
 

Title  Enhancing the physical properties of medical implants with biodegradable, 
natural materials 

Name of supervisor(s) Dr Annette Dowd, Dr Louise Evans, Prof Besim Ben-Nissan 

Email address Annette.Dowd@uts.edu.au 

Project description & aims 

(Include relevant images here, 
250 words max)  

Biodegradable polymers such as poly L lactic acid are cheaply made from 
biomass. They can be used as implant coatings or scaffolding, however they 
tend to be brittle and fragile because of poor crystallisation. The mechanical 
properties can be improved with microscopic inorganic additives. 

Artificial SiO2 mesoporous structures have previously been shown to be 
useful for improving wear resistance in polymer coatings when used as an 
additive. In addition these structures have been shown to act as a platform 
for storage and delayed release of drugs. A composite material combining 
both functionalities would play an important role in tissue and bone repair 
implants, providing a biocompatible scaffold for bone regeneration and 
simultaneously slowly releasing antibiotics. 

Diatoms are abundant algae that create intricately microstructured SiO2 cell 
walls, which are nontoxic. The cell walls, as seen in the figure below, are 
mesoporous structures.  

In this project the student will investigate the potential dual role of diatoms 
in medical implant polymers: as a reinforcement agent and as a controlled 
drug release system. 

 

Mixed marine diatoms, P. Ajani, C3 UTS, 2017. 5 micron scale bar. 

Techniques the student would 
be working with 

Scanning Electron Microscopy, X-Ray Diffraction 

Differential scanning calorimetry/Thermogravimetric analysis, Fourier 
transform infrared spectroscopy 

Cell culture 

Infrastructure and support 
required for project execution  

MAU, Chemistry and SOLS facilities. 

Degree 
(Biomedical Physics and/or 
Applied Physics and/or 
Nanotechnology) 

Biomedical Physics or Nanotechnology 



Title  
Brillouin flow cytometry for label-free micromechanical cell screening 

Name of supervisor(s) Dr Irina Kabakova, A/Prof Majid Warkiani 

Email address Irina.kabakova@uts.edu.au 

Project description & aims 

(Include relevant images here, 
250 words max)  

Microfluidics is bourgeoning field of science that deals with the behaviour, 
precise control and manipulation of fluids and particles in the scale of tens to 
hundreds of micrometres. It serves as a platform for biomedical and chemical 
applications, called Lab-on-a-Chip, and offers fast and high throughput 
solution for pathogen detection and cellular health screening.  
 
Many cellular diseases and genetic mutations affect deformability of cells and 
organelles, and hence detection of compressibility and viscoelasticity in a large 
volume of cell material is destined to become the key diagnostic tool in health 
screening. Brillouin microscopy, an emerging field of research on the 
intersection of photonics and health sciences, offers a non-contact and label-
free approach to mapping viscoelastic properties of tissues and biomaterials 
in 3D.  
 
This project will utilize both technologies, microfluidics and Brillouin 
macroscopy, to investigate pathways towards the development of future 
technologies for cell screening and diagnostics based on microscale technology 
and advanced imaging. A suitable candidate will receive a unique opportunity 
to join young and dynamic team of researchers and acquire work experience 
in the state-of-the-art facilities.  

Techniques the student would 
be working with 

Microfabrication, design of lab-on-chip platforms, Brillouin 
microspectroscopy and imaging, fluorescent imaging 

Infrastructure and support 
required for project execution  

The School of Biomedical Engineering at FEIT UTS hosts the world-leading lab 
specialised in microfluidics and Lab on a chip research (A/Prof Warkiani’s Lab). 
The laboratory is equipped with the stat of the art facilities such as flow 
cytometry, gene sequencing, fluorescent microscopes, tissue culture 
equipment, 3D printers, etc.  
The School of Mathematical and Physical Sciences at UTS hosts the only 
Brillouin microscope in Australia (Dr Kabakova’s lab) and hence is uniquely 
positioned to combine microfluidics with Brillouin imaging to deliver novel 
Lab-on-a-Chip applications that can revolutionise future of biomedical 
diagnostics.  

Degree 
 

Biomedical Physics and/or Applied Physics and/or Nanotechnology 

 
 
 
 
 
 

 



 

  

Title  Studying micromechanical properties of lung tissues subjected to 
respiratory diseases 

Name of supervisor(s) Dr Irina Kabakova, Prof Brian Oliver  

Email address Irina.kabakova@uts.edu.au 

Project description & aims 

(Include relevant images here, 
250 words max)  

Respiratory diseases are known to change the structure, composition and, 
consequently, micromechanical properties of lungs and airways in patients. 
For example, LAM, or lymphangioleiomyomatosis, is a rare lung disease that 
affects mostly women of childbearing age. In people who have LAM, abnormal 
muscle-like cells begin to grow out of control in certain organs or tissues, 
especially the lungs, lymph nodes, and kidneys. It is expected that a lung tissue 
sample obtained from a LAM patient will have significantly stiffer, muscle-like 
properties, compared to that obtained from healthy patients. In general, any 
imaging modality that can assess micromechanical properties of lung tissues 
can be invaluable in disease diagnostics/screening and can improve our 
knowledge and understanding of rare diseases such as LAM.    

In this project, a suitable candidate will get chance to learn and apply a novel 
imaging modality, Brillouin imaging, to analyse the micromechanical 
properties of various lung tissues including those obtained from healthy and 
diseased (LAM, emphysema etc.) patients. Brillouin microscopy is a non-
contact and label-free technique that is gaining popularity as micromechanical 
characterisation tool in biology and biomedicine. By joining this project, you 
will be part of multidisciplinary team of researchers, optical physicist, doctors 
and biologists, and get access to the state-of-the-art facilities within UTS 
Faculty of Science and Woolcock Institute of Medical Research (Glebe).  

 

Techniques the student would 
be working with 

Brillouin microscopy, Confocal microscopy, tissue histology 

Infrastructure and support 
required for project execution  

Brillouin Imaging Lab (supervised by Dr Irina Kabakova), Woolcock Institute of 
Medical Research (tissue collection and histology expertise, supervised by 
Prof Brian Oliver) 

Degree 
(Biomedical Physics and/or 
Applied Physics and/or 
Nanotechnology) 

Biomedical Physics  



 
 

Title Design and fabrication of microfluidic devices for profiling 
extracellular vesicle heterogeneity 

Name of supervisor(s) Dr Gungun Lin; 

Email address Gungun.lin@uts.edu.au 

Project description & aims 
 

(Include relevant images 
here, 250 words max) 

Extracellular vesicles (EVs) are membrane-bound vesicles secreted by most 
cell types and exist in virtually all bodily fluids. They carry on a wealth of 
proteomic and genetic information including proteins, lipids, miRNAs, mRNA, 
non-coding RNA and other molecules from parental cells. In particular, 
accumulating evidence indicated that cancer- derived small EVs are unique 
and reflect heterogeneous biological changes associated with growing 
tumours. Accumulating evidence indicates that the promising clinical use of 
EVs reside in early stage tumour diagnosis. Small EVs has been found to act 
as early diagnostic markers of breast, colon, prostate, pancreatic, ovarian, 
colorectal cancers and glioblastoma. Increasing evidence shows that within 
populations of EVs, their biogenesis, physical characteristics (e.g. size, 
density, morphology) and cargos (e.g. protein, lipid content, nucleic acids) 
may vary substantially, which accordingly change their biological properties. 
To fully exploit the potential of EVs, it requires qualified methods to profile 
EV heterogeneity. 

 
The project aims to design and fabricate microfluidic chips that facilitate 
the streamlined magnetic isolation and downstream optical analysis of 
extracellular vesicles. Outcome of this project will lead to new technology 
for EV analysis, new knowledge of EV heterogeneity and their potential 
indications for disease diagnosis. 

 

 
 

mailto:Gungun.lin@uts.edu.au


Techniques the student 
would be working with 

Microfabrication techniques including laser writing to pattern 
microfluidic channels, CAD design, lithography etc. 

Bio-conjugation techniques, dye staining 

Microscopic imaging 

Infrastructure and support 
required for project 
execution 

Biochemistry lab in building 7, level 5 
 

Advanced microfabrication lab (funded by ARC LIEF). 

Degree 
(Biomedical Physics and/or 
Applied Physics and/or 
Nanotechnology) 

Biomedical physics 

 



Project title  Synthesis and biomedical applications of hybridized black phosphorus – 
upconversion nanoparticles 

Name of supervisor(s) A/Prof. Charlene Lobo, Dr. Helen Xu 

Email address Charlene.lobo@uts.edu.au,  XiaoxueHelen.Xu@uts.edu.au 

Project description & aims 

(250 words max, summary 
written for prospective 
students)  

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 biocompatability. 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.  

Techniques the student would 
be working with 

- To form stable BP nanoparticle suspensions in aqueous media  

- To hybridize the synthesized BP nanoparticles with upconversion 
nanoparticles (UCNPs) using previously developed methods. 

To demonstrate the suitability of the hybrid nanoparticles as optical markers 
for in vitro imaging of subcellular structures.  

mailto:Charlene.lobo@uts.edu.au


 

Infrastructure and support 
required for project execution  

The project will be conducted using UTS facilities and equipment 
(Microstructural Analysis Unit, Chemical Technologies Laboratory, and 
Institute for Biomedical Devices) 



 

Title  Nanothermometers for intracellular temperature sensing 

Name of supervisor(s) Jiajia Zhou 

Email address Jiajia.zhou@uts.edu.au 

Project description & aims 

(Include relevant images here, 
250 words max)  

Nanothermometers are fluorescent probes that can measure localized 
temperature changes at the nanoscale. Conventional fluorescent probes fail 
to avoid detection bias. This project aims to develop fluorescent 
nanothermometers that allow reliable temperature sensing in living cells. The 
expected outcomes include a new library of near-infared nanoprobes with 
high brightness, photostability and spatial resolution imaging compatibility, 
as well as protocols for surface functionalisation of nanoprobes towards 
specific cell labelling. This sensing technology will open an avenue to clearly 
visualise cellular dynamics and answer many biological questions such as 
those related to cell signalling, development, and differentiation, as well as to 
diagnose cancer metastasis and monitor thermal dynamic therapy.  

The project aims are to: 

1) Develop new fluorescent nanothermometers that working at the near-
infrared wavelengths 

2) Achieve self-correlated temperature sensing capability by using multiple 
physical parameters  

2) Functionalize the nanothermometers to be biocompatible 

Techniques the student would 
be working with 

Wet-chemistry synthesis nanotechnology;  

Transmission electron microscope; 

Fluorescence spectroscopy;  

Advanced single nanoparticle imaging microscopy; 

Polymer coating and bioconjugation chemistry 

Infrastructure and support 
required for project execution  

Transmission electron microscope at MAU 

Proposed built confocal microscopies and spectrometers at IBMD 

DLS and Zeta potential measurement instrumentation at IBMD 

Other chemistry and physical lab based infrastructures 

Degree 
(Biomedical Physics and/or 
Applied Physics and/or 
Nanotechnology) 

Biomedical Physics or Applied Physics or Nanotechnology 


