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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

Aging population is a major demographic concern that is 
driving a compelling demand for advanced medical diagnostic 
and therapeutic tools, given that older people are particularly 
prone to a series of prevalent diseases related to 
neurodegeneration, cancer, cardiovascular malfunction and 
musculoskeletal conditions. Early detection and speedy 
treatment of those disorders can be achieved via advanced 
theragnostics, i.e. tools that integrate diagnostics tests and 
therapeutic treatments, facilitating a long and active life for the 
patients. 
 
To that end, the rapidly emerging class of photoluminescent 
(PL) carbon dots (C-dots) carries great promise for the 
development of platform materials that accurately identify even 
the smallest areas of defected tissue in very early stages of the 
disease. As soon as C-dots recognise the cancerous or 
unhealthy lesions, they penetrate the defected cells and release 
their therapeutic load in a controlled manner, while acting 
continuously as surveillance nanoprobes to monitor the 
effectiveness of the treatment in real time. 
C-dots are spherical nanoparticles with radius below 10 nm that 
are composed of carbon, hydrogen and oxygen, while 
heteroatom doping (sulphur, nitrogen, boron, phosphorus, etc.) 
is common1,2. We have demonstrated that C-dots can be 
synthesised using crude biomass as the exclusive feedstock 
supply, following protocols that fully comply with the principles 
of green chemistry1. In addition, there is growing evidence to 
suggest that C-dots are non-toxic for the humans and the 
environment and, thus, are perceived as the benign 
counterparts of heavy metal based quantum dots. Our group 
has pioneered the development of C-dots, generating a series 
of high impact publications that elucidate their PL mechanism 
and explore their unique structural and optical properties1-7. In 
addition to their colourful nature, we have demonstrated that C-
dots exhibit pH responsivity as well as colloidal and structural 
stability rarely seen in other photoactive compounds1,2. 
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As one of the brightest type of nanoparticles, C-dots show 
excellent photochemical stability and multiphoton excitation, 
enabling deeper in vivo imaging with minimal tissue damage. 
Their bioimaging capabilities are comparable to the best 
performing nanoemitters reported in the literature, showing 
remarkable spatial resolution that reveals detailed features of 
cellular assemblies and subcellular compartments. At the same 
time, C-dots effectively function as advanced drug and gene 
nano-cargos, delivering sustained and controlled release to the 
targeted cells. By virtue of the benign and biocompatible 
nature of their carbogenic core and their easy-to-modify 
external surface, C-dots can potentially optimise drug 
adherence and efficacy, while minimising undesired side effects. 
In terms of scientific advances and knowledge generation, the 
study will elucidate the mechanisms that underpin crucial 
processes leading to cell ageing and disease. At the same time, 
the study will point to specific therapeutic directions that can 
reverse the cell damage. It will also improve our understanding 
about the interactions of C-dots with drugs, genes and other 
biologically important molecules. 
 
References 
1. M.J. Krysmann, A. Kelarakis, E.P. Giannelis: Photoluminescent carbogenic 
nanoparticles directly derived from crude biomass. Green Chem. 14, 
3141(2012) 
2. M.J. Krysmann, A. Kelarakis, P. Dallas, E.P. Giannelis: Formation mechanism 
of carbogenic nanoparticles with dual photoluminescence emission. J. Am. 
Chem. Soc. 134, 747(2012) 
3. AB Bourlinos, A Bakandritsos, A Kouloumpis, D Gournis, M Krysmann: Gd 
(III)-doped carbon dots as a dual fluorescent-MRI probe. Journal of Materials 
Chemistry 22, 23327 (2012) 
4. A. Kelarakis: Graphene quantum dots: in the crossroad of graphene, 
quantum dots and carbogenic nanoparticles. Current Opinion in Colloid and 
Interface Science 20, 354 (2015) 
5. D. Fernandes, M.J. Krysmann, A. Kelarakis: Carbon dot based nanopowders 
and their application for fingerprint recovery Chemical Communications 
51,4902 (2015) 
6. D. Fernandes, M.J. Krysmann, A. Kelarakis,“Carbogenically coated silica 
nanoparticles and their forensic applications” Chemical Communications 52, 
8294 (2016) 
7. Y. Tian, L. Li, X. Guo, A. Wójtowicz, L. Estevez, M.J. Krysmann, A. Kelarakis 
“Dramatic photoluminescence quenching in carbon dots induced by cyclic 
voltammetry” Chemical Communications 54, 9067 (2018) 
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Aim (400 words) 
 

Aim 
The development of a new generation of highly PL, yet non-
toxic and cost-effective nanoemitters that offer simultaneously 
advanced bioimaging coupled with supreme drug delivery 
capabilities, thoroughly inaccessible with current technologies. 
 
Hypothesis 
C-dots surface decorated with cell-permeating peptides exhibit 
enhanced cell uptake and drug delivery performance, without 
compromising their non-toxic character and their supreme PL 
properties. Our preliminarily data provides strong evidence 
about the validity of our hypothesis. 
 
Methodology 
First, C-dots will be synthesised based on controlled pyrolytic 
treatments of suitable molecular precursors as described by our 
group in a series of reports1-7. The synthetic protocol 
eliminates the use of toxic solvents and is thoroughly 
compatible with green chemistry practices. Size separation 
strategies (mainly centrifuge and dialysis) will be employed to 
generate well-defined nanoparticles. Second, the nanoparticles 
will be surface-functionalised with cell-permeating peptides (a 
series of suitable sequences will be synthesized and purified in 
our labs) in order to improve their selectivity, biocompatibility 
and their cell uptake performance. Solid-phase peptide 
synthesis will take place by means of an automated single-
channel synthesizer and the product will be purified via HPLC. 
Third, bioactive compounds (in the first instance, emphasis will 
be given to antineoplastic drugs) will be attached to peptide/C-
dots via covalent coupling and other complexation strategies 
(e.g. electrostatic forces, π-π interactions, etc). Fourth, the 
peptide/C-dots conjugates and their drug loaded counterparts 
will be thoroughly characterised (in terms of size, surface 
chemistry, hydrodynamic behaviour, photoluminescence) and 
will systematically assessed with respect to their toxicity, 
bioimaging and drug delivery capabilities. To that end, 
Professor Guo’s team will oversee a detailed study on the 
structure and dynamics of those systems, combing X-ray 
synchrotron data with advanced mathematical modelling. 
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Innovation 
The study aspires to develop innovative powerful tools that will 
enable early and accurate disease detection, while offering 
effective and timely treatment. The advanced theragnostic 
agents will be non-toxic, thus minimising undesired side effects. 
Significantly, the study will lead to the evolution of high-
resolution nanoprobes, that are central for image-guided 
surgery, tumour diagnostics and molecular imaging. In addition, 
the project is closely related to emerging trends in innovation 
that centre around targeted drug delivery and personalised 
medicine. For all those reasons, we are confident that the 
project will pave the way for exciting innovations in the 
healthcare in the near future. 

Strategic Relevance 
(300 words) 

By design, the project will encourage interdisciplinary research, 
will foster industry-academia synergies and will promote a 
network of close partnerships between a number of institutions 
in UK, Europe and China. Ongoing research activities between 
UCLan and its international partners will be linked with this 
project to generate a significant added value for all institutions 
involved. 
 
At least five high impact publications will be generated 
throughout the course of the project and our findings will be 
presented to major international scientific conferences in 
Europe, USA and China. Our 4* outputs will contribute to 
UCLan’s Research Frame Excellence submission in three units 
of assessments (UOA), namely Allied Health Professions, 
Dentistry, Nursing and Pharmacy (UOA3), Biological Sciences 
(UOA5) and Engineering (UOA12). 
 
The project fully complies with the “One Health” strategy and 
the research excellence agenda set by the University that 
emphasises on addressing real challenges of today's society in 
order to improve the quality of life and to promote economic 
growth and social cohesion. 
 
Our proposal will contribute towards a fair gender balance in 
science and technology (two of the supervisors are women) and 
will facilitate a female Early Career Researcher to build a strong 
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research profile in a rapidly evolving and crucially important 
field of research. This is in line with European Commission’s 
key priority to promote gender equality in research and 
innovation. It will also strengthen our Athena Swan application 
at a faculty and at an institutional level. 
 
Furthermore, the proposal presents unique opportunities for 
innovative theragnostic materials and as such is particularly 
relevant to H2020 initiative “Health, Demographic change and 
Wellbeing” announced by the European Commission. 
 
In contrast, to conventional diagnostic and therapeutic agents 
whose synthesis largely depend on the use of toxic organic 
solvents and hazardous substances, C-dots are derived from 
renewable and sustainable resources (e.g. crude biomass is 
used as the only feedstock supply) and are non-toxic to humans 
and the environment. Thus, our proposal falls within the scope 
of “Environment and Climate Action” research theme outined 
by H2020. Sustainability is central for UCLan that implements 
pioneering policies with respect to energy-efficiency, recycling 
and carbon footprint reduction. 
 
 

Interdisciplinarity and 
fit with DTA3 

The project lies on the interface of nanotechnology (Dr 
Kelarakis), pharmaceutical chemistry (Dr Krysmann), molecular 
biology (Dr Mellor) and Biophysics/Biochemical Engineering 
(Professor Guo). The project will facilitate collaborations across 
the campus, will promote knowledge transfer to and from the 
university, will foster the scientific dialogue between institutions 
based in U.K., Germany, Poland and China and will encourage 
partnerships between the universities and the industry. This 
interdisciplinary project aspires to develop innovative 
theragnostic tools to prolong and improve life and falls within 
the strategic priorities of DTA Applied Biosciences for 
Health/Healthy ageing. 
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Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

Industrial placement opportunity: The student will be given the 
opportunity to work closely with a team of highly experienced 
researchers within the premises of Malvern Panalytical (Malvern, 
Worcestershire, England) where he/she will be given access to 
state-of-the-art facilities, crucial for the characterization of 
nanoparticles in terms of their size distribution, zeta potential, 
and electrophoretic behaviour. 
 
International placement opportunities: Within the framework of 
the Erasmus Plus scheme, the student will spend 2 months in 
the University of Ilmenau (Germany) working with the team of 
Professor N.Tsierkezos on the physicochemical characterization 
of the peptide modified C-dots. In addition, the student will be 
hosted for 2 months in Adam Mickiewicz University in Poznan 
(Poland) working with the research group of Dr Joanna 
Gościańska on their drug delivery performance of the 
conjugates. Finally, the student will be encouraged to visit the 
East University of China and Technology (Shanghai, China) 
for 1 month to work with the team of the external supervisor 
Professor Guo on the mathematical modelling of synchrotron X-
ray data and the determination of the structural and the 
hydrodynamic characteristics of the conjugates. 

Economic and 
Societal Impact (300 
words) 

Critically, the smart theragnostics solutions we propose are 
cost-effective and will have a direct economic impact in 
reducing the enormous costs associated with the diagnosis and 
treatment of challenging diseases such as cancer, Alzheimer, 
etc. This will improve the financial burdens of the health and 
care systems in Europe. 
 
The project focuses on the development of advanced 
theragnostic tools that will enable improved patient 
management strategies, increasing survival rates and reducing 
treatment and recovery time. This will improve the health of 
workforce and strengthen competitiveness. 
 
More effective theragnostic solutions, will allow an increasing 
part of the population to work for a longer period of time, 
improving productivity and the overall economy. A sustainable 
financial system can allocate more funds in alleviating poverty, 
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reforming the educational system and fostering natural security, 
ultimately enhancing social cohesion. 
 
The project presents an opportunity for innovative theragnostic 
materials to penetrate the market and attract significant level of 
investment, thus refreshing local economy. 
 
The project will generate further evidence about the benefits of 
nanotechnology in healthcare and will encourage further 
investment in this research field. 
 
The project will showcase an example where non-toxic 
materials produced via green chemical strategies can 
outperform their toxic counterparts in highly demanding 
applications, thus encouraging further research that fully 
complies with the principles of sustainability and circular 
economy. 
 
Emphasis will be given to our communication and 
dissemination strategies in order to raise public awareness on 
our research and maximise its impact. Particular dissemination 
channels to be exploited include the creation of a project 
website displaying up-to-date information, promotional videos 
on youtube, press releases, announcements on suitable web 
portals and the circulation of a project leaflet to public 
engagement events (such as the Lancashire science festival 
hold annually in Preston). Those activities will create 
awareness on science and technology attracting young people 
to pursue studied in related disciplines. 
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Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

The student should hold a first or upper second-class degree in 
Chemistry, Materials Science, Pharmacy, Biosciences or a close 
related field. 
 
Master by research or experience in conducting lab- based 
research would be advantageous. 

Minimum IELTS score 6.5 (with no component score lower than 6.0) 
 

 

 


