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Honours 
Honours provides an opportunity to be involved in a research program in an area that 
interests you and provides training in research techniques and experience with modern 
research instrumentation. The Honours course adds a new dimension to the skills that you 
have acquired during your undergraduate years and enhances your immediate 
employment prospects and, more significantly, your future career potential. An Honours 
degree provides a pathway to postgraduate research degrees (MSc or PhD). 

The Honours course is an advanced undergraduate research program that is conducted 
over 37 weeks as a full-time course (48 cp) commencing in Autumn or Spring session. 
Honours constitutes the execution of a scientific research project, the presentation of 
associated results and successful completion of the coursework component. 

Honours is an important conduit to a research career and also provides a range of 
technical and intellectual skills that are desirable for most jobs and careers in science.  

In close collaboration with an academic supervisor, students will plan and undertake 
research in an area of interest. Students will learn to define hypotheses, objectives and 
aims, work to available time and resources, use appropriate research methods, critically 
assess information, and develop complex arguments in detail. With guidance from their 
supervisor, students are required to analyse and interpret the scientific data generated 
during the research project. Students will develop their science communication skills by 
presenting their work in written and oral form. The research project and outcomes are 
presented in a thesis, which comprises the main assessment component. 

Important dates 
• Commencement: mid-late February 2020 

• Coursework and skills workshops: March/April/May 2020 

• Final seminar: October 2020 

• Thesis submission: November 2020 

Eligibility 
Students must have completed a degree in the relevant discipline area in which the 
Honours degree is to be awarded. Admission also requires the approval of the relevant 
head of school. 

The Honours program is generally open to students who have attained at least a credit 
average over the final two-thirds of their undergraduate program.  

Assessment  
In the Honours year, students undertake original research projects under the supervision 
of academic staff. This research culminates in the submission of a written thesis and oral 
presentation on the outcomes. In addition, there is also a coursework component, with 
assessment tasks on advanced chemistry topics. 
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The Honours degree assessment is made up of the following components; 

Assessment  Weight (%) Due date 

Coursework 25% Various dates in Autumn 2020 

Final seminar 10% October 2020 

Thesis 65% November 2020 

 

Coursework  
The coursework is designed to introduce the different skills required to be a successful 
scientific researcher. The program also consists of a series of skills workshops in which 
students engage with content focused around a “management for scientists” curriculum, 
tailored specifically to Honours students. The general topics of these workshops are: 

• Project scope management 

• Time management 

• Cost management 

• Literature review and writing 
skills 

• Risk management 

• Communication management 

• Advanced presentation skills 

• Thesis writing 

 

Students will also complete a series of assignments;  

Coursework 
Assessment  

Weight (%) Description Session 
Due Date 

Journal Article 5% A Journal article written to specific 
journal requirements. 

Autumn 

Symposium 
Presentation 

5% Symposium organised by Honours 
students and presentations delivered 
by Honours students. 

Autumn 

Patent Report 5% A report based on a patent database 
search on a specified topic. 

Autumn 

Literature 
Review 

5% A review of the literature related to 
your chosen research project. Forms 
the basis for Chapter 1 of thesis. 

Autumn 

Molecular 
Symmetry 
assignment 

5% Collation of information and 
answering questions on molecular 
symmetry. 

Mid-year 

 



Applied Chemistry and Medicinal Chemistry Honours Projects - Autumn 2020 

University of Technology Sydney  

 

 

2 

Final Seminar 
You will be assessed on the final presentation of your work by at least three examiners. 
The criteria you will be assessed on includes: the scientific content, presentation structure 
and formatting, and verbal communication skills. 

Thesis 
You will be assessed on your submitted thesis. The written thesis should include the 
following: literature review and introduction, experimental methods, results, discussion and 
conclusions. 
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Application Process  

Choosing a project 
It is advisable to contact a potential supervisor and discuss a project during the session, 
prior to applying for enrolment into the Honours degree. A number of research projects are 
on offer in the School, with the Applied Chemistry and Medicinal Chemistry projects 
outlined in this booklet. Feel free to discuss any of these with the appropriate supervisor.  

If you have an interest in carrying out a project in an area that is not listed, it may be 
possible to arrange suitable supervision. For instance, a number of previous students 
have carried out their work-based projects in conjunction with the CSIRO, ANSTO or an 
industry partner.  

Forms to submit 
After discussing and deciding on a project with a supervisor, you will need to fill out two 
separate application forms.  

1. The first application is to the University; UTS Honours Direct Application 

2. The second application is to the School of Mathematical and Physical Sciences;  
UTS Science Honours Supplementary Form 

You must submit both forms to complete the application process.  

 

To apply for an Applied Chemistry project, use the course code C09026. 

To apply for a Medicinal Chemistry project, use the course code C09077. 

 

Important dates 
Applications should be submitted by 28th November 2019 to be considered for a first 
round offer, but final round applications are accepted until 30th January 2020.  

Please note: you are not guaranteed a place in the Honours program or guaranteed to be 
approved for your preferred projects. This is up to the discretion of the primary supervisor 
for each project in conjunction with the Honours Program Coordinator.  

 

Honours Program Coordinator 
If you have any questions about the program, please feel free to discuss them with the 
Honours Program Coordinator, Dr Morgan Philp (Morgan.philp@uts.edu.au). 

https://www.uts.edu.au/sites/default/files/2019-08/sau-undergraduate-honours-courses-direct-application-2020.pdf
https://www.uts.edu.au/sites/default/files/2018-09/sci-science-honours-supplementary-form-2019.pdf
mailto:Morgan.philp@uts.edu.au
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Forensic Chemistry 
Research Projects 



Applied Chemistry and Medicinal Chemistry Honours Projects - Autumn 2020 

University of Technology Sydney  

 

 

5 

Encapsulation of various luminescent dyes into SiO2 
nanoparticles for fingermark detection 

# 1 
 

Description of 
problem work is 
intended to 
address 

 

Interference from substrate chemistries and background 
luminescence is a major drawback of current fingermark detection 
methods. This project will address this issue through the 
development and validation of SiO2-based nanoparticles that 
have versatile optical properties that can be tuned to meet optical 
requirements by introducing a luminescent dye in their inner 
structure and studying their interaction. 

Outline of 
goals/objectives 

The aim of this project is to: 

• Synthesis SiO2 nanoparticles with different dyes  

• Study the encapsulation of the dye molecules within the SiO2 
matrix 

• Compare various dyes and find the ideal one for fingermark 
detection 

Successful completion of this project will lead to publication and 
presentation of results at international conferences. 

Special 
requirements or 
techniques to be 
used by the 
student 

N/A 

UTS supervisor  Dr Fehmida Kanodarwala, Dr Sebastien Moret 

Primary contact Fehmida.kanodarwala@uts.edu.au 

 

  

mailto:Fehmida.kanodarwala@uts.edu.au
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Isolation of DNA using magnetic nanoparticles 
# 2 

 

Description of 
problem work is 
intended to 
address 

Current methods of separation of DNA from biological samples 
are time-consuming and labour-intensive. This current project will 
address this issue through the development of magnetic 
nanoparticles and attach them to DNA strands that are 
complementary to forensic STR motifs. 

Outline of 
goals/objectives 

The aim of this project is to: 

• Synthesis magnetic nanoparticles and attach DNA strands 
with 

o a sequence of nucleotides complementary to a 
forensic STR repeat motif 

o an oligonucleotide, sample-specific barcode 

o sequencing adapters 

• Attach these DNA strands to magnetic nanoparticles to 
produce batches of nanoparticles with single, clonal strands  

• Utilise the combined batches of nanoparticles to enrich STR 
targets in fragmented DNA 

Special 
requirements or 
techniques to be 
used by the 
student 

N/A 

UTS supervisor  Dr Fehmida Kanodarwala, Prof Dennis McNevin, Prof Claude 
Roux 

Primary contact Fehmida.kanodarwala@uts.edu.au 

 
 
  

mailto:Fehmida.kanodarwala@uts.edu.au
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Biological fluid detection using nanoparticle–aptamer 
conjugates 

# 3 
 

Description of 
problem work is 
intended to 
address 

 

Current methods of confirmatory analysis of body fluids are time-
consuming, expensive and there is loss of valuable sample. This 
current project will address this issue through the development of 
aptamer fluorophore nanoparticle conjugates that could be used 
for both presumptive and confirmatory tests at crime scenes. 

Outline of 
goals/objectives 

The aim of this project is to: 

• Synthesise upconverting nanoparticles 

• Screen an aptamer library for ability to specifically bind to 
proteins in blood, saliva and semen 

• Attach screened aptamers to upconverting nanoparticles  

• Utilise these aptamer fluorophore nanoparticle conjugates 
for both presumptive and confirmatory tests of various 
biological samples (blood, saliva, semen, etc) 

 

Special 
requirements or 
techniques to be 
used by the 
student 

N/A 

UTS supervisor  Dr Fehmida Kanodarwala, Prof Dennis McNevin, Prof Claude 
Roux 

Primary contact Fehmida.kanodarwala@uts.edu.au 

 
  

mailto:Fehmida.kanodarwala@uts.edu.au
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Quantification of menthol in equine urine by GC-MS 
# 4 

 

Description of 
problem work is 
intended to 
address 

 

Menthol is considered a potential doping substance by racing 
authorities, but little is understood about its prevalence in the 
equine population. This project aims to develop and validate an 
analytical method for the quantification of menthol in equine urine 
by Gas Chromatography-Mass Spectrometry (GC-MS). The 
validated method will be used to assess the prevalence of 
menthol in equine urine for the proposal of a threshold to mitigate 
misuse. Comparison of these results to administration study data 
will aim to distinguish pharmacological manipulation from 
physiological variation. 

Outline of 
goals/objectives 

1. Training in laboratory procedures for the preparation and 
analysis of equine urine samples by GC-MS. 

2. Apply principles of analytical method validation for the 
quantification of menthol in equine urine samples. 

3. Establish a reference population of menthol levels in routine 
equine urine samples. 

4. Investigate the sensitivity and specificity of the validated 
method to identify doping cases using administration studies. 

Special 
requirements or 
techniques to be 
used by the 
student 

• Working in a routine forensic laboratory analysing 
biological samples 

• Adherence to Racing NSW policies and procedures (e.g. 
WH&S, Security) 

• Follow quantitative method validation procedures 

• Perform Gas Chromatography-Mass Spectrometry (GC-
MS) analysis 

• Perform statistical analysis of results 

Industry/external 
partner 

Australian Racing Forensic Laboratory (ARFL), Racing NSW 

UTS supervisor  Professor Shanlin Fu 

External 
supervisor 

Dr Adam Cawley (ARFL, Racing NSW) 

Primary contact Shanlin.Fu@uts.edu.au 

 
  

mailto:Shanlin.Fu@uts.edu.au
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GC-MS profiling of equine urine samples for longitudinal 
assessments 

# 5 
 

Description of 
problem work is 
intended to 
address 

 

Racing NSW has established the Equine Biological Passport 
(EBP) to perform longitudinal profiling of biomarkers in 
racehorses. A global or “top-down” statistical interpretation is 
required for data obtained from routine Gas Chromatography-
Mass Spectrometry (GC-MS) analysis of equine urine 
samples to identify outliers resulting from pharmacological 
manipulation as distinct from physiological variation. 

Outline of 
goals/objectives 

1. Training in laboratory procedures for the preparation and 
analysis of equine urine samples by GC-MS. 

2. Integrate metabolomic analysis principles into experimental 
design to assess analytical precision and physiological 
variance. 

3. Establish a reference dataset from Total Ion 
Chromatograms of routine equine urine samples. 

4. Apply the developed method to longitudinal assessment of 
EBP samples. 

5. Investigate the sensitivity and specificity of the developed 
method to identify doping cases using administration 
studies. 

Special 
requirements or 
techniques to be 
used by the 
student 

• Working in a routine forensic laboratory analysing 
biological samples 

• Adherence to Racing NSW policies and procedures 
(e.g. WH&S, Security) 

• Perform GC-MS analysis 

• Use open source software to perform statistical 
interpretation of data 

Industry/external 
partner 

Australian Racing Forensic Laboratory (ARFL), Racing NSW 

Shimadzu Scientific Instruments (Oceania) Pty.Ltd 

UTS supervisor  Professor Shanlin Fu 

External 
supervisor 

Dr Adam Cawley (ARFL, Racing NSW) 

Dr Chris Bowen (Shimadzu Scientific Instruments (Oceania) 
Pty.Ltd) 

Primary contact Shanlin.Fu@uts.edu.au 

 
  

mailto:Shanlin.Fu@uts.edu.au
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Profiling the seasonal variability of decomposition odour from 
human remains covered with lime and gypsum 

# 6 
 

Description of 
problem work 
is intended to 
address 

 

Decomposition odour is important to investigate to determine the 
key volatile organic compounds (VOCs) that are produced by 
human remains as it is these VOCs that are used by cadaver dogs 
to locate deceased victims. In some forensic cases, the perpetrator 
tries to disguise the smell by adding lime (CaO or Ca(OH)2) or 
gypsum (CaSO4.H2O) on top of the remains.  

Various sources suggest that the use of lime and gypsum reduces 
putrefactive odours and discourages scavenging by predators. 
However, the only existing report from the 60s suggest that lime is 
only effective at reducing the initial odour within the first days or 
weeks, but this is based on subjective smelling and not on VOC 
analysis. 

It is known that decomposition odour is dynamic and can change 
by the day and even hour. Clearly, it is not yet studied how the 
decomposition odour profile changes with added products like lime 
or gypsum. 

This information is important to advise police dog units on potential 
search strategies based on the time of year that a search is 
conducted. The purpose of this project is to collect VOCs from 
human remains with lime and gypsum placed at the Australian 
Facility for Taphonomic Experimental Research (AFTER) (surface 
and burials) and investigate the variability in odour profile. 

Outline of 
goals/objectives 

The goals of this project are: 

• To collect VOCs from human remains covered with lime and 
gypsum using sorbent tubes 

• To analyse the VOCs using comprehensive GCxGC-TOFMS 

• To determine if there are any variations in the odour profile 
with and without added chemicals 

Special 
requirements  

Human ethics approval already granted 

Industry/external 
partner 

University of Wollongong 

UTS supervisor  Dr Maiken Ueland 

External 
supervisor 

Dr. Eline Schotsmans, University of Wollongong 

Primary contact Maiken.ueland@uts.edu.au  

mailto:Maiken.ueland@uts.edu.au
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Toxicological and pharmacological study of Synthetic 
Cannabinoids 5-fluoro CUMYL-P7AICA 

# 7 
 

Description of 
problem work is 
intended to 
address 

 

Synthetic Cannabinoids (SCs) are a group of substances that are 
chemically synthesised and act on brain cells similar to the 
primary psychoactive constituent of cannabis (marijuana), delta-
9-tetrahydrocannabinol. SCs are perorally consumed as a 
replacement for cannabis to get “high”. Prior to 2008, there was 
little or no observation of SCs in the recreational drug market, but 
currently, SCs have become the mostly widely used class of 
recreational psychoactive compounds. Approximate one 
thousand types of SCs have been identified and appeared in the 
illicit market. Most of the details pharmacological and toxicological 
effects of SCs is unknown, which making their easy access and 
uncontrolled dissemination a serious threat to public health and 
safety.  

Recently, a few new SCs have been appeared in NSW illicit 
market, these are 5-fluoro CUMYL-P7AICA, NM2201, XLR11 and 
FUBAMB. There are very few studies that have been conducted 
on the drugs’ effects to humans, and no study has been carried 
out on 5-fluoro CUMYL-P7AICA, which has been found to be a 
popular and widely abused SC in the Hunter areas.  

In vitro human toxicology/pharmacological study of 5-fluoro 
CUMYL-P7AICA is urgently needed.  

Outline of 
goals/objectives 

To obtain toxicological / pharmacological data of 5-fluoro CUMYL-
P7AICA effects in humans. 

Special 
requirements or 
techniques to be 
used by the 
student 

Human Cells and chemical 5-fluoro CUMYL-P7AICA, which are 
commercially available. 

Industry/external 
partner 

NSW Police Force – Pharmacology Services Unit 

UTS supervisor  TBC 

External 
supervisor Dr Shuang Fu, Dr. Jennifer Raymond 

Primary contact fetsresearch@police.nsw.gov.au 

mailto:fetsresearch@police.nsw.gov.au
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Inorganic Chemistry 
Research Projects
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The search for mineralogical biosignatures to identify past life 

# 8 
 

Description of 
problem work is 
intended to 
address 

 

A biosignature is an indicator that life 
had or still exists in a particular 
location. Biosignatures may be of 
several types: 

• Organic matter 

• Gases such as methane 

• Isotope patterns that require 
biological processes 

• Biominerals 

One of the major objectives of present (and future) Martian 
surface and orbiting probes is to reveal past or present biological 
activity. 

Outline of 
goals/objectives 

This project will focus on key methodologies to distinguish 
biologically induced mineral structures and organisation patterns 
from inorganic (geological) counterparts. Known terrestrial 
examples of iron biominerals are the ferrimagnetic magnetite-
containing teeth of chitons as well as magnetotactic bacteria 
which produce chains of magnetite (magnetosomes) to enable 
them to orient themselves along the Earth’s magnetic field lines. 
Terrestrial silicon-containing biominerals include frustules (cell 
walls) of diatoms and the microskeletons of radiolaria. Terrestrial 
calcium-containing biominerals include microscopic foraminifera 
tests (shells) and coccolith plates. 

Both iron and silicon-containing minerals are abundant in both the 
Martian and terrestrial environments. Calcium carbonate minerals 
are of great current interest since they have been discovered at 
several sites by both the Mars Phoenix lander and the Spirit 
rover. 

Special 
techniques to be 
used by the 
student 

Thermogravimetric analysis, IR and Raman spectroscopy, X-ray 
diffraction analysis, scanning electron microscopy 

UTS supervisor  Dr Louise Evans 

Primary contact Louise.Evans@uts.edu.au 

 

  

mailto:Louise.Evans@uts.edu.au
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The role of low molecular weight polypeptides in pathogenic 
calcifications 

# 9 
 

Description of 
problem work is 
intended to 
address 

 

Calcium phosphate (CaP) 
compounds may occur in 
the body as abnormal 
pathogenic phases in 
addition to their normal 
occurrence as bones and 
teeth. Dicalcium phosphate 
dihydrate (DCPD; 
CaPO4.2H2O; brushite), 
along with other significant 
CaP phases, have been 
observed in pathogenic calcifications such as dental calculi, 
kidney stones and urinary stones. 

Outline of 
goals/objectives 

Very few studies exist on the effects of amino acid side chains on 
DCPD growth leading to pathogenic calcifications. The aim of this 
project is to investigate the effects of low molecular weight 
polypeptides of varying polarity on the seeded growth of DCPD 
from metastable solutions. Extent of inhibition of pathogenic 
crystal growth can be determined using a pH-stat autotitrator. 
Characterisation of both seed and product materials will be 
achieved using Fourier-transform infrared (FTIR) and Raman 
spectroscopy, powder X-ray diffraction (XRD) analysis and 
scanning electron microscopy (SEM). 

Special 
requirements or 
techniques to be 
used by the 
student 

pH-stat autotitrator, FTIR spectroscopy, Raman spectroscopy, 
powder XRD analysis, scanning electron microscopy. 

UTS supervisor  Dr Louise Evans 

Primary contact Louise.Evans@uts.edu.au 

  

mailto:Louise.Evans@uts.edu.au
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A comparative study of biogenic apatites for implantology 

# 10 
 

Description of 
problem work is 
intended to 
address 

 

Bone is a biogenically 
derived composite material 
comprising an inorganic 
phase (carbonated apatite) 
together with an organic 
phase composed 
predominantly of collagen 
type I together with acidic 
glycoproteins.  

Biowaste from various 
sources has been used to 
prepare calcium phosphate 
materials with a view for use 
in bone implantology 
applications. This includes 
those biogenic sources such 
as cuttlebone and eggshell 
which are not originally 
apatitic, but rather comprise calcium carbonate which must first 
be thermally and chemically converted to calcium phosphate. 

Outline of 
goals/objectives 

This project aims to prepare and characterise a range of biogenic 
apatites and their chemical and thermal derivatives for potential 
use in implantology applications. Porosity will be assessed using 
scanning electron microscopy; crystallinity and purity can be 
determined by powder X-ray diffraction analysis and FTIR 
spectroscopy. Acellular bioactivity will be assessed using SBF 
(simulated body fluid). 

Special 
requirements or 
techniques to be 
used by the 
student 

Thermogravimetric analysis, IR and Raman spectroscopy, X-ray 
diffraction analysis, scanning electron microscopy 

UTS supervisor  Dr Louise Evans, Assoc. Prof. Besim Ben-Nissan 

Primary contact Louise.Evans@uts.edu.au 

 
 

mailto:Louise.Evans@uts.edu.au


Applied Chemistry and Medicinal Chemistry Honours Projects - Autumn 2020 

University of Technology Sydney  

 

 

16 

 
 
 
 
 

Medicinal Chemistry 
Research Project 
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Theoretical and computational modelling for drug design or 
nanophotonics 

# 11 
 

Description of 
problem work is 
intended to 
address 

 

Basic models are to be developed pertaining to either new 
concepts in drug design or else nanophotonics applications 
involving defect states in solids. 

The medicinal chemistry project is based around our 2018 
discovery of the 5th and final fundamental form of 
stereoisomerism, akamptisomerism. Some tens of thousands of 
known molecules, medicinal and otherwise, are now identified as 
being akamptisomers. However, as their basic nature was not 
previously recognised, IUPAC notation, software programs, 
databases, and machine-learning approaches do not recognize 
that many new isomers are possible. Like the recognition of the 
significance of enantiomerism for thalidomide, very significant 
ramifications are possible. Indeed, millions of new drug molecules 
can now be conceived. This project will do calculations to predict 
if new molecules are likely to bind stronger to target proteins than 
their originals, developing new procedures for drug discovery. 

The nanophotonics project, in conjunction with Mike Ford, will 
look at the spectroscopy of defect states in solids.  Many 
significant experimental advances in this field have been made 
recently at UTS by Milos Toth and Igor Aharonovich, but the basic 
mechanisms remain unknown and the subject of intense 
international research. By combining skill bases coming from 
traditional chemical spectroscopy and condensed-matter physics, 
we are in a unique position to understand the critical 
observations.  

Outline of 
goals/objectives 

In medicinal chemistry, to design new drug candidates. 

In nanophotonics, to understand the mechanism of operation of 
single-photon emission from hBN. 

Special 
requirements or 
techniques to be 
used by the 
student 

Quantum chemical modelling software such as Gaussian and 
VASP, protein docking software, in each case utilising basic 
conceptual understanding of molecular structure and 
spectroscopy 

UTS supervisor  Jeff Reimers 

Primary contact Jeffrey.reimers@uts.edu.au 

 

  

mailto:Jeffrey.reimers@uts.edu.au
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Mitochondrial targeting agents for Neutron Capture Enhanced 
Particle Therapy (NCEPT) 

# 12 
 

Description of 
problem work is 
intended to 
address 

 

Neutron Capture Enhanced Particle Therapy (NCEPT) is a radical 
new paradigm in radiation therapy being developed by an 
international team led by the Australian Nuclear Science and 
Technology Organisation (ANSTO). NCEPT amplifies the impact 
of proton and heavy ion therapy (collectively known as particle 
therapy) by capturing low-energy (thermal) neutrons - produced 
as a by-product of treatment in the target site - inside the cancer 
cells, where their energy is deposited to deliver extra dose both to 
the tumour and nearby cancer cells. NCEPT allows a prescribed 
radiation dose to be delivered to the tumour with less radiation 
exposure to the rest of the body compared to standard particle 
therapy. As an added benefit, it also delivers a significant 
radiation dose to microscopic cancer cell infiltrates, which are 
often not detected using conventional cancer imaging techniques 
and therefore not treated. Simulation studies and early 
experiments in cancer cell cultures treated with carbon and 
helium ion beams and two candidate neutron capture agents 
have shown excellent promise. One of the agents – [10B]4-
borono-L-phenylalanine (10B-BPA) – is already approved for use 
in humans (boron neutron capture therapy) and has application in 
the treatment of several types of cancer including brain tumours 
(glioblastoma) and melanoma. The second agent, based upon 
gadolinium-157, is still under pre-clinical development and is not 
approved for human use. Given this, there is a great need to 
expand the range of available agents available for future clinical 
translation of NCEPT. To do this we propose to develop new B-
10 and Gd-157 based agents that specifically target the inner 
mitochondrial membrane – a critical organelle that, when 
damaged, is linked to programmed cell death. Importantly, 
ANSTO also has a library of mitochondrial targeting compounds – 
the PBR series – of which numerous analogues will be labelled 
with non-radioactive B-10 and Gd-157 isotopes (Figure 1). 

 
Figure 1. Gadolinium-157 and B-10 labelled mitochondrial targeting agents 

for NCEPT 

Once synthesised, these compound(s) will be evaluated for their 
ability to depolarise mitochondria, induce apoptosis and inhibit 
cell proliferation, at various concentrations and under neutron 
irradiation conditions at ANSTO (ACNS Dingo beamline). 
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Promising compounds may be evaluated further in animal models 
of disease at the HIMAC research facility in Japan. 

Outline of 
goals/objectives 

Synthesis, characterisation and initial biological evaluation of 
mitochondrial targeting agents labelled with boron-10 and 
gadolinium-157. 

Industry/external 
partner 

Australian Nuclear Science and Technology Organisation 
(ANSTO) 

UTS supervisor  Assoc. Prof Alison Ung 

External 
supervisor 

Mr Nicholas Howell, Dr Mitra Safavi-Naeini and Dr Benjamin 
Fraser 

Primary contact Alison.ung@uts.edu.au 

 
  

mailto:Alison.ung@uts.edu.au
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In-flow CO2-generated CO and direct utilisation in metal-
catalysed carbonylations 

# 13 
 

Description of 
problem work 
is intended to 
address 

 

Carbon monoxide represents a very useful block that can be used in metal-
catalysed insertive carbonylations, giving access to a broad series of 
medicinally relevant compounds. Instead of using pressurised cylinders, it is 
preferable to generate CO in-situ, and several routes are available to this 
scope. 11C (20min half-life) is also an important PET nuclide that gives 
access to highly valuable molecular imaging information; its use is however 
mandated by the starting chemical form utilisable, 11C-CO2. Therefore, there 
exists a relevant demand for ways to transform 11C-CO2 into 11C-CO, which 
are efficient and quick enough to cope with the time and handling constraints 
imposed by this radionuclide. A recent method has been published on the 
use of silyl acid esters as a mild trap-release system for CO starting directly 
from CO2.

 

Outline of 
goals/objectives 

Building on a previous successful ANSTO-UTS collaborative project, we will 
further expand the applicability of this innovative flow approach (i.e. double 
tube-in-tube) for achieving this promising CO trap-release concept to 
synthesise model compounds. The translation of the best conditions to the 
use of 11C-CO will also be studied, potentially leading to the production of 
important radiotracers that are not obtainable using current methodologies. 

Special 
requirements 
or techniques 
to be used by 
the student 

• Gas technique, working with pressures 

• Flow chemistry: setting of the flow system and variables (materials, 
pumps, heaters, pressures, oxygenation) 

• Analytical systems: HPLC-DAD, GC-MS, LC-MS, NMR 

• Collection of data, statistics, identification of best conditions, fluidic set-up 

Industry/external 
partner 

ANSTO, student undertaking this Honours project is eligible to apply for an 
Honours scholarship ($5000 stipend) available from AINSE. 

UTS 
supervisor  

Assoc. Prof Alison Ung 

External 
supervisor 

Dr Giancarlo Pascali 

Primary 
contact 

Alison.ung@uts.edu.au 
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Development of Nicotinamide N-methyltransferase Inhibitors 

# 14 
 

Description of 
problem work 
is intended to 
address 

 

Nicotinamide N-
methyltransferase (Fig.1) 
primarily is known to be 
responsible for detoxification 
and various metabolic 
pathways. This enzyme is 
expressed mainly in the liver 
but has been found in low 
levels in other organs. 
Recently, NNMT has been 
shown to be involved in a range of disease conditions and physiological 
processes, including Parkinson’s disease, cancers and metabolic 
disorders. Moreover, studies in both animals and humans have shown 
that NNMT expression and activity was increased in obesity and related 
chronic metabolic conditions such as type-2 diabetes. Current research 
has suggested that NNMT is an attractive therapeutic target for drug 
discovery in the areas of metabolic and chronic diseases such as type-2 
diabetes. 

Outline of 
goals/ 
objectives 

The objective of this project is to develop novel NNMT inhibitors that can 
be used as molecular probes for mechanistic investigations and for the 
development of therapeutics to treat metabolic and chronic diseases that 
are characterised by abnormal NNMT activity. 

• To carry out the rational design of the novel NNMT inhibitors via 
computer-aided molecular modelling. 

• To carry out the synthesis of potential NNMT inhibitors. 

• To systematically investigate the NNMT inhibitory activities of the 
synthesised compounds using the fluorescence-based 
methyltransferase assay. 

• To systematically investigate the identified NNMT inhibitors in a 
cell-based assay. 

Special 
requirements 
or techniques 
to be used by 
the student 

All equipment and resources required for the synthesis and antibacterial 
work are available at the School of Physical and Mathematical Sciences 
and School of Life Sciences, UTS. This includes the use of equipment 
such as GC-MS, NMR, IR, QTOF-MS, HPLC. Some further purchasing of 
solvents and chemical reagents may be required. 

UTS 
supervisor  

Assoc. Prof Alison Ung 

Primary 
contact 

Alison.Ung@uts.edu.au 

mailto:Alison.Ung@uts.edu.au
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Chemical Physics 
Research Projects
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Fabrication and functionalization of two-dimensional materials 
using novel plasma and electron beam methods 

# 15 
 

Description of 
problem work is 
intended to 
address 

 

Plasma and electron beam induced 
chemistry involve the dissociation of 
chemical precursors using reactive 
plasmas or electron beams rather 
than heat (as in the more 
conventional techniques of 
chemical vapour deposition and 
molecular beam epitaxy). We have 
recently employed electron beam 
chemistry to achieve directed etching of the two-dimensional (2D) 
semiconductor hexagonal boron nitride (h-BN), and to study the 
reaction chemistry of phosphorene, one of the newer 2D 
materials. This project will focus on developing new precursor 
chemistries and techniques for etching and functionalization of 
graphene, phosphorene, MoS2, and other two-dimensional 
materials.  

The Honours student will have the opportunity to collaborate with 
a team of postdoctoral researchers and scientists at CSIRO, and 
with other students working on applications of the developed 
plasma and electron beam chemistries (eg, in fabrication of 
photonic and optoelectronic devices). 

Outline of 
goals/objectives 

To demonstrate low temperature plasma synthesis of two-
dimensional materials such as MoS2, WS2 and borophene 

To explore the novel optoelectronic and photonic properties of the 
synthesized materials.  

Special 
requirements or 
techniques to be 
used by the 
student 

Chemical and photochemical synthesis, x-ray photoelectron and 
Raman spectroscopy, FTIR, UV-VIS, reactive plasma techniques, 
electron microscopy. 

Industry/external 
partner 

This is a collaborative project with CSIRO. The student will have 
the opportunity to conduct experimental measurements and 
collaborate with researchers at CSIRO Lindfield. 

UTS supervisor   A. Prof. Charlene Lobo 

External 
supervisor 

Dr. Michael Seo (CSIRO) 

Primary contact Charlene.Lobo@uts.edu.au 

 

mailto:Charlene.Lobo@uts.edu.au
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Synthesis and biomedical applications of hybridised black 
phosphorus – upconversion nanoparticles 

# 16 
 

Description of 
problem work is 
intended to 
address 

 

Emerging two-dimensional (2D) materials such as hexagonal 
boron nitride (h-BN) and 2D black phosphorus (BP) have unique 
combinations of properties, including direct, tunable bandgaps (in 
the ultraviolet and infrared respectively) and biocompatibility. 
Prior studies have demonstrated that unprotected BP 
nanoparticles undergo degradation in air and in aqueous buffer 
solutions, resulting in the formation of nontoxic phosphates and 
phosphonates1-2. This project will develop methods of fabricating 
and functionalizing stable BP nanoparticles for use as biomedical 
sensing probes and therapeutic agents. Nanoparticle synthesis 
will be conducted using conventional wet chemistry methods, and 
the synthesized nanoparticles will then be appropriately 
functionalized to yield well-dispersed nanoparticles in aqueous 
media. BP nanoparticles will then be hybridized with 
upconversion nanoparticles (UCNPs) to yield biocompatible 
imaging and contrast agents (see figure and references below). 

 
References 

1. Lee, H. U.; Park, S. Y.; Lee, S. C.; Choi, S.; Seo, S.; Kim, H.; Won, J.; 
Choi, K.; Kang, K. S.; Park, H. G.; Kim, H. S.; An, H. R.; Jeong, K. H.; Lee, Y. C.; 
Lee, J., Black Phosphorus (BP) Nanodots for Potential Biomedical Applications. 
Small 2016, 12 (2), 214-219. 

2. Shao, J. D.; Xie, H. H.; Huang, H.; Li, Z. B.; Sun, Z. B.; Xu, Y. H.; Xiao, Q. 
L.; Yu, X. F.; Zhao, Y. T.; Zhang, H.; Wang, H. Y.; Chu, P. K., Biodegradable black 
phosphorus-based nanospheres for in vivo photothermal cancer therapy. Nat. 
Commun. 2016, 7, 13.  

Outline of 
goals/objectives 

• To form stable BP nanoparticle suspensions in aqueous 
media by developing new functionalization and protection 
strategies 

• To hybridize the synthesized BP nanoparticles with 
upconversion nanoparticles (UCNPs) and multidentate 
polymeric ligands using previously developed methods. 

• To demonstrate the suitability of the hybrid nanoparticles as 
optical markers for in vitro imaging of subcellular structures. 
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Special 
requirements or 
techniques to be 
used by the 
student 

Chemical and photochemical synthesis, confocal and UV-visible 
spectroscopy, mass spectrometry, electron microscopy, 
thermogravimetric analysis, among other techniques. 

UTS supervisor   A. Prof. Charlene Lobo and Dr. Helen Xu 

Primary contact Charlene.Lobo@uts.edu.au 

 

  

mailto:Charlene.Lobo@uts.edu.au
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Analytical Chemistry 
Research Projects 
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Teeth as bioindicators of heavy metal exposure 

# 17 
 

Description of 
problem work is 
intended to 
address 

 

Hotspots of chronic kidney disease in in Sri Lanka are located in 
dry climatic regions. Occurrences of the disease has been 
associated with the change of drinking water sources from 
surface water to groundwater, and it is thought environmental 
factors affecting the water quality may be a contributing factor. 
The groundwater is often accessed through the construction of 
large diameter wells, which have a high potential for 
contamination from biological and agrochemical contamination. 
The agrochemical contamination has led to recurring incidences 
of blue-green algae blooms and high concentrations of heavy 
metals in the wells. Heavy metals such as lead, cadmium, and 
mercury are known kidney toxins, and may be a factor in the high 
incidences of disease. 

Accurately assessing early life exposure to heavy metals requires 
a robust technique that can measure chronic exposure. Teeth are 
a viable biomarker as heavy metals are exchanged into the 
hydroxyapatite structure, the collection of deciduous teeth is 
relatively easy and non-invasive, and the elemental information 
can be correlated with time of exposure. In this project you will 
use LA-ICP-MS to assess heavy metal exposure in the teeth 
collected from these Sri Lankan rural areas. This will provide vital 
information to these communities and will guide local authorities 
in providing adequate resources to clean up the wells before 
consumption and agricultural use. 

Outline of 
goals/objectives 

Determine levels of heavy metal exposure through the analysis of 
teeth. 

 

Special 
requirements or 
techniques to be 
used by the 
student 

LA-ICP-MS, SEM 

Industry/external 
partner 

ANSTO 

UTS supervisors Dr David Bishop, Dr David Clases 

External 
supervisor 

Prof Richard Banati 

Primary contact David.bishop@uts.edu.au 

 

mailto:David.bishop@uts.edu.au
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Automated sample preparation for medical diagnostics 
# 18 

 

Description of 
problem work is 
intended to 
address 

 

The identification and quantification of protein biomarkers for 
diagnosis, prognosis, therapeutic monitoring, toxicity and doping 
control is of increasing importance for clinical laboratories. Advances 
in clinical proteomics have yielded biological insights that hold 
considerable potential to revolutionise the methods by which 
clinicians guide the regimens for many non-communicable diseases 
such as cancer, diabetes, heart disease and stroke. Traditionally 
pathology labs use immunoassays for protein targets, but these 
methods are often subject to cross-reactivity and interferences, 
limited dynamic ranges and poor discrimination of proteoforms. 

Mass spectrometry is an alternative to immunoassays, but broad 
uptake is hampered by laborious and time-consuming sample 
preparation. Low level quantification of proteins requires proteolytic 
digestion for production of smaller peptides for targeted mass 
spectrometry analysis. This digestion step often takes up to 24 hours 
creating significant bottlenecks in the sample analysis workflow. The 
long turn-around-time and extra staff costs have limited the use of 
these assays in clinical pathology, especially for the treatment of 
critical and life-threatening conditions where a clinician needs a 
result in hours rather than days for effective patient treatment. 
Effective ways to eliminate the time constraints of protein sample 
preparation and automation of the workflow are essential for clinical 
implementation in medical laboratories. 

This project aims to use novel SPE packing phases developed at 
UTS and an automated sample handling workstation to reduce the 
complexity of sample preparation for biomarker analysis. It will 
involve capturing the target protein for digestion, followed by 
targeted LC-MS/MS analysis. The significance lies in dramatically 
decreasing turn-around-time for analysis of protein bio-marker 
targets, the reduction of method development and routine testing 
costs, and improvement of testing accuracy for patient management 
decisions.  

Outline of 
goals/objectives 

• Develop an automated workflow to reduce the complexity of 
biomarker quantification by LC-MS/MS. 

• Analyse clinical samples and validate against standard 
immunoassay techniques. 

Techniques to be 
used by the 
student 

Automated sample preparation workstation, SPE, LC-MS/MS 

UTS supervisor  Dr David Bishop, Dr Raquel Gonzalez de Vega, Prof Philip Doble 

Primary contact David.bishop@uts.edu.au 

mailto:David.bishop@uts.edu.au
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Analysis of the neurotoxin BMAA in environmental samples 

# 19 
 

Description of 
problem work is 
intended to 
address 

 

Cyanobacteria have lived on the planet more than 3.5 billion 
years. They are experts in survival and produce an enormous 
battery of toxic metabolites, some of which are known or 
suspected human neurotoxins. β-methylamino-L-alanine (BMAA), 
an amino acid produced by most cyanobacteria (including blue-
green algae), was first linked to the high incidence of 
neurodegenerative disease on the South Pacific island of Guam 
in the 1960s. Global ‘hot-spots’ (or clusters) of motor neurone 
disease (MND) have more recently been reported in France 
linked to consumption of mussels and in New Hampshire, USA 
linked to exposure to aerosolised cyanotoxins. BMAA has been 
detected in the brains of MND patients in the USA and Canada 
providing further evidence that it could be linked to this fatal 
disease. The vast majority of MND cases (90%) are sporadic and 
cannot be attributed to genetic factors alone. Life expectancy 
after diagnosis is only 4 years.  

We have evidence that hot-spots of MND exist in Australia close 
to water bodies that have regular algal blooms and have shown 
that BMAA is produced by Australian blue-green algal blooms. 
BMAA is not currently regulated at Federal or State levels, 
therefore we are currently developing models to determine 
chronic exposure levels of BMAA in regional NSW with the aim to 
improve public health in affected areas. This Honours project will 
contribute to this overarching aim by monitoring toxin levels in 
environmental samples. 

Outline of 
goals/objectives 

• Monitor environmental toxins produced by blue-green algae. 

• Improve our understanding of the prevalence of these toxins 
during and after algal blooms. 

Techniques to 
be used by the 
student 

SPE, LC-MS/MS 

UTS supervisor  Dr David Bishop, A/Prof Ken Rodgers, A/Prof Simon Mitrovic 

Primary contact David.bishop@uts.edu.au 

 

  

mailto:David.bishop@uts.edu.au
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New age catalysts 
# 20 

 

Description of 
problem work is 
intended to 
address 

 

Organic chemical transformations are often catalysed. In fact, 
most of industry employs catalysed reactions and they are used 
to manufacture the vast majority of chemical products. While 
transition metals are used in the production of some high value 
products, a large proportion of catalysts are acidic (Lewis or 
Brønsted). We have used metal triflates very successfully in the 
synthesis of complex carbohydrates, aromatic compounds, fuel 
additives, conversion of cellulose into platform chemicals, etc. 
Unlike traditional Lewis Acids, metal triflates are surprisingly 
stable in protic media which gives them distinct advantages, 
including recovery and recycling. 

In the process we have discovered some unusual superacidic 
systems with immense potential to replace less environmentally 
friendly catalysts which also tend to be corrosive. 

Outline of 
goals/objectives 

This project will scope some uses of these new age catalysts for 
the synthesis of some value-added products with high industry 
potential and interest. 

This project will provide successful candidates with industry-
relevant skills and experience. 

Special 
requirements or 
techniques to be 
used by the 
student 

Gas chromatography, liquid chromatography, high pressure liquid 
chromatography, mass spectroscopy, supercritical fluid 
extraction, supercritical fluid chromatography 

Access to wet/synthesis type laboratory; access to analytical 
equipment 

UTS supervisor  Professor Bradley Williams 

Primary contact Bradley.williams@uts.edu.au 

 

  

mailto:Bradley.williams@uts.edu.au
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Dissolving whole cells and organisms for ‘omics’ research 

# 21 
 

Description of 
problem work is 
intended to 
address 

 

The future of precision and personalised medicine will rely on 
deeper understanding of individuals at the molecular level. Omics 
research does just that and allows us to understand more deeply 
the workings of organisms and their interactions with, and 
responses to, internal and external stimuli. For example, it is 
possible, with certain markers, to determine stress (oxidative, 
water, heat, etc.) in organisms, or certain disease states. 

With the rise of ‘omics’ (proteomics, lipidomics, metabolomics – 
basically, the analysis of whole classes of compounds in target 
organisms), comes problems of preparing the sample for 
chromatography and analysis, separation of classes of 
compounds, data management, etc. It would be desirable to be 
able to analyse all components of single cells, classes of cells, 
organs or organisms. Sample preparation remains a major issue, 
but we have discovered types of solvents capable of dissolving 
algae and certain microorganisms such as Staph. aureus, which 
is notoriously difficult to work with. This resistance makes the 
sample preparation of such cells or organisms very difficult, and 
this seriously hampers analytical biochemistry, for example. With 
our discovery, it becomes possible to dissolve these types of cells 
or organisms for analysis. What we now need to explore is how 
well these special solvents maintain the integrity of the target 
classes of molecules to be analysed, and how to use the 
solutions in other separation techniques such as chromatography 
or extraction, to prepare them for analysis. Candidates will work 
alongside a team of other researchers in the Faculty of Science. 

Outline of 
goals/objectives 

This exciting interdisciplinary project will expose the student to a 
range of sample preparation techniques and analytical techniques 
in a project with high potential to develop a cutting-edge sample 
preparation method and for the publication of the results in 
leading international journals. 

Special 
requirements or 
techniques to be 
used by the 
student 

Gas chromatography, liquid chromatography, high pressure liquid 
chromatography, mass spectroscopy, supercritical fluid 
extraction, supercritical fluid chromatography  

Access to wet/synthesis type laboratory; access to analytical 
equipment 

UTS supervisor  Professor Bradley Williams 

Primary contact Bradley.williams@uts.edu.au 

 
  

mailto:Bradley.williams@uts.edu.au
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Chemical Biology 
Research Projects 
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Characterising the cell membrane disrupting mechanism of the 
pH-sensitive peptide GALA to optimise endosomal drug delivery 

# 22 
 

Description of 
problem work is 
intended to 
address 

 

GALA is a peptide that was designed for the pH-sensitive 
disruption of membranes and is used for endosomal drug 
delivery. The peptide binds to cell membranes and once inserted, 
forms stable pores that allow the selective transport of ions 
across membranes. The peptide also shows antimicrobial 
properties. 

There are a number of open questions related to the mechanism 
of action of GALA. These include the role of lipid composition on 
the size and stability of the pore and how lipid composition affects 
the ability of GALA to disrupt cell membranes. Answering these 
questions is important for understanding the mechanism of GALA 
for designing peptides that target specific membranes and/or can 
be used to deliver specific drug molecules or the use of GALA as 
an antimicrobial agent. 

Outline of 
goals/objectives 

The overall aim of our study is to investigate the effect of lipid 
composition in the mechanism of GALA and how this affects the 
ability of GALA to form pores and disrupt cell membranes.  

Special 
requirements or 
techniques to be 
used by the 
student 

This project will teach you biophysical techniques such as 
tethered bilayer lipid membranes with electrical impedance 
spectroscopy (tBLM/EIS) and fluorescence spectrometry that are 
usually not taught in standard biotechnology and biomolecular 
sciences degrees. This will provide you with skills that 
differentiate you from other graduates. 

In addition, you will learn how to design, carry-out and analyse 
your own experiments and how to write a report to the standards 
required for publication in scientific journals. 

UTS supervisor  Dr Evelyne Deplazes, Dr Alvaro Garcia (UTS Biophysics lab) 

Primary contact Evelyne.deplazes@uts.edu.au  

 

  

mailto:Evelyne.deplazes@uts.edu.au
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Identifying the effect of honey components on cell membranes 

# 23 
 

Description of 
problem work is 
intended to 
address 

 

Manuka and other honey is widely investigated for its 
antimicrobial properties. Despite its use as a medicine for 
thousands of years, bacteria have not developed resistance to its 
killing effects (unlike antibiotics) but the molecular reasons for this 
are unclear.  

Honey contains a range of ‘bioactive’ components which can 
contribute to its antimicrobial activity, including sugars, phenols, 
peptides and enzymes, and how these many compounds act on 
cells is currently not fully understood. Recent studies show that 
some of these compounds affect the cell permeability of bacteria.  

Understanding how the components in honey affects membranes 
and how this relates to its antimicrobial properties will assist in 
future development of new honey-based antibiotics.  

Outline of 
goals/objectives 

The aim of this project to use a combination of biophysical 
techniques to study how compounds found in honey interact with 
biological membranes. This includes fluorescence experiments, 
and/or the use of tethered bilayer lipid membranes with electrical 
impedance spectroscopy. These experiments can also be 
combined with microbiology techniques to understand how 
different membrane activities link to the effect of these 
compounds on bacterial cells.  

Special 
requirements or 
techniques to be 
used by the 
student 

This project will teach you biophysical techniques such as 
tethered bilayer lipid membranes with electrical impedance 
spectroscopy (tBLM/EIS) and fluorescence spectrometry that are 
usually not taught in standard biotechnology and biomolecular 
sciences degrees. This will provide you with skills that 
differentiate you from other graduates. 

In addition, you will learn how to design, carry-out and analyse 
your own experiments and how to write a report to the standards 
required for publication in scientific journals. 

UTS supervisor  Dr Evelyne Deplazes (SoLS), Dr Nural Cokcetin (i3) 

Primary contact Evelyne.deplazes@uts.edu.au  

 

  

mailto:Evelyne.deplazes@uts.edu.au
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Membrane interaction of small molecules capable of improving 
Batten’s Disease cell phenotypes 

# 24 
 

Description of 
problem work is 
intended to 
address 

 

Batten’s disease is an inherited neurodegenerative disorder that 
is inevitably fatal. Onset typically occurs at the age of 5 – 10 
years. Little is known about the causes of the disease and there 
are very few treatment options. Mutations in the protein CLN3 
(also known as Battenin) cause the most common form of 
Batten’s disease. Recently it was shown that the commonly used 
gap junction inhibitor carbenoxolone and other small molecules 
are able to improve phenotypes in CLN3 deficient mice.  

All of the molecules identified are steroid- or sterol-like molecules, 
which, due to their hydrophobic nature, would be expected to bind 
strongly to lipid membranes. The purpose of our project is to carry 
out an in-depth investigation on the effects of these molecules on 
a range of membrane properties. This will be achieved using a 
range of biophysical that measure membrane properties change 
as a result of other molecules, like steroids, interacting with the 
membrane. Discovering the mode of action of these molecules, 
would provide a rational basis for the design of improved 
treatments for CLN3 deficiency.   

Outline of 
goals/objectives 

The overall aim of our study is to uncover which property of 
biological membranes needs to be modified in order to observe a 
beneficial effect for sufferers of Batten’s disease. This will provide 
essential knowledge for the future design of improved treatments. 

Special 
requirements or 
techniques to be 
used by the 
student 

This project will teach you biophysical techniques such as 
tethered bilayer lipid membranes with electrical impedance 
spectroscopy (tBLM/EIS), fluorescence spectrometry and 
differential scanning calorimetry (DCS) that are usually not taught 
in standard biotechnology and biomolecular sciences degrees. 
This will provide you with skills that differentiate you from other 
graduates. 

In addition, you will learn how to design, carry-out and analyse 
your own experiments and how to write a report to the standards 
required for publication in scientific journals. 

Industry/external 
partner 

University of Sydney (USyd) 

UTS supervisor  Dr Evelyne Deplazes, Dr Charles Cranfield, Dr Alvaro Garcia 
(UTS Biophysics lab) 

External 
supervisor 

A/Prof Ron Clarke (USyd) 

Primary contact Evelyne.deplazes@uts.edu.au  

mailto:Evelyne.deplazes@uts.edu.au
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Characterising the membrane interactions of small molecules 
capable of improving Batten’s disease cell phenotypes using 
molecular dynamics simulations 

# 25 
 

Description of 
problem work is 
intended to 
address 

 

Batten’s disease is an inherited neurodegenerative disorder in 
children that is inevitably fatal. Recently it was shown that the 
commonly used gap junction inhibitor carbenoxolone and other 
small molecules are able to improve phenotypes in CLN3 
deficient mice.  

All of the molecules identified are steroid- or sterol-like molecules, 
which, due to their hydrophobic nature, would be expected to bind 
strongly to lipid membranes. In this project will use molecular 
dynamics (MD) simulations to understand how these steroid- or 
sterol-like interact with biological membranes (ie. if and how they 
pass though cell membranes). MD simulations are a 
computational technique that is widely used to study the 
interaction of small molecules with membranes at atomistic level 
resolution. From these simulations, we will calculate changes in 
the structure and electrostatic properties of the membrane 
induced by the binding of the sterol molecules. These can be 
related back to the observables obtained from experiments in our 
lab. 

Outline of 
goals/objectives 

The overall aim of our study is to uncover which property of 
biological membranes needs to be modified in order to observe a 
beneficial effect for sufferers of Batten’s disease. This will provide 
essential knowledge for the future design of improved treatments. 

Special 
requirements or 
techniques to be 
used by the 
student 

This project will teach you skills in molecular dynamics 
simulations including the use of supercomputing facilities. In 
addition, you will learn basic programming skills and how to deal 
with complex data sets. These are highly valuable skills for any 
scientist and are usually not thought in biotechnology and 
biomolecular sciences degrees. This project will provide you with 
skills that differentiate you from other graduates. In addition, you 
will learn how to design, carry-out and analyse your own 
experiments. 

UTS supervisor  Dr Evelyne Deplazes 

Primary contact Evelyne.deplazes@uts.edu.au 

 

mailto:Evelyne.deplazes@uts.edu.au
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Characterising the cell membrane disrupting mechanism of the 
pH-sensitive peptide GALA using molecular dynamics 
simulations 

# 26 
 

Description of 
problem work is 
intended to 
address 

 

GALA is a peptide that was designed for the pH-sensitive 
disruption of membranes and is used for endosomal drug 
delivery. The peptide binds to cell membranes and once inserted, 
forms stable pores that allow the selective transport of ions 
across membranes. The peptide also shows antimicrobial 
properties  

There are a number of open questions related to the mechanism 
of action of GALA. These include the role of lipid composition on 
the size and stability of the pore and how lipid composition affects 
the ability of GALA to disrupt cell membranes. Answering these 
questions is important for understanding the mechanism of GALA 
for designing peptides that target specific membranes and/or can 
be used to deliver specific drug molecules or the use of GALA as 
an antimicrobial agent. 

Outline of 
goals/objectives 

The overall aim of our study is to use MD simulations to 
understand how lipid composition affects the this affects the 
ability of GALA to form pores.  

Special 
requirements or 
techniques to be 
used by the 
student 

This project will teach you skills in molecular dynamics 
simulations including the use of supercomputing facilities. In 
addition, you will learn basic programming skills and how to deal 
with complex data sets. These are highly valuable skills for any 
scientist and are usually not thought in biotechnology and 
biomolecular sciences degrees. This project will provide you with 
skills that differentiate you from other graduates. In addition, you 
will learn how to design, carry-out and analyse your own 
experiments. 

UTS supervisor  Dr Evelyne Deplazes 

Primary contact Evelyne.deplazes@uts.edu.au  
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Characterising the cell membrane disrupting mechanism of the 
pH-sensitive peptide GALA using microfluidic devices 

# 27 
 

Description of 
problem work is 
intended to 
address 

 

GALA is a peptide that was designed for the pH-sensitive 
disruption of membranes and is used for endosomal drug delivery. 
The peptide binds to cell membranes and once inserted, forms 
stable pores that allow the selective transport of ions across 
membranes. The peptide also shows antimicrobial properties  

There are a number of open questions related to the mechanism 
of action of GALA. These include the role of lipid composition on 
the size and stability of the pore and how lipid composition affects 
the ability of GALA to disrupt cell membranes. Answering these 
questions is important for understanding the mechanism of GALA 
for designing peptides that target specific membranes and/or can 
be used to deliver specific drug molecules or the use of GALA as 
an antimicrobial agent. 

Outline of 
goals/objectives 

The overall aim of our study is to use a custom-build microfluidics 
device to investigate how GALA affects different types of cells, 
including bacterial cells.  

Special 
requirements or 
techniques to 
be used by the 
student 

This project will teach you skills in building and using microfluidics 
device to study cells. These are highly valuable skills for any 
scientist and are usually not thought in biotechnology and 
biomolecular sciences degrees. This project will provide you with 
skills that differentiate you from other graduates. In addition, you 
will learn how to design, carry-out and analyse your own 
experiments. 

UTS supervisor  Dr Evelyne Deplazes, Dr Alvaro Garcia (UTS Biophysics lab), Dr 
Martin Stewart 

Primary contact Evelyne.deplazes@uts.edu.au  
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