
ANNUAL REPORT
2017



FUNDING BODY ADMINISTERING ORGANISATION

COLLABORATING ORGANISATIONS

PARTNER ORGANISATIONS

info@imagingcoe.org 

www.imagingcoe.org 

     @ImagingCoE

Members of our Chief and Associate Investigator team closely collaborate with the following 
companies and organisations on projects that are relevant to Imaging CoE activities: The Janssen 
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Coherent Light Source (LCLS).

CONTACT INFORMATION COVER IMAGE: An example of a two colour 
image acquired using the LLS with analysed 
tracks. Credit:  Senthil Arumugam 
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The Australian Research Council Centre 
of Excellence in Advanced Molecular 
Imaging (Imaging CoE) develops and 

uses innovative microscopy and imaging 
techniques to observe the details of how immune 
systems function at the molecular level.

Funded in 2014 with more than $39 million over 
seven years, the Centre brings together leading 
biologists, chemists and physicists from five 
major Australian universities, as well as scientific 
and commercial partners globally. Imaging CoE 
uses a truly multi-scale and programmatic 
approach to imaging to deliver maximum impact. 

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

VISION & OBJECTIVES 
 Imaging CoE aims to visualize 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.

ABOUT US



EXCELLENCE

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. 

ENGAGEMENT

We aim to foster new, cross-
disciplinary collaborations and 
faciliate 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 an 
extensive community of scientists, 
industry,  government, and the 
general public. We form global 
research collaborations, translate our 
discoveries into commercial outcomes 
benefitting society. We raise public 
awareness and enthusiasm for our  
discoveries and build a sustainable 
network of peers and pipeline of future 
talent. 

TRANSLATIONAL IMPACT

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

"Imaging CoE uses a 
truly multi-scale and 
programmatic approach 
to imaging to deliver 
maximum impact." 

2017 Imaging CoE Summit attendees
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GOVERNANCE

Imaging CoE is administered by Monash University with day-to-day operations managed by the core administrative 
team including the Centre Director, Professor James Whisstock, Chief Operating Officer, Annette Wittmann, and 
Media and Communications Manager, Haley Gyngell. Operations are further supported by dedicated administrators at 
each node.

Our Governing Board meets twice a year and 
ensures the Centre’s fiscal compliance, best 
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. Together, 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 financial, operational and 
commercial fronts. 

Centre CIs meet on a quarterly basis to discuss 
research projects, progress and achievements as 
well as scientific milestones. These meetings are a 
vital part of the Centre as they provide a platform 
for sharing ideas and exploring new interdiscplinary 
collaboration opportunities.  

INTERNATIONAL SCIENTIFIC 
ADVISORY COMMITEE 

DIRECTOR

CI CI CI CI CI CI CI CI CI

DIRECTOR

DEPUTY DIRECTOR

BOARD

MEDIA AND 
COMMUNICATIONS 

MANAGER

CHIEF OPERATING 
OFFICER

EXECUTIVE ASSISTANT
TO THE DIRECTOR



2017 has been a pivotal year for the Imaging CoE. As the Centre matures, the Chief Investigators continue to 
produce excellent scientific outputs that are being nationally and internationally recognised. Further investment 
into research infrastructure, cross-disciplinary collaboration and a commitment to building the pipeline of 
future scientific talent is testament to how the Centre is proactively shaping the second half of its funding term 
and beyond. 

One of the year’s most important events was the very 
successful ARC mid-term review in June, an external 
validation of the Centre’s outstanding scientific 
contributions, its leadership and its general success. 
On behalf of the Governing Board, I would like to 
congratulate all of the team on this achievement. 

There was a lot more to celebrate in 2017. 

For example, our researchers have discovered the 
mechanism that explains how key genetic risk 
factors cause or protect people from autoimmune 
disease, and new tools have been built to monitor 
how the membrane charge of T-cells changes during 
immune function. 

Professor Jamie Rossjohn and Professor Dale Godfrey, 
CI’s and theme co-leaders for the Imaging Lipid-
mediated Immunity research theme have been formally 
inducted into the Fellowship of the Australian Academy 
of Health and Medical Sciences (AAHMS). 

Also, the Centre has secured over $47M of new research 
funding in 2017 – what a tremendous effort.

The Imaging CoE is driving exciting new international 
partnerships in molecular imaging and immunology - 
for example with two renowned German Fraunhofer 

Institutes - that will solve industry-oriented 
research problems and have a significant impact on 
people’s lives. 

During the annual scientific summit in November it was 
once again evident that the Centre has continuously 
grown in scale, reach and productivity. More than 120 
Centre staff attended and I was particularly impressed 
with the quality and enthusiasm of the Centre’s 
students and early career researchers who presented 
their work. The Centre is training an inspiring next 
generation of scientists across chemistry, biology 
and physics. 

This year has demonstrated the capacity and enormous 
potential of the Centre. It is a powerhouse of research 
excellence, translational impact and engagement across 
Australia and the world. I look forward to continuing 
my role as Governing Board Chair and working with 
James and his Centre to achieve the goals set for 2018.

MESSAGE FROM THE CHAIR
PROF. FRANCES SHANNON 

Governing Board Chair

Deputy Vice Chancellor, Research

University of Canberra
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MESSAGE FROM THE DIRECTOR

Reaching the mid term point for our Centre’s operating period was a significant milestone for Imaging CoE in 
2017. A significant focus for all of us, the formal review of Centre activities by the ARC in July 2017 provided a 
powerful process for relection on what was working well, but also permitted our team to consider where changes 
were needed. 

PROF. JAMES WHISSTOCK
Director

NHMRC Senior Principal Research Fellow

Department of biochemistry & Molecular Biology

Monash University

During this period, it felt important to realign with 
the changing technologies and rapid discoveries that 
have occurred within the disciplines of our scientific 
research. We reconciled our research from our original 
themes into nine new directions that better reflected 
our current and planned activities. Our new plan was 
enthusiastically endorsed by the ARC, as our Centre 
continues to grow and make discoveries at the forefront 
of imaging and immunity-related research.

2017 also provided a momentous occasion as the highly 
anticipated European XFEL in Hamburg, Germany 
delivered first light and subsequently took on its first 
group of users.  Imaging CoE scientists from our La 
Trobe University node, led by Keith Nugent and Brian 
Abbey were amongst the first in the world to be granted 
access to this €1.22b instrument. The European XFEL 
represents the start of an incredibly exciting journey 
of discovery our understanding of the structure and 
dynamics of large, complex biological macromolecules.

Closer to home, our Centre implemented many 
sophisticated imaging tools that were envisaged since 
the beginning of the Imaging CoE.  These include 
three new powerful electron and light microscopes (at 
Monash University, University of New South Wales, 
and the University of Queensland) and the development 
of new computational approaches to handle the 
exceptional data output by these powerful instruments.

Our global network of partners continued to grow. In 
July we formalized our partnership with the German 
research institues Fraunhofer IZI and IZI-BB. In 
synergy with our Centre, these institutes also have a 
focus on imaging and immunity, but bring significant 
experience in forming translational relationships with 

local industry. Together, we aim to bring our basic 
research to market.

We are very proud of early career researchers and their 
successes. Some of our first PhD students completed 
their studies in 2017, and have secured exciting 
postdoctoral positions around the globe. In addition, 
many of our postdoctoral researchers have attracted 
prestigious fellowships in their own right, and have 
started their own research groups.  

Lastly, in 2017, we also saw a major change in our 
Centre Administration. We welcomed Annette 
Wittmann into the  Chief Operating Officer role as 
Manoj Sridhar made the move to join a management 
consultancy firm. Joining Annette, we were most 
pleased to also welcome our new Media and 
Communications Manager, Haley Gyngell.  Both 
Annette and Haley come with substantial experience 
and enthusiasm for higher education, science and 
research collaboration. 

I would like to thank all of the Centre, our Governing 
Board, and our International Scientific Advisory 
Committee for their stalwart support over the past 
three and a half years, and I am very much looking 
forward to the next three years of Centre activities and 
science discoveries!
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RESEARCH PROGRAMS

MOLECULAR MOVIES USING XFEL

We are actively working on techniques to capture real-time molecular movies using ultrafast 
X-ray diffraction. Molecular movies using XFELs could allow scientists to track the intricacies,
nuances and detailed behaviour of molecules like never before.

IMAGING

SINGLE MOLECULE IMAGING

We are addressing the challenges associated with instrument fluctuations, electronic damage, 
natural conformational variability and the effects of confinement by developing new systems 
and tools to map the heterogeneity landscape of single molecules.

MOLECULAR IMAGING OF T CELL ACTIVATION

To further understand how antigens elicit an immune response, we use single molecule imaging 
and other fluorescence techniques to map intracellular signalling processes.

IN VIVO IMAGING

We are working to solve major questions about immune cell interactions, how responses 
are initiated and how various cells co-ordinate their functions. Using sophisticated imaging 
techniques, we enable visualization of multiple cellular interactions in real-time. 

While our Centre is composed of chemists, immunologists, physicists, structural biologists, single molecule scientists 
and biophysicists, we break these down into nine research themes which cover three key disciplines: immunology, 
chemistry and physics. The researchers within these disciplines are engaged in the application and fundamental 

development of imaging, for the mutual benefit of all. 



IMMUNOLOGY

IMAGING PEPTIDE--MEDIATED IMMUNITY

By developing atomic and molecular imaging innovations, our research can further understand T cell 
function and dysfunction.

IMAGING LIPID-MEDIATED IMMUNITY

We are investigating the types of lipids that are responsible for lipid mediated immunity in the context 
of both foreign and self-antigens.

IMAGING METABOLITE--MEDIATED IMMUNITY

Using our novel imaging reagents and imaging modalities developed within this theme, we are 
beginning to understand MAIT cell antigen recognition, activation, development and maintenance, and 
how these cells traffic in the host in response to infection.

IMAGING INNATE IMMUNE RESPONSES

We are working to uncover what happens over time when cells of the innate immune system are 
confronted with infectious and non-infectious stimuli.

IMAGING IMMUNE EFFECTORS

We are working to gain a better understanding of the control of the immune cascades governed by the 
Complement system. In the longer term we hope to use this information to control Complement, to 
combat certain forms of cancer.

IMAGING COE 9



THEME #1

“Ultimately, molecular movies using XFELs could 
allow scientists to track the intricacies, nuances 
and detailed behaviour of molecules like never 
before. This would be game changing”

MOLECULAR MOVIES USING XFEL

 3D isosurface renderings and 2D slices of the rice dwarf virus (RDV) using Single particle reconstructions of the femtosecond X-ray diffraction at an XFEL. From: Kurta, R. P. et 
al. Correlations in Scattered X-Ray Laser Pulses Reveal Nanoscale Structural Features of Viruses. Physical Review Letters 119, doi:10.1103/PhysRevLett.119.158102 (2017).



MOLECULAR MOVIES USING XFEL

X-ray Free Electron Lasers (XFELs) offer the possibility of capturing the real-time structural dynamics 
of biomolecules on timescales on the order of femtoseconds. Compared to conventional X-ray diffraction 
experiments, XFELs generally ‘out run’ any significant nuclear motion (i.e. radiation damage) within the 
molecule in a process known as ‘diffract-and-destroy’.

AT A GLANCE
XFELs offer the potential to capture real-time molecular 
movies using both solution scattering and microcrystals 
from rapidly evolving molecular systems, exploiting 
both the excellent spatial and temporal resolution of 
these sources. 

Imaging CoE researchers are actively working on 
techniques to capture real-time molecular movies using 
ultrafast X-ray diffraction. Key challenges include 
identifying a suitable ‘trigger’ for the specific biomolecules 
of interest and establishing precise timescales for the 
structural dynamics as well as figuring out how to 
efficiently deliver the sample to the XFEL pulses.

Recent success by Imaging CoE researchers at the Linear 
Coherent Light Source (LCLS) in Stanford include 
capturing molecular movies of photosynthesis and 
measuring the conformational heterogeneity in single 
virus particles. Imaging CoE researchers are now working 
on applying these methods to biomolecules, drawing on 
expertise that exists across the Centre in physics, biology 
and engineering. 

Building on the international reputation of the Imaging 
CoE (in partnership with ANSTO) our team were among 
the very first users at the newly operational 1.22 Billion 
Euro, European XFEL facility in Hamburg, Germany. 
This facility is the world’s first MHz XFEL source and the 
Centre’s involvement in the first experiments (the only 
Australian based participants) ensures we are remaining at 
the forefront of world-leading molecular movies research.

By developing experimental methods in both time-
resolved serial femtosecond crystallography (TR-SFX) 
and solution small-angle and wide-angle X-ray scattering 
(SAXS/WAXS), our team is now concentrating on 
exploiting the opportunities provided by XFELs to address 
fundamental problems in both physics and immunology.

DR. BRIAN ABBEY

PROF. KEITH NUGENT

  ACTIVITY PLAN 
1. Further develop the new national 

capability for serial synchrotron 
crystallography (SSX) built by 
La Trobe University and Monash 
University in collaboration 
with ANSTO and the Australian 
Synchrotron during 2017. 

2. Continue collecting molecular 
movies data from key regulators 
of the complement system 
building on recent work at the 
Australian Synchrotron.

3. Analyse data collected at 
the LCLS (in collaboration 
with the EuXFEL) probing 
electronic damage on 
femtosecond timescales 
with the aim of correctly 
interpreting biomolecular X-ray 
diffraction wdata.

4. In collaboration with the 
theoretical physics group at 
University of Melbourne, develop 
new approaches to fluctuation 
microscopy for probing 
molecular conformation in SAXS 
experiments.

5. Investigate molecular 
heterogeneity in single particle 
imaging experiments through 
cross-institution collaborations 
between experimental and 
theoretical groups throughout 
the Centre.
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THEME #1 MOLECULAR MOVIES USING XFEL

EYES ON: EUROPEAN XFEL

Imaging CoE CI’s, Dr Brian Abbey and Professor 
Keith Nugent from La Trobe University were 
amongst the first researchers to run experiments 

at the world’s most powerful X-ray Laser facility in 
Germany in September 2017, the European XFEL. 

In a collaborative experiment involving scientists from 
a host of countries around the world, Imaging CoE 
researchers performed the world’s first MHz 
crystallography experiment. These experiments are 
game-changing as they form the basis for performing 
SFX experiments to obtain atomic resolution molecular 
structures in minutes rather than hours. This could 
be transformative for our molecular movies program, 
where sample consumption is currently a major 
bottleneck for structural biologists wishing to use 
the XFEL.

 “To date, no one has been able to successfully image a 
protein using X-ray diffraction collected from a single 
molecule,” Dr Abbey said. 

“We will be using tiny crystals, measuring just a few 
hundred nanometres or approximately 100 to 1000 
times smaller than the diameter of a human hair, to 
help us solve the biomolecular structure of proteins.

“Nanocrystals are made up of thousands of molecules 
condensed into a solid; the idea is to shoot pulses of 
X-rays at them at around 30,000 times a second. In a
normal experiment, the samples would be too small to
obtain high-quality images and we would typically only
get one frame of data per second.

“This work could lead to the solution of protein 
structures in a tiny fraction of the time that it 
currently takes.

“One of the long-term goals of the European XFEL is 
to create atomic-scale movies of individual protein 
molecules, the fundamental building blocks of life. Our 
experiment is an important stepping-stone in that 
end game.”

Dr Abbey said the ability to make real-time movies of 
molecules would be a major scientific breakthrough. 

“Current imaging methods are generally too slow to 
capture the dynamics of molecules. “The X-ray laser 
will allow us to take ultrafast snapshots of molecules 
before they explode. Each of these snapshots is like a 
single frame of a movie. Putting all the frames together 
would enable us to see molecules moving around and 
interacting in their native environment. 

“In the future, scientists may be able to observe 
molecules as they move around inside cancer cells or 
capture the interaction of a drug with a particular target 
molecule. This information could ultimately help us 
develop new and more effective treatments for disease.”

L- R: Prof Henry Chapman, Dr Anton Barty, Dr Adrian Mancuso, 
Prof. Keith Nugent, Ms Susannah Holmes, Dr Brian Abbey, 
Dr Connie Darmanin, Dr Andrew Morgan, Dr Nadia Zatsepin

HIGHLIGHT



MOLECULAR MOVIES USING XFEL

DEVELOPING SOLUTIONS FOR BIG DATA 

Sorting through the 
massive datasets 
generated by 

newly developed serial 
crystallography techniques at 
a synchrotron and 
X-ray Free Electron
Laser (XFEL) is a major 
challenge for researchers 
using these techniques.

Ideally data needs to be 
analysed and processed in 
real-time in order to achieve 
a manageable data volume. 
Among the major bottlenecks 
in the data analysis pipeline 
for serial crystallography 
is ‘peak finding’; the task of 
identifying and separating 
individual Bragg peaks from 
an (often) noisy background.

During 2017, Imaging CoE 
postdoc Dr Marjan Hadian, 
who is the Australian 

representative at the 
Deutsches Elektronen-
Synchrotron (DESY) and the 
European X-ray Free Electron 
Laser (EuXFEL) Program in 
Hamburg, Germany, has been 
working on developing new 
algorithms to rapidly process 
serial crystallography data.
Her approach to analysing 
the ‘Big Data’ generated 
by serial crystallography 
experiments is to exploit 
recent developments in robust 
statistical analysis to be able 
to reliably pick out individual 
Bragg peaks from noisy data 
frames which (e.g. at the 
EuXFEL) can be collected at 
a rate of tens of thousands 
of frames per second. 

Dr Hadian’s work, which is 
supported by an international 
team of scientists based at 

La Trobe University (Dr 
Brian Abbey), ANSTO (Prof. 
Richard Garrett) and the 
European XFEL (Dr Adrian 
Mancuso) was published 
in the Journal of Applied 
Crystallography during 2017. 

Imaging CoE scientists 
now plan to develop Dr 
Hadian’s algorithm as 
part of the data analysis 
pipeline to be implemented 
at the newly operational 
European XFEL facility in 
Hamburg. The Centre is also 
currently working with the 
Australian Synchrotron to 
incorporate Marjan’s work 
into the newly established 
serial crystallography facility 
at the MX2 beamline.

A single Bragg peak measured in a serial femtosecond crystallography dataset shown in both 2D (left) and 3D 
(right). Typically around 10,000 to 30,000 images are needed to recover a single molecular structure.

ACHIEVEMENT 
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“We are addressing the challenges associated with instrument 
fluctuations, electronic damage, natural conformational 
variability and the effects of confinement...by developing new 
systems and tools to map the heterogeneity landscape of 
single molecules”

SINGLE MOLECULE IMAGING

An example of a two colour image acquired using the LLS with analysed tracks. Credit: Senthil Arumugam

THEME #2



Single molecule imaging reveals biologically relevant heterogeneities within proteins and protein complexes. 
Rather than producing an average or dominant structure of a protein or complex, single molecule techniques 
can capture the ‘heterogeneity landscape’ occupied by a single particle. The details of this landscape convey 
information about biochemical reactions and the functionality of biomolecules within living systems.

AT A GLANCE
Imaging CoE scientists perform single particle 
experiments that encompass X-ray free-electron 
laser single particle imaging (XFEL-SPI), cryogenic 
electron microscopy (cryo-EM), micro electron 
diffraction (micro-ED) and fluorescence imaging. 
Each of these techniques faces different and 
significant challenges in order to achieve single 
molecule imaging. It is not enough merely to achieve 
atomic scale molecular imaging, because this has no 
biological value if the molecule is not in its native 
state. The real challenge is to adapt and develop 
our techniques to better accommodate the intrinsic 
inhomogeneity of the systems we wish to image.

Imaging CoE researchers are advancing this field 
by combining XFEL-SPI or cryo-EM studies with 
complementary experiments using crystallography 
and molecular fluorescence. Such advances 
can come only though a collaboration spanning 
physics, chemistry and biology and involving 
both experiment and theory to determine the 
real behaviour of the target molecules under 
imaging conditions.  

 

 
Our Centre’s expertise in single-molecule microscopy 
at UNSW and a technology developed at La Trobe 
University to produce nano-droplets on demand 
will allow us to devise protocols for the appropriate 
handling of samples in XFEL experiments, 
delivering molecules in their native states. 

In 2017, we devised and developed an active 
program focussed on the characterization of the 
many sources of heterogeneity that occur in single 
molecule imaging and to the development of 
methods that extract structure and dynamics from 
very large, sparse data sets. 

  ACTIVITY PLAN 
1. Utilise topological data analysis to establish the “shape” of large, noisy and incomplete data sets 

in cryo-EM, XFEL-SPI, including the effects of damage on the efficiency of the imaging systems.

2. Develop new sample delivery systems to improve the outcomes of XFEL-SPI experiments.

3. Explore micro electron diffraction techniques using the Centre’s multidisciplinary expertise 
across both theoretical analysis and experimental studies. 

PROF. HARRY QUINEY

SINGLE MOLECULE IMAGING
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To understand how biology works at the single
molecule level, scientists at Imaging CoE are
attempting to watch individual proteins in action

at atomic resolution. However, individual proteins are 
too transparent and too easily damaged in electron 
microscopes and x-ray beams to image a single protein 
molecule in 3D. To overcome this, data from thousands 
of proteins with a presumed identically structure 
must be added to form an image. This is the strategy 
employed by single particle x-ray free-electron laser 
imaging and cryo-electron microscopy, which earned its 
inventors the 2017 Nobel Prize in Chemistry. 

A major challenge still facing these techniques is: what 
if the thousands of molecules do not have the same 
structure? This is often dubbed the heterogeneity 
problem and is almost unavoidable in practice. Proteins 
often adopt different structures (conformations) to 
carry out their functions, while others may have some 
intrinsic flexibility. Additionally, imaging techniques 
involve freezing the proteins or encapsulating them 
in nanosized droplets can produce further structural 
change that must be accounted for.

To overcome this problem, scientists at Imaging 
CoE have invented a radical new approach to study 
ensembles of diverse atomic structures. Instead of 
trying to extract images of individual particles in the 
ensemble with limited 1D information, the goal of our 
approach was to extract 3D statistical maps of the 
atomic structure. 

By improving from 1D to 3D, our new method massively 
increases the power of these techniques. The trade-off 
is that we also need more powerful light sources to 
extract the fluctuations, which means using the most 
sensitive electron microscopes or ultra-intense x-ray 
laser sources.

It turns out that our 3D statistical technique applies 
not only to heterogeneous biomolecules, but to all 
nanoscale matter than lacks symmetry. 

On the nanoscale, matter with the highest degree of 
symmetry is crystalline. Whenever symmetry is absent, 
there is disorder or randomness in the structure. 
Classical examples of structural disorder are liquids, 
where motion randomizes the atomic positions, and 
glasses, which atomically look similar to a liquid, but 
are in fact solid. 

The search for an atomic scale explanation of how 
glasses form is one of the biggest outstanding 
problems in condensed matter science. It is closely 
related to mysteries surrounding the atomic structure 
of supercooled liquids and exactly what happens 
atomically when matter changes phase (i.e. from liquid 
to solid). 

A 3D statistical view could be a game changer in both 
molecular biology and condensed matter physics. The 
step from 1D to 3D experiments opens up a wealth of 
new atomic information about disorder. 

Could we finally solve the mystery of the glass 
transition? Imaging CoE scientists are only too keen to 
find out. 

THEME #2 SINGLE MOLECULE IMAGING

A CLEARER VIEW OF MOLECULAR BIOLOGY DISORDERS IN LIQUID AND GLASS

PAPER: ORIENTATIONAL ORDER OF LIQUIDS AND GLASSES VIA 
FLUCTUATION DIFFRACTION ANDREW MARTIN, IUCRJ, VOLUME: 4 
PAGES: 24-36 (2017). Andrew V. Martin*

HIGHLIGHT

Molecular dynamics simulation of the complement C1S protease 
(PDB ID: 1ELV) in a water droplet. Credit: Saumitra Saha



SINGLE MOLECULE IMAGING

ACHIEVEMENT 

PAPER: On noise-resolution uncertainty in quantum 
field theory, Timur E. Gureyev, et al, Scientific 
Reports volume 7, Article number: 4542 (2017)

LOOKING AT MOLECULAR NOISE

The presence of noise 
in imaging data is 
unavoidable; it can 

be minimized but never 
wholly eliminated because 
of the intrinsically discrete 
nature of the probes, usually 
electrons or photons, that 
are used to form the images. 

Tracking the propagation 
of noise through imaging 
systems is extremely 
challenging and sometimes 
unrewarding. In the end 
scientists are disheartened 
by noisy images and 
continuously seek 
improvements for sharper, 
unencumbered results.  

In a series of articles this 
year, Imaging CoE Research 
Fellow Dr. Tim Gureyev at 
the University of Melbourne 
and his collaborators have 
investigated the effects of 
noise in a range of X-ray 
imaging systems and the 
statistical properties of 
data that allow us to extract 
beautiful images from a large 
collection of noisy snapshots. 

This group has shown 
that there is a surprising 
connection between noise, 
image resolution and 
the famed Heisenberg 
Uncertainty Principle of 
quantum mechanics that can 
be used to quantify image 
quality in noisy images.

It has also been demonstrated 
that the fundamental van-
Cittert-Zernike theorem 
of classical optics offers a 
convenient way of quantifying 
the degree of partial 
coherence in X-ray imaging 
systems, which may be used 
to improve image resolution 
through the application of 
a priori information into 
image processing protocols.

Finally, a long-running puzzle 
has been solved by analysing 
the propagation of noise in 
Fresnel imaging systems, 
which includes X-ray phase 
contrast techniques and 
electron microscopes. It has 
been empirically observed 
that these imaging systems 
increase the apparent signal-
to-noise ratio while preserving 
spatial resolution, compared 
to conventional absorption 
imaging experiments. 

This result may be regarded 
as being “unreasonably” 
efficient because it seems to 
offer something for nothing, 
but it may be explained by 
a careful analysis of signal 
filtering in the system. This 
insight could provide the 
future development of novel 
imaging techniques so that 
scientist can produce high 
signal-to-noise images at 
low radiation doses without 
sacrificing spatial resolution.

.

Fluctuation microscopy of buckminsterfullerene: A map 
of structural correlations in buckminsterfullerene, C60, 
subjected to a femtosecond pulse of X-rays. Credit: 
Andrew V. Martin
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THEME #3

“To further understand how antigens elicit an 
immune response, we use single molecule imaging 
and other fluorescence techniques to map 
intracellular signalling processes.”

MOLECULAR IMAGING 
OF T CELL ACTIVATION

Flourescent microscopy image of a human T lymphocyte (also called a T cell) in false colours.



MOLECULAR IMAGING OF T CELL ACTIVATION

How do T cells make decisions? T cells base their fate decision on molecular events such as an antigen 
engaging the T cell receptor. This means that information from the molecular level must be integrated 
at the cellular level. With new super-resolution fluorescence microscopy and single molecule imaging 
approaches we aim to map the molecular level while retaining the spatial organisation of intact cells. 
We are developing new instruments, new analysis methods and new molecular biology tool in an 
interdisciplinary research program that spans physics, chemistry, mathematics and biology.

AT A GLANCE
Super-resolution fluorescence 
microscopy promises the 
opportunity to place single 
molecule and multi-molecular 
complex in the cellular context 
and in turn understand how 
molecular organisation of cells 
leads to cellular outcome. A key 
question in cellular immunology 
is how antigen recognition 
leads to intracellular signalling 
on which T cell fate decisions 
are based. The T cell signalling 
field is stymied as we do not 
understand how engagement 
of the T cell receptor (TCR) 
on the extracellular side 
initiates phosphorylation of the 
constitutively associated CD3 
dimers on the intracellular side. 
Further, it is not known how 
diverse signalling outcomes are 
encoded by a common TCR-CD3 
signalling transduction process. 
We hypothesise that the spatial 
organisations are key to signal 
initiation, integration of signals 
from multiple receptor, and the 
regulation of a highly plastic 
signalling network. 

PROF. KATHARINA (KAT) GAUS

  ACTIVITY PLAN 
1. Identify subunits and subunit arrangements of protein 

complexes in intact cells, exploiting the photophyiscal 
properties of fluorophores for molecular counting.

2. Link protein localisation and spatial organisations to 
function, distriguishing signalling from non-signalling 
molecules and determine the environmental factors. 

3. Combining biochemical assays with single molecule 
imaging to establish a conceptual and theoretical 
framework of signal integration at the receptor level.

4. Map signalling networks by developing new statistical 
analysis for single molecule data that reveals the 
information flow in intracellular signalling networks. 

5. Disseminating microscopy hardware and software. To 
make a lasting impact on the scientific community and 
connect with end-users, we are not just developing 
novel microscope hardware and software but also 
developing avenues to cost efficiently replicate and 
disseminate our approaches. For example, we are 
exploring how 3-D printing could aid in the prototyping 
of hardware and collaborating with MASSIVE to 
develop approaches for handling and processing large 
imaging-based data.
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Imaging CoE researchers have built a sensor to 
measure the membrane charge of our T cells. 
T cells are the “brain” of our immune system, so 

understanding how they sense and respond to antigen is 
extremely important.

Electrostatic interactions between proteins (the 
receptor) and the membrane play a key role here.

Now, there is a tool for measuring electrostatic 
membrane interactions in cells.

Yuanqing (Alex) Ma, a PhD student at the University 
of New South Wales (UNSW) supervised by Scientia 
Professor and CoE Deputy Director Katharina Gaus, was 
the lead author on a paper in Nature Biotechnology.

Alex and the team designed and built a Förster 
resonance energy transfer (FRET) sensor. Alex said the 
membrane charge sensor measures the electric potential 
at the inner leaflet of cell plasma membrane – a 
different membrane property from the transmembrane 
potential often known in the field of neuroscience.

“We’ve made a very cool tool using some nifty science 
that allows us to measure and see how T cells work,” 
he said.

“Our FRET sensor can measure tiny charges in living 
cells. And this lets us know how the membrane 
environment affects the T cell receptor and why it 
signals or not.

The idea of the sensor design was actually quite simple, 
but getting the idea into action was not straight forward, 
Alex said. “There was a lot of trial and error in building 
the sensor and then even more when we began to test 
the sensor,” he said.

“Once we had tested the sensor outside of the cell, we 
had to test it inside the cell – which was also quite tricky. 
There are so many unpredictable factors that occur 
within a cell that often complicate our interpretation of 
the results. As a consequence, multiple controls were 
made to justify the result, which was tough.”

Another tool the team developed recently is a 
sensor that changes colour when the T cell receptor 
becomes clustered, reported in the journal Nature 
Communications. This sensor too works in living cells. 
Now UNSW researchers can monitor the membrane 
environment with the charge sensor, and the dynamics 
of the receptor with the clustering sensor.

“These sensors provide us with the ability to map 
membrane charges and receptor dynamics in a cell over 
time, which has increased our ability to understand the 
biological function of membrane charge in different cell 
activities,” Alex said.

One of the things the sensors have helped the 
researchers understand is how the membrane lipid 
environment affects the structure of the T cell receptor 
during an immunological response.

“We have the very first direct evidence that electrostatic 
interactions regulate T cell receptor signalling.”

The team will use the tools made in the lab at UNSW to 
better understand how T cell signalling begins and is 
regulated.

“We look forward to putting them to work and 
discovering just how our immune system triggers 
downstream responses,” Professor Gaus said.

 Comparison of average donor lifetime of high-intensity regions 
(cyan, based on pixel intensity) and low-intensity regions 
(magenta) of an activated T cell

THEME #3 MOLECULAR IMAGING OF T CELL ACTIVATION

FRET MEMBRANE CHARGE SENSOR MEASURES T CELL REGULATION

HIGHLIGHT

SOURCE: http://imagingcoe.org/charge-sensors-watch-regulation-t-cells/



MOLECULAR IMAGING OF T CELL ACTIVATION

  L-R: Dr Lock, Prof Gaus, Dr Whan and Prof Gunning accept 
the biennial Ramaciotti Biomedical Research Award. 

“I am truly humbled to receive this award, 
which will help to establish the first 
Australian facility dedicated to Systems 
Microscopy.

ACHIEVEMENT 

AUSTRALIA’S FIRST SYSTEMS MICROSCOPY SYSTEM THANKS TO DOUBLE AWARDS 

Establishing Australia’s 
first systems 
microscopy facility 

is now made possible 
thanks to two critical 
funding awards received by 
Imaging CoE researchers. 

In August 2017, Imaging 
CoE Deputy Director and CI, 
Professor Katharina Gaus was 
the recipient of the prestigious 
biennial Ramaciotti 
Biomedical Research 
Award, worth $1 million. 

The award will establish 
the Ramaciotti Systems 
Microscopy Facility at UNSW, 
the first facility dedicated 
to Systems Microscopy in 
Australia. Systems Microscopy 
allows researchers to take 
large and unbiased data 
sets via unsupervised 
data acquisition. . 

The new facility will enable 
state-of-the-art imaging 
of individual molecules 
and single cells in complex 
biological systems, delivering 
transformative insights into 
the molecular and cellular 
basis of health and disease. It 
is anticipated that researchers 
in cancer, immunology, 
neuroscience, metabolic 
disorders and regenerative 
medicine will use the facility. 

“I am truly humbled to 
receive this award, which 
will help to establish the first 
Australian facility dedicated 
to Systems Microscopy. 

Systems Microscopy is 
shaping the future of 
biomedical research, and it’s 
so exciting this new facility 
will strengthen Australia’s 
leadership in the area. 

“This award is testament to 
12 years of continuous work, 
an achievement not possible 
without the support of my 
UNSW research partners, Dr 
John Lock, and Dr Renee 
Whan,” Professor Gaus said

In November 2017, Prof Gaus 
was part also of a successful 
bid to secure a further 
$600,000 in instrumentation 
funds from the Australian 
Research Council’s Linkage 
Infrastructure, Equipment 
and Facilities Grant (LIEF). 

The LIEF grant, which was 
additionally spearheaded by 
Imaging CoE’s Director Prof 
James Whisstock and CI Prof. 
Dale Godfrey ensures the 
purchase of dedicated live-cell 
confocal and single-molecule 
fluorescence microscopes 
for the new Ramaciotti 
Systems Microscopy Facility.
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“Chemokines control the location and movement of many 
types of cells including skin resident memory T cells”

IN VIVO IMAGING

Imaging the skin using sophisticated two-photon microscopy is able to identify multiple cell types and structures within living animals. Shown is a single frame of a movie 
capturing normal (green) and mutant (red) T cells as they move through the epidermis above collagen fibres in the dermis (blue), near hair follicles hairs (yellow). 

THEME #4



Virus infection of the skin recruit’s T cells that form a long-lived resident memory population responsible 
for surveying the epidermis for new infections. To seed these cells and enable them to patrol within this 
environment requires complex chemokine signals and distinct molecular machinery. 

PROF. WILLIAM (BILL) HEATH

IN VIVO IMAGING

AT A GLANCE
In 2017, Imaging CoE scientists have successfully 
used intravital two-photon microscopy to identify 
the molecular machinery and chemokine receptors 
required to undertake this surveillance function 
within animal models.

These studies set the scene to enable manipulation 
of skin immunity in favour of protection from 
invading pathogens such as herpes simplex virus, 
the cause of cold sores. It’s our use of two-photon 
microscopy that has achieved sophisticated 
imaging to enable visualization of multiple cellular 
interactions in real-time within these models and 
is now being further developed for greater depth of 
imaging in these complex environments. 

The complexity of the immune system means that 
many different cell types interact to achieve key 
immune outcomes, so standard approaches still 
have limitations that impede effective imaging in 
some important immune tissues, e.g. spleen.

 
In order to address this challenge, Imaging CoE 
scientists are creating tools to simultaneously 
monitor multiple populations of cells at the 
same time. 

In this arena, our scientists are now working 
to solve major questions about immune cell 
interactions, how responses are initiated and 
how various cells co-ordinate their functions. We 
anticipate that by mapping the behaviour of various 
immune cell populations during the various phases 
of immunity, we will be able to build insight into 
the regulation of this complex but vital system.

  ACTIVITY PLAN 
1. Improve monitoring of immune cell populations within whole organs leading to advances in 

our understanding immune cell functions during all phases of the immune response 

2. Identify multiple cell types within tissues using an immunohistocytometry approach to identify 
and map the location of multiple different cell types simultaneously in static images. 

3. Improve depth of intra-vital imaging by developing adaptive optics, rapid axial scanning and 
real-time image processing for 3D imaging deep in tissues, especially within the spleen. 

4. Mathematically model immune surveillance of the liver by identifying and measuring immune 
cells subset movement and function within the liver, by quantitating pathogen number and 
location, and by mapping liver architecture. 
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L ymph nodes are constructed of intricate 
networks of endothelial and mesenchymal 
stromal cells that provide the architecture and 

scaffolding for this organ. Referred to as lymphoid 
stromal cells, this network of cells remains poorly 
understood, although they are seen to regulate 
lymphoid tissue remodelling and contribute to immune 
responses. 

Imaging CoE scientists performed a comprehensive 
functional and transcriptional analysis of the lymphoid 
stromal cells responses to skin viral infection and found 
that their network of cells responded vigorously, with 
different kinetics shown for different pathogens. 

What we witnessed was that lymphoid stromal cell 
expansion was induced by recruitment of cells to 
inflamed lymph nodes, and this response was sustained 
by B cells in an antigen-independent manner. Infection 
was also found to induce rapid transcriptional 
responses in lymphoid stromal cells. 

This transcriptional program was transient, returning 
to a stable state within 1 month of infection, yet 
expanded fibroblastic reticular cell networks persisted 
for more than 3 months after infection, and this altered 
lymph node composition reduced the magnitude 
of lymphoid stromal cell response to subsequent 
heterologous infection.

Our results reveal the complexity of lymphoid stromal 
cell responses during infection and suggest that 
amplified networks of lymph node stromal cells support 
successive immune responses.

Long-term change in the size of the T cell region within a lymph node after skin infection with herpes simplex virus. Images are stained for CD3 and 
B220 to identify T cell and B cell regions, respectively. 

THEME #4 IN VIVO IMAGING

CAPTURING THE LYMPH NODES COMPLEX RESPONSE TO INFECTION

HIGHLIGHT



IN VIVO IMAGING

ACHIEVEMENT 

DEVELOPING THE REAL-TIME IMAGING OF MULTIPLE CELLS

In 2017, work in this 
Imaging CoE research 
theme has focused on 

developing whole organ 
imaging for tissues such as the 
spleen, lymph nodes and liver. 

Our work towards 3D imaging 
of lymph nodes has achieved 
multi-coloured images of 
whole lymph nodes. This 
has been underpinned by 
development of approaches 
for clearing tissues together 
with methods to stain and 
identify individual cell 
populations. As we refine 
these techniques, analytical 
approaches will be developed 
to allow quantitation of 
cell types in the context of 
other structures and cell 
populations within the 
3D matrix of an organ.  

Our goal to enable real-time 
monitoring of multiple cell 
types in living animals has 
progressed extensively to 
enable imaging immune cells 
as they combat malaria within 
the liver. We have successfully 
developed approaches to 
simultaneously visualize 
multiple T cell subsets as they 
coordinate the fight against 
malaria parasites infecting 
hepatocytes within the liver. 

This type of imaging has also 
been extended to the brain 
where we have visualized 
multiple cell types as they 
cause immune pathology 
associated with systemic 

infection. Our studies are 
beginning to dissect in 
real time how various cell 
types interact in their bid to 
evoke effective immunity.

While imaging of the 
brain, lymph nodes and 
liver can be achieved with 
some level of success using 
conventional two-photon 
imaging, deep imaging 
within these tissues or others 
such as spleen, required 
for greater understanding 
of how immune responses 
occur, is still not achievable. 

During 2017, Imaging CoE 
scientists have developed an 
adaptive optics modification 
to two-photon microscopy 
that will achieve greater depth 

of imaging. This new imaging 
system has been developed in 
collaboration with Imaging 
CoE Associate Investigator, Dr 
Steve Lee (Australian National 

University, Canberra) that 
will be ready for testing 
on animal models in early 
2018. This will mark a major 
advance in imaging, enabling 
scientists within Imaging CoE 
to achieve unprecedented 
depths of imaging and reveal 
immune phenomena within 
tissues previously inaccessible.

Imaging whole immune organs to understand immunity. Lymph node after clearing and then staining for 
lymph ducts (white), CD8+ T cells (red), B cells (blue) and dendritic cells (green). 
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“By developing atomic and molecular 
imaging innovations, our research can 
further understand T cell function and 
dysfunction”

IMAGING PEPTIDE-MEDIATED 
IMMUNITY

How a T cell receptor (top) recognises Dengue Virus peptide (termed GTS1) when bound to MHC molecule (grey ribbons) (credit: Stephanie Gras)

THEME #5



  ACTIVITY PLAN 
1. Explore protective immune responses to lipid antigens

2. Examine CD1 auto reactivity in the context of health and autoimmunity

Within this theme, challenges lie in understanding MHC restriction, and aberrant T cell reactivity. The 
Centre’s strategy is to embrace our technical innovations of atomic and molecular imaging, and to develop 
reagents to track aberrant peptide-specific T cells ex vivo.

AT A GLANCE
This theme has embarked on a series of structural 
studies in the TCR-peptide-MHC axis central to 
protective and aberrant immunity, principally 
using protein chemistry and X-ray crystallography 
as the main experimental tools. Concomitantly, we 
are using a technology to produce stable, antigen-
specific MHC class II tetramers that has permitted 
our team to track auto-reactive T cells relevant 
to disease.

 
These broad-based studies are allowing us to 
define parameters underpinning whether the TCR 
recognition of MHC is germline-encoded (or not) 
and the factors that lead to immune dysfunction. 
Collectively our work in the axis has led to some 
important basic insights into peptide-mediated 
immunity (e.g. Nature 2017, Nature Immunology 
2017, Immunity 2017)

PROF. JAMIE ROSSJOHN

IMAGING PEPTIDE-MEDIATED IMMUNITY
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Protective (DR1) and disease causing HLA molecules (DR15) 
help shape autoimmunity (Nature 2017).Credit Vanette Tran

Monash 
University 
researchers 

have discovered 
the mechanism 
that explains how 
key genetic risk 
factors cause or 
protect people from 
autoimmune disease 
such as type 1 diabetes, 
multiple sclerosis, and 
Crohn’s disease.

Published in Nature, Monash researchers have 
answered the fundamental question: why, and how, 
does having different immune molecules change a 
person’s underlying genetic risk of developing an 
autoimmune disease?

Autoimmune diseases affect over 1 million Australians 
and, in the Western world, are a leading cause of death 
in women under the age of 65. These diseases include 
type 1 diabetes, multiple sclerosis, Crohn’s disease, 
ulcerative colitis, rheumatoid arthritis and several types 
of kidney disease.

Monash University co-senior author, Professor Richard 
Kitching, explained that our immune system has 
evolved to fight infections and disease.

 “Our immune system is able to protect us from foreign 
invaders, as it learns to recognise different infections 
over time,” Prof Kitching said.

“But, this sometimes goes wrong and our immune 
system recognises parts of our own body as being 
foreign. This leads to autoimmune disease.”

Professor Jamie Rossjohn, co-senior author, Imaging 
CoE CI, said that autoimmune diseases occur when 
our immune system produces an aberrant response 
against our own cells, tissues and/or organs, resulting 
in inflammation and damage.

“Certain immune molecules, called HLA molecules, 
are associated with an increased genetic risk to cause 
autoimmunity, whereas other HLA molecules can 
protect from disease,” Prof Rossjohn said.

Prof Kitching said their research provided the first 
mechanistic evidence of the basis of protective and 
disease causing HLA molecules in autoimmunity.

“Our research has given us a new understanding of why 
some people are at risk of disease, while others are 
protected,” Prof Kitching said.

“We have known that in autoimmune diseases there are 
T cells that make us susceptible to disease and T cells 
that protect us from disease. Now we know how this 
happens; it opens the field for new and more targeted 
treatments to specific diseases.

“In Goodpasture’s disease when the molecule DR15 is 
present it can select and instruct T cells to attack the 
body. If alone in our body these damaging cells can 
attack the body’s tissues, resulting in very ill patients.

“But when people also have the protective DR1 molecule 
present these T cells are held at bay and can be 
overturned,” Prof Kitching said.

This research is the first mechanistic evidence of what 
causes our immune system to go rogue and attack parts 
of our own body. It paves the way for further research 
and for new and novel treatments, as well as avenues 
that lead to personalised therapies.

“We have answered one of the biggest questions in 
autoimmune disease,” Prof Rossjohn said.

“There is evidence out there that this mechanism is 
relevant to other autoimmune diseases and it opens 
up new lines of research into how autoimmune 
disease occurs.”

“These particular protective immune cells are specific 
and are extremely powerful,” Prof Kitching continued. 

“So, if we can encourage them to develop in the body, 
or expand people’s cells outside the body and inject 
them back into those with disease, this could result in 
better and more targeted treatments for autoimmune 
diseases,” he said.

THEME #5 IMAGING PEPTIDE-MEDIATED IMMUNITY

UNEARTHING THE BASIS OF AUTOIMMUNE DISEASE

HIGHLIGHT

SOURCE: http://imagingcoe.org/unearthing-basis-autoimmune-disease/



IMAGING PEPTIDE-MEDIATED IMMUNITY

“We found specific HLA genes were 
responsible for higher risk RA in 
Indigenous North Americans."

ACHIEVEMENT 

TURNING BACK THE TIDE OF RHEUMATOID ARTHRITIS

Evolutionary changes 
in genes linked to 
rheumatoid arthritis 

(RA) may be responsible for 
higher incidence and earlier 
onset in Indigenous North 
American populations.

An international team of 
scientists, co-led by Imaging 
CoE researchers from Monash 
Biomedicine Discovery 
Institute (BDI) and the 
University of Queensland, 
embarked on research to 
look at why RA is more 
prevalent and severe in 
Indigenous populations.

Imaging CoE CI, Professor 
Jamie Rossjohn, together 
with UQ Diamantina 
Institute's Professor Ranjeny 
Thomas, Leiden University's 
(Netherlands) Professor 
Rene' E Toes and University 
of Manitoba's (Canada) 
Professor Hani El-Gabalawy, 
co-led the research which 
investigated how cells which 
keep the immune system 
specific become particularly 
cross-reactive in Indigenous 
North Americans with RA

“We found specific HLA genes 
were responsible for higher 
risk RA in Indigenous North 
Americans” Prof Thomas said.

"By using the amazing 
capabilities of the Australian 
Synchrotron and the BDI, 
we were able to dissect the 
molecular basis for the 
increased prevalence of 

RA in native Americans" 
said CI Prof Rossjohn.

HLA genes are used by the 
body to educate a person’s 
immune system to control 
infection, but in people with 
Rheumatoid Arthritis the 
process becomes confused, 
leading to an attack on 
the body’s tissues.

Professor Thomas said 
infection-fighting immune 
cells become more likely 
to cross-react with tissue 
cells as people aged.

“Indigenous North Americans 
and Indigenous Australians 
share increased susceptibility 
and complications to some 
viral infections, such as 
influenza,” she said.

“We are now interested to 
determine whether the same 
high RA susceptibility exists 
in Indigenous Australians 
as in Indigenous North 
Americans,” Prof Thomas said.

She said immune cells 
responding to HLA genes 
in North Indigenous 
Americans were particularly 
cross-reactive, resulting in 
RA being more prevalent 
and with earlier onset.

“Understanding the genes 
and how they contribute 
to the cause of RA in the 
Indigenous North American 
population means that specific 
immunotherapies could be 
designed for this population 
in the future,” she said.

She said because RA was 
under-researched in both 
urban and remote Aboriginal 
populations, researchers 
were planning to undertake 
similar work to understand 
prevalence, severity, HLA 
genes and the relevant 
infectious responses in 
Indigenous Australians.

The research paper: Molecular basis for 
increased susceptibility of Indigenous North 
Americans to seropositive rheumatoid 
arthritis, was published in the Annals of the 
Rheumatic Diseases. 

SOURCE: https://www.monash.edu/discovery-institute/
news-and-events/news/turning-back-the-tide-of-
rheumatoid-arthritis 
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“We are investigating the types of lipids that are 
responsible for lipid mediated immunity in the 
context of both foreign and self-antigens”

IMAGING LIPID-MEDIATED IMMUNITY

 T cell development, including the development of Natural Killer T (NKT) cells, occurs in the thymus; here NKT cells (green) can been seen in the thymic cortex (blue) and large 
number within the thymic medulla (red)

THEME #6



AT A GLANCE
IIt is clear that lipid mediated immunity represents 
a unique and important component of the immune 
system, but despite this, our understanding of this 
arm of the immune system remains limited.  One 
of the major obstacles is the fact that in many cases, 
the antigenic lipids are poorly defined. 

Furthermore, while the identification and 
function assessment of the lipid-reactive T cells 
is progressing, we are currently limited to the 
study of subsets of these cells, which again limits 
our ability to fully understand this aspect of the 
immune system. 

One challenge Imaging CoE scientists are 
addressing in this theme is the isolation, 
identification and chemical synthesis of lipid-based 
antigens, and using these to load CD1 molecules, 
which then leads to production of CD1 tetramers 
to identify the lipid reactive T cells, as well as 
biophysical studies including surface plasmon 
resonance and crystallography to decipher the 
molecular basis of these interactions. 

Imaging CoE scientists are incorporating a 
combination of chemistry/immunology/structural 
biology, dedicated to making a range of lipid-based 
reagents that is allowing us to undertake pioneering 
studies into the lipid Ag-CD1 family.

Importantly, these studies include the analysis 
of lipid antigens of microbial and mammalian 
origin as both sources of lipids are involved in 
immunity to foreign organisms as well as self-tissue 
associated with autoimmune disease.

ACTIVITY PLAN 
1. Explore protective immune responses to lipid antigens

2. Examine CD1 auto reactivity in the context of health and autoimmunity

While most studies on T cell responses are focused on peptides presented by the Major Histocompatibility 
Complex (MHC) molecules, T cells can also respond to lipid-based antigens presented by MHC-like CD1 
molecules. T cells that recognize these lipid-based antigens playing a key role on protective immunity 
and aberrant immunity and understanding these lipid-reactive T cells is crucial to fully understand the 
immune system.

 PROF. JAMIE ROSSJOHN

IMAGING LIPID-MEDIATED IMMUNITY
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PROF. DALE GODFREY 



Phospholipids – fat molecules that form the 
membranes found around cells – are highly 
abundant, but when it comes to autoimmune 

diseases, their role has largely been overlooked. Recent 
research has pointed to a role for lipids in numerous 
diseases, including psoriasis, contact hypersensitivities 
and allergies. 

The development of autoimmune diseases such as these 
is now better understood thanks to researchers from 
the Imaging CoE and Brigham and Women’s Hospital 
at Harvard Medical School in the USA.

The interplay between key proteins in our immune 
system and lipid molecules in our cells has been 
described in a new study published in Science 
Immunology (2017), by Imaging CoE immunologists 
based at the Monash Biomedicine Discovery Institute, 
Monash University, and Brigham and Women’s 
Hospital at Harvard University. 

Using key techniques in immunology and molecular 
imaging, the three-dimensional structures of specific 
immune proteins interacting with lipids have been 
generated, which allows a better understanding of 
autoimmune diseases they mediate.

Leading author, Dr Adam Shahine, a researcher at the 
Imaging CoE has shown how a protein, denoted as 

CD1b, on the surface of dendritic cells –  binds to lipid 
antigens, a molecule that can trigger our immune 
system. This newly bound CD1b and lipid then binds to 
a vital T cell receptor found on T cells that activate an 
immune response.

“The advanced imaging facilities of the Australian 
Synchrotron have allowed us to generate three-
dimensional structures of T-cell receptor interaction 
against CD1b and lipid antigens.  These results highlight 
the role of CD1b in a phospholipid-mediated immune 
response, and provide a deeper understanding of the 
mechanisms of lipid-based autoimmune disease.”

Co-corresponding author D. Branch Moody, MD, a 
principal investigator in the Division of Rheumatology, 
Immunology and Allergy, Harvard Medical School said 
lipids have been underappreciated in immunology.

“The search for the particular molecules that trigger 
autoimmune diseases has focused on proteins and 
peptides, but we should also be thinking about lipids as 
candidate antigens for autoimmune disease.”

The work has implications for specific forms of 
autoimmune disease, including lupus. Previous studies 
have found that patients with lupus have antibodies 
that bind to phospholipids, which cause clotting and 
strokes. The new study shows that T cells also recognize 
phospholipids, opening up new perspectives on T cell 
and antibody cooperation in this disease.

“Our discovery science reveals how our immune system 
can respond to specific lipids that are uncommon in 
the human immune system, thereby triggering an 
autoimmune response” added corresponding author 
CI Professor Rossjohn, from Imaging CoE and Monash 
Biomedicine Discovery Institute.

T-cell Receptors (pink, upper) on the surface of T-cells selectively 
bind the lipid antigen presenting molecule on dendritic cells, CD1b 
(lower), presenting a rare cellular phospholipid (pink), over common 
phospholipids found in membranes (orange, teal and red), which in turn 
induces an autoimmune response. Credit: Shahine et al

THEME #6 IMAGING LIPID-MEDIATED IMMUNITY

THE SKINNY ON FAT MOLECULES 

HIGHLIGHT



IMAGING LIPID-MEDIATED IMMUNITY

ACHIEVEMENT 

IDENTIFYING LIPID ANTIGENS IN IMMUNITY VIA THE "TCR TRAP"ASSAY 

Imaging CoE sceintists 
have been published 
in PNAS for their 

breakthrough work that looks 
at the role invariant natural 
killer T (iNKT) cells play with 
lipid-mediated immunity, 
by using a technique called 
TCR trap, developed here by 
our very own researchers. 

iNKT cells are notable for 
their ability to respond 
rapidly to danger signals and 
pro-inflammatory cytokines. 
Once activated, they engage 
in effector functions, like 
NK transactivation, T cell 
activation and differentiation, 
B cell activation, dendritic 
cell activation and cross-
presentation activity, and 
macrophage activation. The 
front line defence systems. 

This study highlights how 
the new technique, TCR 
trap, can isolate and define 
lipid antigens. Molecular 
mechanisms of lipid antigen 
recognition are important in 
the frontier of immunology 
and because of this, Imaging 
CoE researchers have used 
a technique developed by 
our Centre researchers 
called TCR trap to show 
that lipids present in cows 
milk are structurally related 
to the antigens (target 
molecules) that NKT cells 
normally respond to which 
were previously thought 
to be of microbial origin. 

Various species have 
previously been tested 
(Brennan et al 2014 PNAS 
111, 13433) but cows milk 
appeared to have the most 
lipid of interest and was most 
easily accessible in large

 volume, plus, it is a major 
part of the human diet. 
This data shows that these 
antigens are present in our 
diet and we are commonly 
exposed to them.

 THE ‘TCR TRAP ASSAY’ USED TO IDENTIFY -GLUCOSYLCERAMIDE LIPID ANTIGENS IN COWS MILK.  

(A) AS A POSITIVE CONTROL, SYNTHETIC -GLUCOSYLCERAMIDE WAS LOADED IN RECOMBINANT CD1D 
MOLECULES, MIXED WITH RECOMBINANT NKT CELL TCR, AND RUN OVER A SIZE-EXCLUSION CHROMATOGRAPHY 
COLUMN. THE GLYCOLIPID CAUSES THE CD1D AND TCR TO COMPLEX AND ARE ELUTED FROM THE COLUMN 
EARLIER THAN THE UNCOMPLEXED PROTEINS. THE ‘EARLY FRACTION’ IS HIGHLY ENRICHED FOR COMPLEX. 

(B) LIPIDS ARE ELUTED FROM THE EARLY FRACTION EXCLUDED FROM THE COLUMN AND ANALYZED BY LINEAR 
ION TRAP MASS SPEC. REVEALING A DOMINANT ION CORRESPONDING TO THE α-GLUCOSYLCERAMIDE STANDARD 
AND FEW OTHER IONS WERE DETECTED. 

(C) THE ACTIVITY ENRICHED MILK MONOHEXOSYLCERAMIDE FRACTION WAS LOADED IN CD1D AND TREATED AS 
IN A. 

(D) THE EARLY FRACTION, CD1D ALONE, OR TCR ALONE, WAS RESOLVED ON AN SDS/PAGE GEL AND 
TOTAL PROTEINS STAINED, YIELDING BANDS CORRESPONDING TO TCR, CD1D, AND 2M. MASS SPEC 
ANALYSIS OF THE COWS MILK LIPID TRAPPED IN THE EARLY FRACTION COMPLEX REVEALED AN αLINKED 
MONOHEXOSYLCERAMIDE SPECIES, SIMILAR TO B 

(IMAGE FROM BRENNAN ET AL 2017 PNAS, 114, 8348)
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“Our research has shown that MAIT cells can recognize metabolites 
of vitamin B, as well as other classes of small molecules, including 
drugs and drug-like molecules”

IMAGING METABOLITE-MEDIATED 
IMMUNITY

 MAIT cells are part of the regiment of immune cells that protect us from infection. Keller et al (Nature Immunology 2017) show how MAIT cells can mistake therapeutic drugs for cues 
of infection, inadvertently 'dealing' them to our immune system and compromising the integrity of our MAIT cell guardians. Credit: Vanette Tran 

THEME #7



MAIT cells can be activated by vitamin B metabolites. In this theme, we wish to address major questions 
pertaining to metabolite presentation and activation by the immune system, as well as gain an 
understanding of how MAIT cells develop and the nature of the responding repertoire.

This theme builds upon our world-first observation 
that MAIT cells be activated by vitamin B 
metabolites. In this theme, we wish to address 
major questions pertaining to metabolite 
presentation and activation by the immune 
system, as well as gain an understanding of 
how MAIT cells develop and the nature of the 
responding repertoire:

We have established a combined chemistry/
immunology/structural biology program to 
synthesise a range of vitamin B metabolites. 
Moreover, we developed MR1-Ag multimeric 
reagents that have enabled the tracking of 
MAIT cells ex vivo. Further, using in silico and 
chemistry/structural approaches, we are gaining an 
understanding of the range of ligands that MAIT 
cells can respond to.

Using our novel imaging reagents and imaging 
modalities developed within this theme, we 
are beginning to understand MAIT cell antigen 
recognition, activation, development and 
maintenance, and how these cells traffic in the host 
in response to infection. 

PROF. JAMIE ROSSJOHN 
 PROF. DALE GODFREY 

PROF. DAVID FAIRLIE

  ACTIVITY PLAN 
1. Continue investigations into MAIT cell antigen recognition and activation

2. Exploring what other ligands bind MR1 

3. Investigate role of MAIT cells and other MR1-restricted T cells in immune regulation

IMAGING METABOLITE-MEDIATED IMMUNITY

AT A GLANCE
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Scientists from the Imaging CoE, based at the 
Universities of Queensland, Melbourne and 
Monash, have made a big step towards 

improving the way we study immune responses to 
bacterial infections.

T-cells are immune cells that play a key role in our
immune response. They are able to recognise early
signs of infection and then trigger an immune reaction
that destroys invading pathogens. While much is
known about how the majority of T-cells function, it is
not quite clear how this process works in an important
subset of T-cells, called MAIT cells.

MAIT cells make up nearly half the T-cells in the liver, 
and account for around 10 per cent of the 

T-cells in blood. MAIT cells are also important to our
immune response against many types of bacteria. Yet
it isn’t clear why some bacterial infections are able to
overwhelm MAIT cells to become persistent, potentially
fatal infections. MAIT cells are also believed to play
a role in a number of autoimmune diseases and may
even play a role in cancer, but precisely how MAIT
cells might contribute to these conditions is not well
understood.

A major reason that MAIT cells are still something of a 
mystery is that they have been very hard to activate in 
the lab, because until recently no one knew exactly what 
part of the bacteria triggers their activation. 

In 2014, Imaging CoE CI Professor David Fairlie 
and his interstate collaborators identified a molecule 
produced by many bacteria that MAIT cells recognise 
and react to. Bacteria must produce their own vitamin 
B2 in order to survive and multiply. But vitamin B2 
production is a step-by-step process. During one of 
these steps, bacteria make a molecule known as an 

‘intermediate’, which is a not-quite-finished version of 
vitamin B2. This intermediate is then further modified 
to form the molecule that triggers MAIT cells.

Imaging CoE researchers Dr Jeffrey Mak and Dr Ligong 
Liu, who worked with Prof Fairlie to identify this 
molecule, explain that this 2014 discovery provided 
immunology researchers around the world with a 
clue as to how MAIT cells function, but unfortunately 
the molecule was too unstable to use, breaking down 
extremely quickly in water.

Now, in a paper published in the journal Nature 
Communications (DOI 10.1038/NCOMMS14599), the 
IMB research team has determined the right chemical 
conditions that enable this molecule to survive 
long enough to be isolated, stored, and then used in 
experiments. 

“We found the sweet spot,” Dr Mak said. “It’s a 
fundamental discovery that will help us understand 
how our body fights bacteria.”

In collaboration with researchers at The University of 
Melbourne and Monash University, Professor Fairlie 
and his team built a computer model to analyse how the 
molecule works, using the results information to create 
a highly stable version of the molecule. This resulting 
synthetic mimic is able to activate MAIT cells, meaning 
that immunology researchers can use this new, more 
durable molecule in a wider variety of experiments. 
This molecule may even eventually help the team to 
develop a drug capable of stimulating the immune 
system.

“By learning how to make these trace chemicals from 
bacteria, scientists around the world now have new 
tools to find traces of infection in our body and 
new clues to fight disease,” 

THEME #7 IMAGING PEPTIDE-MEDIATED IMMUNITY

NEW TOOL REVEALS HOW SPECIAL IMMUNE CELLS FIGHT BACTERIA

HIGHLIGHT

SOURCE: https://imb.uq.edu.au/article/2017/03/new-tool-reveals-how-special-
immune-cells-fight-bacteria

Successful trapping of these highly unstable molecules as a 
bright yellow powder. Credit: Jeffrey Mak



IMAGING METABOLITE-MEDIATED IMMUNITY

ACHIEVEMENT 

UNEARTHING IMMUNE RESPONSES TO COMMON DRUGS. 

Australian researchers 
are a step closer 
to understanding 

immune sensitivities to 
well-known, and commonly 
prescribed, medications.

Many drugs are successfully 
used to treat diseases, but 
can also have harmful side 
effects. While it has been 
known that some drugs can 
unpredictably impact on the 
functioning of the immune 
system, our understanding of 
this process has been unclear.

The multidisciplinary team 
of researchers from Imaging 
CoE investigated what drugs 
might activate a specialised 
type of immune cell, the MAIT 
cell (Mucosal associated 
invariant T cell). They found 
that some drugs prevented 
the MAIT cells from detecting 
infections (their main role 
in our immune system), 
while other drugs activated 
the immune system, which 
may be undesirable.

The results, published in 
Nature Immunology, may 
lead to a much better 
understanding of, and an 
explanation for, immune 
reactions by some people 
to certain kinds of drugs. 
The findings may also 
offer a way to control the 
actions of MAIT cells in 
certain illnesses for more 
positive patient outcomes.

The researchers, coming 
together from Monash 
University, the University 
of Melbourne and the 
University of Queensland 
also worked with the 
Australian Synchrotron, 
as access to this national 
research infrastructure was 
instrumental to the success of 
this Australian research team.

Dr Andrew Keller from 
Monash University’s 
Biomedicine Discovery 
Institute said that T cells 
are an integral part of the 
body’s immune system.

“They protect the body by 
‘checking’ other cells for signs 
of infection and activating the 
immune system when they 
detect an invader,” he said.

“This arrangement is 
dependent on both the T 
cells knowing what they’re 
looking for, and the other 
cells in the body giving 
them useful information.”

Imaging CoE PhD student 
Weijun Xu from The 
University of Queensland’s 
Institute for Molecular 
Bioscience used computer 
modelling to predict chemical 
structures, drugs and drug-
like molecules that might 
impact on MAIT cell function. 
Such small compounds 
included salicylates, non-
steroidal anti-inflammatory 
drugs like diclofenac, and 
drug metabolites.

Dr Sidonia Eckle from the 
Peter Doherty Institute for 
Infection and Immunity (the 
University of Melbourne) 
said the implications point 
to possible links between 
known drug hypersensitivities 
and MAIT cells.

“A greater understanding 
of the interaction between 
MAIT cells and other host 
cells will hopefully allow us 
to better predict and avoid 
therapeutics that influence 
and cause harm,” she said.

“It also offers the tantalising 
prospect of future therapies 
that manipulate MAIT cell 
behaviour, for example, by 
enhancing or suppressing 
immune responses to achieve 
beneficial clinical outcome.”

SOURCE: http://imagingcoe.org/
immune-responses-common-drugs/
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“Scientists at Imaging CoE are working to uncover 
what happens over time when cells of the innate 
immune system are confronted with infectious 
and non-infectious stimuli.”

IMAGING INNATE 
IMMUNE RESPONSES

 Mast cells showing tryptase (lt green) inside storage vesicles (granules) taken from rat paw tissue during paw inflammation induced by an agonist but blocked by an orally 
administered antagonist. Cell nuclei are labelled blue.

THEME #8



AT A GLANCE
We are using sophisticated fluorescent probes 
and imaging techniques to study innate immune 
cells and better understand how they respond to 
threats. Not only do these studies teach us more 
details about the molecular basis of immunity, but 
they also provide valuable new information about 
how tissues function, how they are repaired, and 
how threats can be averted with better health or 
combatted with new kinds of drugs.

Innate immune cells include mast cells, phagocytes 
(neutrophils, macrophages, dendritic cells), and 
natural killer cells. The maturation, temporal 
engagement, activation and interplay between 
these diverse cell types still hold many mysteries. 

Most innate immune cells respond to infectious 
organisms by using arrays of pattern recognition 
receptors (PRRs) to recognize pathogen-encoded 
components. In the absence of infection, cells 
can also use other receptors to mount poorly 
understood sterile immune responses, often 
to chemical imbalances that disrupt cellular 
homeostasis. 

Scientists at Imaging CoE are profiling and 
characterizing the different responses of innate 
immune cells to infectious and non-infectious 
stimuli. This information can provide a better 
understanding of how, when and where these cells 
function in different immune-related settings and 
might lead to more effective and selective small 
molecule therapies for disease. 

The imaging technology that scientists from our 
Centre are developing, together with the allied 
Centre of Inflammation and Disease Research 
(CIDR) at the University of Queensland, are 
enabling characterization and tracking of ligands, 
receptors and cells to gain new insights to 
molecular mechanisms that are utilized in innate 
immunity. 

ACTIVITY PLAN 
1. Image fluorescent ligands that activate or

inhibit GPCRs overexpressed in different
cells in response to microbes or chemical
stimuli.

2. Image ligand-induced degranulation and
chemotaxis of innate immune cells in
vitro and in vivo.

3. Identify, map and selectively modulate
intracellular signaling pathways that
mediate innate immunity.

4. Identify links between surveillance,
metabolism and inflammation in innate
immunity.

5. Conjugate fluorophores and drugs to
peptides that target protein-protein
interactions in innate immune cells.

6. Target cell-specific proteins that mediate
innate immune responses.

7. Image structures and functions of
dendritic cells and receptors.

8. Image NK cells and receptors in innate
immunity.

The first line of the immune defence against infection and injury is provided by innate immune cells. 
Some of these reside in our outer tissues exposed to environmental stress. Others are recruited to sites of 
infection or damage in order to restore tissues to their normal healthy state. 

PROF. DAVID FAIRLIE

IMAGING INNATE IMMUNE RESPONSES
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Imaging mast cells from rats given 
C3aR agonist (BR103), showing 
intact vs degranulated mast cells 
(top left vs top right), histamine 
(second row), tryptase (third 
row), paw inflammation over time 
(bottom row). (Hamidon, Lohman, 
Iyer et al).

Ateam of researchers from Imaging CoE at the 
University of Queensland have discovered an 
important clue to new medicines for treating 

inflammatory diseases, including allergies such as 
rhinitis, itchy hives, eczema/dermatitis, asthma and 
others. 

Human immune cells respond to allergens by 
releasing histamine and many other agents that cause 
inflammation. However, for some allergies, we can take 
anti-histamines to relieve the symptoms but they do not 
stop the causes of inflammation that can lead to chronic 
diseases, such as asthma. 

Chemists led by Imaging CoE’s Dr. Robert Reid and 
PhD student Jessica Rowley have learned how to build 
small chemical molecules that can either switch on or 
off an important protein on the surface of human innate 
immune cells that control our immune responses to 
many allergens in our environment. 

Looking deeper into the applications, Imaging CoE’s 
Dr. Abishek Iyer and PhD student Johan Hamidon 
found that the new chemicals can block the functions of 
human immune cells like mast cells, macrophages and 
neutrophils.

These compounds have been successfully trialled by 
Imaging CoE’s Dr. Rink-Jan Lohman in rodent models 
and were found to be potentially effective in treating 
human inflammatory diseases. This is a new approach 
to managing a person’s risk of developing severe 
allergies and inflammatory reactions that can lead to 
disease.

The team led by Imaging CoE CI, Prof David Fairlie, 
will now use these new chemicals as molecular tools 
to better understand the molecular basis of immune 
responses to a diverse range of infectious and 
chemical stimuli that can cause allergies, asthma and 
inflammatory diseases.

THEME #8 IMAGING INNATE IMMUNE RESPONSES

FEELING ITCHY? INFLAMMATION COULD BE SCRATCHED OUT

HIGHLIGHT

SOURCE: http://imagingcoe.org/feeling-itchy-inflammation-could-be-scratched-out/



IMAGING INNATE IMMUNE RESPONSES

 Immunostaining of human LAD2 mast cells using antibodies to detect secretory granules (red) and proteases they contain – e.g. chymase (green) and 
tryptase (blue). Last panel merges the images showing co-localization in granules.

ACHIEVEMENT 

INNATE IMMUNE CELLS SHOW THEIR TRUE COLOURS 

Imaging CoE researchers have devised 
fluorescent drugs, proteins and receptors to 
study the activation of innate immune cells 

(mast cells, neutrophils, macrophages), signaling 
pathways inside them, and their functions in vivo. 

This work has allowed us to track the 
progressive fate of each molecule from the 

cell surface to its destination and to unravel 
mechanisms of inflammation, disruptions to cell 
homeostasis, and restoration of normality. 
To study this behavior further, scientists at 
Imaging CoE are devising novel compounds 
that exert very different innate cell functions 
despite targeting the same protein on the cell.

 When compounds invade: Two green fluorescent compounds: one stays bound to a protein on the cell surface (left) while the other binds to the same 
protein but enters the cell, moving towards the blue cell nucleus.
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“We are working to gain a better understanding of the control 
of the immune cascades governed by the Complement system. 
In the longer term we hope to use this information to control 
Complement… to combat certain forms of cancer.”

IMAGING IMMUNE EFFECTORS

Overview of the complex between the complement initiating protease, Complement component 1s (C1s) and gigastasin, an inhibitor derived from the giant Amazonian leech. 

THEME #9



This year, we report on some of our new findings 
made in the context of the Complement system. 
Complement comprises a complex network of 
50 different protein components. We seek to 
understand how complement is initially activated, 
how the activation signal is then propagated, and 
finally how target destruction is achieved.

Initiation of complement activity is triggered 
by a large, multicomponent protease complex – 
complement component-1 (C1). Through its ability 
to cleave specific targets, C1 functions to propagate 
the activation signal. Accordingly, we are interested 
in inhibiting C1, since this may be useful to control 
Complement function in the context of a range of 
different inflammatory diseases.

In a collaboration between Monash University and 
La Trobe University scientists, we used X-ray 
crystallography to visualize how C1s, which is one 
of the two proteases present in the C1 complex, 
interacts with a specific Complement inhibitor 
gigastasin. Gigastasin is produced by leeches – 
these animals use Gigastasin and related molecules 
to protect themselves from the host immune 
system while they take a blood meal.

Our work showed how Gigastasin unexpectedly 
interacts with several different parts of the C1s 
protease. This explains why the inhibitor is able to 
specifically target the C1 complex. Such “specificity” 
information is extremely valuable, since it provides 
strategies to therapeutically inhibit C1s, while 
leaving related proteases, for example those that 
control blood clotting, untouched. Accordingly, in 
collaboration with the Queensland node, we seek 
to develop smaller drug-like molecules that mimic 
how Gigastasin functions.

ACTIVITY PLAN 
1. Using cryo-EM and X-ray crystallography, we will continue to probe the structure and function

of C9, MPEG-1 and Perforin.

2. Develop in situ structural biology workflows that will permit visualization of immune effectors
in the context of targets, for example, bacteria or virally infected cells.

3. Use the structural insights we glean to develop specific inhibitors of pore forming proteins that
may be of utility in controlling their function in inflammatory disease or transplant rejection.

Our work aims to understand how immune effectors are triggered to destroy targets. In particular we are 
interested in three pore forming proteins - Complement component-9 (C9), Macrophage Expressed Gene-1 
(MPEG-1) and Perforin. These three molecules play key roles in the destruction of pathogenic microbes, 
virally infected cells and malignant cells.

PROF. JAMES WHISSTOCK

IMAGING IMMUNE EFFECTORS

AT A GLANCE
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In the year that would eventually see the Nobel 
prize for Chemistry be awarded to the inventors 
of cryo-electron microscopy (cryo-EM), 2017 
started with a highly demanded cryo-EM and 

single-particle analysis workshop, jointly sponsored 
and delivered by Imaging CoE and EMBL Australia 
which gave attendees the opportunity to try out the 
latest developments in the field.

Held at Monash University and preceding the Lorne 
Conference on Protein Structure and Function, the 
three day workshop provided hands-on practical work 
which covered the basics of cryo-EM theory and image 
processing as well as addition to problem solving 
oriented talks from leading software developers in 
the field such as Dr Steven Ludtke, lead developer of 
the popular, all-purpose EMAN2 suite of programs, 
Imaging CoE AI's A/Prof. Hans Elmlund and A/Prof 
Dominika Elmlund, lead developers of the SIMPLE/
PRIME suite of programs for ab initio 
3D reconstruction as well as the eminent Prof. Susan 
Lea, University of Oxford and Prof. Carlos Oscar, 
Biocomp Madrid. 

The workshop covered all computational aspects of 
single-particle analysis, including 2D analysis, 3D 
starting model generation, heterogeneity analysis and 
high-resolution refinement.

The 44 attendees who resided in Australia, Asia, US 
and Europe were made up of a mixture of PhD students, 
postdocs, platform facility managers and lab leaders all 
stated that the high value of the course was something 
they had not previously had the opportunity to benefit 
from.

In response, Imaging CoE has committed to sponsoring 
and supporting the delivery of two further workshops in 
2018 at the locations of Oxford, UK and Prato, Italy 
where both workshops have further evolved to include 
poster prizes, larger multidisciplinary speaker 
programs and further sponsorship from academia and 
industry.

THEME #9 IMAGING IMMUNE EFFECTORS

SCIENTISTS SERVE UP SOFTWARE WORKSHOP FOR CRYO-EM

HIGHLIGHT

Cryo-EM workshop registration website by SIMPLE (Single-particle IMage Processing Linux Engine) and Imaging CoE



IMAGING IMMUNE EFFECTORS

ACHIEVEMENT 

AUSTRALIA'S FIRST CRYOGENIC GALLIUM FOCUSED ION BEAM-SCANNING ELECTRON MICROSCOPE (FIB/SEM) SYSTEM

The Monash Ramaciotti 
Electron Microscopy 
Centre, in partnership 

with the Imaging CoE, has 
installed Australia’s first cryo-
FIB/SEM. The instrument was 
purchased in part through the 
award of an ARC LIEF grant 
awarded to Dr Georg Ramm 
Director, Ramaciotti Centre 
for Cryo-Electron Microscopy, 
Prof. James Whisstock, Prof 
Kat Gaus and colleagues. 

The cryo-FIB/SEM functions 
as a exquisitely fine molecular 
milling machine. In the 
context of biology, cryo-FIB/
SEM’s are used to carve out 
specific portions (or cryo-
lamella) of cryogenically 
preserved cells. This step is 
essential, as cells themselves 
are too thick to image at high 
resolution using transmission 
electron microscopy. The 
advantage of using a cryo-FIB/
SEM over simpler approaches 
(for example cryo-sectioning) 
is that users can very precisely 
target and prepare the 
region of the cell that they 
are interested in studying.

Once suitably prepared cryo-
lamella derived from cells are 
transferred to a Titan Krios 
TEM, and detailed images are 
obtained using an approach 
called tomography. Here, the 
cryo-lamella are imaged at 
a sweep of different angles, 
and a 3-dimensional picture 
(or tomogram) is produced. 

The availability of this 
instrument sets the scene 
for Australian scientists 
being able to conduct “in 
situ” structural biology 
experiments. Here, through 
averaging of different 
tomograms, large protein 
complexes are imaged in 
the context of their native, 

cellular environment. The 
cryo-FIB/SEM thus moves us 
one step closer to one of the 
great ambitions of modern 
biology – the visualization 
of cells at near molecular 
resolution. In the context 
of the Imaging Centre, we 
anticipate using the cryo-FIB/
SEM in a wide variety of 
experiments, for example in 
the context of understanding 
how immune effectors 
interact with target cells.

Cryo-FIB/SEM at the Monash Ramaciotti Electron 
Microscopy Centre
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STRENGTHENING LINKAGES: 
INTERNATIONAL

 L – R: Erol Harvey, Prof James Whisstock, Prof Hans-Ulrich Demuth, Dr Amanda Caples, Dr Judith Reinhard, Prof Frank Emmrich, Prof Ian Smith

The Imaging CoE is driving an exciting new 
collaborative research partnership in molecular 
imaging and immunology with the German Fraunhofer 
Institute for Cell Therapy and Immunology (Fraunhofer 
IZI, Leipzig) and its branch for Bioanalytics and 
Bioprocesses (Fraunhofer IZI-BB,Potsdam). 

The partnership, headquartered at Monash University 
focuses on translational outcomes to accelerate 
the development of novel therapeutics, imaging 
technologies and diagnostic devices to better treat 
diseases, such as cancer and other immune-associated 
disorders.

The research partnership was launched during a jointly 
hosted industry breakfast, featuring a keynote speech 
by Dr Amanda Caples, Lead Scientist of Victoria. The 
event was attended by over 40 leading industries bodies 
and companies across the Australian health and biotech 
sector.

Dr Judith Reinhard, Head of Science & Innovation 
at the Embassy of the Federal Republic of Germany 
(Australia) said this new partnership will deepen and 
strengthen the German-Australian scientific relations in 
the long term.

NEW INTERNATIONAL PARTNERSHIP TO ACCELERATE INDUSTRY ENGAGEMENT AND IMPACT OF AUSTRALIAN DISCOVERIES 

“The link between high-end research 
and industry partners in this 
bilateral initiative is extremely 
exciting from our point of view,” 
said Dr Reinhard.  

Source: https://www.monash.edu/news/articles/international-research-partnership-to-accelerate-impact-of-australian-discoveries



 Victorian Minister for Small Business, Innovation and Trade, Philip 
Dalidakis MP, Dr Dan Baker, Vice President, Immunology, Janssen R&D, Monash 
University Vice-Chancellor Professor Margaret Gardner AO, ARC Laureate 
Fellow Professor Jamie Rossjohn, Monash BDI, Dr Anish Suri, Senior Director, 
Immunology, Janssen R&D, Professor John Carroll, Director Monash BDI.

Imaging CoE Governing Board member and Vice-
Provost for Research & Research Infrastructure at 
Monash University, Professor Ian Smith says

 “The German Fraunhofer model is seen worldwide as 
an example of best practice in getting innovation from 
universities out into industry and also enabling these 
inventions and discoveries to have real impact,” 

With a five-year collaboration plan in place, the newly 
established Monash-Fraunhofer team has already been 
successful in securing a grant of €650,000 from the 
German Federal Ministry of Education and Research 
(BMBF) for collaborative research projects. 

Additionally, the partnership secured further AUD 
200,000 funding in November 2017, through a 
competitive Monash University internal funding 
scheme to strengthen collaboration with international 
networks of research excellence.

Monash University has signed a major multiyear 
research and commercialisation deal with The Janssen 
Pharmaceutical Companies of Johnson & Johnson, 
for the early detection and prevention of rheumatoid 
arthritis, a debilitating autoimmune disease which 
affects more than 400,000 Australians and more than 
24.5 million people worldwide. 

Led by ARC Laureate Fellow and Imaging CoE Chief 
Investigator, Professor Jamie Rossjohn, his team been 
investigating the impact of therapeutics on immune 
systems affected by rheumatoid arthritis.

“This collaboration is a great opportunity to take our 
advances in basic biomedical science and translate 
them to the market for the betterment of the Australian 
population and worldwide,” Professor Rossjohn said.

Monash University Deputy Vice-Chancellor 
(Enterprise), Ken Sloan, said the strategic partnership 
with Janssen is another example of Monash actively 
engaging with industry in order to translate its world-
leading research:

“Monash University is at the heart of Melbourne’s 
flourishing south east corridor and collaborations 
such as these are accelerated through our proximity to 
major biomedical research infrastructure such as the 
Australian Synchrotron, Monash Biomedical Imaging 
and other research facilities such as CSIRO, which 
is helping create a pipeline of translation from basic 
research to commercialisation, and making Monash a 
preferred partner for industry,” Mr Sloan said.

IMAGING COE CI PROF ROSSJOHN LEADS COLLABORATION 
WITH JOHNSON & JOHNSON INNOVATION FOR RHEUMATOID 
ARTHRITIS 
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STRENGTHENING LINKAGES:
NATIONAL

In February 2017, the muchly anticipated Australian 
Cancer Research Detector was installed at the 
Australian Synchrotron on the MX2 beamline, 
bringing with it an unparalleled capacity to process 
user datasets in tens of seconds instead of minutes. 

This upgrade in processing power and quality is 
critical to provide real-time data analysis so that users 
can collect higher volumes of data and optimise 
experiments ‘on-the-fly’ whilst there crystals are being 
measured.

The $2.8m upgrade was thanks to an equipment grant 
from the Australian Cancer Research Foundation 
(ACRF), topped up with further funding from partner 
organisations and has opened up a world of new 
possibilities thanks to its ultra-fast image acquisition, 
excellent signal-to-noise, high data quality slicing, 
faster rendering and a “shutterless” design to reduce 
jitter in images. 

One of the first groups to take advantage of the Eiger 
16M capabilities in 2017 was led by Imaging CoE 
researcher Dr Peter Berntsen, who has been managing 
a joint project with the Australian Synchrotron to 
develop a new national capability for serial millisecond 
crystallography (SMX). 

This project is the result of several years’ worth of 
effort in developing new methods for delivering protein 
crystals to the X-ray beam in a serial fashion using 
custom injector technology developed by La Trobe 
University, in partnership with a local engineering 
firm. Much of 2017 was spent working closely with the 
Australian Synchrotron to commission this injector to 
work on the MX2 beamline. 

“The last equipment could not achieve this - not even 
close. The much simpler sample preparation and 
additional relative improvements being made to data 
collection and processing environments meant that 

PARTNERSHIP WITH ANSTO AND THE AUSTRALIAN SYNCHROTRON DELIVERS FASTER DATA, NEW SCIENCE 

  The $2.8M The Australian Cancer 
Research Detector installed at 
the Australian Synchrotron has 
allowed for Serial Crystallography 
experiments for the first time



we could realistically attempt a serial crystallography 
experiment, which we believe has the potential to be 
the method of choice for room-temperature structure 
determination and protein screening approaches.” Said 
Dr Berntsen

“Serial millisecond crystallography at synchrotrons is 
made possible thanks to this new generation of fast 
frame rate detectors together with the high-viscosity 
injector, developed at La Trobe, set to extrude a 
micrometer diameter stream of crystal laden Lipid 
Cubic Phase (LCP, or other viscous carrier) vertically 
through the interaction region with the X-ray beam. 

“SMX enables fast, straightforward structure 
determination at room-temperature for large soluble 
macromolecular complexes as well as membrane 
proteins. An international research group recently 
showed that using SMX, a much larger dose can be 
distributed over many crystals, resulting in higher 
resolution structures with less-radiation damage 
compared with classical room-temperature methods. 

“The time required to get useful data can be less than 
90 minutes, which previously would have taken days, 
if not weeks. So you can understand our excitement at 
this new research domain being implemented at the 
Australian Synchrotron for the Australian scientific 
community and users of the MX2 beamline.” said 
Dr Bernsten

In 2018 we plan to further develop this facility into a 
general platform for both national and international 
crystallography users.

  Dr Tom Caradoc-Davies from the Australian Synchrotron

  Dr Peter Berntsen from La trobe University (left) and 
Dr Tom Caradoc-Davies from the Australian Synchrotron 
(right) during the first serial synchrotron crystallography 
experiment conducted in Australia.
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STUDENT AND GRADUATE SUCCESS
Imaging CoE strives to not just attract the best research talent nationally and internationally, but is actively 

building a pipeline of next generation researchers who are nationally and internationally engaged and focus 
on excellence and impact. As 2017 marked three full years into Imaging CoE’s operating term, the Centre 

saw it’s very first cohort of PhD students graduate with all of them successfully attracting either Postdoctoral or 
industry positions. 

PHD CLASS OF 2017

A hugely successful year, Imaging CoE congratulates 
every one of our PhD students who graduated in 2017 
and were subsequently offered prestigious positions all 
around the country and world.

Nicholas Phillips 
(La Trobe node) 
Postdoctoral Research Assistant 
in Coherent X-ray Diffraction 
Microscopy 
University of Oxford (England)

Henry Kirkwood 
(Lat Trobe node) 
Postdoctoral Researcher, European 
XFEL, Scientific Instrument SPB/
SFX (Germany) 

Mahdie Mollazade 
(UNSW node) 
Postdoctoral Research Fellow, 
Queensland Brain Institute 
University of Queensland

Shoeib Moradi  
(Monash node) 
Postdoctoral Researcher, Paul 
Scherrer Institut (Switzerland)

Nicholas Anthony  
(La Trobe node) 
Postdoctoral Research Fellow 
Istituto Italiano di Tecnologia (Italy)

Jessica Rowley  
(UQ node) 
Postdoctoral Research Assistant 
University of Oxford (England)

Samuel Perry  
(UQ node) 
Postdoctoral Researcher, Institute 
for Glycomics 
Griffith University 

Praveena Thirunavukkarasu 
(Monash node) 
Postdoctoral Researcher, 
Department of Biochemistry and 
Molecular Biology 
Monash University 

Sophie Williams  
(UoM node) 
Data Analyst 
Australian Energy Market Operator

Weijun Xu  
(UQ node) 
Postdoctoral Researcher, Institute 
for Molecular Bioscience, University 
of Queensland

Justin Mitchell  
(UQ node) 



Establishing a prosperous career path in science is often 
underpinned by not just the opportunities given, but 
the opportunities taken. When Dr Jeffrey Mak, Imaging 
CoE postdoctoral researcher in Prof. David Fairlie’s lab 
(University of Queensland) was awarded one of only 25 
prestigious places in the international SciFinder Future 
Leaders program, he had the opportunity of a lifetime 
to bolster his professional path with powerful new 
knowledge, skills and relationships.

The SciFinder Future Leaders program is a highly 
exclusive program and is recognised by the global 
chemistry community as being a formidable 
opportunity for young career researchers to explore 
their work in an international and interdisciplinary 
environment. 

“Even though we came from different chemical 
disciplines, and arrived from all corners of the world, 
the 22 Future Leaders participants formed such strong 
connections with each other. Our activities during the 
first week really threw us in the deep end, encouraging 
us to explore how we communicate our work and to 
develop a smarter utilization of the resources and 
relationships which could ultimately help build and 
expand our research.” said Dr Mak

After spending a week in Columbus, Ohio partaking 
in intensive workshops, coaching and presentation 
activities, the Future Leaders then flew to Washington, 
DC for one of the most respected scientific meetings 
in the world, the 254th ACS National Meeting & 
Exposition.

 “I was honored to be able to talk about my Imaging 
CoE research at the conference. Also, many of the 
high-quality presentations challenged the way I think 
about my research. My current work is best described as 
chemical biology; it was inspirational and instructive to 
hear from Carolyn Bertozzi, a pioneer and leader in my 
field speak on this topic.

“I encourage any Ph.D. student or postdoctoral 
researcher in chemistry or a related science to consider 
applying for the Future Leaders program. It opens so 
many doors, and for me, it’s an experience that has 
increased my knowledge and ideas about current and 
future research solutions in chemistry” said Dr Mak.

FINDING THE FUTURE OF CHEMISTRY LEADERSHIP

Dr Mak joins international PhD students and Postdocs at the SciFinder Future Leaders program

HIGHLIGHT
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COMMUNICATING OUR SCIENCE
In 2017, Imaging CoE investigators and students 

sustained their efforts in engaging and educating 
the public and broader community on our scientific 

breakthroughs with over 115 media articles alongside 
publicity across TV and radio. 

Effectively communicating science research remains on the 
local, national and global research agenda. A task previously 
in the hands of journalists and news publishers, it is now a 
critical career skill being developed by the next generation 
of researchers and scientists in order for them to remain 
competitive, relevant and valued. 

Communicating science often involves translating tricky 
and technical concepts into a simple and easy to understand 
story for the audience at hand – no easy task. However, 
our scientists and students have continued to hold great 
enthusiasm for improving their communication skills in 
an effort to educate, inspire and engage the public and our 
broader stakeholders to nurture and grow science advocacy. 

2017 saw online publishing fortifying its role as the most 
economical and targeted way to communicate to multiple 
audiences. The use of traditional news channels for 
publicity is diminishing, and user generated content is 
becoming more prevalent as social media channels like 
Twitter, websites like The Conversation and university 

curated news platforms experience an exponential surge in 
popularity.

As a voice of authority and experience, our scientists have 
risen as trusted thought leaders and communicators in their 
fields of science.

HIGHLIGHTS

Media engagement 
Playing the number - a billion dollar gamble on the 
European X-Ray laser

On June 15th, 2017, Imaging CoE CI Assoc. Prof. Brian 
Abbey’s opinion editorial in The Conversation was 
published, a thought provocative and considerate piece 
on the new XFEL facility in Hamburg, Germany. The 
piece “Playing the number - a billion dollar gamble on 
the European X-Ray laser” garnered direct interest from 
national science journalists, with resulting feature articles 
in the Herald Sun (“Australian scientists hope to help 
film first images of life’s molecular building blocks” Mark 
Dunn, August 3, 2017) and Cosmos Magazine (“The world’s 
biggest X-ray laser blasts into action” Cathal O’Connell, 
September 15, 2017)

Media release 
The skinny on lipid immunology

In October 2017, A highly collaborative journal paper by 
international researchers, led by Imaging CoE Research 
Fellow Dr Adam Shahine, allowed Imaging CoE to work 
closely with an overseas co-investigator organisation 
(Brigham and Women’s Hospital and Harvard Medical 
School, Boston, USA) to develop a co-branded media 
release to be disseminated at the same time as the paper’s 
embargo lifted. This joint effort allowed for a truly 
international reach and the media release for this paper 
took off, with 31 official syndications of the release and 
thousands more shares on social media.

 Postdoc Dr Saumitra Saha explains his research poster 
to colleagues at the 2017 Imaging CoE Summit.



Dr Daniel Langley, Imaging CoE postdoc based at the La Trobe 
University node, made it to the 2017 FameLab Australia semi-finals, held 
at the Melbourne Museum. 

FameLab is the largest science communication competition in the world 
which uncovers charismatic early career scientists who can inspire 
people to see the world from new perspectives. It is run annually in 
Australia and in over 30 countries across the world. 

Speaking about the Single Particle Imaging Initiative and the important 
role the Imaging CoE is playing in this international collaboration, he 
said the experience made him think about the language and terminology 
he uses.

“I didn’t realise how much jargon we actually use. Doing this made me 
think carefully about how to cut down the jargon and speak in plain 
English so as many people as possible understood the importance of our 
work” he said.

The Famelab competition helps scientists demonstrate how impactful 
and meaningful their work is to society, and encourages STEM leaders of 
the future.

MELBOURNE KNOWLEDGE WEEK

During Melbourne Knowledge Week, around fifty 
of the Melbourne public listened to how Imaging 
CoE AI’s Stephanie Gras and Michelle Dunstone are 
making breakthroughs in immunology and how these 
breakthroughs translate into life-changing treatments.

For the second year running, our researchers had the 
opportunity to present our science to curious minds at 
the annual event that draws audiences of more than 
13,000 across 90 events in 5 days.

15 MINUTES OF FAME

A leading scientist at the Monash University node of Imaging 
CoE took the opportunity to participate in a ’15 minutes of 
FAME’ seminar in order to seek further collaboration on 
existing work. 

FAME (which stands for Find a Mathematical Expert) gives 
researchers in other fields the opportunity to speak to a room 
full of mathematicians, for a maximum of 15 minutes. 

A/Prof. Elmlund’s research problem on ‘Single Particle Imaging 
by Electron Microscopy’

required input from experts in applied mathematics and 
information technology to achieve a breakthrough. 

“The most interesting problems in biology lie on the border 
between molecular biology, maths and physics. Biology is 
becoming more and more about interpreting large, complex data 
sets. The fields of applied maths and physics have significant 
experience of this, and we can only benefit” he said

As a result, a new exciting, innovative collaboration could now 
provide results for A/Prof. Elmlund’s work in the Imaging CoE.

 Dr Daniel Langley, Imaging CoE postdoc at the 2017 
FameLab Australia semi-finals

AI Dr Michelle Dunstone, uses balloons to demonstrate the different 
ways our immune system cells interact and kill bacteria. 

A/Prof Hans Elmlund pitches his research 
challenge to mathematics experts to find a 
collaboration opportunity

THE FAMED FAMELAB
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HIGHLIGHT EVENTS 
2017 IMAGING COE SUMMIT

Imaging CoE proudly hosted 120 delegates at the 2017 
Summit in beautiful Torquay, Victoria. Over two and 
a half days, Centre members came together to discuss, 
discover and deep dive into the science that makes our 
Centre so crucial to understanding molecular interactions 
that underpin immunity. 

Invited speakers included for example some of our ISAC 
members. Prof. Jose-Maria Carazo Garcia provided 
incredible insight into cryo-EM mapping and Prof. Cait 
MacPhee discussed her work in experimenta 
biomolecular physics to discover the function and 
flexibility of biofilms.

Our Centre members also enjoyed an invited presentation 
from special guests Prof. Ulf-Dietrich Braumann 
(Fraunhofer IZI) and Dr. Stefan Kubik (Fraunhofer IZI-
BB) who shared international imaging knowledge and 
insights from Germany.

Our CI’s delivered theme talks, followed by a variety of 
our members presenting their work in a theme relevant 
abstract. 

Afternoons on both days saw a program of dynamic Short 
Poster Talks, where submitted abstracts were presented 
in 4-minute slots, testing our centre members to quickly 
and easily communicate their research to a large 
audience.

The final night’s conference dinner and awards provided 
the Centre members an opportunity to relax and mingle, 
and Centre Director Prof. James Whisstock addressed the 
room with great admiration for the talent he was 
witnessing. Congratulating the poster prize winners Ken 
Loh (UQ node) and Justine Corso (UoM node), Prof 
Whisstock encouraged everyone to act upon their newly 
acquired connections, friendship and knowledge to 
ensure the Centre keeps providing progressive research.

The annual Imaging Summit 
promotes scientific growth, 
collaborative initiatives and 
comraderie among our members

ABOVE: Prof. James Whisstock and Dr Ken Loh
TOP RIGHT: Prof. Keith Nugent and Prof. Volka Saile
BOTTOM RIGHT: Dr Jun Aishima and Dr Michael Eager



CD1-MR1 

In November 2017, Imaging CoE was involved the 10th International CD1-MR1 
Workshop, Napa California. With an event sponsorship, key note speaker, CI Prof. Dale 
Godfrey, invited speaker CI Jamie Rossjohn and six additional Imaging CoE researchers 
attending, we enjoyed a highly successful meeting with Speaker and Poster prizes being 
awarded to Fern Koay, Adam Shahine, and Catarina Almeida. 

DAY OF IMMUNOLOGY

The Day of Immunology is celebrated world-wide 
annually on 29th April and aims to strengthen public 
awareness of the importance of the immune system to 
each person's health and wellbeing, especially 
highlighting the relevance and benefits of medical 
research. The Australasian Society for Immunology 
(ASI) celebrates the day by running events in multiple 
locations around Australia and New Zealand. 

As a gold sponsor, Imaging CoE is committed to 
ensuring the growth of national activities on this day, 
which aims to strengthen public awareness of the 
importance of the immune system to each person’s 
health and wellbeing.  In 2017, over 1500 primary and 
secondary school children and members of the general 
public participated in a number of very successful Day 
of Immunology activities in Victoria.

Students and early career researchers at the Imaging CoE 2017 Summit
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AWARDS AND ACCOLADES

AUSTRALIAN ACADEMY OF HEALTH AND MEDICAL SCIENCES FELLOWSHIPS

This year, not one, but two Imaging CoE CI’s were formally inducted 
into the Fellowship of the Australian Academy of Health and Medical 
Sciences (AAHMS). Professor Jamie Rossjohn and Professor Dale 
Godfrey, CI’s and theme leaders were welcomed into the Academy at a 
ceremony which brought together Australia’s best leaders in health and 
medical research, social and political science. 

“On behalf of my team and I, I am delighted to receive recognition 
of my findings on immunity – research that has been conducted at 
Monash over the last 15 years. I would like to take this opportunity to 
acknowledge and highlight the tireless work of the research assistants 
in my laboratory, key members of the team whose work underpins our 
endeavours,” Professor Rossjohn said.

HIGHLY CITED RESEARCHERS FROM CLARIVATE ANALYTICS

Imaging CoE CI’s Professor Bill Health and Professor Dale Godfrey 
are amongst the world’s most Highly Cited Researchers published by 
Clarivate Analytics. The annual list recognises leading researchers in the 
sciences and social sciences from around the world and lists researchers 
that rank in the top 1% by citations for field and publication year in the 
Web of Science.

Our Centre Investigators are amongst the very best in the world in what they do. We are very proud to 
have such an eminent list of scientists amongst our Centre, and in 2017 a number of them were given 
richly deserved recognition of their groundbreaking, impactful dedication in the fields of chemistry, 
biology and physics scientific research. 

GEORGINA SWEET AWARD 
FOR WOMEN IN QUANTITATIVE 
BIOMEDICAL SCIENCE

Associate Professor Stephanie 
Gras, Imaging CoE AI has been 
honoured with a Georgina Sweet 
Award for Women in Quantitative 
Biomedical Science.

 “It’s a great recognition of my career 
so far and my work in biomedical 
research, particularly because the 
award application is reviewed by 
peers. It’s also great to have the 
opportunity to lead the way for 
women in science and make sure 
we can inspire young women to 
enter science as a career,” Associate 
Professor Gras said.

Associate Professor Gras, who is 
investigating how the immune 
system can be boosted to counter 
viruses including influenza and 
HIV, has several women in her team 
and plans to use part of the award 
to ensure they go to conferences 
next year.



ACADEMY OF MEDICAL 
SCIENCES (UK) FELLOWSHIP

CI Professor Jamie 
Rossjohn, has been 
elected to the Fellowship 
of the Academy of 
Medical Sciences in 
the UK. The Academy 
of Medical Sciences 
Fellows are considered 
the UK’s leading medical 
scientists, elected for their 
contribution to biomedical 
and health research, 
the generation of new 
knowledge in medical 
sciences and its translation 
into benefits to society.

With an appointment as 
Professor of Structural 
Immunology at Cardiff 
University, Wales, 
Professor Rossjohn was 
one of 46 researchers to 
receive this accolade.

Professor Sir Robert 
Lechler, President of 
the Academy of Medical 
Sciences, said “The 
election of these 46 
exceptional biomedical 
and health researchers is 
a well-deserved honour. 
Each newly elected 
Fellow has made an 
outstanding impact in the 
community, contributing 
to the development of 
better healthcare – from 
fundamental scientific 
understanding to the 
prevention, diagnosis and 
treatment of disease. I am 
delighted to welcome them 
to the Academy and greatly 
look forward to working 
with them all in the future.”

RAMACIOTTI BIOMEDICAL RESEARCH AWARD

The biennial Ramaciotti Biomedical Research Award, worth $1 million has been 
awarded to Imaging CoE Professor Kat Gaus. 

“This award is testament to 12 years of continuous work, an 
achievement not possible without the support of my UNSW 
research partners, Professor Peter Gunning, Dr John Lock, 
and Dr Renee Whan” Professor Gaus said.

Professor Gaus intendeds on establishing Australia’s first Microscopy System 
with the funds. 

Professor Derek Hart of The University of Sydney, who led the Ramaciotti Scientific 
Advisory Committee which directed Perpetual in selecting the grant recipients said

 “The work to significantly progress Systems Microscopy capabilities in 
Australia will make a meaningful and lasting contribution to the most important 
biomedical issues of our time. We expect the facility created by Professor Gaus 
to stimulate a collaborative research community and substantially support 
translational research activity.” 

FAOBMB AWARD FOR RESEARCH EXCELLENCE

Imaging CoE CI Professor Jamie Rossjohn, received the 2017 Federation of 
Asian and Oceanian Biochemists and Molecular Biologists (FAOBMB) Award for 
Research Excellence. This annual award recognises a distinguished biochemist or 
molecular biologist, and reflects sustained research productivity and excellence 
of scientific contributions based on work carried out in the region. Presented 
with the award by the FAOBMB President, Professor Zengyi Chang, last week at 
the 26th FAOBMB-ConBio2017 Conference in Kobe, Japan, the win also gave 
Professor Rossjohn the opportunity to present his work in a plenary lecture 
entitled "Immunity to vitamin B metabolites". 
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GRANTS AND FELLOWSHIPS

ARC GRANTS

Centre Investigators 

Nicole La Gruta 

Jamie Rossjohn; James McCluskey 

Dale Godfrey; Adam Uldrich; Jerome Le Nours  

Robert Scholten; Keith Nugent 

David Fairlie  

Katharina Gaus; Eldad Ben-Ishay 

Katharina Gaus; John Lock 

Daniel Hatters; Gavin Reid 

Bayden Wood; Philip Heraud 

Nicole La Gruta; Stephanie Gras 

Hans Elmlund 

Max Cryle 

Stephen Turner 

Maté Biro 

Till Boecking 

Mattew Sweet  

Jamie Rossjohn 

Katharina Gaus; Jeremie Rossy; Yann Gambin  

James Whisstock; Jamie Rossjohn; Max Cryle; Hans Elmlund; 
Lawrence Lee; Robert Pike  

Katharina Gaus; James Whisstock; Dale Godfrey; John Lock; 
Woei Ming Lee 

Jamie Rossjohn 

Bostjan Kobe; Roger Wepf; Robert Parton;  Michael Landsberg; 
Alex de Marco 

Antoine van Oijen; Till Boecking 

Michelle Dunstone 

Woei Ming Lee 

Projects

 New Molecular Tools to Study the Mechanisms of Bacterial Metal 
Homeostasis.

A structural investigation into T-cell signaling machines.

Unrestricted antigen recognition by T lymphocytes.

Atomic scale imaging with high coherence electrons and ions. 

Compressing small peptides for cell absorption. 

 DNA nanotechnology for controlled antigen presentation to T 
cells. 

 Statistical analyses for spatial organisation in T cell signalling 
networks.

Surveillance of the mechanisms controlling proteome foldedness.

 Probing antimicrobial drug resistance by multimodal molecular 
analysis.

A molecular investigation into the naïve T cell repertoire. 

 Molecular basis for control of DNA transcription of housekeeping 
genes. 

A bio-enabled synthesis for the glycopeptide antibiotics.

How enhancers regulate T cell differentiation and function.

 Search strategy optimisation by theory, functional analysis and 
simulation.

Engineering an artificial protein molecular motor.

Histone deacetylase functions in immune cells. 

 Investigating the structure of a T cell immune checkpoint 
molecule.

 Modulating T cell responses with novel Lck activating compounds

2017 has been a very successful year for Imaging CoE. Our investigators have secured over $15M in ARC grants and over 
31M in other Australian and international competitive grants.   

A collaborative electron microscopy network for structural biology. 

Confocal and single molecule microscopes for systems microscopy.

Gas chromatography: separating inseparables, identifiying 
unidentifiables.

Pushing the limits of fluorescence microscopy with adaptive 
optics.

Automated high resolution and high contrast cryo -TEM for three-
dimensional structural biology.

High resolution atomic force microscopy facility for 
bionanotechnology

Regulating gene delivery with light.



NHMRC GRANTS 

Centre Investigators Projects

David Fairlie, Abishek Iyer A New Approach To Restoring Glucose Homeostasis

David Fairlie  Potent Small Molecule Modulators of a Complement 
Protein In Inflammation

Matthew Sweet  The dual-edged sword of zinc as an innate immune 
antimicrobial weapon against uropathogenic E. coli

Jennifer Stow   Macrophage Polarisation and Control of Pulmonary 
Inflammation.

Robert Parton   Molecular dissection of the function of caveolae

Kathryn Poole  The role of force-sensing ion channels in melanoma 
migration

Dale Godfrey, Daniel Pellicci, Adam Uldrich Development and selection of MAIT cells

Edwin Hawkins  Long-term in vivo imaging of bone marrow 
microenvironments in Multiple Myeloma.

Marcel Nold   Interleukin 38: Uncoupling Innate Inflammation from 
Interferons in Lupus

Marcel Nold, Claudia Nold   Exploring and Targeting the Anti-Inflammatory 
Signalling Mechanisms of Interleukin 37

Claudia Nold, Marcel Nold   Interleukin 37 – a Novel Cytokine Therapy for 
Necrotizing Enterocolitis in the Preterm

Daniel Pellicci, Jerome Le Nours, Spencer Williams  Characterisation and Development of Type-2 NKT cells

James Bourne  The pulvinar is instrumental in the development of 
visual cortical networks

Scott Mueller, Laura Mackay  Protecting against malaria through liver- resident 
memory T cells 

Paul Young  Virus vaccines that ensure preparedness against future 
public health emergencies

Max Cryle  Improving on nature: diversifying glycopeptide 
antibiotics to kill the bacterial pathogen Staphylococcus 
aureus

Daniel Pellicci  The role of CD1-restricted T cells in health and disease

Scott Mueller  Defining the coordination of immune responses to 
pathogens

James Whisstock   Immunobiology and Immunotherapy of Cancer

Paul Young  Needle free delivery of dengue and Zika vaccines to the 
skin 

Spencer Williams   Steroid-enhancing selective casein kinase inhibitors: 
first in class novel inhaled anti- asthma agents 

Michelle Dunstone, James Whisstock, Jaime Rossjohn, Stephen Turner,  
Richard Berry, Stephanie Gras, Chen Davidovich, Dominka Elmlund, 
Hans Elmlund, Andrew Ellisdon, Ruby Law, Max Cryle, Marcle Nold, 
Claudia Nold, Coral Warr, Travis Johnson 

Beckman Coulter Optima Analytical Ultracentrifuge 
(AUC)
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KPIs
2017 PERFORMANCE MEASURES AND KEY PERFORMANCE INDICATORS FOR IMAGING COE 

Target 2017 Actual 2017

Research findings
Number of publications 60 135
Number of citations 700 3,455
Number of invited talks 20 83
Number of media releases 5 12
Number of media articles 5 115

Target 2017 Actual 2017

Research Training and Professional Education 
Number of training courses attended by Centre attendees 2 24
Number of Centre attendees at all professional trainings offered by the Centre  20 147
Number of new postgraduate students  8 18
Number of new postdoctoral researchers recruited 4 13
Number of new Honours students 9 4
Number of postgraduate completions  10 11
Number of early career researchers 4 72
Number of students mentored 20 72
Number of mentoring programs 4 11

Target 2017 Actual 2017

International, national and regional links and networks
Number of international visitors and visiting fellows 10 29
Number of national and international workshops held/organised by the Centre 1 4
Number of visits to overseas laboratories and facilities 5 19
Examples of relevant interdisciplinary research supported by the Centre 5 15

Target 2017 Actual 2017

End-user links
Number of government, industry and business community briefings 4 9
Number of public awareness/outreach programs 2 3
Number of website hits 7,500 16,033
Number of talks given by Centre staff open to public 3 40

Target 2017 Actual 2017

Organisational Support
Annual cash contributions from Administering and Collaborating Organisations $1,333,334  $1,332,336 
Annual in-kind contributions from Collaborating Organisations $2,684,041  $5,785,148 
Annual cash contributions from Partner Organisations $160,000  $168,750 
Annual in-kind contributions from Partner Organisations $1,518,572  $1,495,772 
ARC grants secured by Centre staff  $500,000  $15,043,718
Other Australian competitive grants secured by Centre staff $500,000  $31,249,397
Number of new organisations collaborating with, or involved in, the Centre 1 8



PUBLICATIONS
JANUARY 2017

Application of sampling theory in modelling of continuum processes: photoionization cross-sections of atoms 
IOP Science. Vol 50, article 025002 
Kozlov, A, Saha, S, Quiney, HM

Electrophilic Helical Peptides That Bond Covalently, Irreversibly, and Selectively in a Protein-Protein Interaction Site. 
ACS Publications. Vol 8, pp 22–26 
de Araujo AD, Lim J, Good AC, Skerlj RT, Fairlie DP.

Alpha Helix Nucleation by a Simple Cyclic Tetrapeptide 
Australian Journal of Chemistry. Vol 70, pp 213-219 
Hoang HN, Wu C, Beyer RL, Hill TA, Fairlie DP.

Infection Programs Sustained Lymphoid Stromal Cell Responses and Shapes Lymph Node Remodeling upon Secondary 
Challenge. 
Cell Press. Vol 18, pp 406-418 
Gregory, J.L., A. Walter, Y.O. Alexandre, J.L. Hor, R. Liu, J.Z. Ma, S. Devi, N. Tokuda, Y. Owada, L.K. Mackay, G.K. Smyth, 
W.R. Heath, and S.N. Mueller.

Total Synthesis of Mycobacterium tuberculosis Dideoxymycobactin-838 and Stereoisomers: Diverse CD1a-Restricted T 
Cells Display a Common Hierarchy of Lipopeptide Recognition.  
Chemistry: A European Journal. Vol 23, pp 1694-1701 
Cheng JM, Liu L, Pellicci DG, Reddiex SJ, Cotton RN, Cheng TY, Young DC, Van Rhijn I, Moody DB, Rossjohn J, Fairlie 
DP, Godfrey DI, Williams SJ.

Orientational order of liquids and glasses via fluctuation diffraction 
International Union of Crystallography. Vol 4, pp 24-36 
Martin, AV

SNaPe: a versatile method to generate multiplexed protein fusions using synthetic linker peptides for in vitro applications 
Journal of Peptide Science. Vol 23, pp 16–27 
Ulrich V., Cryle M.J.

An HDAC6 Inhibitor Confers Protection and Selectively Inhibits B-Cell Infiltration in DSS-Induced Colitis in Mice. 
Journal of Pharmacology and Experimental Therapeutics. Vol 360, pp 140-151 
Do A, Reid RC, Lohman RJ, Sweet MJ, Fairlie DP, Iyer A.

Bragg coherent diffraction imaging and metrics for radiation damage in protein micro-crystallography. 
Journal of Synchrotron Radiation. Vol 24, pp 83-94 
Coughlan HD, Darmanin C, Kirkwood HJ, Phillips NW, Hoxley D, Clark JN, Vine DJ, Hofmann F, Harder RJ, Maxey E, 
Abbey B.

Effective priming of HSV-specific CD8+ T cells in vivo does not require infected dendritic cells 
Journal of Virology. Vol 92, article 01508 
Whitney, P.G., C. Makhlouf, B. MacLeod, J.Z. Ma, E. Gressier, M. Greyer, K. Hochheiser, A. Bachem, A. Zaid, D. 
Voehringer, W.R. Heath, M.V. Wagle, I. Parish, T.A. Russell, S.A. Smith, D.C. Tscharke, T. Gebhardt, and S. Bedoui

CD14 is not involved in the uptake of synthetic CpG oligonucleotides. 
Molecular Immunology. Vol 81, pp 52-58 
Li, J., F. Ahmet, M. O'Keeffe, M.H. Lahoud, W.R. Heath, and I. Caminschi. 
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