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Welcome to Melbourne Dental School
We have a longstanding record of excellence in health and biomedical research which has led to significant
translation into clinics and patient treatment. Research in the School covers a broad range of scientific
endeavour from basic science to clinical studies to population health. This embraces various disciplines including
microbiology, immunology, cancer cell biology, biochemistry & molecular biology, chemistry, anatomy, cell
biology, public health and materials engineering. Our research also reaches out beyond oral health and
dentistry into broader fields of wound healing, drug delivery, orthopaedics and microbiomics.
We are incredibly passionate about the mentoring and the training of future researchers. Indeed, our mission is
to deliver excellence in research and education with a vision to be a world-class, research-based School. To achieve
this goal, we provide outstanding research training and support for all laboratory and clinician research students
as they develop research knowledge and expertise and help drive new discoveries that lead to better outcomes
for patients. So, if you are passionate about improving patient health and wellbeing, or interested in developing
new therapeutic treatments we encourage you to join us in the pursuit of knowledge by applying to do Honours
or a Master’s degree at the Melbourne Dental School. Working closely with our researchers, students undertake
their project in state-of-the-art research laboratories at the Melbourne Dental School and Bio21 Institute.
Students will also be eligible to apply for the Noel Arthur Twiss Scholarship ($5,000) in support of your research
studies.
There are a number of factors you might want to consider when making the decision about undertaking an
Honours year or Master’s degree, such as the amount of time spent on your research project, opportunities to
undertake professional skills-based subjects, and which pathway would be most advantageous for possible
entry into a PhD program in the future. Regardless of your choice, the School provides a stimulating and
challenging intellectual environment that allows you to experience research first-hand and put your scientific
knowledge into practice. The diversity of Australian and international students from many social and ethnic
backgrounds at the School greatly enhances the learning experience. Having arrived in the School from the UK
in 2020, I have been keen to develop an environment where collaborative research and working drives novel
findings and success. Undertaking your project in the School will mean you will be supported by supervisors
committed not only to the research they undertake, but the development of you as a researcher and critical
thinker.
This booklet provides information that will help you decide on potential research projects. They all have
potential clinical impact. Please take your time to identify projects that are of interest and contact potential
supervisors for more information. I am very confident they will be eager to discuss your research interests and
talk about their own research, show you around their laboratories, and introduce you to other students and
researchers.
I look forward to seeing you at the School next year and hearing about your exciting research.
Professor Alastair J Sloan
Head of School
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Host‒Microbe Interactions in Health & Disease

Host–microbe interactions: investigating mucosal and systemic immune
responses to bacteria
The initial interaction of bacteria and bacterial products with mucosal tissue and the immune response induced
are fundamental to bacterial infection and disease. We are focused on investigating how antibiotic susceptible
and resistant bacteria differ in their interactions and what materials they produce (e.g. outer membrane
vesicles, OMVs) to aid infection. We are also interested in discovering how oral bacteria interact with the host
to cause disease and how they are associated with systemic conditions (e.g. oral, pancreatic and bowel cancer).
We have already found that there is synergy between pathogenic and non-pathogenic bacteria in causing
disease and immunopathology. We are offering a number of projects investigating: (1) mucosal and systemic
immune responses to single and multi-bacterial species infection; (2) what and how bacterial factors such as
OMVs interact with immune cells; (3) how bacteria effect immune cell trafficking into the mucosa and the
effect of infection by multiple bacteria; (4) how OMVs aid infection of antibiotic susceptible and resistant
bacteria and oral bacteria that cause chronic periodontitis.

Areas/techniques in which expertise will be developed

Flow cytometry (multi-parameter), fluorescence activated sorting, aseptic technique, bacteriology and
microbiological techniques, tissue culture, real-time PCR and cytokine DNA microarray, SDS PAGE, ELISA,
ELISPOT, cytotoxicity assays, animal and human sample handing and experiments, report writing, paper
editing/writing, working as a member of a team, and research management.

Supervisors

Prof. Neil O’Brien-Simpson ‒ neil.obs@unimelb.edu.au
Dr. Sara Hadjigol - sara.hadjigol@unimelb.edu.au
Dr. James Holden - jholden@unimelb.edu.au

Degree availability
Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne & Bio21 Institute

Two students

Recent publications

• Cecil JD*^, O’Brien-Simpson NM, Lenzo JC, Holden JA, Perez-Gonzalez A, Mansell A, Reynolds EC. Outer
membrane vesicles prime and activate macrophage inflammasomes and cytokine secretion in vitro and
in vivo. Frontiers in Immunology (2017) 8:1017.
• Holden J, O'Brien-Simpson NM, Lenzo J, Orth R*^, Mansell A, Reynolds EC. Porphyromonas gulae activates
unprimed and gamma interferon-primed macrophages via the Pattern Recognition Receptors Toll-Like
Receptor 2 (TLR2), TLR4, and NOD2. Infection and Immunity (2017) 85(9): e00282-17.
• O’Brien-Simpson NM, Holden JA, Lenzo JC, et al. A therapeutic Porphyromonas gingivalis gingipain vaccine
induces neutralising IgG1 antibodies that protect against experimental periodontitis. NPJ Vaccines (2016)
1:16022
• Lam RS*^, O’Brien-Simpson NM, Holden JA, Lenzo JC, Fong SB*^, Reynolds EC. Unprimed, M1 and M2
macrophages differentially interact with Porphyromonas gingivalis. PLoS ONE (2016) 11(7):e0158629.
*Former Honours student; ^former PhD student

2022 Honours & Master of Biomedical Science projects

4

Host‒Microbe Interactions in Health & Disease

Microbial flow cytometry: developing diagnostic tools for immune responses
to bacteria, nano- and micro-materials and vesicles
Analysis of nano-materials and microbes using flow cytometry is a novel area of research. A major issue in
studying nano- and micro-particle interaction with mammalian cells or microbes or analysis of microorganisms
by flow cytometry has been the sensitivities of flow cytometers. As part of the University’s Cytometry Platform
the Melbourne Dental School node has developed methodologies to detect and resolve 100 nm particles, thus
allowing detection of exosomes and outer membrane vesicles in biological fluids. The methodologies allow
detection and sorting of mixed bacterial populations and enable analysis of rare events in mammalian cells
and microbes. The projects offered are in the development of nano- and micro-flow cytometry assays for the
detection, analysis and sorting of: (1) bacteria-bacteria interactions, (2) nanoparticle interactions with bacteria
and/or mammalian cells, (3) bacterial outer membrane vesicle (OMV) interactions with bacteria and host cells,
(4) isolation and identification of bacteria from mixed biofilm and biological samples, (5) isolation of exosomes,
OMVs from biological samples and their identification.

Areas/techniques in which expertise will be developed

Flow cytometry, fluorescence activated sorting, aseptic technique, bacteriology and microbiological
techniques, tissue culture, peptide/polymer chemistry, peptide/protein purification (HPLC/FPLC), SDS-PAGE,
ELISA, ELISPOT, cytotoxicity assays, animal and human sample handing and experiments, report writing, paper
editing/writing, working as a member of a team, and research management.

Supervisors

Degree availability

Prof. Neil O’Brien-Simpson ‒ neil.obs@unimelb.edu.au
Dr. Sara Hadjigol - sara.hadjigol@unimelb.edu.au
Dr. James Holden - jholden@unimelb.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne & Bio21 Institute

Two students

Recent publications

• Cecil JD*^, O’Brien-Simpson NM, Lenzo JC, Holden JA, Perez-Gonzalez A, Mansell A, Reynolds EC. Outer
membrane vesicles prime and activate macrophage inflammasomes and cytokine secretion in vitro and in vivo.
Frontiers in Immunology (2017) 8:1017.
• O'Brien-Simpson NM, Pantarat N, Attard TJ, Walsh KA, Reynolds EC. A rapid and quantitative flow cytometry
method for the analysis of membrane disruptive antimicrobial activity. PLoS One (2016) 11(3):e0151694.
• Lenzo JC, O'Brien-Simpson NM, Cecil J*^, Holden JA, Reynolds EC. Determination of active phagocytosis of
unopsonised Porphyromonas gingivalis by macrophages and neutrophils using the pH-sensitive fluorescent dye
pHrodo. Infection and Immunity (2016) 84(6):1753-60.
• O’Brien-Simpson NM, Pantarat N, Walsh KA, Reynolds EC, Sani MA, Separovic F. Bacterial fluorescent-dextran
diffusion assay. Antimicrobial Agents and Chemotherapy - Bio-Protocols (2014) http://bio-protocol.org/e1191.

*Former Honours student; ^former PhD student

2022 Honours & Master of Biomedical Science projects

5

Microbiomes in Health & Disease
Novel predictors and interventions for Early Childhood Caries
Early Childhood Caries affects the majority of children in Victoria and in severe cases can have a significant
detrimental effect on development and quality of life. Early Childhood Caries is a preventable disease yet is
the leading reason for preventable childhood hospitalisations. In these studies we take multidisciplinary
approaches to understanding the causes, progression, prevalence, severity and natural history of disease. You
will work with clinicians and microbiologists using 'Omics technologies, bioinformatics, biostatistics and a
range of innovative approaches that will translate to better health.

Areas/techniques in which expertise will be developed

Genomic DNA extraction from different sample types, PCR amplification, next generation sequencing using
Ion Torrent technology, bioinformatics, biostatistics, microbial ecology, research management, oral
presentation skills, scientific writing skills.

Supervisors

Degree availability

Dr. Catherine Butler - cbutler@unimelb.edu.au
Prof. Stuart Dashper - stuartgd@unimelb.edu.au
Dr. Ankur Singh - ankur.singh@unimelb.edu.au
Dr. Mihiri Silva - mihiri.silva@unimelb.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne

Two students

Temporal development of the human oral microbiome (left) and discrimination of children with early
childhoodcaries from heathy children based on their oral microbiome (right).

Recent publications

• Dashper SG et al. Temporal development of the oral microbiome and prediction of early childhood caries.
Scientific Reports 9, 19732 doi:10.1038/s41598-019-56233-0, (2019).
• Fernando JR, Butler CA, Adams GG, Mitchell HL, Dashper SG et al. The Prebiotic Effect of CPP-ACP SugarFree Chewing Gum. Journal of Dentistry, 91:103225 doi.org/10.1016/j.jdent.2019.103225 (2019).
• Gussy M, Mnatzaganian G, Dashper S, et al. Identifying predictors of early childhood caries among
Australian children using sequential modelling: Findings from the VicGen birth cohort study. Journal of
Dentistry 103276, doi.org/10.1016/j.jdent.2020.103276 (2020).
• Byrne S^, Dashper SG, Darby I, Adams G, et al. Progression of chronic periodontitis can be predicted by the
proportions of Porphyromonas gingivalis and Treponema denticola in subgingival plaque samples. Oral
Microbiology and Immunology. 24:469-477 (2009). (205 citations).
*Former Honours student; ^former PhD student
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Microbiomes in Health & Disease

An oral bacterial aetiology for Alzheimer's Disease
A growing number of studies are now linking bacterial infection and chronic periodontitis with sporadic
Alzheimer’s disease. Two recent studies have provided strong evidence for a potential causal link between the
pathogenic oral bacterium Porphyromonas gingivalis and Alzheimer’s disease. There are also reports of oral
bacterial proteolytic enzymes and genomic DNA, particularly those of P. gingivalis and Treponema denticola,
inthe brain tissue of AD sufferers. We have demonstrated that P. gingivalis and T. denticola are intimately
associated in the human oral cavity and work cooperatively to cause damage to the host, resulting in several
oral and systemic diseases. P. gingivalis and T. denticola likely use complementary characteristics to cooperate
to escape the oral cavity. Our aims are to understand how these bacteria escape from the oral cavity, colonise
the brain and how they influence the progression of disease. Within this study you will use in vitro techniques
to examine the effects of individual and mixed cultures of P. gingivalis and T. denticola on neurons, in particular
the mechanism of infection of neurons and whether there is synergy between the bacteria that aids this
process. A range of bacterial mutants will be used to assist identification of key bacterial proteins required for
this process.

Areas/techniques in which expertise will be developed

Mammalian tissue culture, anaerobic bacterial culture, continuous coculture of bacteria, chemotaxis and
motility assays, small animal models of disease, confocal microscopy, immunofluorescence, real time PCR,
research management, oral presentation skills, scientific writing skills.

Supervisors

Degree availability

Dr. Catherine Butler - cbutler@unimelb.edu.au
Dr. Rachael Moses - rachael.moses@unimelb.edu.au
Prof. Stuart Dashper - stuartgd@unimelb.edu.au
Prof. Alastair Sloan - alastair.sloan@unimelb.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne & Bio21 Institute

One student

Electron micrograph and confocal micrograph of synergistic biofilm formation by P. gingivalis and T. denticola.

Recent publications

• Ng H*^, Slakeski N, Butler CA, Veith PD, Chen YY, Liu SW, Hoffmann B, Dashper SG† and Reynolds EC†. The role
of Treponema denticola motility in synergistic biofilm formation with Porphyromonas gingivalis. Frontiers in
Cellular and Infection Microbiology, 9:432, (2019).
• Tan K1^, Seers CA1, Dashper SG1, Mitchell H, et al. Treponema denticola and Porphyromonas gingivalis exhibit
metabolic symbioses. PLOS Pathogens, DOI: 10.1371/journal.ppat.1003955 (2014). (82 citations).
• Dashper SG, et al. Porphyromonas gingivalis uses specific domain rearrangements and allelic exchange to
generate diversity in surface proteins associated with virulence. Frontiers in Microbiology, 8:48 doi:
10.3389/fmicb.2017.00048 (2017).
• Xin LK^, Butler C, Slakeski N, Hoffmann B, Dashper SG and Reynolds EC. Synergistic Interactions between
Treponema denticola and Porphyromonas gingivalis. Journal of Oral Microbiology, 2020.
*Former Honours student; ^former PhD student
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Microbiomes in Health & Disease

Antimicrobial materials – synthesis of novel peptides, nanoparticles and
organic polymers to target antibiotic resistance in bacteria

By 2050, it is predicted that more people will die from bacterial infections than cancer. Currently, multidrug
resistant (MDR) bacterial infections cause >700,000 deaths/year and incur an estimated annual treatment cost
of >US $20 billion. Antimicrobial resistance is considered “one of our most serious health threats” and thus new,
potent and selective antimicrobial agents that do not induce resistance like traditional antibiotics are urgently
required. We wish to recruit students into 3 areas of research: (1) Antimicrobial nanomaterials – we are
investigating antimicrobial nanomaterials, termed Structurally Nanoengineered Antimicrobial Peptide
Polymers (SNAPPs). This project will use novel and established assays in an iterative chemical biology approach
to modify antimicrobial nanomaterials to enhance killing of MDR bacteria. (2) Antimicrobial peptides targeting
oral bacteria – the oral cavity is a reservoir for transferable antibiotic resistance, a phenomenon increased in
patients with chronic periodontitis. This project will investigate methods for narrowing the activity spectrum of
AMPs to target only periodontal pathogens, reduce cytotoxicity, and leave unharmed bacteria associated with
oral health. (3) Antibiotic adjuvants – one approach to address antibiotic resistance is to combine antibiotics
with an “antibiotic adjuvant”, which potentiates or restores the activity of the antibiotic towards MDR bacteria.
This project will use an iterative chemical biology approach to modify AMPs or SNAPPs to enhance their
antibiotic adjuvant properties.

Areas/techniques in which expertise will be developed

Bacteriology & microbiological techniques, mammalian tissue culture, peptide & polymer chemistry, peptide
& protein purification (HPLC, FPLC), SDS-PAGE, ELISA, ELISPOT, cytotoxicity assays, animal handing and
experiments, paper editing & writing, working as a member of a team, and research management.

Supervisors

Degree availability

Prof. Neil O’Brien-Simpson ‒ neil.obs@unimelb.edu.au
Dr. Sara Hadjigol - sara.hadjigol@unimelb.edu.au
Dr. Wenyi Li - wenyi.li@unimelb.edu.au
Dr. James Holden - jholden@unimelb.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne & Bio21 Institute

Two students

Recent publications

• Lam SJ*^, O'Brien-Simpson NM, Pantarat N, Sulistio A, Wong EHH, Chen Y-Y, Lenzo JC, Holden JA, Blencowe A,
Reynolds EC, Qiao GG. Nature Microbiology (2016) 1:16162.
• Li W^, Separovic F, O'Brien-Simpson NM, Wade JD. Chemically modified and conjugated antimicrobial peptides
against superbugs. Chemical Society Reviews (2021)
• Lenzo JC, O'Brien-Simpson NM, Cecil J*^, Holden JA, Reynolds EC. Infection and Immunity (2016) 84:1753.
• O'Brien-Simpson NM, Pantarat N, Attard TJ, Walsh KA, Reynolds EC. PLoS ONE (2016) 11:e0151694.

*Former Honours student; ^former PhD student
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Bacterial Virulence
Characterisation of potential virulence factors secreted by the type 9 secretion
system of Porphyromonas gingivalis
Chronic periodontitis is an inflammatory disease causing the destruction of the supporting gum and bone of
teeth. Porphyromonas gingivalis (Pg) is the major agent of this disease and is also associated with other
diseases/conditions such as cardiovascular diseases, adverse pregnancy outcomes (preterm birth, low birth
weight and pre-eclampsia), rheumatoid arthritis, diabetes, non-alcoholic fatty liver disease and Alzheimer’s
disease. This emphasises the importance of Pg host dissemination, immune evasion, immune modulatory
tactics, and Pg-induced inflammation. Pg possesses a type 9 secretion system (T9SS) which secretes abundant
gingipain proteases that are involved in this disease process. Many other proteins are secreted by this T9SS
but their functions are unknown. Recent structural analyses have predicted virulence functions for several of
these T9SS substrates. The honours projects on offer will characterise these candidate virulence factors to
further our understanding of the arsenal of virulence factors that Pg deploys and to identify potential vaccine
candidates.

Areas/techniques in which expertise will be developed

Microbiological, molecular biology, immunological and biochemical techniques, including anaerobic bacterial
growth, cell growth inhibition assays, Pg gene deletion, PCR, DNA purification, DNA gel electrophoresis,
recombinant protein expression, SDS-PAGE, Western blot, 2D Blue-Native PAGE and proteomics, superresolution fluorescence microscopy and electron microscopy.

Supervisors

Degree availability

Location

Number of vacancies

Dr. Michelle Glew ‒ mglew@unimelb.edu.au
A/Prof. Paul Veith ‒ pdv@unimelb.edu.au

Bio21 Institute

Bachelor of Science (Honours)
Master of Biomedical Science

Two students

Recent publications

• Glew MD, Veith PD, Chen D, Gorasia DG, Peng B, Reynolds EC. PorV is an outer membrane shuttle protein
for the type IX secretion system. Scientific Reports (2017) 7(1):8790.
• Veith PD, Glew MD, Gorasia DG, Reynolds EC. Type IX secretion: the generation of bacterial cell surface
coatings involved in virulence, gliding motility and the degradation of complex biopolymers. Molecular
Microbiology (2017) 106(1):35-53.
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Bacterial Virulence

Identification of the interacting regions between an essential component of
the type 9 secretion system, PorV, and secreted virulence factors of the
oral pathogen, Porphyromonas gingivalis
The type 9 secretion system (T9SS) of the oral Gram-negative pathogen, Porphyromonas gingivalis, is
responsible for secreting many CTD-proteins including abundant gingipain proteases that are major virulence
factors and contribute to chronic periodontitis in humans. PorV is an outer membrane beta-barrel protein
and we have shown it to be an essential component involved in binding to CTD-proteins and interacting with
the attachment complex (PorU, PorQ and PorZ) that is responsible for the covalent linkage of CTD-proteins to
anionic lipopolysaccharide (A-LPS) which ultimately anchors them to the cell surface. Recently, the structure
of an outermembrane component of the T9SS called Sov was determined by cryo-electron microscopy and
found to exist as two separate complexes: Sov-Plug and Sov-PorV. We propose that Sov aids PorV in recruiting
and translocating the CTD-proteins across the outer membrane in preparation for linkage to A-LPS. To better
understand how PorV interacts with T9SS substrates and Sov, this project will involve mutagenesis of the
innerand outer loop amino acids of PorV followed by characterization of the resulting P. gingivalis mutants to
identifyspecific secretion defects. Any interaction defects of the mutated PorV protein with either the CTDproteins and/or Sov will be identified. The student will join a team that are leaders in the field and publishing
in high-ranking journals.

Areas/techniques in which expertise will be developed

Microbiological, molecular biology, immunological and biochemical techniques, including anaerobic bacterial
growth, gene mutagenesis in P. gingivalis, PCR, DNA purification, DNA gel electrophoresis, SDS-PAGE,
Western blot, 2D Blue-Native PAGE, proteomics, protein complex purification and electron microscopy.

Supervisors

Degree availability

Dr. Michelle Glew ‒ mglew@unimelb.edu.au
A/Prof. Paul Veith ‒ pdv@unimelb.edu.au

Bachelor of Science (Honours)
Master of Biomedical Science

Location

Number of vacancies

Bio21 Institute

One student

Recent publications

• Glew MD, Veith PD, Chen D, Gorasia DG, Peng B, Reynolds EC. PorV is an outer membrane shuttle protein
for the type IX secretion system. Scientific Reports (2017) 7(1):8790.
• Veith PD, Glew MD, Gorasia DG, Reynolds EC. Type IX secretion: the generation of bacterial cell surface
coatings involved in virulence, gliding motility and the degradation of complex biopolymers. Molecular
Microbiology (2017) 106(1):35-53.
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Bacterial Virulence

Characterisation of the type 9 secretion system in Porphyromonas gingivalis
The type 9 secretion system (T9SS) is a molecular machine that transports proteins across the cell membrane.
Porphyromonas gingivalis, a major periodontal pathogen, uses the T9SS to transfer its virulence factors (gingipains)
to the cell surface. This secretion system is poorly characterised and very little is known on how this system
functions to transport the gingipains. It is composed of at least 20 proteins and the precise role of these proteins is
unknown. We have previously isolated the PorK and PorN components of the T9SS and showed it forms large ringshaped structures (Figure below). In this project, you will investigate how this ring structure is formed and
understand its role in the T9SS. The new information you produce will help us to develop better strategies to block
the T9SS, thus preventing export of P. gingivalis virulence factors and reducing this organism’s pathogenicity.

A cartoon picture of the T9SS transport

PorK-PorN ring shaped structures by electron microscopy

Areas/techniques in which expertise will be developed

Bacterial cell culture, electron microscopy, mass spectrometry, manipulation of bacterial genome, biochemical
techniques such as immunoblots, critical thinking, management skills, scientific writing, and oral communication.

Supervisor

Degree availability

Location

Number of Vacancies

Dr. Dhana Gorasia ‒ gorasiad@unimelb.edu.au

Royal Dental Hospital of Melbourne & Bio21 Institute

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Two students

Recent publications

• Gorasia DG, Hanssen E, Veith PD, Reynolds EC. Structural Characterization of the Type IX Secretion System in
Porphyromonas gingivalis Methods Mol Biol. 2021;2210:113-121
• Gorasia DG, Veith PD, Reynolds EC. The Type IX Secretion System: Advances in Structure, Function and
Organisation. Microorganisms. 2020 Aug 1;8(8):1173.
• Gorasia DG, Glew MD, Veith PD, Reynolds EC. Quantitative proteomic analysis of the type IX secretion system
mutants in Porphyromonas gingivalis. Mol Oral Microbiol. 2020 Apr;35(2):78-84
• Gorasia DG, Veith PD, Hanssen EG, Glew MD, Sato K, Yukitake H, Nakayama K, Reynolds EC. Structural insights
into the PorK and PorN components of the Porphyromonas gingivalis type IX secretion system. PLoS Pathogen
(2016) 12(8):e1005820
• Gorasia DG, Veith PD, Chen D, Seers CA, Mitchell HA, Chen YY, Glew MD, Dashper SG, Reynolds EC.
Porphyromonas gingivalis type IX secretion substrates are cleaved and modified by a sortase-like mechanism.
PLoS Pathogen (2015) 11(9):e1005152
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Bacterial Virulence

The role of bacterial chemotaxis in chronic polymicrobial diseases
Many bacteria are motile and able to sense their environment, enabling navigation towards favourable areas
and away from unfavourable areas. This bacterial chemotaxis plays significant but poorly characterised roles
in human disease. In this project we are determining how spirochaetes sense their environments and how this
affects their ability to cause diseases ranging from periodontitis to Alzheimer's Disease.

Areas/techniques in which expertise will be developed

Anaerobic bacterial culture, continuous coculture of bacteria, chemotaxis and motility assays, confocal
microscopy, immunofluorescence, real time PCR, protein expression, research management, oral
presentation skills, scientific writing skills.

Supervisors

Degree availability

Prof. Stuart Dashper - stuartgd@unimelb.edu.au
Dr. Catherine Butler - cbutler@unimelb.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne & Bio21 Institute

One student

Scanning electron micrograph of the oral spirochaete
Treponema denticola (long spirals) after growth in coculture with Porphyromonas gingivalis (coccobacilli).
Arrows point to small outer membrane vesicles produced
by both organisms. Both bacteria are oral pathobionts; able
to cause disease in the mouth and disseminate via the
circulatory system to other body sites where they have
been implicated in numerous diseases such as Alzheimer’s
disease, cardiovascular disease and several cancers.

Recent publications

• Ng H*^, Slakeski N, Butler CA, Veith PD, Chen YY, Liu SW, Hoffmann B, Dashper SG† and Reynolds EC†. The role of
Treponema denticola motility in synergistic biofilm formation with Porphyromonas gingivalis. Frontiers in Cellular
and Infection Microbiology, 9:432, (2019).
• Tan K1^, Seers CA1, Dashper SG1, Mitchell H, et al. Treponema denticola and Porphyromonas gingivalis exhibit
metabolic symbioses. PLOS Pathogens, DOI: 10.1371/journal.ppat.1003955 (2014). (82 citations).
• Xin LK^, Butler C, Slakeski N, Hoffmann B, Dashper SG and Reynolds EC. Synergistic Interactions between Treponema
denticola and Porphyromonas gingivalis. Journal of Oral Microbiology, 2020.
*Former Honours student; ^former PhD student
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Oral Cancer

The Role of Glucose Transporters in Oral Squamous Cell Carcinoma
Oral squamous cell carcinoma (OSCC) is a prevalent malignancy associated with a poor prognosis.
Glucose transporters (GLUTs) and sodium-glucose co-transporters (SGLTs) are overexpressed in
multiple malignancies, and are correlated with treatment resistance, clinical factors, and poor overall
survival (OS). Our recent studies (J Cell Physiol 2016, Brit J Cancer 2017, J Cell Physiol 2019) include
the discovery of the epithelial cancer-associated glucocorticoid system and suggested that
glucocorticoids can promote oral carcinogenesis via glucose-dependent mechanisms. Furthermore,
our recent Systematic review (Biomolecules 2021) showed that GLUT-1 and GLUT-3 have a role in the
pathophysiology of OSCC and represent valuable biomarkers to aid OSCC diagnosis and
prognostication. Nevertheless, despite the massive amount of work that is currently reported in the
literature around this topic, the remaining GLUTs are understudied. In this project, you will investigate
the expression and the role of understudied GLUTs in OSCC which may be of fundamental importance
for an updated understanding of oral cancer pathophysiology and may hold promise to improve
patient care.
Areas/techniques in which expertise will be developed

Mammalian cell culture, immunohistochemistry, immunofluorescence, ELISA, western blotting, critical
thinking & time management, scientific writing & oral communication.

Supervisors

Degree availability

Location

Number of vacancies

Dr. Antonio Celentano
antonio.celentano@unimelb.edu.au
Ms. Rita Paolini – rita.paolini@unimelb.edu.au

Royal Dental Hospital of Melbourne

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

One student

Recent publications
•

•

•

•

Azher S, Azami O, Amato C, McCullough M, Celentano A, Cirillo N. The Non-Conventional Effects of
Glucocorticoids in Cancer. J Cell Physiol. 2016 Nov;231(11):2368-73. doi: 10.1002/jcp.25408. Epub 2016 May
8. Review. PubMed PMID: 27115293.
Cirillo N, Morgan DJ, Pedicillo MC, Celentano A, Lo Muzio L, McCullough MJ, Prime SS. Characterisation of
the cancer-associated glucocorticoid system: key role of 11β-hydroxysteroid dehydrogenase type 2. Br J
Cancer. 2017 Aug 10. doi: 10.1038/bjc.2017.243. [Epub ahead of print] PubMed PMID: 28797028.
Celentano A, McCullough M, Cirillo N. Glucocorticoids reduce chemotherapeutic effectiveness on OSCC cells
via glucose-dependent mechanisms. J Cell Physiol. 2019 Mar; 234(3):2013-2020. doi:10.1002/jcp.27227.
Epub 2018 Sep 21. PubMed PMID: 30240006.
Botha H*, Farah CS, Koo K, Cirillo N, McCullough M, Paolini R, Celentano A. The Role of Glucose Transporters
in Oral Squamous Cell Carcinoma. Biomolecules. 2021; 11(8):1070.

*Former Master student
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Oral Cancer

Vaccine design and development to improve immune responses to viral
diseases and cancer
Cytotoxic T lymphocytes (CTL) are critical for immunosurveillance and killing of virus-infected cells and cancer
cells. Many viral infections and squamous cell carcinomas (SCC) occur at mucosal sites; however, parenteral
vaccination does not induce mucosal immunity. For the vaccine to induce a protective CTL response, it needs to
be administered via a mucosal route and deliver its antigen cargo to dendritic cells. Further, the vaccine will
need to activate these cells to induce both CTL and T helper (Th) cell antigen-specific responses, which is
necessary for strong effector and memory CTL responses. We have demonstrated that nanoparticles are
effective mucosal vaccine delivery vehicles and different pattern recognition receptor (PRR) ligands used to
functionalise antigen-loaded nanoparticles can enhance or abrogate CTL and Th responses. Our research has
shown that protein-coated and PRR functionalised nanoparticles are more rapidly phagocytosed and induce
stronger CTL and Th cell immune responses. Finally, we have developed a novel and reliable method for
producing different sized calcium phosphate nanoparticles that has applicability for a broad range of vaccines.
The overall aim of our research is to combine these new technologies for an integrated, preclinical evaluation
of novel calcium phosphate nanoparticle vaccines and compare their ability to induce CTL responses via mucosal
or parenteral immunisation. We wish to recruit students into 3 areas of research: (1) Determining the immunostimulatory capability of antigen and molecular adjuvant loaded calcium phosphate nanoparticles in vitro. (2)
Determining the immuno-stimulatory capability of calcium phosphate nanoparticle vaccines in vivo. (3)
Evaluating the efficacy of calcium phosphate nanoparticles as mucosal vaccines to induce protective CTL
responses.

Areas/techniques in which expertise will be developed

Flow cytometry, fluorescence activated sorting, aseptic technique and mammalian tissue culture, real-time PCR
and cytokine array, SDS-PAGE, ELISA, ELISPOT, cytotoxicity assays, animal and human sample handing and
experiments, paper writing/editing, working as a member of a team, and research management.

Supervisors

Degree availability

Location

Number of vacancies

Prof. Neil O’Brien-Simpson - neil.obs@unimelb.edu.au
Dr. Sara Hadjigol - sara.hadjigol@unimelb.edu.au
Dr. Wenyi Li - wenyi.li@unimelb.edu.au
Dr. James Holden - jholden@unimelb.edu.au
Royal Dental Hospital of Melbourne & Bio21 Institute

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Two students

Relevant publications

• Gause KT^, Yan Y, O'Brien‐Simpson NM, Cui J, Lenzo JC, Reynolds EC, Caruso F. Advanced Functional Materials
(2016) 26:7526.
• Gause KT^, Yan Y, Cui J, O'Brien-Simpson NM, Lenzo JC, Reynolds EC, Caruso F. ACS Nano (2015) 9(3):2433-44.
• Yan Y, Gause KT^, Kamphuis MM, Ang CS^, O'Brien-Simpson NM, Lenzo JC, Reynolds EC, Nice EC, Caruso F. ACS
Nano (2013) 7:10960-70.
^former PhD student
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Regenerative Endodontics

Can dentine etching, through use of conditioning agents, induce a
regenerative endodontic response?
Dental pulp stem cells (DPSCs) are a quiescent population of stem cells present in stem cell niches within the
dental pulp, which become activated following stimulation/trauma. Routine clinical etching utilises
conditioning agents, such as citric acid or polyacrylic acid, on the dentine surface in preparation for adhesive
procedures; studies have demonstrated that this process results in the release of growth factors from dentine.
The dentine matrix is a reservoir of growth factors important for its' biological activity; therefore, addition of
conditioning agents potentially harnesses a regenerative endodontic capability, inducing tissue repair in the
pulp. This project aims to determine if the release of growth factors from the dentine has a detrimental effect
on the tissues' composition and function. In addition, it aims to determine the optimum concentration of the
conditioning agents required to induce a tissue repair response, evolving this research into a more translatable
model for clinical therapy to revive the dental pulp.

Areas/techniques in which expertise will be developed

Treatment of dentine surfaces with conditioning solutions, cell culture, ELISAs, translational research,
bioinformatics, biostatistics, research management, oral presentation skills, scientific writing skills.

Supervisors

Degree availability

Dr. Rachael Moses - rachael.moses@unimelb.edu.au
Ms. Rita Paolini ‒ rita.paolini@unimelb.edu.au
Prof. Alastair Sloan - alastair.sloan@unimelb.edu.au
Dr. Rita Hardiman - r.hardiman@unimelb.edu.au
Prof. Vesna Miletic - vesna.miletic@sydney.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)

Location

Number of vacancies

Royal Dental Hospital of Melbourne & Bio21 Institute

One student

Growth factor exposure and release following dentine slice conditioning. SEM images of immunogold-labelled
TGF-β1 on dentine surfaces conditioned for 5 minutes with Ca(OH)2, EDTA, phosphoric acid, and citric acid.

Recent publications
•
•
•
•
•

Sadaghiani, L., Gleeson, H.B., Youde, S., Waddington, R.J., Lynch, C.D., Sloan, AJ. Growth Factor Liberation and DPSC
Response Following Dentine Conditioning. Journal of Dental Research. (2016) 95 (11) 1298-1307.
Jiang, L., Nishio Ayre, W., Melling, G.E., Song, B. Wei, X., Sloan, A.J., Chen, X. Liposomes loaded with transforming
growth factor β1 promote odontogenic differentiation of dental pulp stem cells. J. Dent. (2020) 103; 103501
Melling, G.M., Colombo, J.S., Avery, S.J., Nishio Ayre, W., Evans, S.L., Waddington, R.J., Sloan, A.J. Liposomal Delivery
of Demineralized Dentin Matrix for Dental Tissue Regeneration. Tissue Eng Part A. (2018) 24 (13-14); 1057-1065.
Lee, C.P., Colombo, J.S., Nishio Ayre, W., Sloan, A.J., Waddington, R.J. Elucidating the cellular actions of demineralised
dentine matrix extract on a clonal dental pulp stem cell population in orchestrating dental tissue repair. J. Tissue Eng.
(2015) 6; 1–13.
Virdee, S.S., Bashir, N., Camilleri, J., Cooper, P.R., Tomson, P. Exploiting dentine matrix proteins in cell-free approaches
for periradicular tissue engineering. Tissue Eng Part B Rev (2021) doi: 10.1089/ten.TEB.2021.0074.
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Biological Anthropology
What is the origin of tetracycline-like staining in a sample of contemporary
human femoral cortical bone?
The Melbourne Femur Research Collection is a well-documented sample of modern femoral bones. A number
of years ago, research into the collection brought up a serendipitous finding of fluorescent staining in quite a
high proportion of the collection. The staining, which was found in 73% of bones investigated, is characteristic
of tetracycline compounds. The extent and severity of the staining raised a number of questions as to its origin
and cause. Tetracycline is a broad-spectrum antibiotic, which is not recommended for use in those under eight
years of age. This is because tetracycline accumulates in the mineralising regions of bones and teeth and use
in those under eight years of age can lead to visible discoloration of teeth.
This project will involve investigative techniques such as mass spectrometry to determine the exact cause of
the fluorescence (thought to be tetracycline) within the bone tissue of the Melbourne Femur Research
Collection and will aim to determine the origin of the substance incorporated into the growing bone tissue.
There are many questions still to be answered about this finding: Is the staining actually caused by tetracycline?
If it is tetracycline, what is the origin- therapeutic, or some other source? Is this result unique in this collection,
or does it exist in other skeletal collections in Australia or the rest of the world?

Fluorescent staining of bone tissue from the Melbourne Femur
Research Collection.

Areas/techniques in which expertise will be developed

Research techniques, imaging technologies, bone biology, anthropological research, research management,
oral presentation skills, scientific writing skills.

Supervisors

Dr. Rita Hardiman - r.hardiman@unimelb.edu.au
Dr. Louise Shewan - louise.shewan@unimelb.edu.au

Location

Royal Dental Hospital of Melbourne & Earth Sciences

2022 Honours & Master of Biomedical Science projects

Degree availability

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Number of vacancies

One student
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Biological Anthropology

Sex determination in unknown human remains using dimorphism in femoral
head volume.
Sex determination is an important aspect of identifying unknown human remains. Studies on skeletal
collections have indicated that femoral head diameter may be a useful determinant of sex in humans.
This project involves developing a technique to define landmarks and develop volumetric
measurement of the human femoral head. The results will then be used to test whether this is an
effective method of determining an individual’s sex.

Areas/techniques in which expertise will be developed

3D imaging and image manipulation, skeletal anatomy, biological anthropology, research management, oral
presentation skills, scientific writing skills.

Supervisors

Degree availability

Dr. Rita Hardiman - r.hardiman@unimelb.edu.au
Dr. Justyna Miszkiewicz - j.miszkiewicz@uq.edu.au

Bachelor of Science (Honours)
Bachelor of Biomedicine (Honours)
Master of Biomedical Science

Location

Number of vacancies

Royal Dental Hospital of Melbourne

2022 Honours & Master of Biomedical Science projects

One student
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Dental Education
Student Perceptions of Learning Tooth Morphology: Real-life and virtual.
Learning and becoming familiar with human tooth morphology requires understanding of common
traits and variations in the shape and structure of teeth. Access to teeth for learning tooth
morphology has recently benefitted from advances in technology. Students of tooth morphology are
now able to learn not only through models and extracted teeth, but also virtual three-dimensional
models which can be manipulated and scaled up or down. This project will investigate student
perceptions of different media of tooth morphology educational models and how they support or
hinder learning.
Areas/techniques in which expertise will be developed

Dental and odontological education, virtual modes of education, survey methodology and analysis, oral
presentation skills, scientific writing skills.

Supervisors

Dr. Rita Hardiman - r.hardiman@unimelb.edu.au
Dr. Anu Polster - apolster@unimelb.edu.au

Location

Royal Dental Hospital of Melbourne

Degree availability

Bachelor of Oral Health (Honours)

Number of vacancies

One student

Recent publications and/or Images
https://sketchfab.com/Ritasodontology
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How to Apply for Honours or Master of Biomedical Science at the
Melbourne Dental School
Entry to the Honours and Master of Biomedical Science programs is based on: (1) project availability, (2)
academic background, and (3) suitability.
1.
2.

3.
4.
5.

6.

Identify projects in this handbook that are of interest to you.
Contact the relevant project supervisor to discuss your interest in their research. It is a good idea to email
them a copy of your CV and your academic transcripts to help them understand your background, interests
and academic strengths.
Make a time to meet with potential supervisors to discuss your project interests and discuss your
academic record.
Visit the laboratory and meet other students and researchers.
In some cases, supervisors may be willing to offer you a provisional place in their laboratory (a provisional
offer indicates that you have a guaranteed place in the Honours course, providing you satisfy all other entry
requirements).
Apply:
• For students who have completed a Bachelor of Science or Bachelor of Biomedicine, apply for our
Honours projects online through the Faculty of Medicine, Dentistry and Health Sciences (MDHS)
website: https://study.unimelb.edu.au/find/courses/honours/bachelor-of-biomedicine-degreewith-honours/how-to-apply/.
• For students who have completed a Bachelor of Oral Health, apply for our Honours projects via
email directly to the Honours Coordinator for the Bachelor of Oral Health, Dr Roisin McGrath rmcgrath@unimelb.edu.au.
•

For Master of Biomedical Science, apply online through the Faculty of Medicine, Dentistry and
Health Sciences (MDHS) website: study.unimelb.edu.au/find/courses/graduate/master-ofbiomedical-science/how-to-apply/.

School Contacts
Coordinators for Bachelor of Biomedicine (Honours) & Master of Biomedical Science:
Dr. Catherine Butler
Dr Antonio Celentano
Phone: 9341 1565
Phone: 9341 1495
Email: dental-office@unimelb.edu.au

Coordinator for Bachelor of Oral Health (Honours)
Dr Roisin McGrath
Email: rmcgrath@unimelb.edu.au

Academic Programs Manager

Ms Cassie Kearns
Email: dental-office@unimelb.edu.au
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