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A Matter of Scale... 
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of optical fibre 
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Nanoparticles 
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New approaches to measuring nano-scale 

dynamic phenomena in living systems 

VISION - OBJECTIVES 

The CNBP will drive advances in… 

 

 

 

 

Optical fibres 
with micro and 

nanoscale 
structure 

Novel sensor 
architectures 

Theory and 
modelling 

New optical 
materials 

Nanoprobes 
and 

nanoparticles 

Surface control 
and function 

Protein and 
small molecule 

discovery 

University of 
Adelaide 

Macquarie 
University 

RMIT 
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Underpinning Science Themes 

Illuminate Recognise Measure Discover 

Biologically Driven Concept Challenges 

The spark of life 
Origins of 

sensation 
Inside blood vessels 

RESEARCH PROGRAM 
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Science Theme 1: Illuminate 

Vision – To create photons designed to probe molecular-level systems 

– Novel nanoprobes with tailored emission characteristics 

– Advanced optical fibres for delivering light to/from nanoenvironments 

– Nanoparticle enriched materials and structures 

Examples –  

Tailored emission from 

upconversion nanoparticles 

– Characterise SuperDots over broad intensity range 

using fibre platform, enabling efficiency gains via 

optimising energy transfer processes 

– Show reduction possible in autofluorescence 

background to guide sensor development 

– Map out opportunities for emission wavelength 

tailoring to guide reporter molecule development 

Immediate Opportunity 

Transformed endoscopy 

– Silica glasses with improved UV transmission & 

Photonic structures to shift the UV edge  

endoscopes with transparency down to 250nm 

– Next-gen SuperDots attached to fibre-tips to enable 

IR delivery & localised UV generation 

– Theory enabling maximal information extraction 

from spectral/spatial maps of cellular environment 

 

Grand Challenge 

RESEARCH PROGRAM 
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Science Theme 2: Recognise 

Vision – Optically-controlled surfaces to recognise molecules in living systems 

– Novel reporter molecules 

– Strategies for surface attachment 

– Continuous sensing and light-driven regeneration and control 

Examples – 

Continuous measurement in-vitro 

–Exploit spiropyran-based photoswitches that bind 

biologically significant ions (Zn, Ca …) 

–Develop encapsulation techniques to control 

whether photoswitches remain in the extra-cellular 

environment or penetrate the cell walls 

–Demonstrate the capacity to monitor intra and 

extracellular ion production in live cells 

Immediate Opportunity 

Light-controlled assays 

–Incorporate photoswitches into functional 

biomolecules (peptides, enzymes, DNA …) 

–Methodologies for immobilising light-controlled 

biomolecules on nanoparticles, glass, membranes 

–Create light-responsive materials that can be 

remotely delivered, accessed and probed 

–Assays that control the binding affinity using light 

Grand Challenge 

RESEARCH PROGRAM 
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Science Theme 3: Measure 

Vision – Nanoscale photonic sensing architectures 

– Remote nanoscale assays 

– Spatially distributed measurements, in-situ interferometers 

– Exploring the fundamental limits of detection 

Examples – 

Detect molecules in distant 

nanoenvironments 

– Pair SuperDots with reporter molecules. 

Nanoparticle produces pump photon for the reporter 

fluorophore 

– Functionalise nanoparticle-reporter pair onto the 

surface near end of a microstructured fibre 

– Integrate with a fibre-dip sensor architecture to 

remotely probe specific ions or cations 

Immediate Opportunity 

Fundamental limits of detection 

–Quantify balance between intensity, collection 

efficiency, spectral window & spatio-temporal 

resolution for our photonic sensing architectures 

–Apply information theory treatments in concert with 

photonic device modelling – aiming to identify 

approaches that yield the most information 

–Extract resolution & detection for complex and 

dynamic biological environments 

Grand Challenge 

RESEARCH PROGRAM 
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Science Theme 4: Discover 

Vision – Advanced molecular analysis to monitor changes in/around cells 

– Discovery of new molecules in target systems  

– Measuring the effects of probes on systems  

– “Canary in the mine” genetically modified sensing cell 

Examples – 

Effects of probes on cells 

–Existing nanophotonic platforms (nanoparticles, 

glass fibre interfaces) will be functionalised with 

known detector molecules 

–Probes will be deployed in-vitro in well-characterised 

cell-lines and tissues for each BCC 

–Parallel experiments using standard –omics 

analyses will be used to identify probe-related effects 

on the cells 

Immediate Opportunity 

Multiplexed Probes for Cellular Changes 

– Discover molecules that synchronously alter in 

response to perturbation  

– Independent probes to detect different molecular  

changes  

– Separate probes to be embedded in a single fibre  

– Simultaneous measurement of independent 

variables in situ in real time at a single location 

Grand Challenge 

RESEARCH PROGRAM 
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BC1 Spark of Life 

Vision: To understand dynamic processes at the beginning of life 

 

 

 

RNA 

Protein 

Glycolysis 

OXPHOS 

NanoBioPhotonics offers approaches to measuring ions & metabolites, 

DNA/RNA & histone structures. This will reveal the causal pathways between 

maternal microenvironment and peri-conception programming. 

We will explore the effect of maternal environment on the embryo 

RESEARCH PROGRAM 
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BC2 Origins of Sensation 

Vision: To identify the origin, actions and 

behavioural consequences of central 

nervous system (CNS) immune signals 

 
  

Ecstasy drug induces 

hyperthermia in the brain 
Honours student Hutchinson lab 2013 

NanoBioPhotonics with functionalisation of the optical fibre tip has the power 

to go to places in the brain and monitor small molecules and proteins in 

localised volumes of cerebrospinal fluid that could never be assessed before 

Nanoscale optical temperature 

probe provides temporal 

resolution in an anatomically 

defined region in the brain. 

We will obtain real time analytics of the CNS 

RESEARCH PROGRAM 
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BC3 Inside Blood Vessels 

Vision: To dynamically quantify proteins 

and molecules within the endothelium 
 

Plaques in the arteries change over 

life and in response to therapies  

We will monitor plaque composition in the arteries 

NanoBioPhotonics has the power to reveal the underpinning mechanisms 

associated with high blood pressure, cell adhesion and blood flow 

The ability to perform molecular 

profiling of the artery wall 

RESEARCH PROGRAM 
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Our Science Aims 

• Reach the limits of light-based measurement within complex and 

dynamic biological environments 

• Link physics at multiple scales creating a bridge between 

nanoscale events and our macroscopic world  

• Create smart, tailored interfaces between nanoscale systems and 

the biochemical environment 

• Establish new forms of measurement assays and deploy them to 

address identified challenges to unveil molecular-level insights  

 

 

 

 

VISION - OBJECTIVES 
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Strong Existing Collaborations 

INVESTIGATORS 
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The CNBP Nodes bring complementary skills and infrastructure 

INVESTIGATORS & 

INSTITUTIONAL SUPPORT 
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The CNBP Brings together Australia’s key nanophotonics groups 

with a focus on doing the science required to advance biology 

INVESTIGATORS 
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Global Collaborations 

INVESTIGATORS 
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Nano BioPhotonics - an International Priority 

‘The disruptive nature of nanophotonics is such that many of its ultimate 

applications are not yet known’, Nanophotonics Europe Report, 2012  

  

Europe, 2010, Nanomedicine  UK, 2012, Nanophotonics Europe Canada, 2010, ICOB-2 Europe, 2008, Phoremost NoE  

‘The emerging field of Nanophotonics holds huge promise of technological and 

societal benefits’, Emerging Nanophotonics Report, 2008 

VISION - OBJECTIVES 
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Science outcomes from the CNBP will … 

• Advance our understanding of nanoscale light-matter interactions 

• Drive innovative approaches to generating and controlling photons 

• Enable understanding of fundamental biological processes 

• Secure Australia’s leadership in interdisciplinary science 

VISION - OBJECTIVES 
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Governance Structure  
Advisory Board 

Chair: Ian Frazer, includes 

DVCR of Admin Org 

International Science Committee 

Chair: Dennis Matthews 

Translation and Impact 

Chair: Goran Roos 

Champion: Piper 

  Industry Advisory Group 

  Commercialisation Committee 

Outreach Committee 

Chair: Paul Willis 

Centre Office 

Chief Operating Officer 

Partners and 

Collaborators 

 

CNBP Director 

Monro 

 

 

Deputy Director 

Goldys 

 

 

Chief Operating 

Officer 

 

 

Illuminate 

Jin, Gibson 

 

 

Recognise 

Abell 

 

 

Measure 

Goldys, Greentree 

  

Spark of Life 

Thompson 

 

 

Sensation 

Hutchinson 

 

 

Blood Vessels 

Nicholls 

 

 

Discover 

Packer 

 

 

ECR 

Representative 

 

 

Student 

Representative 

 

CNBP Executive Committee 

Adelaide Node 

Leader: Monro 

Macquarie Node 

Leader: Piper 

RMIT Node 

Leader: Gibson 

CNBP Nodes 

GOVERNANCE 



Advisory Board, Chair: Ian Frazer 

•Inventor of the cervical cancer vaccine 

•CEO and Director, Research of the Translational Research Institute, UQ 

 

International Science Committee, Chair: Dennis Matthews 

•Director, Center for Biophotonics Science and Technology, UC Davis 

•Inventor of x-ray wavelength lasers used to generate x-ray images of living 

subcellular systems 

  

Translation and Impact, Chair: Goran Roos 

•Internationally recognised expert in Advanced Manufacturing  

•Chair, Advanced Manufacturing Council (SA) 

  

Outreach Committee, Chair: Paul Willis 

•Science journalist and broadcaster (ex ABC Catalyst) 

•Director, Royal Institution of Australia (RiAus) 

GOVERNANCE 



“I am backing this Centre of Excellence bid because the technologies 

developed through the Centre of Excellence are likely to be paradigm 

shifting in the development of the healthcare tools of the future and I 

want to be involved in that process.” 

   – Ian Frazer, Chair of the CNBP Advisory Board 
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Outreach 

Women in science Public lectures PDplus 

CNBP in schools Briefings to government Lab on the road 

Our focus will be on outreach activities not provided by 

others – Nanobiophotonics in schools 

OUTCOMES 

AND LINKAGES 
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Industry Partnerships 

Industry Advisory Group (IAG) 

• Olympus* and Cook Medical*, Heraeus, Agilent, Bruker, Dow 
* Foundation CNBP Industry Partners 

Olympus staff working with CNBP Researchers Cook staff with CNBP Researchers 

OUTCOMES 

AND LINKAGES 
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Commercial Impact  

Centre researchers with commercial experience  

 CD and CIs have formed laser, biotech and proteomics companies  

Student/ECR innovation initiatives 

 Training and mentoring in industry partnerships, entrepreneurship  

Industry Advisory Group (IAG) 

 Advice on strategic partnerships and translation opportunities 

University Technology Transfer Offices (TTOs) 

 IP protection, licencing 

CNBP Commercialisation Committee (CCC) 

 Experience in establishing companies, angel and venture capital 

Invention 
disclosure 

CCC, IAG, TTOs 

Commercial 
pathway 

Bio-Photonics Products 
and Improved Health 

Outcomes and Services 

CNBP 
Science 

OUTCOMES 

AND LINKAGES 
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Our Objectives 

• Lead international research in nanobiophotonics  

• Empower an integrated ecosystem of leading researchers  

• Pioneer approaches to interdisciplinary research training 

• Inspire next generation to aspire to careers in science  

• Engage with leading international centres  

• Seed industries by creating disruptive technologies 

VISION - OBJECTIVES 

Addresses two critical national priorities: 

1.Promoting population health and wellbeing, specifically via 

technologies to Optimise effective delivery of health care and 

related systems and services 

2.Lifting productivity and economic growth by Maximising 

Australia’s competitive advantage in critical sectors    
27 
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