrane structure and T cell responses in LDLr-/- mice (Journal of Immunology, Vol 
196, pg 3993-4002)

Authors: Pollock AH, Tedla N, Hancock SE, Cornely R, Mitchell TW, Yang Z, Kockx M, Parton RG, Rossy J and Gaus K

Receptor residence time trumps drug-likeness and oral bioavailability in determining efficacy of complement C5a antagonists 
(Scientific Reports, Vol 6, article 24575)

Authors: Seow V, Lim J, Cotterell AJ, Yau MK, Xu W, Lohman RJ, Kok WM, Stoermer MJ, Sweet MJ, Reid RC, Suen JY and Fairlie DP

Hobit and Blimp1 instruct a universal transcriptional program of tissue-residency in lymphocytes (Science, Vol. 352, pg 459-
463)

Authors: Mackay LK, Minnich M, Kragten NAM, Liao Y, Nota B, Seillet C, Zaid A, Man K, Preston S, Freestone D, Braun A, Pellicci DG, 
Godfrey DI, Belz GT, Pellegrini M, Gebhardt T, Busslinger M, Shi W, Carbone FR, van Lier RAW, Kallies A and van Gisbergen KPJM

Public T cell receptors confer high-avidity CD4 responses to HIV controllers (Journal of Clinical Investigation, Vol 126, pg 2093-
2108)

Authors: Benati D, Galperin M, Lambotte O, Gras S, Lim A, Mukhopadhyay M, Nouël A, Campbell KA, Lemercier B, Claireaux M, 
Hendou S, Lechat P, De Truchis P, Boufassa F, Rossjohn J, Delfraissy JF, Arenzana-Seisdedos F and Chakrabarti LA

May 2016

Protein crystal screening and characterization for serial femtosecond nanocrystallography (Scientific Reports, Vol 6, article 
25345)

Authors: Darmanin C, Strachan J, Yanni S, Addar C, Kobe B, Ve T and Abbey B

Skin CD4+ memory T cells exhibit combined cluster-mediated retention and equilibration with the circulation (Nature 
Communications, Vol 7, article 11514)

Authors: Collins N, Jiang X, Zaid A, Macleod BL, Li J, Park CO, Haque A, Bedoui S, Heath WR, Mueller S, Kupper TS, Gebhardt T and 
Carbone FR

Expansion-maximization-compression algorithm with spherical harmonics for single particle imaging with x-ray lasers 
(Physical Review E, Vol 93, article 053302)

Authors: Flamant J, Bihan NL, Martin AV and Manton JH

RNA Duplex map in living cells reveals higher-order transcriptome structure (Cell, Vol 165, pg 1267-1279)

Authors: Lu Z, Zhang QC, Lee B, Flynn RA, Smith MA, Robinson JT, Davidovich C, Gooding AR, Goodrich KJ, Mattick JS, Mesirov JP, 
Cech TR and Chang HY

A stochastic hill climbing approach for simultaneous 2D alignment and clustering of cryo-EM images (Structure, Vol 24, pg 988-
996)

Authors: Reboul CF, Bonnet F, Elmlund D and Elmlund H

Shedding light on electrodeposition dynamics tracked in situ via soft X-ray coherent diffraction imaging (Nano Research, Vol 9, 
pg 2046-2056)

Authors: Kourousias G, Bozzini B, Gianoncelli A, Jones MWM, Junker M, van Riessen G and Kiskinova M

Hotspot autoimmune T cell receptor binding underlies pathogen and insulin peptide cross-reactivity (Journal of Clinical 
Investigation, Vol 126, pg 2191-2204)

Authors: Cole DK, Bulek AM, Dolton G, Schauenberg AJ, Szomolay B, Rittase W, Trimby A, Jothikumar P, Fuller A, Skowera A, 
Rossjohn J, Zhu C, Miles JJ, Peakman M, Wooldridge L, Rizkallah PJ and Sewell AK



68

IMAGING CENTRE

Remarkably low affinity of CD4/peptide-major histocompatibility complex class II protein interactions (PNAS, Vol 113, pg 5682-
5687)

Authors: Jönsson P, Southcombe JH, Mafalda Santos A, Huo J, Fernandes RA, McColl J, Lever M, Evans EJ, Hudson A, Chang VT, 
Hanke T, Godkin A, Dunne PD, Horrocks MH, Palayret M, Screaton GR, Petersen J, Rossjohn J, Fugger L, Dushek O, Xu XN, Davis SJ 
and Klenerman D

Helixnucleation by the smallest known alpha helix in water (Angewandte Chemie Intl Edition, Vol 55, pg 8275-8279)

Authors: Hoang HN, Driver RW, Beyer RL, Hill TA, de Araujo AD, Plisson F, Harrison RS, Goedecke L, Shepherd NE and Fairlie DP

June 2016 

Regulation of the P450 oxygenation cascade involved in glycopeptide antibiotic biosynthesis (Journal of the American Chemical 
Society, Vol 138, pg 6746-6753)

Authors: Peschke M, Haslinger K, Brieke C, Reinstein J and Cryle MJ

Tunable surface plasmon wave plates (Optics Letters, Vol 41, pg 3146-3148)

Authors: Djalalian-Assl A, Cadusch JJ, Balaur E and Aramesh M

Understanding the crucial interactions between Cytochrome P450s and non-ribosomal peptide synthetases during 
glycopeptide antibiotic biosynthesis (Current Opinion in Structural Biology, Vol 41, pg 46-53)

Authors: Peschke M, Gonsior M, Süssmuth RD and Cryle MJ

Phase-contrast clinical breast CT: optimization of imaging setups and reconstruction workflows (In: Tingberg A., Lång K., 
Timberg P. (eds) Breast Imaging. IWDM 2016. Lecture Notes in Computer Science, vol 9699. Springer, Cham;, pg 625-634)

Authors: Tromba G, Pacilè S, Nesterets YI, Brun F, Dullin C, Dreossi D, Mayo SC, Stevenson AW, Pavlov KM, Kitchen MJ, Thompson D, 
Brown JMC, Lockie D, Tonutti M, Stacul F, Zanconati F, Accardo A and Gureyev TE

Continuously tunable, polarization controlled, colour palette produced from nanoscale plasmonic pixels (Scientific Reports, Vol 
6, article 28062)

Authors: Balaur E, Sadatnajafi C, Kou SS, Lin J and Abbey B

CD4+ T-cell help amplifies innate signals for primary CD8+ T-cell immunity (Immunological Reviews, Vol 272, pg 52-64)

Authors: Bedoui S, Heath WR and Mueller SN

Mapping Alterations to the Endogenous Elemental Distribution within the Lateral Ventricles and Choroid Plexus in Brain 
Disorders Using X-Ray Fluorescence Imaging (PLOS One, Vol 11, article e0158152)

Authors: Lins BR, Pushie JM, Jones M, Howard DL, Howland JG and Hackett MJ

July 2016

Recognition of the Major Histocompatibility Complex (MHC) class Ib molecule H2-Q10 by the natural killer cell receptor Ly49C 
(Journal of Biological Chemistry, Vol 291, pg 18740-52)

Authors: Sullivan LC, Berry R, Sosnin N, Widjaja JM, Deuss FA, Balaji GR, LaGruta NL, Mirams M, Trapani JA, Rossjohn J, Brooks AG 
and Andrews DM

Spatial resolution, signal-to-noise and information capacity of linear imaging systems (Optics Express, Vol 24, pg 17168-17182)

Authors: Gureyev T, Nesterets Y and de Hoog F
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Automated fourier space region-recognition filtering for off-axis digital holographic microscopy (Biomedical Optics Express, Vol 
7, pg 3111-3123)

Authors: He X, Nguyen CV, Pratap M, Zheng Y, Wang Y, Nisbet DR, Williams RJ, Rug M, Maier AG and Lee WM

More than just recruitment: the X-domain influences catalysis of the first phenolic coupling reaction in A47934 biosynthesis by 
Cytochrome P450 StaH (Molecular Biosystems, Vol 12, pg 2992-3004)

Authors: Ulrich V, Peschke M, Brieke C, and Cryle MJ.

August 2016

Coherent diffraction of single Rice Dwarf Virus particles using hard X-rays at the Linac Coherent Light Source (Scientific Data 
(Nature Publishing Group), Vol 3, article 160064 )

Authors: Munke A, Andreasson J, Aquila A, Awel S, Ayyer K, Barty A, Bean R, Berntsen P, Bielecki J, Boutet S, Bucher M, Chapman 
H, Daurer B, DeMirci H, Elser V, Fromme P, Hajdu J, Hantke M, Higashiura A, Hogue B, Hosseinizadeh A, Kim Y, Kirian R, Kumar H, 
Lan TY, Larsson D, Liu H, Loh D, Maia F, Mancuso A, Mühlig K, Nakagawa A, Nam D, Nelson G, Nettelblad C, Okamoto K, Ourmazd 
A, Rose M, van der Schot G, Schwander P, Seibert M, Sellberg J, Sierra R, Song C, Svenda M, Timneanu N, Vartanyants I, Westphal D, 
Wiedorn M, Williams G, Xavier P, Yoon CH and Zook J

X-ray fluorescence microscopic measurement of elemental distribution in the mouse retina with age (Metallomics, Vol 8, pg 
1110-1121)

Authors: Grubman A, Guennel P, Vessey KA, Jones MWM, James SA, de Jonge MD, White AR and Fletcher EL

Antagonism of the proinflammatory and pronociceptive actions of canonical and biased agonists of protease activated receptor 
2 (British Journal of Pharmacology, Vol 173, pg 2752-2765)

Authors: Lieu T, Zhao P, Savage E, Edgington-Mitchel L, Bron R, Poole DP, Lohman RJ, Fairlie DP and Bunnett NW

A Direct Approach to In-Plane Stress Separation using Photoelastic Ptychography (Scientific Reports, Vol 6, article 30541)

Authors: Anthony N, Cadenazzi G, Nugent K, Huwald E, Kirkwood H and Abbey B

Simultaneous X-ray fluorescence and scanning X-ray diffraction microscopy at the Australian Synchrotron XFM beamline 
(Journal of Synchrotron Radiation, Vol 23, pg 1151-1157)

Authors: Jones MWM, Phillips NW, van Riessen GA, Abbey B, Vine DJ, Nashed YSG, Mudie S, Kirkham R, Chen B, Balaur E and de 
Jonge MD

Effect of Lipidic Cubic Phase Structure on Functionality of the Dopamine 2L Receptor: Implications for in Meso Crystallization 
(Crystal Growth and Design, Vol 16, pg 5014-5022)

Authors: Darmanin C, Sarkar S, Castelli L and Conn CE

Human TRAV1-2-negative MR1-restricted T cells detect S. pyogenes and alternatives to MAIT riboflavin-based antigens 
(Nature Communications, Vol 7, article 12506)

Authors: Meermeier EW, Laugel BF, Sewell AK, Corbett AJ, Rossjohn J, McCluskey J, Harriff MJ, Franks T, Gold MC and 
Lewinsohn DM

Development of the cellular immune system of Drosophila requires the membrane attack complex/perforin-like protein Torso-
like (Genetics, Vol 204, pg 675-681)

Authors: Forbes-Beadle L, Crossman T, Johnson TK, Burke R, Warr CG and Whisstock JC
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Human mucosal-associated invariant T cells contribute to anti-viral influenza immunity via IL-18 dependent activation (PNAS, 
Vol 113, pg 10133-10138)

Authors: Loh L, Wang Z, Sant S, Koutsakos M, Jegaskanda S, Corbett AJ, Liu L, Fairlie DP, Crowe J, Rossjohn J, Xu J, Doherty PC, 
McCluskey J and Kedzierska K

CD1a on Langerhans cells controls inflammatory skin diseases (Nature Immunology, Vol 17, pg 1159-1166)

Authors: Kim JH, Hu Y, Yongqing T, Kim J, Hughes VA, Le Nours J, Marquez EA, Purcell AW, Wan Q, Sugita M, Rossjohn J and Winau F

Diverse T cell receptor gene usage in HLA-DQ8-associated celiac disease converges into a consensus binding solution 
(Structure, Vol 24, pg 1643-1657)

Authors: Petersen J, Kooy-Winkelaar Y, Loh KL, Tran M, van Bergen J, Koning F, Rossjohn J and Reid HH

Functional role of T-cell receptor nanoclusters in signal initiation and antigen discrimination (PNAS, Vol 113, article E5454–
E5463)

Authors: Pageon SV, Tabarin T, Yamamoto Y, Ma Y, Bridgeman JS, Cohnen A, Benzing C, Gao Y, Crowther MD, Tungatt K, Dolton G, 
Sewell AK, Price DA, Acuto O, Parton RG, Gooding JJ, Rossy J, Rossjohn J and Gaus K

Strengthening mechanisms in an Al-Fe-Cr-Ti nano-quasicrystalline alloy and composites (Materials Science and Engineering: A, 
Vol 672, pg 175-183)

Authors: Pedrazzini S, Galano M, Audebert F, Collins DM, Hofmann F, Abbey B, Korsunsky AM, Lieblich M, Garcia Escorial A and 
Smith GDW

September 2016

New Biological Frontiers Illuminated by Molecular Sensors and Actuators (Biophysical Journal, Vol 111, pg E01-E02)

Authors: Gaus K and Inoue T

X-ray laser–induced electron dynamics observed by femtosecond diffraction from nanocrystals of Buckminsterfullerene 
(Science Advances, Vol 2, article e1601186)

Authors: Abbey B, Dilanian RA, Darmanin C, Ryan RA, Putkunz CT, Martin AV, Wood D, Streltsov V, Jones MWM, Gaffney N, Hofmann 
F, Williams GJ, Boutet S, Messerschmidt M, Seibert MM, Williams S, Curwood E, Balaur E, Peele AG, Nugent KA and Quiney HM

Pair correlation microscopy reveals the role of nanoparticle shape in intracellular transport and site of drug release’ (Nature 
Nanotechnology, Vol 12, pg 81–89)

Authors: Hinde E, Thammasiraphop K, Duong HTT, Yeow J, Karagoz B, Boyer C, Gooding JJ and Gaus K
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