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WHY DO HONOURS? 
Honours in Biochemistry and Genetics will kick-start your career in science. The 
Biochemistry and Genetics Honours program equips graduates with technical, analytical, 
communication and time management skills 
demanded by employers in diverse scientific 
fields ranging from biotechnology to 
biomedicine. Our students work within teams 
to undertake novel research projects, under 
the supervision of leading scientists. 
Honours projects are carried out in state-of-
the-art research facilities, either within the La 
Trobe Institute for Molecular Science (LIMS) 
on the La Trobe University Bundoora 
campus, or at the Olivia Newton John 
Cancer Research Institute (ONJCRI) in 
Heidelberg. 

Objectives 

 Extend knowledge of biochemistry, molecular genetics and medical biology 

 Obtain an immersive scientific experience in an authentic research laboratory 

 Plan and perform cutting edge experimental procedures 

 Pursue an original research project to generate new knowledge 

Skills you will learn 

 Analyse and integrate research findings from numerous sources to formulate 

hypotheses 

 Design and perform experiments using multiple advanced techniques to investigate 

complex scientific questions 

 Critically interpret experimental data in the context of other results and prior literature 

 Develop excellent time management skills 

 Develop advanced scientific oral and written communication skills  

 Work collaboratively as part of a cohesive and productive research team  

Past student testimonials 

 Honours was an incredibly stimulating learning experience 

 It was an amazing year which provided me with real research skills 

 The lab experience was invaluable 

 The independent research project was intellectually challenging 

 Working in a biomedical research lab gave me a sense of contribution to society 

 My honours project lead to a research publication, which set up my career 
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COURSE STRUCTURE 
Honours projects are available in the disciplines of Biochemistry, Molecular Genetics or 
Biomedicine, and can be performed either at the La Trobe Institute for Molecular Science 
(LIMS), La Trobe University, (Bundoora campus) or within the Olivia Newton-John Cancer 
Research Institute (ONJCRI), Austin Hospital (Heidelberg) which is affiliated with the School 
of Cancer Medicine. All students, regardless of the location of their chosen laboratory, must 
attend compulsory sessions (e.g. training, assignments) on the Bundoora campus at La 
Trobe University.  

The course will commence on Thursday 6th February 2020, with a series of compulsory 
induction lectures. After this, students will write a literature review that summarises relevant 
prior knowledge and present an introductory seminar to the department (accounting for 8% 
of the year’s assessment). The majority of the year is dedicated to performing novel 
research, under the supervision of the laboratory head and other senior staff. Throughout 
the year, students will learn about diverse research topics through attending research 
seminars delivered by invited experts (1%). In May, Honours students will complete a 
module introducing them to advanced biotechnology techniques (10%) and in August they 
will create and present a poster outlining the goals of their project and their progress to that 
point (8%). In September, students will complete their experiments to focus exclusively on 
writing their theses, which will be submitted in mid-October (40%). Supervisors will 
continuously assess students’ laboratory performance throughout the year  (10%). The year 
culminates in late October, with students delivering seminars summarising their research 
findings to the department (8%) and undertaking oral examinations (15%).    

At the end of the course we expect our students to be able to enter the work force, and 
perform competently at whatever tasks they are given. Indeed, graduates from our Honours 
program are highly sought after by universities (both nationally and internationally), research 
institutes, hospitals and biotech companies alike. 

Choosing an Honours Project 

There are a number of things to consider before deciding which supervisor/laboratory is best 
for you. These include: 

Research topic: Which research questions and techniques do you find most interesting and 
appealing? To what extent will the background knowledge you gained through your 
undergraduate studies prepare you for each of the research topics? 

Supervisor: What supervisory style suits you best? Would you prefer to receive day-to-day 
supervision and feedback regarding practice presentations and thesis drafts predominantly 
from the laboratory head, or from a team that may include postdoctoral fellows and research 
assistants?   

Career opportunities: How will each of the possible projects equip you for your chosen 
career, including possible postgraduate research (if applicable). 

These questions can be answered through discussions with prospective supervisors, 
postgraduate students and current Honours students. Don’t be afraid to ask! 
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PROJECT ALLOCATION PROCESS 
Eligibility: Students must complete at least one of the following subjects MED3PRJ, 
MED3LAB or GEN3LAB. Some projects may have additional background requirements, so 
check the project descriptions carefully. However, mere completion of a pre-requisite subject 
will not guarantee entry into the course, as there are a limited number of places available. 
Students MUST discuss projects with prospective supervisors.  

To organise an Honours research project and supervisor: 

1. Read this booklet carefully. 

2. Attend the Project Pitching presentations in the Hoogenraad auditorium (LIMS1-101) 
11am – 1pm, Wednesday 25th September, 2019, to hear brief presentations about many 
of the projects being offered. 

3. Email any prospective supervisors who have offered projects that you find interesting 
and would consider undertaking, to organise appointments to discuss the proposed 
projects and your suitability. You can explore the possibility of securing “select” entry 
into your preferred laboratory during these meetings. 

Note: Students MUST meet with a supervisor in order to be placed in their laboratory. To 
maximise your chance of being accepted into the Honours program, we therefore 
recommend that you meet with AT LEAST FIVE supervisors. 

There are two allocation routes: “select” (by negotiation) and “ranked” (based on marks).  

If your meeting with a supervisor leads him/her to offer you a “select” place in his/her 
laboratory, and you accept, ensure that the supervisor notifies the course co-ordinator 
(c.hawkins@latrobe.edu.au) (cc’ing you) by Friday 25th October, 2019.  

If you do not arrange “select” entry by Friday 25th October, you can apply to gain “ranked” 
entry into the course, by ranking the supervisors you met with on the attached nomination 
form (page 45 of this booklet).  

“Ranked” entry will be determined by your final average marks in third year biochemistry, 
molecular genetics or biomedical science subjects. This means students with better marks 
have a higher chance of being assigned to their preferred supervisor.  

To apply for “ranked” entry into Honours, fill out the form on page 45 of this booklet, 
specifying your ranking for each supervisor who you have met.  

Submit the form to c.hawkins@latrobe.edu.au by 5pm Friday 8th November, 2019.  

Provisional offers will be made via email in late November (subject to ratification by the 
University of semester 2 marks) so make sure you check your university email account 
during this period. 

If you have any questions about the allocation process, of the Honours course, please e-
mail c.hawkins@latrobe.edu.au to make an appointment. 
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THE DEPARTMENT OF BIOCHEMISTRY & GENETICS 
The Department of Biochemistry and Genetics is engaged in both fundamental and 
commercially driven research. It has a strong record of attracting competitive funding from 
National (i.e. the Australian Research Council (ARC), the National Health and Medical 
Research Council (NHMRC)) and international (i.e. National Institutes of Health) funding 
agencies. The Department has published numerous papers in highly influential journals such 
as Cell, Science and Nature. Research conducted within the Department has led to the 
generation of valuable intellectual property. The Department currently houses three 
biotechnology companies involved in product development and marketing. 

Around a third of our Honours graduates progress their research careers by undertaking 
PhDs. Many perform their postgraduate research in our department, but some move to other 
institutions in Victoria, interstate or overseas for this stage of their careers. For example, 
Charlotte Dawson (Honours 2018) was recently awarded a prestigious Herchel Smith PhD 
scholarship to undertake a PhD at the University of Cambridge in the United Kingdom. 
During their PhDs, many of our Honours graduates successfully apply for funding to attend 
international conferences. Amy Pascoe (Honours 2018) received a travel award to present 
her data at the upcoming European Muscle Conference, which will be held at the University 
of Kent (United Kingdom). 

Our graduates are highly employable, being sought after by other universities and research 
institutes, as well as biotechnology companies. Many of our Honours/PhD graduates 
undertake postdoctoral research, within Australia or overseas. Others, including those listed 
below, pursue diverse roles in academia, biotechnology or medicine: 

 After occupying a number of senior roles within La Trobe University Damian Spencer 
(Honours 2001, PhD 2007) recently accepted a position as Dean (Teaching and 
Learning) at Cambridge International College, Australia. 

 Dr Nicole van der Weerden (Honours 2003, PhD 2007) is now the Chief Executive 
Officer of Hexima (a successful biotechnology company). 

 David Bloomer (Honours 2012, PhD 2017) is also working in the biotechnology industry, 
within the recombinant proteins sector at CSL. 

 Stephanie Paone (Honours 2013, PhD 2018) works as Clinical Research Coordinator 
at Nucleus Network. 

 

The Department of Biochemistry and Genetics contains 27 research laboratories, teaching 
facilities and administration across two buildings (LIMS1 and 2). These buildings contain 
state-of-the-art facilities with 10,000 m2 of usable space including 18 new research and 
support laboratories, an equipment barn, and ~ 3,000 m2 of teaching facilities.  
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Research at LIMS is aimed at 
generating Translatable Molecular 
Discoveries and encompasses 
research in four thematic areas: 
Cancer, Infection and Immunity, 
Molecular Design and Nanoscience. 

 

Facilities include: 

 Confocal and widefield microscopy (for imaging fluorescently labelled biomolecules in 
fixed and live cells) 

 FACS/flow cytometry (analyses or sorting of cells based on surface markers or other 
features) 

 Fluorescence spectroscopy (for sensitive detection of intrinsically and extrinsically 
labelled fluorescent biomolecules) 

 Gel doc and Chemidoc systems (for stain free analysis and Western blotting) 

 Gel electrophoresis equipment (for separating proteins, DNA and RNA) 

 Histology preparation equipment (staining of biological tissue samples) 

 Ion S5 next generation sequencer (for small RNA profiling and targeted DNA 
sequencing)  

 Liquid chromatography systems (for protein purification) 

 Mass spectrometry (for protein/peptide sequencing, and identification/quantification of 
proteins in complex samples) 

 Protein interaction facility (including Analytical ultracentrifugation, Isothermal Titration 
microcalorimetry and Surface Plasmon Resonance) for measuring biomolecular 
interactions 

 Microscale thermophoresis instrumentation (for quantification of protein-protein and 
protein-ligand interactions) 

 Plate readers (for UV/Vis, luminescence and fluorescence assays in 96- and 384-well 
plate formats) 

 qRT-PCR systems (for quantification of gene expression) and automated liquid 
handling instruments 

 Tissue culture facilities (for bacterial, insect, mammalian, plant cell & viral culturing) 

 UV/Vis spectroscopy (for quantifying DNA, RNA, peptides & proteins and performing 
enzyme kinetics assays) 

 X-ray crystallography (for determining the three-dimensional structure of proteins and 
biomolecular complexes). 
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Subjects prerequisites: MED3LAB, MED3PRJ or GEN3LAB Theme: Infection & Immunity 

Every cell in our body requires energy to perform their specific functions. Generally, this is a 
well-controlled and ordered process. However, in some settings the ways in which cells 
obtain this energy is altered and this has important functional consequences. We are now 
learning that the metabolism of immune cells is intricately linked to their function, where 
distinct metabolic configurations are ascribed to different phenotypes. My research aims to 
understand how what immune cells ‘eat’ in our tissues is connected to diseases such as high 
blood pressure and diabetes. 
 
Honours project: Remembering cellular metabolism 
Macrophages are innate immune cells which acquire specialised pro- or anti-inflammatory 
functions upon responding to stimulatory cues (e.g. toll-like receptor agonists and cytokines) 
in their local tissue environment. In hypertension and type 2 diabetes, macrophages shift 
towards disease-causing pro-inflammatory phenotypes resulting in the induction of 
inflammation. It has recently emerged that small molecules, such as metabolites and 
electrolytes, have significant effects on macrophage phenotypes via ‘reprogramming’ their 
cellular metabolism; involving the activation of signalling pathways, expression of metabolic 
enzymes and proteins, increased uptake and storage of nutrients, and physical remodelling 
of mitochondria. We previously reported that high dietary salt increased sodium (Na+) in 
tissues which subsequently modulated macrophage phenotypes: increasing pro-
inflammatory responses and glycolytic metabolism, while inhibiting protective anti-
inflammatory functions and mitochondrial respiration (Binger et al, J Clin Invest 2015, 
Jantsch et al, Cell Metab 2015). Our recent data has shown that arginine metabolism is a 
critical pathway activated with this salt effect: the expression and activity of many enzymes 
within this pathway is altered by high salt, such Nos2  which metabolises arginine to NO‧ and 
citrulline; Arg1 which converts arginine to ornithine and polyamines; and Ass1 which 
converts citrulline to arginosuccinate. Arginine metabolism is of critical importance for 
macrophages to control parasitic infections such as leishmaniasis (Gogoi et al Curr Opin 
Microbiol, 2016), and it is also thought to play an important role in the interaction between 
immune and cancer cells in tumour microenvironments (Kremer et al, Cell Rep 2017).  
 
 

        Dr Katrina BINGER 

 

IMMUNOMETABOLISM 
Office: LIMS 1, Room 415    

Phone: 9479 1350 E-mail: k.binger@latrobe.edu.au  
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This project will focus on understanding how arginine metabolism is involved in the metabolic 
reprogramming and function of macrophages. We are interested as to whether activating or 
inhibiting arginine metabolism is associated with different macrophage functions; essentially 
to dissect whether ‘reprogramming’ of metabolic pathways can be ‘remembered’ by 
macrophages in order to prevent or induce pro-inflammatory phenotypes. The project will 
provide the student with an understanding of macrophage immunometabolism and 
experience in a range of techniques including the culture of bone-marrow derived 
macrophages, CRISPR-Cas9-mediated genetic deletion, mRNA and protein expression 
assays (qPCR, western blotting, flow cytometry), microscopy, and metabolism analyses 
including Seahorse extracellular flux assays. 
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Subjects prerequisites: MED3LAB and/or MED3PRJ               Theme: Infection & Immunity 
 
Bacterial resistance to antibiotics is increasing at an alarming pace with fears that we could 
return to the pre-antibiotic era where bacterial infections were virtually untreatable. There is 
an urgent need to increase our understanding of the mechanisms underlying bacterial 
pathogenesis to identify new targets for therapeutic intervention. In the Heras laboratory we 
are investigate the virulence mechanisms in Gram-negative bacteria in order to develop 
antibacterial drugs with novel modes of action.  
 

Disarming bacteria: understanding the structure and function of bacterial toxins 

Co-supervision: Dr Jason Paxman 

Pathogens rely on an arsenal of virulence factors, to attach and infect their host. 
Autotransporter (AT) proteins are a major group of virulence proteins that bacteria use to 
establish highly persistent infectious diseases 

 

In this project we will investigate a key AT subgroup,  
the Serine Protease Autotransporters of 
Enterobacteriaceae (SPATEs). These secreted trypsin-
like serine proteases are associated with virulence 
functions such as colonisation, invasion and toxicity. We 
will focus on key SPATE proteins from pathogens like 
Shigella and Escherichia coli which cause diarrheal 
diseases and urinary tract infections and are among the 
most common infectious diseases of humans.                 

Crystal structure of the 
autotransporter adhesin UpaB 

The outcomes of this research will contribute to a better under- standing of the biology of 
Gram-negative pathogens. Furthermore, this work will provide valuable structure - function 
information that will be the all-important basis for the development of new and more 
effective antibacterial therapeutics, a subject of major significance given that these 
pathogens are becoming increasingly resistant to current antibiotics. 

        Associate Professor Begoña HERAS 

 

BACTERIAL VIRULENCE FACTORS: STRUCTURE 

& FUNCTION 
Office: LIMS 1, Room 517    

Phone: 9479 3185                                            E-mail: b.heras@latrobe.edu.au  
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Application of a fragment based drug discovery approach for developing anti-neisserial 
agents  

Collaborator: Prof Martin Scanlon (MIPS) 

MDR pathogens include Neisseria gonorrhoeae the causative agent of sexually transmitted 
gonorrhoea, which was recently classified as one of the ‘top urgent threats to global health, 
due to their increasing resistance to antimicrobials. The overall goal of this work is to 
develop narrow spectrum anti-neisserial therapeutics. 
 
Bacteria contain 
periplasmic Disulfide Bond 
(Dsb) forming enzymes to 
catalyze the folding of 
many virulence proteins. 
These Dsb catalysts are 
currently being 
investigated as potential 
targets for the 
development of 
antivirulence agents. 
DsbD,a member of the Dsb 
family  is an essential 
enzyme for the viability of 
Neisserial pathogens. 
 

 
 

Fragment-based drug discovery (FBDD) approach: Involves 
screening small fragments for the development of drugs 

In this project a fragment-based drug design approach that combines NMR spectroscopy, 
X-ray crystallography and electron transfer assays will be employed to identify small 
molecules that bind to the catalytic domains of DsbD.  

 

The binding mode and potency of 
these fragments will be 
investigated and their inhibitory 
activity tested using electron 
transfer in in vitro assays. 
Elaboration of these hit fragments 
will also be performed to obtain 
potent Neisserial DsbD inhibitors. 

The outcome of this work is the 
development narrow spectrum 
antibiotics against Neisserial 
infections. 

 

  



BIOCHEMISTRY & GENETICS  Page | 11  

 

 

Subjects prerequisites: MED3LAB, MED3PRJ and/or GEN3LAB  

Themes: Cancer, Infection & Immunity 

Cancer and infectious diseases are major global health problems. There is an urgent need 
for more effective anti-cancer therapies and new antibiotics to address the rise of 
antimicrobial resistance. Our research focuses on two key areas (i) defining the molecular 
basis of the enzyme heparanase in tumour progression to develop inhibitors as anti-cancer 
drugs, and (ii) understanding the mechanism of action of innate defense peptides against 
target cells for development as anticancer and antimicrobial therapeutics. In consultation 
with prospective honours students we will “tailor” design projects that are appropriate to your 
interests under the following themes.  

Heparanase function in tumour progression  

The ability of malignant tumour cells to escape from primary tumour sites and spread through 
the circulation to other sites in the body (metastasis) is what makes cancer such a deadly 
disease. An essential process in metastasis is cell invasion - where tumour cells move into 

and out of the vasculature. Cell invasion 
is also a critical event in 
the migration of white blood cells of 
the immune system (leukocytes) to 
sites of inflammation to combat 
infections. The heparan-sulphate (HS)-
degrading enzyme has been shown to 
play a key role in the degradation of 
extracellular matrices and its activity 
strongly correlates with the metastatic 
capacity of tumour cells and the migratory 
capacity of leukocytes. We have shown 
that heparanase is the dominant HS- 

degrading enzyme in mammalian tissues, making it an attractive drug target. We are 
currently working towards (i) further understanding the molecular basis of heparanase 
function, (ii) defining the dysregulation of heparanase gene expression in cancer, and (iii) 
using heparanase knockout mice in disease models to define the precise role and 
contribution of heparanase in tumour progression. Our overall goal is to better understand 

        Professor Mark HULETT 

 

INHIBITING TUMOUR METASTASIS & 
INFECTIOUS DISEASE 
Office: LIMS 1, Room 520             

Phone: 9479 6567                                           E-mail: m.hulett@latrobe.edu.au  
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the biology and action of heparanase to enable the development of specific inhibitors of the 
enzyme, which will lead to new drugs for the treatment of tumour growth and metastasis. 
See: Journal of Clinical Investigation (2017) 127:2777. 

Innate defense molecules as novel antimicrobial and anti-cancer agents  

Defensins are innate immune molecules found ubiquitously in the animal and plant kingdoms 
that often exhibit broad activity against 
microbial pathogens and mammalian 
cancer cells. We have described a 
conserved mechanism of action by 
defensins against pathogenic bacteria, 
fungi and enveloped viruses, as well as 
cancer cells. The defensins target and kill 
such pathogens and cancer cells using a 
novel cell lysis mechanism via direct 
binding to specific plasma membrane 
phospholipids. Our aim is to define the 
defensin mechanism of action to engineer 
improved forms for development as novel antimicrobial and anticancer therapeutics. We 
have extensive research programs dedicated to (i) investigating the molecular basis of the 
antimicrobial and anti-cancer activity of defensins using a range of biochemical and 
biophysical methods including in vitro pathogen and cell viability assays, live cell imaging, 
electron microscopy and X-ray crystallography (in collaboration with the Kvansakul lab); and 
(ii) in vivo testing and pharmacokinetic properties of defensins in models of infection and 
tumour progression. See: eLife 3:e01808 (2014), Proc. Natl. Acad. Sci. USA 113:11202 
(2016), Nature Communications 9:1962 (2018); Science Advances 4(7):eaat0979 (2018). 
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Subjects prerequisites: MED3LAB or MED3PRJ Theme: Cancer 

Topic 1: Cell Polarity and Cancer  

In the Humbert Laboratory, 
researchers investigate the 
fundamental role of tissue 
organisation and asymmetry on 
cancer progression with the aim of 
identifying new therapeutic 
strategies for the prevention of cancer. Loss of the proper orientation of cells within a tissue, 
known as cell polarity, is one of the earliest hallmarks of breast and prostate cancer and is 
correlated with more aggressive and invasive cancers. However how loss of cell polarity 
occurs and how it contributes at the molecular level to tumour initiation and progression 
remains unknown. Using a number of approaches such as RNAi screening and proteomics, 
our laboratory has identified a network of potential new cell polarity regulators and tumour 
suppressor genes that share a common function in modulating tissue architecture and key 
oncogenic pathways. How these operate to regulate tumour formation is currently unknown. 
A better understanding of these new regulators should allow us to design new therapeutic 
means by which to prevent epithelial cancer.    

Project Description: Cell Polarity Proteins and Cancer. 

 In this project, you will characterize how key polarity regulators and new genes from this 
network can supress tissue architecture and oncogenic signalling. A variety of biochemical, 
cell biological and functional assays set up in our laboratory will allow you to delineate the 
precise molecular mechanisms by which these protein modifications can impact on cancer 
signalling and cell transformation. These studies include CRISPR engineering and RNAi 
knockdown studies in 3D mammary organoid cultures as well as the analysis of established 
genetically engineered animal models including Drosophila, Zebrafish and Mouse. The 
above experiments will provide essential information as to the requirement for intact polarity 
signalling in cancer development and the signalling pathways regulated by the genes that 
control tissue organization to suppress cancer initiation, growth and invasion.  

Techniques: Cell culture, CRISPR, RNAi, 3D organotypic cultures, animal models, mass 
spectrometry, FACS analysis, Confocal microscopy and histological analysis.  

        Professor Patrick HUMBERT 

 

CELL POLARITY & TISSUE ARCHITECTURE 
Office: LIMS 1, Room 410    

Phone: 9479 5155 

E-mail: p.humbert@latrobe.edu.au  
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Topic 2: How the Red Blood Cell lost its Nucleus  

Erythroid enucleation is the process by which the 
future red blood cell (RBC) disposes of its nucleus 
prior to entering the blood stream. Although the 
process of enucleation has been recognized for more 
than a century, the molecular and cellular programs 
governing it are still poorly understood. With a large 
proportion of cancer and surgical patients undergoing 
blood transfusions as part of their treatment, a major challenge for transfusion medicine is 
the constant difficulties in obtaining sufficient supplies of specific RBC subtypes. Despite 
exciting advances in the in vitro production of human red blood cells from hematopoietic, 
embryonic and induced pluripotent stem cells, the reduced ability of these cultured cells to 
fully enucleate remains a major hurdle. A better understanding of the enucleation process 
should lead to improved strategies for the efficient and rapid production of RBCs for 
autologous (i.e. self generated) patient transfusion.  

Project Description: Exploring the role of novel regulators of erythroid enucleation  

Using a chemical screening approach, our lab has identified a number of new regulators of 
the enucleation process. How these control nuclear extrusion is completely unknown. In this 
project you will use erythroid culture methods, enucleation assays, CRISPR and RNAi 
genetic manipulation, confocal microscopy, FACS analysis and biochemical techniques to 
identify how these new regulators control enucleation. Together your studies will provide 
insights into how enucleation is regulated and help develop strategies to enhance the 
production of red blood cells in vitro for patient transplantation purposes. 

Techniques: Primary cell culture and differentiation assays, CRISPR, RNAi, mouse models, 
mass spectrometry, FACS analysis, Confocal microscopy and histological analysis. 
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Subjects prerequisites: MED3LAB, MED3PRJ or GEN3LAB Theme: Cancer 

My laboratory’s research interests lie in the area of gene regulation and DNA damage repair 
pathway. We are particularly interested in characterising the macromolecular complexes 
(protein-protein and protein-nucleic acid complexes) in the nucleus to understand their roles 
in gene regulation and DNA damage repair pathway. 

 

DBHS family proteins 

Drosophila behavior human splicing (DBHS) family proteins are multifunctional nuclear 
proteins, implicated in many aspects of RNA biogenesis and transport as well as DNA 
damage repair. Exclusive to the animal kingdom, members of the DBHS protein family are 
found in invertebrates to higher order vertebrates. Genomes of higher vertebrates encode 
three DBHS proteins: SFPQ, NONO and PSPC1 whereas invertebrate or lower vertebrate 
typically code for a single DBHS protein. DBHS proteins are known to interact with DNA, 
RNA, and other protein partners. The resulting biological implications are wide ranging, 
including neural cell development, regulation of circadian rhythm, regulation of viral 
expression and tumour repression and progression. Capitalising on the recent success in 
determination of the structures of the core domain of human DBHS proteins (Figure below - 
SFPQ), the current research in our laboratory aims to understand the multifunctions of the 
DBHS proteins by characterising the complexes of the DBHS proteins and their interaction 
partners. 

 

 

        Dr Mihwa LEE 

 

GENE REGULATION & DNA DAMAGE REPAIR 
Office: LIMS 2, Room 318b    

Phone: 9479 3248 

E-mail: mihwa.lee@latrobe.edu.au  
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Understanding dual nucleic acid specificities of SFPQ in reversible gene regulation 

SFPQ has been reported to repress the transcription of several genes via direct binding to 
the promoter regions. Despite the presence of two RNA recognition motifs, the cognate RNA 
sequences of SFPQ are yet to be identified. However, several long noncoding RNAs 
(lncRNAs) that interact with SFPQ have been identified in the recent reports on the reversible 
regulatory roles of SFPQ. In the proposed mechanism of reversible gene regulation, the 
transcription repression exerted by SFPQ via direct binding to the promoter region can be 
reversed by its interactions with lncRNAs. This project, thus, aims to solve the structure of 
SFPQ in complex with nucleic acids to provide the structural basis of the reversible gene 
regulation. 

Role of the DBHS family proteins in DNA-damage response and repair pathways 

The overall aim of this project is to investigate a newly discovered role of RNA-binding 
proteins (RBPs) in maintaining the integrity of the genome through involvement in damage 
response and repair pathways. In addition to the conventional roles of DBHS proteins in 
gene regulation as RBPs, recent studies have been shown that DBHS proteins relocalise 
rapidly to sites of laser-induced DNA damage. Attenuation of expression of these proteins 
results in delayed double-strand break repair. However, the mechanistic details of how the 
DBHS proteins sense DNA damage for relocalisation to DNA damage sites and how they 
contribute to DNA repair remain to be characterised. This project will involve characterisation 
of the complexes of the DBHS proteins and their protein interaction partners in DNA-damage 
response and repair pathways. 

Identification and characterisation of protein-interaction partners of SFPQ 

SFPQ, first identified as a splicing factor, is a multifunctional nuclear protein that has been 
implicated in a variety of nuclear processes including RNA biogenesis (transcription 
coactivation, corepression, splicing and transcriptional termination) as well as DNA repair. 
How can SFPQ carry out all of these diverse nuclear functions? It appears that SFPQ has 
many different protein interaction partners directly and indirectly at different stages of gene 
regulation; although the list of interaction partners is extensive, most of these 
characterisations have been carried out at the cell-biology level, thus, the detailed molecular 
mechanisms of interaction and its consequences are yet to be characterised. This project 
aims to identify and characterize the interaction partners of SFPQ using yeast two-hybrid 
library screening, with the ultimate goal of determining the structure of SFPQ and its 
interaction partners in complex to unveil the action mechanisms of the complexes at the 
molecular level. 

Techniques used in our laboratory 

The main technique to be used in our laboratory is X-ray crystallography, complemented by 
molecular biology techniques (cloning and mutagenesis), protein overexpression and 
purification, and large-scale RNA production and purification. Other biophysical techniques 
employed in the laboratory include small-angle X-ray scattering in collaboration with Dr. 
Andrew Whitten at Australian Nuclear Science and Technology Organisation (ANSTO), 
microscale thermophoresis (MST), and electrophoretic mobility shift assay (EMSA). In vivo 
macromolecular interaction is currently being explored using yeast two-hybrid system in 
collaboration with A/Prof. Christine Hawkins in the Department. 
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Subjects prerequisites: MED3LAB, MED3PRJ or GEN3LAB Theme: Cancer 

Project 1: OVERCOMING DRUG RESISTANCE IN CANCER 

Cancer is one of the leading causes of death 
worldwide. Currently, chemotherapy is the 
mainstay in the treatment of advanced cancer. 
However, cancer cells become resistant to the 
drugs by both known (Fig. 1) and unknown 
mechanisms severely limiting the use of 
chemotherapeutic drugs. This multidrug 
resistance mechanism affects patients with a 
variety of cancers and solid tumors, including 
colon, breast, prostate, ovarian and lung 
cancers. Recent studies reveal the association 
of drug resistance with epithelial-mesenchymal 
transition (EMT), a process by which adherent 
epithelial cells convert to motile mesenchymal 
cells. In this project, we will develop drug 
resistant colorectal cancer cell lines by 
continuously culturing them with 5-fluorouracil. 
Furthermore, we will perform functional analysis 
of the parental drug sensitive and resistant colorectal cancer cell lines to understand the 
molecular pathways that are regulated in the drug resistance process. Gene knockout of key 
genes will be performed to understand their role in conferring drug resistance. A range of 
molecular biology and biochemical techniques including CRISPR gene knockout assays, 
PCR, mass spectrometry, Western blotting, immunoaffinity assays, microscopy and 
luciferase assay will be employed. 

 

Project 2: CANCER AND THE TUMOR MICROENVIRONMENT 

Bowel cancer is the most common form of cancer in Australia with 12,000 people diagnosed 
each year. Of these, more than 4,000 people will die of their disease. Most often, bowel 

        Professor Suresh MATHIVANAN 

 

CANCER DRUG RESISTANCE 
Office: LIMS 1, Room 521    

Phone: 9479 2565 

E-mail: s.mathivanan@latrobe.edu.au  

Fig. 1. Schematic representation of 
various mechanisms that regulate 
chemotherapeutic resistance in 
cancer cells. 
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cancer is diagnosed at an advanced stage when the cancer has already spread to other 
parts of the body lowering the patient survival rate. For tumors to progress, bidirectional 
crosstalk between different cells occurs within the tumor and its surrounding supporting 
tissue. Stromal elements include the extracellular matrix (ECM) as well as other cell types 
that are activated and/or recruited to the tumor microenvironment such as fibroblasts, 
immune and inflammatory cells, fat cells and endothelial cells of the blood and lymphatic 
circulation. Recent literature indicated that all aspects of cellular tumorigenicity are 
profoundly influenced by reciprocal interactions between responding normal cells, their 
mediators, structural components of the ECM, and genetically altered neoplastic cells. In 
this project, the role of the secreted proteins in the progression of cancer will be studied. A 
range of molecular biology and biochemical techniques including gene knockdown assays, 
PCR, mass spectrometry, Western blotting, sucrose gradient centrifugation, immunoaffinity 
assays, microarray, microscopy and luciferase assay will be employed. 

 

 

 

  



BIOCHEMISTRY & GENETICS  Page | 19  

 

 

Subjects prerequisites: MED3LAB, MED3PRJ or GEN3LAB               

My overall research interest is in the area of skeletal muscle in health and disease. The 
research of my group focuses on various aspects of skeletal muscle biochemistry in health 
and disease, using exercise and disease models in humans, as well as animal models.  In 
particular, we measure proteins in segments of individual fibres allowing issues with the 
heterogeneity of skeletal muscle to be overcome.  We also examine movement of proteins 
following micro-dissection of fibres, allowing us to quantitatively assess the redistribution of 
proteins following various interventions. 
 
Effect of age and fibre-type on proteins related to autophagy in skeletal muscle function  
Co-supervisor:  Dr Stefan Wette, Postdoctoral Researcher, Dept of Biochemistry and 
Genetics 
Ageing is a natural process of life; which has inevitable consequences on the quality of both 
skeletal muscle mass (sarcopenia) and muscle strength/function (dynapenia). Both 
sarco/dynapenia impair gait and increase the likelihood of a fall by an older adult. Muscle is 
heterogenous in nature, and its fibre type composition is dependent on age, disease state 
or fitness of a person.   
 
In the elderly, Type II fibres are substantially affected, whereby there is a reduction in the 
number of these fibres compared with Type I fibres, along with them being weaker than Type 
I fibres, leading to muscle atrophy. Further, many proteins important for muscle metabolism, 
contractility and growth are fibre-type specific. Therefore the analysis of proteins in single 
fibres allows a thorough investigation of these proteins. 
  
In this project you will assess the abundance of various proteins related to autophagy in 
skeletal muscle obtained from both young and older healthy individuals. It is hypothesised 
that the most change will be in the Type II fibres of older adults but not in Type I. 
  
This project will see you learning to dissect single fibres from human muscle samples, to use 
a new approach for rapid and efficient fibre typing of each individual fibre and then to use a 
specialised and highly sensitive quantitative Western blotting technique developed in the 
Murphy lab to determine the abundance of various autophagy-related proteins. This will be 

        Professor Robyn MURPHY 

 

SKELETAL MUSCLE BIOCHEMISTRY 
Office: LIMS 1, Room 413    

Phone: 9479 2302 

E-mail: r.murphy@latrobe.edu.au  
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in addition to possibly utilising whole muscle tissue preparation, cryosectioning of tissue and 
immunofluorescence techniques, which will be driven by the particular research question 
you wish to address.  Time-dependent, you will develop an enzymatic assay for use in the 
single muscle fibres. 
 
Other projects are possible by discussion with Robyn. There are many possibilities that fall 
under the overall research objectives of the group.  These could include animal or human 
studies. 
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Subjects prerequisites: MED3LAB, MED3PRJ or GEN3LAB                

The major focus of the laboratory is multiple sclerosis (MS), an autoimmune disease of the 
central nervous system (CNS) characterized by infiltration of immune cells, demyelination 
and neuronal and axonal loss. The cause of the disease is unknown and current treatments 
are of limited benefit. The projects below relate to the development of improved animal 
models for the disease and of imaging approaches to investigate the role of platelets, which 
are key elements in the development of the autoimmune process. 

Project 1. Development of a B cell driven model for multiple sclerosis.  
This project is most suitable for a student interested in immunology, pathology and imaging 
techniques 
Emerging data from human and animal model studies show that B cells play an early and 
critical role in the initiation and development of MS. It is also evident that in this disease, B 
cells infiltrate the central nervous system (CNS) and survive in niches, thereby becoming 
resistant to treatment whilst continuing to proliferate, generate antibodies and cause tissue 
destruction. To gain an insight into when and how B cells enter the CNS and survive in this 
environment, we have generated a new variant of the experimental autoimmune 
encephalomyelitis (EAE) MS model, in which the autoimmune process is driven by B cells. 
Elevated B cell numbers were detected in blood and lymphoid tissues at the peak of disease, 
together with lesions (or areas of focal damage) in multiple regions along the CNS. The most 
prominent site of B cell and Ig accumulation was along the central canal (Fig. 1). Also 
significant, was the observation of Ig producing cells in a major blood vessel running along 
the whole length of the spinal cord, suggesting a route of entry into the CNS. This model, 
therefore, may facilitate identification of mechanisms by which Ig production persists in MS 
despite apparently efficient B cell targeting therapeutics and may lead to the generation of 
improved MS treatments. The specific aims of the project are to further characterize the B 
cell driven EAE variant: 
Aim 1. Profiling B and T cell subsets in blood, lymphoid tissues and the CNS.  
Aim 2. Identification of routes of entry into the CNS for B cells. 
Aim 3. Identification of potential niches for B cell survival and proliferation over the disease 
trajectory. 
 
 
 
 
 

        Dr Jacqueline ORIAN 

 

NEURODEGENERATION AND NEUROREPAIR 
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Project 2. Detection and monitoring of neuroinflammation by FLECT technology.  
In collaboration with Prof. Karlheinz Peter, Baker Heart and Diabetes Institute. This project 
is most suitable for a student interested in pathology and in vivo imaging techniques. 
 
Molecular imaging facilitates the identification and targeting of cellular processes, as well as 
monitoring of disease progression. The Peter laboratory has demonstrated the potential of 
this approach with novel imaging agents with high specificity and sensitivity to platelets, 
generated by conjugation of an activation-specific anti-GPIIb/IIIa integrin single chain 
antibody (scFv GPIIb/IIIa) to a positron-emitting 64Cu. These have been successfully applied 
to the detection of myocardial infarcts and inflammatory diseases such as rheumatoid 
arthritis, in animal models. A collaboration with the Orian laboratory, using in the EAE model 
demonstrated (a) platelet accumulation and its timing prior to inflammatory cell 
accumulation, (b) a cause-and-effect relationship between platelet accumulation and 
disease development and (c) preclinical detection of activated platelets by PET imaging in 
the eye (Fig. 2A) coincident with platelet leakage from retinal blood vessels (Fig. 2B, C). 
These findings represent a change in paradigm regarding the involvement of platelets in 
neuroinflammation, but importantly, suggest a potentially therapeutically targetable 
mechanism to battle multiple sclerosis, with broader implications for inflammatory diseases.  
With advances in optical technology and fluorescence probe design, our unique agents have 
been developed as fluoroprobes providing higher stability 
and sensitivity, without radiation risks. This project will 
combine FLECT and immunopathology to test the 
hypothesis that early targeting of platelets will result in 
disease amelioration in EAE. 
 
Aim1. A longitudinal study of lesion development by FLECT; 
Aim2. Confirmation of the accuracy and sensitivity of FTECT 
imaging by quantitative immunopathological techniques; 
Aim3. FLECT and immunopathological disease evaluation 
in the presence of anti-platelet therapy. 

 
  

Fig. 1. Ig production along the central canal (cc): A is a representation of the mouse CNS and dissection of 
the spinal cord; boxed area is shown in B and C. B shows immunodetection of Ig along the central canal 
by severe EAE and C absence of Ig in control tissue. 

Fig. 2. Preclinical platelet 
detection: (A) = PET imaging; B 
& C = immunodetection of 
platelets in sham-(B) and of 
platelet leakage in EAE (c). 
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Subjects prerequisites: MED3LAB or MED3PRJ             Theme: Molecular Design 

Project 1: New inhibitors to fight antibiotic & herbicide resistance 
This project involves testing the in vitro and in vivo potency of small 
drug-like compounds targeting ‘druggable’ sites of the essential 
bacterial and plant enzymes, including dihydrodipicolinate synthase 
(DHDPS) (pictured opposite). The project will foster the development 
of multidisciplinary skills including recombinant protein expression & 
purification, enzymology, AUC, CD, ITC, MST, structural biology, and 
microbiological & in planta viability assays. This project will be co-
supervised by Dr Anthony Gendall (Head, Dept. of Animal, Plant & Soil 
Sciences) and ARC Discovery Early Career Research Award 
(DECRA) fellow, Dr Tatiana Soares da Costa (Dept. of Biochemistry 
& Genetics). 

 
Project 2: Role of molecular messengers in aggregation of dementia-associated proteins 

Dementia is a group of diseases that affect the brain leading to neurological symptoms such 
as memory loss, impaired reasoning and personality changes. Dementia is a leading cause 
of death in Australia currently costing our healthcare sector ~$15 billion per annum that, 
given our ageing population, is expected to double by the middle of the century. At the 
molecular level, dementia is associated with the aggregation of proteins, including α-
synuclein in Parkinson’s disease and amyloid beta in Alzheimer’s disease. In collaboration 

with Prof Andrew Hill (Director of LIMS) and Dr 
Yuning Hong (Dept. of Chemistry & Physics), 
the Perugini lab is interested in understanding 
the role biomolecular messengers, such 
as extracellular vesicles (pictured opposite) 
and neurotransmitters, play in regulating the 
aggregation of α-synuclein and amyloid beta. 
This exciting project will develop expertise, 

knowledge & skills in AUC, CD, electron microscopy, fluorescence spectroscopy, fluorescent 
probe synthesis & conjugation, ITC, LC-MS, lipid biochemistry, MST, protein expression & 
purification, proteomics, and structural biology. 

 

        Associate Professor Matt PERUGINI 

 

RATIONAL DRUG DESIGN & AGE-RELATED 

DISEASES 
Office: LIMS 1, Room 421    

Phone: 9479 6570                                        Email: m.perugini@latrobe.edu.au  
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Specialised techniques in the Perugini laboratory 

 Analytical ultracentrifugation (AUC) (pictured opposite); 
 Circular dichroism (CD) spectroscopy 
 Drug design & screening (eg. SAR & in silico screening) 
 Electron microscopy 
 Enzyme dynamics, kinetics & inhibition assays 
 Fluorescence spectrosopy 
 Isothermal titration microcalorimetry (ITC) 
 Lipid biochemistry 
 Liquid Chromatography-Mass spectrometry (LC-MS) 
 Microscale thermophoresis (MST) 
 Microbiological assays 
 Molecular biology (eg. cloning & in vitro mutagenesis) 
 Peptide design, synthesis & structure 
 Recombinant protein expression & purification 
 Small-angle X-ray scattering (SAXS) using the SAXS/ 

WAXS beamline at the Australian Synchrotron 
 X-ray crystallography using the MX beamlines at the Australian Synchrotron 
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Subjects prerequisites: MED3LAB, MED3PRJ or GEN3LAB  

Themes: Cancer, Infection & Immunity               

Apoptosis, a form of programmed cell death, is vital for the development and maintenance 
of healthy tissue in the body. It is a key factor in the development of many diseases including 
cancer and sepsis. Our lab’s focus is to develop novel drugs for treating chemo-resistant 
cancers and for treating sepsis 
 
Project 1. Role of BOK in chemo-resistance  

The enigmatic protein BOK is believed to be involved in the mitochondrial apoptosis 
pathway. The latest research from our lab (Srivastava et al, 2019, PNAS) shows that it 
regulates nucleotide biosynthesis, the same pathway involved in the conversion of 5-FU 
(One of the most important chemo-drugs used in treating many cancers) to its toxic 
metabolites. Cancers that become resistant to 5-FU down regulates BOK to escape the 
toxicity. We have uncovered the structural basis of this regulation and are in the process of 
developing novel drugs to re-sensitize the 5-FU resistant cancers.  

The project involves molecular modelling and identifying possible drug hits and 
characterization and validation of the drug targets in vitro and in xenograft mouse models. 

Techniques:  Cell culture, apoptosis assay, organoid culture and confocal microscopy. 

        Associate Professor Hamsa PUTHALAKATH 
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Project 2: Understanding immune cell death during sepsis 

Sepsis is the condition of overwhelming systemic microbial infection in which there is 
widespread organ damage, frequently leading to a downward spiral and death, and is 
responsible for more than 6 million deaths per year worldwide. Over 18,000 Australians 
suffer from sepsis every year and 5000 of these patients die; of those who survive, half are 
left with a disability, which may be life-long (George Institute for Global Health, 2017). There 
is no effective treatment for sepsis today other than intensive care and antibiotic therapy, 
which leaves patients immunosuppressed and vulnerable to nosocomial infections. Using 
whole genome CRISPR screening in mice, we identified the receptor (Function Unknown 
Membrane Receptor or FUMR) that causes sepsis-associated inflammation and 
immunosuppression in mice. Deletion of this gene results in almost 100% protection against 
sepsis-associated mortality in mice. However, we don’t understand the precise mechanism 
of immune cell death. We identified the calcium regulated protein annexin1A as a 
downstream effector of FUMR in inducing apoptotic cell death. During sepsis, annexin1a 
appears to enter the nucleus. This project is to investigate the mechanism of annexin 1A-
mediated apoptosis. This would involve analysing gene expression in annexin1a deficient 
cells, role of nuclear localization of annexin 1a in apoptosis (using TAT-anx1a peptide) and 
the use of cell penetrating peptide in mouse models  

 

Techniques:  Cell culture, apoptosis assay, confocal microscopy, gene expression analysis 
by qPCR/Digital PCR and animal work. 
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Subjects prerequisites: MED3LAB, MED3PRJ and/or GEN3LAB Theme: Cancer 

Co-Supervisor: Dr Marta Portela 

Our lab uses sophisticated genetic and cell biological analysis of the vinegar fly, Drosophila, model, to 
address the fundamental questions of how cell shape regulators control signalling pathways, cell 
proliferation, survival and differentiation, and how their deregulation leads to cancer in epithelial tissues. 
We are also interested in the interaction of the tumour with the surrounding normal cells (the tumour 
microenvironment), how the innate immune system interacts with the mutant tissue in either eliminating 
the mutant cells or promoting tumourigenesis. 

The regulation of tissue architecture and growth:  

The correct structure of epithelial tissues (including the skin, and linings of internal organs, such as the 
ducts of the mammary gland, prostate gland and pancreas) is critical for cell function. The structure of 
cells in these epithelial layers is regulated by the evolutionarily conserved apico-basal cell polarity 
complexes, the Scrib, Par and Crumbs modules. These complexes act in a mutually antagonistic 
manner to define apical and basal-lateral membrane domains and position the adherens junction 
(AJ) and tight junction (TJ), which are important for cell-cell adhesion and communication. Mutants in 
the Scrib module (comprised of Scrib (Scribble), Dlg (Discs-large) and Lgl (Lethal-giant-larvae) were 
original discovered in Drosophila as neoplastic tumour suppressor genes, which regulate tissue 
architecture and growth. We have discovered that mutants of Scrib, Dlg or Lgl, affect cell proliferation 
and survival by modulating signalling pathways. Lgl regulates the Hippo negative tissue growth pathway 

by controlling the localisation of the pathway 
components, Hpo and Rassf, and also 
regulates Notch signalling by affecting the 
acidification of endoctyic vesicles, which is 
required for ・-secretase-mediated activation of 
Notch (S3 cleavage) (Figure 1). By contrast, 
Scrib and Dlg control Ras-MAPK signalling. In 
order to investigate how Scrib and Dlg control 
cell polarity and signalling, we are collaborating 
with Drs Marc Kvansakul (LIMS) and Patrick 
Humbert (LIMS) to investigate the Scrib protein 
network using biochemical and genetic 
approaches. 

Figure 1 – Regulation of the Hippo and Notch 
pathways by Lgl 

        Associate Professor Helena RICHARDSON 
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Cooperative tumourigenesis: When Scrib, Dlg or Lgl are mutated in patches (clones) of cells within 
Drosophila epithelial tissues, despite increased proliferation, they do not overgrow as cells at the clonal 
borders are removed by apoptosis mediated by recruitment of innate immune response macrophage-like 
cells (hemocytes) and induction of the TNF-JNK stress response pathway, a process termed “cell-
competition”. Various signalling pathways are involved in initiating cell competition, but precisely how this 
occurs in scrib, dlg or lgl mutant tissue is unclear. When an oncogene, such as RasV12, is co-expressed in 
scrib, dlg or lgl mutant cells, apoptosis is blocked and massive invasive tumours (marked by green 
fluorescent protein, GFP) are induced.  In this context, the innate immune response acts to promote 
tumourigenesis. In collaboration with Drs Marc Kvansakul (LIMS) and Patrick Humbert (LIMS) we are 
using this cooperative tumourigenesis model to screen drug libraries to identify novel bioavailable, 
tumour-specific anticancer compounds and investigate their mode of action. Moreover, in order to 
understand the mechanism of tumourigenesis, we have undertaken loss- or gain-of-function genetic 
screens to identify novel genes that act similarly to mutants in the scrib module to promote RasV12-driven 
tumourigenesis (Figure 2). Amongst the genes identified as contributing to tumourigenesis in these 
screens, were those involved in actin 
cytoskeleton, signalling, protein 
trafficking, metabolism, and epigenetic 
regulation. We now seek to investigate 
the mechanism by which these genes 
promote tumourigenesis and how they are 
involved in the function of the Scrib module. 

Figure 2 – An example of a gene that acts 
as tumour suppressors in cooperation with 
RasV12, identified in our genetic screen  

Project 1: How cell polarity regulators 
affect signalling pathways 

The project will investigate the question of how Lgl affects the Notch and Hippo signalling pathways in 
Drosophila. From our Mass Spec analysis of Drosophila Lgl protein interactors, several endocytosis 
regulators have been identified. This project will investigate the importance of these proteins in Lgl’s 
regulation of these signalling pathways, by utilizing in vitro physical interaction and in vivo genetic-cell 
biology approaches. 

Project 2: The role of novel tumour suppressors in Ras-driven tumourigenesis 

This project extends from our genetic screen for novel tumour suppressors that cooperate with RasV12 

to promote invasive overgrowth of neural-epithelial tissue. It will utilize sophisticated Drosophila genetics, 
and molecular, cell biology and biochemical approaches to determine how one of these novel tumour 
suppressors affects the hallmarks of cancer in Drosophila. The project will include analysis of how the 
tumour suppressor affects signalling pathways, cell 
proliferation, apoptosis, differentiation and 
recruitment of the cellular innate immune response, 
and whether it genetically and physically interacts 
with the Scrib module. 

Both projects will suit those who enjoy working on 
genetically-tractable model organisms and are 
interested in a holistic understanding of cancer. 
These projects will encompass a wide range of cell 
biology (microscopy), biochemistry, genetics and 
molecular biology techniques.  
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Subjects prerequisites: MED3LAB or MED3PRJ Theme: Molecular Design 

Overview of research: The overall focus of our laboratory is to examine the structure, 
function and regulation of essential proteins in bacteria and plants to guide the development 
of new classes of antibiotics and herbicides, respectively.  
 

Project 1: Repurposing antibacterials and antifungals as herbicides to tackle resistance 

Co-supervisor: Dr Chris Smedley (Chemistry, LIMS) 

Given the increasing rate of herbicide resistance worldwide, there is an urgent need to 
validate novel herbicide targets and identify new herbicide leads. The aim of this project is 
to repurpose compounds known to inhibit essential enzymes that are conserved across 
bacteria, fungi and plant kingdoms as herbicides. To achieve this, enzymes from the model 
plant organism Arabidopsis thaliana will be expressed and purified, before assessing the 
effects of compounds on enzyme activity using kinetic assays and in plants using pre- and 
post-emergence growth assays. Subsequently, X-ray crystallography will be employed to 
define the mechanism of inhibitor binding and to aid rational design to optimise potency and 
specificity towards plant enzymes.  
 
Project 2: Finding the Achilles Heel in multi-drug resistant bacteria 

This project focuses on characterising the antibiotic properties of a series of analogues of 
current drugs as individual and combinatorial treatments. Specifically, the project involves 
(i) determining the minimum inhibitory concentrations of compounds against drug sensitive 
and drug resistant pathogens, (ii) examining the mode of action using time-kill assays, (iii) 
assessing their toxicity in mammalian cells and in vivo models, (iv) determining their effects 
on biofilm formation and disruption, and (iv) defining the potential and frequency for 
resistance to emerge.  
 
 
 
 
 

        Dr Tatiana SOARES DA COSTA 
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The projects in our laboratory encompass a wide range of biochemical and biophysical 
techniques, including recombinant protein expression & purification, enzymology, analytical 
ultracentrifugation, circular dichroism spectroscopy, microscale thermophoresis, structural 
biology, surface plasmon resonance, in silico docking, rational drug design, plant growth and 
antibacterial assays.  
 

 

  



BIOCHEMISTRY & GENETICS  Page | 31  

 

OLIVIA NEWTON-JOHN CANCER RESEARCH INSTITUTE 
SCHOOL OF CANCER MEDICINE 
 
Level 5, Olivia Newton-John Cancer & Wellness Centre (ONJCWC)  

145 Studley Road, Heidelberg, VIC 3084 

www.onjcri.org.au  

The Olivia Newton-John Cancer Research Institute (ONJCRI) at the Austin Hospital in 
Heidelberg is an independent medical research institute with strong collaborative links to 
LIMS. Honours projects in Biochemistry, Genetics or Biomedical science may be carried out 
within some ONJCRI laboratories as part of the LIMS program. In addition to meeting the 
attendance, training and assessment requirements of the LIMS program, students 
completing projects in ONJCRI laboratories will also be required to undergo safety training 
at the Institute, and where appropriate, animal handling training. 

The ONJCRI is Australia’s newest Cancer Research Institute, established to be a world 
leader in research and discovery regarding cancer, its origins, and developing new 
treatments for the care of people affected by cancer. 

The Institute occupies three floors of state-of-the-art laboratories at the Olivia Newton-John 
Cancer and Wellness Centre (pictured) and is the successor to the internationally renowned 
Ludwig Institute for Cancer Research which established a collaborative clinical research 
programme with Austin Health in 1990. Embedded within the comprehensive cancer 
centre, the Institute is uniquely placed to bring together basic and translational cancer 
research in a co-ordinated and successful manner. 

The Institute entered into a 
research collaboration 
agreement with La Trobe 
University in 2014, which led to 
the creation of the School of 
Cancer Medicine. The 
relationship fosters collaborative 
research and the joint training 
and scholarship support of 
research students enrolled at 
the University. Professor 
Matthias Ernst is the inaugural 
Head of School of Cancer 
Medicine, and Scientific 
Director, Olivia Newton-John 
Cancer Research Institute. 
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With a strong track record in attracting 
grant support from Australian and 
International sources and successful 
industry collaborations, our research 
teams are currently investigating 
melanoma, lung, breast, brain and 
gastrointestinal tumours. All research 
activities are enhanced and supported 
by outstanding platform technologies, 
infrastructure, facilities, and technical 
expertise including: 

 

 ACRF Centre for Translational Cancer Therapeutics and Imaging 

 Cell biology 

 Mammalian Protein Expression and Purification Facility 

 Protein chemistry 

 Bioresource Facility 

 Therapeutic modelling 

 Flow cytometry and cell sorting 

 Cell line repository and tissue banking 

 Genomics including molecular pathology 

 Radiochemistry and PET Solid Targetry 

 Next generation sequencing and digital PCR 

 Clinical trials centre to facilitate the clinical translation of laboratory discoveries. 

 

The Institute invites applications from highly motivated and creative individuals to undertake 
PhD, and BSc (Hons), degrees. Students will enrol in the School of Cancer Medicine. The 
Institute attracts students from a wide range of disciplines biochemistry, genetics, 
immunology, medicine, microbiology, pathology and physiology. The Institute maintains a 
rigorous student mentoring and support program which has contributed to the Institute’s 
outstanding track record of student success. 

We are committed to providing post-graduate students with an environment in which to excel 
in cancer research and make original discoveries that will improve the understanding and 
treatment of cancer. The Institute provides state-of-the-art facilities and world-class 
scientists and medical specialists to guide young researchers. 
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Subjects prerequisites: MED3LAB, MED3PRJ and/or GEN3LAB Theme: Cancer 

Persistent inflammation is a cancer promoting condition and a better understanding of its 
underlying mechanisms is key to developing better strategies to curb its chronic nature and 
decrease the incidence of progression to metaplasia and cancer.  

In this project, we will study the role of epithelial tuft cells, rare, solitary, chemosensory cells 
found in most epithelial tissues associated with mucosal surfaces such as the lung, intestine 
and stomach. Our understanding of tuft cell biology is still in its infancy but emerging 
literature has demonstrated a key role for this cell type in maintaining tissue homeostasis 
and in the host’s immune defence against parasite infections and allergens. Our lab has 
generated ample data suggesting that tuft cells are also playing an important part in the early 
stages of tissue metaplasia and tumour formation. This honours project will therefore extend 
upon these observations by genetically and pharmaceutically manipulating the tuft cell 
population in the gastrointestinal tissues (stomach, large and small intestine) under normal 
and chronic inflammatory conditions using sophisticated models.  

Among the different experimental techniques this project offers are: tissue dissections and 
tissue harvest, FACS analysis, confocal and multiphoton microscopy, tissue purification of 
total RNA and protein, cDNA conversion of total RNA, real-time qPCR, Western blotting, 
immunohistochemistry, tissue culture of mammalian cells, transfection of mammalian cells, 
organoid cultures and immunostaining of gastric organoids. 
 
The Buchert lab is at the Olivia Newton-John Cancer Research Institute located on the 
Austin Health campus in Heidelberg. His lab currently consists of two PhD students, one 
junior postdoc and a senior research associate.  

 

 

        Dr Michael BUCHERT 

INFLAMMATION, METAPLASIA, CANCER 
Office: ONJCRI, Level 5, Austin Health Campus, Heidelberg   

Phone: 9496 5491 

E-mail: michael.buchert@onjcri.org.au   
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Subjects prerequisites: MED3LAB, MED3PRJ and/or GEN3LAB Theme: Cancer 

Co-Supervisor: Dr Janson Tse 

Role of miR-21 in promoting metastasis 

microRNA-21 (miR-21) is a microRNA which highly expressed in a wide variety of cancers 
including breast, lung, colon and gastric. We recently confirmed that miR-21 is an oncogenic 
microRNA in gastric cancer, as the genetic deletion and pharmaceutical inhibition of miR-21 
reduced gastric cancer cell growth [Tse et al., submitted]. Simultaneous with the anti-cancer 
effects demonstrated with miR-21 inhibition, we also observed the downregulation of several 
metastatic traits and metastasis associated genes, when miR-21 was inhibited. Analysis of 
several gastric cancer patient cohorts have further demonstrated that the increased 
expression of miR-21 is associated with a reduced overall relapse free survival and that it is 
a marker for lymph node metastasis.  
 

Administration  of  therapeutic 
oligonucleotides  (ASO)  with  a 
sequence  specific  against  miR21 
will  reduce  the  adenoma/polyp 
burden  in  a  mouse  model  of 
spontaneous tumourigenesis of the 
gastric  epithelium.  Whole  mounts 
of  excised  stomachs with  tumours 
highlighted by red circles (left) and 
their compiled weight  in  individual 
mice identified by symbols (right). 
 

Project outline 
The goal of this Honours project is to determine the role of miR-21 in promoting cancer 
metastasis.   We will achieve this as follows: 

1. Determine the level of miR-21 miRNA expression in a variety of cancer cell lines, 
including those from breast, lung, colon and stomach.  

2.  Determine the effect of miR-21 genetic deletion on cell proliferation, migration and 
invasion in the cancer cell lines, with a focus on markers of epithelial to mesenchymal 
transition (EMT). 

3.  Determine the effect of miR-21 overexpression in cancer cell lines on proliferation, 
migration and invasion.  

4.  Determine the effects of miR-21 inhibition or overexpression in cancer cell lines on 
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tumour metastasis, using a mouse model of tail vein injection of cancer cells. 
 

The student taking on this project will obtain insights in to some of the underlying concepts 
of cancer biology with specific focus on metastasis. The student will be using a wide variety 
of techniques including working with several cancer cell line models, lentiviral transfections 
to genetically modify cancer cell lines, Western blotting, immunohistochemistry and using 
mouse models to determine metastatic potential. The outcome of this project will directly 
support the use of miR-21 inhibition as a novel therapy in the treatment of a broad range of 
cancers to prevent metastasis. 
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Our lab investigates proteins that promote tumour growth or spread, in the context of cellular 
interactions with the tumour microenvironment. As part of the Tumour Targeting Program, 
we focus on cell surface proteins since they are readily accessible to antibodies, which can 
be developed as new, potentially tumour-selective therapies. We investigate the function of 
these proteins in tumour development, and the potential of antibodies targeting them to 
inhibit tumour growth and drug resistance. 

Descriptions of project(s) 

Testing the metalloprotease ADAM10 as a target for treating breast cancer 

ADAMs are membrane-bound proteases that cleave and shed a range of other membrane 
proteins, and thereby regulate activity of diverse cell surface receptors. These include Ephs, 
EGF/erbB and Notch receptors, all of which are deregulated in breast cancers, and can 
control tumour spread, proliferation and drug resistance. Notch and EGF receptor signalling 
in particular is implicated in triple negative breast cancer, for which there are few therapeutic 
options. We have developed an antibody (8C7) specific for active ADAM10, which can inhibit 
signalling through these receptors [1].  

We will characterise expression of ADAM10, notch and 
EGF/erbB receptors in breast cancer cell lines and in 
patient-derived tumour samples. High expressing cell 
lines will be tested for sensitivity to ADAM10 mAb 
treatment +/- chemotherapy, by examining effects on key 
signalling pathways, on tumour cell proliferation in vitro 
and in vivo, and on invasion and metastasis. This will 
involve biochemical and cell based assays, imaging, and 
mouse tumour models. 

Figure: Antibody 8C7 bound to ADAM10 C domain 

1.  Atapattu, L., et al., An activated form of ADAM10  is tumor selective and regulates cancer 
stem‐like cells and tumor growth. J Exp Med, 2016. 213(9): p. 1741‐57. 
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Background 

Cells possess distinct pathways that promote their survival or death. These pathways are 
tightly regulated but when this regulation goes awry, diseases such as cancer ensue. Our 
lab is interested in two main pathways that control cell death and cell survival. These are 
apoptosis and autophagy respectively.  

Apoptosis is a form of cell death required for the removal of damaged or unwanted cells. We 
are primarily interested in the mechanisms by which the BCL-2 family of proteins regulate 
this process and how they can be targeted with drugs for disease treatment.  

Autophagy is one mechanism of cell survival and is an evolutionarily conserved process of 
cellular self-cannibalism. Damaged or unnecessary cellular components are targeted to the 
lysosome for their removal once encapsulated in autophagic vesicles. A large focus of our 
work is on the autophagy inducer Beclin1 and how it contributes to cellular homeostasis and 
disease. 
 
 
Project Description 

Broadly, the Honours project(s) will be aimed at understanding the molecular mechanisms 
by which apoptosis and/or autophagy are regulated by our proteins of interest under normal 
physiological conditions and how this can go awry to give rise to disease. We are also 
interested in exploring the therapeutic value of molecules that modulate these pathways, 
and developing new ways in which we can target these pathways for therapeutic benefit in 
cancer treatment. 

Upon completion of the Honours year, we expect our student to be equipped with 
fundamental laboratory techniques in cell biology, protein biochemistry and drug screening. 
Skills that will be essential for a future career as a lab scientist. 
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Role of the EHF transcription factor in breast cancer 
Co-supervisor: Dr. Ian Luk 
 
EHF is a transcription factor which is highly expressed in the breast epithelium. We recently 
generated an Ehf knockout mouse, and found that female mice are unable to feed their pups. 
Examination of the mammary glands of Ehf KO mice revealed a pronounced defect in the 
development of this tissue during pregnancy. Expression of EHF is also downregulated in 
human breast cancers, particularly the triple negative subtype, where tumours with low EHF 
expression have a poorer outcome. Triple negative breast cancers (TNBC’s) comprise ~20% 
of all breast cancers, and have limited treatment options. There is therefore an urgent need 
to identify the driver genes which give rise of this subtype so that new treatments can be 
developed.  
 
Project outline 
The goal of this Honours project is to determine the role of EHF in the growth, survival, 
migration and chemotherapy response in triple negative breast cancer cells.  We will achieve 
this as follows: 
 
1. Determine the level of EHF mRNA and protein expression in 20 breast cancer cell lines, 
including 5 TNBC cell lines.  
2. Determine the effect of EHF re-expression on cell proliferation, survival, migration and 
response to chemotherapy in TNBC cells. 
3. Determine the effect of EHF knockdown in TNBC cells which express EHF on cell 
proliferation, survival, migration and response to chemotherapy. 
4. Identify the target genes of EHF in TNBC cells following EHF knockdown or 
overexpression.  
 
The student undertaking this project will learn the fundamental concepts of cancer biology, 
and use a variety of techniques including working with cell line models of breast cancer, 
western blotting, immunohistochemistry, transfections and assessing response to drug 
treatment. 
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Subjects prerequisites: MED3LAB, MED3PRJ and/or GEN3LAB  

Themes: Cancer, Infection & Immunity 
 

Modulation of the immune system has revolutionized the treatment of some cancer types, 
such as melanoma, non-small cell lung cancer and renal cancer. Despite its huge success, 
immunotherapy with drugs blocking immune inhibitory receptors PD-1 and CTLA4, fails in 
gastric and colon cancer. Immunotherapy in cancer patients also results in severe side 
effects in a significant proportion of patients due to systemic activation of the immune 
system, causing autoimmune-like syndromes. The Mucosal Immunology and Cancer 
Laboratory  focuses on identifying new immune targets that can be explored to develop novel 
therapeutics to treat stomach and colon-specific cancers, while avoiding side effects. We 
use mouse models and patient samples to understand the organ-specific functions of 
intraepithelial lymphocytes (IELs), that consists of heterogeneous populations of T cells that 
are distinct in their frequency and function across different organs of the gastrointestinal tract 
(GI). Our preliminary studies have shown that one population, known as gamma delta T 
cells, plays a protective role in colon cancer. In this project we will use single-cell RNA 
sequencing, flow cytometry and multiplexed fluorescent immunohistochemistry technologies 
to understand the function of gamma delta T cells in mouse models of colon and stomach 
cancer and patient samples. 

 

Techniques employed will include: 

 Tissue harvest from mice. 
 Tissue digestion and extraction of immune cells from mouse GI tract 
 Immunohistochemistry of mouse and human samples 
 Microscopy 
 Flow cytometry 
 Mouse handling  

  

        Dr Lisa MIELKE 
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Characterising breast cancer  

 
Targeting breast cancer cells is proving difficult due to the molecular heterogeneity that may 
arise from different factors including the cell of origin, somatic mutations in breast cancer 
susceptibility genes, and genetic alterations including mutations, deletions, fusions or 
amplifications of key genes. Furthermore, it is thought that the tumour microenvironment has 
a strong impact on cancer cell survival, and plays an important role in drug resistance and 
cancer metastasis. Finally, cancer cells that escape and seed at new sites throughout the 
body undergo global changes in their genetic and epigenetic landscape. 
 
The technological advancements in 
the field of single cell biology has 
allowed the study of molecular 
heterogeneity in mixed cell 
populations and shed light on cell 
lineage relationships. Recent studies 
have revealed heterogeneity in 
breast cancer cells and identified 
novel cell clusters in normal breast 
tissue. The primary objective of this 
project is to gain novel molecular 
insights into aggressive and drug 
resistant breast cancers. We will use 
high-throughput single cell 
transcriptomic/genomic analysis approach to study patient samples. We expect to identify 
novel cancer cell subsets and associated changes in immune/stromal compartment. 
Biomarkers will be evaluated through further laboratory studies using breast cancer patient 
derived xenograft (PDX). 
 
Our laboratory is also involved in the development of new single cell assays and analytical 
tools for single-cell data.. 
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Co-supervisor: Dr Delphine Denoyer 
 
Pre-clinical research in the Matrix Microenvironment & Metastasis Lab seeks to understand 
how bi-directional interactions between breast cancer cells and the surrounding 
microenvironment influence metastatic progression and response to therapy. We are 
particularly interested in the role of matrix proteins and cell adhesion receptors in facilitating 
the spread of aggressive breast cancer subtypes (HER2+ve and Triple Negative) to brain 
and other organs. 
 
Project 1: Limitrin: a new cell adhesion receptor regulating breast cancer metastasis 
 
Adhesion of cancer cells to the surrounding matrix and endothelium is critical for successful 
metastasis. This project seeks to characterise the expression and function of a novel cell 
adhesion receptor called limitrin/DICAM, in breast cancer metastasis. Limitrin has been 
shown to mediate cell-cell adhesion in normal epithelial and endothelial cells but its role in 
cancer remains unknown. We have found that the expression of limitrin is increased in breast 
cancer cell lines and tumours that spread (metastasise) to the brain. Preliminary results in 
various breast cancer models indicate that limitrin may promote cancer cell adhesion to, and 
migration through the endothelium, thereby facilitating colonisation of the brain. 
The project will test the hypothesis that suppressing the expression of limitrin will prevent or 
delay the outgrowth of brain metastases in clinically relevant mouse models of breast cancer 
brain metastasis. The project will involve knocking out limitrin in mammary carcinoma lines 
using CRISPR/Cas9 technology and validation of knockout by flow cytometry, RT-PCR, 
immunofluorescence and immunohistochemistry. The effect of limitrin suppression on 
cellular functions will be assessed in in vitro proliferation, adhesion, migration, invasion and 
trans-endothelial migration assays. The relationship between limitrin and metastasis will be 
addressed in vivo using preclinical models of breast cancer brain metastasis. 
 

Project 2: Evaluating the efficacy and mechanism of action of tyrosine kinase inhibitors in 
triple negative breast cancer 

HER2+ve and triple negative breast cancer (TNBC) are aggressive subtypes of breast 
cancer that have a high propensity to spread (metastasise) to the brain. Antibody-based 
therapies for breast cancer effectively control systemic disease and extend life in some 
patients but are largely ineffective against brain metastases due to the poor permeability of 
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antibodies across the blood-brain barrier and/or acquired resistance that almost inevitably 
develops. Small molecule tyrosine kinase inhibitors (TKIs) provide a promising alternative to 
antibody due to their high potency, small size and greater brain permeability. We have 
evaluated the efficacy of multiple TKIs in pre-clinical mouse models of HER2+ve breast 
cancer brain metastasis and identified neratinib as a potent inhibitor with a unique 
mechanism of action called ferroptosis, a process distinct from apoptosis. We are currently 
testing new combination therapies to overcome resistance to neratinib in vitro and in vivo. 
This project seeks to extend these findings to TNBC by comparing the efficacy of various 
TKIs alone or in combination with cell adhesion receptor inhibitors in vitro. Whether neratinib 
inhibits TNBC growth through ferroptosis or other cell death pathways will be investigated in 
standard in vitro assays. The efficacy of neratinib mono and combination therapies will be 
evaluated in mouse models of TNBC metastasis. The project will make use of a variety of 
techniques including standard cell culture, proliferation assays, metabolic assays, western 
blotting, flow cytometry, immunohistochemistry, qPCR and animal models. 
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RANKED ENTRY PROJECT SELECTION FORM 
Name:  …………………………………………………………………………………………………… 

Email:  …………………………………………………………………………………………………… 

Mobile:  …………………………………………………………………………………………………… 

Ranked entry: Rank the laboratories you are interested in joining, from most preferred (1) 
to least preferred (up to 20) in the table below. 

Supervisor (Department) Preference 

Katrin Binger (Biochemistry & Genetics) page 7  

Begona Heras (Biochemistry & Genetics) page 9  

Mark Hulett (Biochemistry & Genetics) page 11  

Patrick Humbert (Biochemistry & Genetics) page 13  

Mihwa Lee (Biochemistry & Genetics) page 15  

Suresh Mathivanan (Biochemistry & Genetics) page 17  

Robyn Murphy (Biochemistry & Genetics) page 19  

Jacqueline Orian (Biochemistry & Genetics) page 21  

Matt Perugini (Biochemistry & Genetics) page 23  

Hamsa Puthalakath (Biochemistry & Genetics) page 25  

Helena Richardson (Biochemistry & Genetics) page 27  

Tatiana Soares da Costa (Biochemistry & Genetics) page 29  

Michael Buchert (ONJCRI/Cancer Medicine) page 33  

Matthias Ernst (ONJCRI/Cancer Medicine) 35  

Peter Janes (ONJCRI/Cancer Medicine) page 37  

Erinna Lee / Doung Fairlie (ONJCRI/Cancer Medicine) page 38  

John Mariadason (ONJCRI/Cancer Medicine) page 40  

Lisa Mielke (ONJCRI/Cancer Medicine) page 41  

Bhupinder Pal (ONJCRI/Cancer Medicine) page 42  

Normand Pouliot (ONJCRI/Cancer Medicine) page 43  

Please email the completed form by 5pm Friday 8th November 2019 to c.hawkins@latrobe.edu.au. If 
you wish to withdraw your application, please notify c.hawkins@latrobe.edu.au. 


