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Curriculum Bionanotechnologies 
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BIOCOMPOSITE MATERIALS FROM AGRICULTURAL BIOMASS FOR MULTIFUNCTIONAL FOOD PACKAGING AND 
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DESIGN, CHARACTERIZATION AND APPLICATION OF FUNCTIONAL NANO-EMULSIONS FOR SUSTAINABLE 
MATERIALS ............................................................................................................................................................................ 8 
RNA APTAMERS FOR BIOLOGICAL APPLICATIONS ......................................................................................................... 9 

 

The Bionanotechnology curriculum is related to basic and applied research programs 
oriented to the comprehension of fundamental phenomena at the nanoscale and to 
the application of nanotechnologies to bioengineering, biophysics, applied physics, 
material sciences and life sciences, and to the development of new technologies and 
approaches as a challenge for the next twenty years. Bionanotechnologies have a 
broad field of appeal, namely:  from cells-to-chip and chip-to-cells technologies to 
nanobiosensors, from nanodiagnostics to advanced optical characterization and 
imaging tools, from intelligent drug delivery to artificial tissues, from functional nano-
addressable surfaces to smart materials. Among others, research developments 
include developing new sustainable materials and approaches for packaging and 
electronics, and implementation of new microscopy techniques for investigating life 
at the nanoscale. As well, most of the applications are conceived starting from the IIT 
domains (Robotics, Nanomaterials, Lifetech, Computational Sciences) to numerous 
others, including technology transfer perspectives. The candidate will be immersed in 
the frontiers of science and technology. 
 
International applicants are encouraged and will receive logistic support with visa 
issues, relocation, etc. 
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Single-Molecule-Tracking and Imaging with Single-Photon Detector Array 
Tutor: Giuseppe Vicidomini 
Department: 
Molecular Microscopy and Spectroscopy, IIT, Genova 
https://www.iit.it/research/lines/molecular-microscopy-and-spectroscopy  
and https://vicidominilab.github.io 
Description: 
The aim of the Molecular Microscopy and Spectroscopy group is the theoretical 
design, development and validation of novel optical and analytical tools that allow the 
modern biologist to peer inside living biological systems with unprecedented 
temporal/spatial abilities and massive information content. 
The overall objective of the BrightEyes project (ERC–CoG–2018) is to develop a set of 
innovative and non-invasive imaging and spectroscopy tools able to observe a single-
biomolecule at work in a living multi-cellular system. Specifically, by exploring novel 
single-photon avalanche diode (SPAD) arrays detector, the BrightEyes project will 
implement an optical system able to continuously (i) track in real-time a biomolecule 
of interest; (ii) measure its nano-environment and its structural changes; (iii) observe 
its interactions with other biomolecules; (iv) visualize its sub-cellular micro-
environment with nanometer resolution. 
Within the context of the BrightEye project, the prime goal of the project will be the 
implementation of a feedback-based single-molecule tracking (SMT) system and a 
single-molecule imaging system on a point-scanning microscope equipped with a 
small SPAD array detector – instead of the classical single-point detector. Both for 
tracking and imaging the system will be able to register the fluorescence lifetime of 
the tracked/imaged molecule simultaneously also. 
Requirements: 
(i) master degree or equivalent degree preferably in engineering or physics; (ii) ability 
and motivation to work independently as well as collaboratively in an interdisciplinary 
team; (iii) ability to gather and analyse data from different resources with the aim of 
building, comprehensible and convincing story; (iv) coding skills (Python and/or 
Matlab, C#) are highly desirable; (v) expertise in microscopy will be considered as a 
plus. 
References:  
A. Rossetta, E. Slenders, M. Donato, E. Perego, F. Diotalevi, L. Lanzanó, S. Koho, G. 
Tortarolo, M. Crepaldi, G. Vicidomini, “The BrightEyes-TTM: an Open-Source Time-
Tagging Module for Single-Photon Microscopy,” bioRxiv 2021.10.11.463950 
(2021).https://doi.org/10.1101/2021.10.11.463950 
E. Slenders, M. Castello, M. Buttafava, F. Villa, A. Tosi, L. Lanzanò, S. Koho, G. 
Vicidomini, “Confocal-based fluorescence fluctuation spectroscopy with a SPAD array 
detector,”Light Sci Appl, 10,31 (2021). https://doi.org/10.1038/s41377-021-00475-z 
E. Slenders, G. Vicidomini, “ISM-FLUX: single-step MINFLUX with an array detector,” 
(2022). https://doi.org/10.1101/2022.04.19.488747 

Contacts: 
giuseppe.vicidomini@iit.it 
  

https://www.iit.it/research/lines/molecular-microscopy-and-spectroscopy
https://vicidominilab.github.io/
https://doi.org/10.1101/2021.10.11.463950
https://doi.org/10.1038/s41377-021-00475-z
https://doi.org/10.1101/2022.04.19.488747
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New Developments in Advanced Light Microscopy  
Tutor: Giuseppe Vicidomini 
Department: 
Molecular Microscopy and Spectroscopy, IIT, Genova 
https://www.iit.it/research/lines/molecular-microscopy-and-spectroscopy  
and https://vicidominilab.github.io 
Description: 
The processes of Life are naturally dynamic in space and time from the molecular to 
the organismal level. Among the different imaging techniques, light microscopy is the 
only one that potentially can work across this full scale of biological organisation. 
Ideally, light microscopy can visualise the inner workings of proteins, protein 
complexes, organelles, cells, tissues, organs, and whole organisms. However, in 
practice each specific microscopy techniques poses some fundamental limitations in 
terms of spatiotemporal resolutions/ranges, labelling, invasiveness, and information 
contents. 
The core research of our group (Molecular Microscopy and Spectroscopy, MMS) is the 
design, development, and validation of novel optical, biological, and computational 
tools that allow the modern biologists to peer inside living cells with unprecedented 
spatiotemporal resolutions/ranges, minimal invasiveness, and augmented 
information content. This goal can be achieved only by working across many 
disciplines, from physics to engineering, from computer science to biology. 
The PhD student will be fully integrated in this general mission and his/her specific 
project will be design according to his/her background and skills. Current general 
projects, among which the candidate will contribute, consist in (i) the implementation 
of super-resolution laser scanning microscopy techniques (e.g., STED and image-
scanning microscopy) for deep- and multi-parameter imaging which leverage a unique 
class of single-photon detector array recently introduce by our group; (ii) the 
realisation of single-molecule spectroscopy/imaging/tracking architectures which 
combines nanometre 3D spatial resolution, high-throughput, and ability to 
quantitatively study the function and structure of different multi-protein 
machineries/bio-molecules; (iii) the realisation of a wide-field based microscopy 
technique for large field-of-view and fast imaging based on non-conventional 
illumination and detection schemes; (iv) design of computational tools in the context 
of the above projects for improving the imaging quality, and/or reconstruct the finale 
images, and/or decodes from the dataset the maximum number of specimen 
information. The PhD student will work in the realisation of these novel methods to 
investigate the most exciting unresolved question from Life sciences.  
The PhD student will benefit significantly from the active collaborations of the MMS 
group with the several computational and photonics groups of the Istituto Italiano di 
Tecnologia.  
Requirements: 
The project is extremely multi-disciplinary, and it involves many different aspects. 
Hence, the position is open to candidate having a Master’s degree in one of the 
following areas: Physical Science, Computer Science, Mathematics, and Engineering. 
Ability and motivation to work independently as well as collaboratively in an 
interdisciplinary team is very important. Good English language speaking and writing 

https://www.iit.it/research/lines/molecular-microscopy-and-spectroscopy
https://vicidominilab.github.io/
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skills are required. For Computer Science and Mathematics candidates good coding 
skills (preferably in Phyton) and knowledge in Artificial Intelligence are important. 
References:  
M. Castello, G. Tortarolo, M. Buttafava, T. Deguchi, F. Villa, S. Koho, L. Pesce, M. Oneto, 
S. Pelicci, L. Lanzanò, P. Bianchini, C. J. R. Sheppard, A. Diaspro, A. Tosi, and G. 
Vicidomini, “A robust and versatile platform for image scanning microscopy enabling 
super-resolution FLIM," Nat Methods, 16(2), 175-178 (2019). 
https://doi.org/10.1038/s41592-018-0291-9 
G. Vicidomini, P. Bianchini, and A. Diaspro. “STED super-resolved microscopy,” Nat 
Methods, 15(3):173–182 (2018). https://doi.org/10.1038/nmeth.4593 
S. Koho, G. Tortarolo, M. Castello, T. Deguchi, A. Diaspro., G. Vicidomini. “Fourier ring 
correlation simplifies image restoration in fluorescence microscopy,” Nat Comm, 10, 
3103 (2019). https://doi.org/10.1038/s41467-019-11024-z 

Contacts: 
giuseppe.vicidomini@iit.it 

  

https://doi.org/10.1038/s41592-018-0291-9
https://doi.org/10.1038/nmeth.4593
https://doi.org/10.1038/s41467-019-11024-z
mailto:giuseppe.vicidomini@iit.it
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Innovative Sustainable Materials for Controlled Drug Delivery in Biomedical 
applications 

Tutor: Athanassia Athanassiou 
Department: 
Smart Materials, IIT, Genova  
https://www.iit.it/web/smart-materials 
Description: 
The tendency of increase of the medial age in the global population and especially in 
the developed countries coincides with the increase of age-related chronic diseases, 
such as diabetes, cardiovascular, and neurological pathologies. Consequently, the 
needs of efficient treatments of chronic wounds, development of drug eluting 
scaffolds or stents in regenerating medicine, etc., all interventions related to the older 
ages of the patients, have been increased tremendously. Within this frame, the Smart 
Materials group has gained extensive expertise in developing smart patches, 
bioresorbable scaffolds and coatings of biomedical materials, based on natural 
polymers as polysaccharides and proteins, as well as bioderived and biodegradable 
polymers able to actively deliver biological compounds and sustain wound healing 
process, tissue regeneration, antibacterial and antibiofouling activity.  
The aim of this PhD research program is the further development of smart 
biocomposite coatings of various biomedical scaffolds, based on biocompatible and 
bioresosbable polymeric materials in combination with biologically active molecules, 
towards a multi-functional platform for fast healing and antifouling. The PhD candidate 
will also be involved in the characterization and testing of the developed materials, tests with 
microfluidic systems, biocompatibility studies using cell cultures, efficacy studies in the most 
appropriate models. The project will be in close collaboration with the Translational 
Pharmacology Facility of IIT. 
The student will have the opportunity to devolop research projects under the new 
Sustainability Initiative promoted within IIT. In particular, the work will focus on the 
UN Sustainable Development Goal 3 (Good Health and Well Being, SDG3). 
Requirements: 
Applicants are expected to have a Master’s in Bioengineering, Chemistry, Polymer 
Science, Biology and similar disciplines. Excellent spoken and written English. 
Experience with drug delivery systems and measurements during the 
undergraduate studies will be highly appreciated. 
References:  
F. Fiorentini, G. Suarato, P. Grisoli, A. Zych, R. Bertorelli, A. Athanassiou, Plant-based 
biocomposite films as potential antibacterial patches for skin wound healing, 
European Polymer Journal, 150: 110414, 2021 

Contacts: 
Email:  athanassia.athanassiou@iit.it 
  

https://www.iit.it/web/smart-materials
mailto:athanassia.athanassiou@iit.it
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Green Nanomaterials for development of Conducting Inks, Circuits and 
Sensors for Flexible Electronics 

Tutor: Athanassia Athanassiou 
Department: 
Smart Materials, IIT, Genova 
https://www.iit.it/web/smart-materials 
Description: 
The word ‘electronics’ signifies PCBs, chips, circuits and metallic wires but the current 
trend points towards light-weight, flexibility, eco-friendliness and non-toxic materials. 
Flexible electronics have been evolving to transform consumer electronic devices to 
robust wearable devices, whereas “the internet of things” acquires increasing 
presence in such electronic devices, though new sensors. This could translate in 
increased use of plastics in consumer electronics and generation of more persistent 
plastic and electronic waste. Therefore, development of sustainable flexible 
electronics is becoming critical.  
The aim of this PhD research program is to design and develop innovative, sustainable, 
flexible plastic electronics that can feature several simultaneous desired properties, 
such as flexibility, bending and folding resistance, conformable to irregular surfaces, 
biocompatibility, high sensibility, speed and long lifetime. Use of conductive polymers 
and new 2D electrically conductive nanomaterials such as graphenes, carbon 
nanofibers, transition metal carbides and nitrides (MXenes), and their hybrids in 
combination with biopolymers, or natural polymers will be used in the fabrication of 
these systems. This PhD program will be implemented in close collaboration with IIT 
Robotics groups and the developed sustainable electronic materials will be adapted 
to certain robotic elements such as flexible capacitors, electrodes, sensors, PCBs, and 
conductive robotic lining with proper circuit and device design. Specific objectives of 
this research will be the development of flexible, stretchable and biodegradable 
conductors as coatings or free standing films. Extensive electrical, mechanical, thermal 
testing and micro-morphological characterization will be made.  
The student will have the opportunity to develop research collaborative projects 
under the new Sustainability Initiative promoted within IIT. In particular, the work will 
focus on the UN Sustainable Development Goals 9, 11 and 12. 
Requirements: 
Applicants are expected to have a Master’s Degree in one of the following areas: 
Material Science, Chemical Engineering, Physics with materials science specialization 
and specific focus on Electronics. The candidates should preferably have experience 
in electronics in the form of summer internships or preparation of undergraduate 
research projects. Good experimental and English language speaking and writing skills 
are required. 
References:  

• P. Cataldi, et al., Keratin-Graphene Nanocomposite: Transformation of Waste 
Wool in Electronic Devices. ACS Sustainable Chemistry & Engineering, 7, 
12544-12551, 2019 

Contacts: 
Email: athanassia.athanassiou@iit.it  

https://www.iit.it/web/smart-materials
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Biocomposite Materials from Agricultural Biomass for Multifunctional Food 
Packaging and Mulches 

Tutor: Athanassia Athanassiou 
Department: 
Smart Materials, IIT, Genova, https://www.iit.it/web/smart-materials 
Description: 
Packaging of food and beverages represents almost two-thirds of total plastic 
packaging waste of the planet. Hence, the necessity for green and biodegradable 
materials that can be used in contact with food and protect it against possible 
contaminations, is an immediate need. On the top, even if hundreds of million tons 
of packaging are produced every year, still an estimated one-third of all food 
produced globally is lost or wasted. Therefore, other functionalities than a simple 
passive protection need to be added to food packaging to prevent food waste. For 
example, active packaging can release active principles like antioxidant or 
antibacterial agents that can prolong the self-life of food. At the same time, the 
plastic films or mulches used on farms to protect plants and soil from weeds, 
microorganisms, extreme temperatures and to regulate humidity, have reached 
globally tens of million tonnes yearly production. At the end of their life, they are 
very difficult to collect and impossible to recycle adding up to the huge problem 
of plastic pollution. Using as raw material the biomass from agricultural residues, 
this PhD project aims to the development of green alternatives to conventional 
plastics for food packaging and mulches, consistent to the strategies of circular 
economy. This PhD project will have as starting point patented technologies and 
know-how of the Smart Materials group of IIT on the production of biocomposites 
based on biomass like cellulose, or plant waste and in particular the results 
obtained so far by the use of unsold fruits and vegetables or their inedible residues 
after industrial processing (i.e. stems, leaves, stalks, etc.). The PhD candidate will 
deal with the development of materials for the production of rigid, semi-rigid, 
flexible packaging and coatings with functional antioxidant, antifungal, 
antibacterial properties as well as smart indication of the food state, tailored for 
different kinds of food, but also for the production of mulches for agricultural use. 
The mulches could also be used for the covering on Organic Municipal Waste to 
avoid bad smell and leakages and assure optimized environment for their 
biodegradability. In the project will be used technologies, like melt extrusion, 
injection and blow molding, molding from solutions, coating and lamination all 
easily scalable to industrial scales. The end of life of the developed materials will 
be also studied, focusing on possibilities of reuse, recycle or industrial/home 
compost. In the last case, the quality of the produced compost will be evaluated. 
The mulches will be tested for biodegradation in field and effect on the quality of 
the soil after their natural biodegradation. The student will have the opportunity 
to develop research collaborative projects under the new Sustainability Initiative 
promoted within IIT. In particular, the work will focus on the UN Sustainable 
Development Goal 2, SDG2: Zero Hunger. 
Requirements: 
The ideal candidate must have a Master’s Degree in one of the following areas: 
Material Science, Chemistry, Physics, Chemical Engineering, Bioengineering, Biology. 

Contacts:Email: athanassia.athanassiou@iit.it  

https://www.iit.it/web/smart-materials
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Design, Characterization and Application of Functional nano-emulsions for 
Sustainable Materials 

Tutor: 
Ilker Bayer 
Department: 
Smart Materials, IIT, Genova 
https://www.iit.it/web/smart-materials 
Description: 
Many industrial surfactants in use today including home cleaning products contain 
compounds that pose severe environmental problems related to our water resources 
and extra cost to water recycling. In addition to transforming these surfactants to bio-
based and biodegradable and non-toxic counterparts, ecofriendly and surfactant-free 
emulsions that are stabilized by natural polymers such as polysaccharides in the form 
of nanoparticles or dispersions are becoming more and more preferred both in 
industry and academic research. In this project, the PhD student will develop novel 
ecofriendly emulsions with applications ranging from printing conducting electronic 
inks to biomedical and food grade functional coatings. The student will extensively use 
nanoscale materials such as graphene, boron nitride and ceramic nanomaterials as 
well as functional natural organic compounds such as nano-cellulose and polyphenols 
to formulate electrically or thermally conductive as well as antioxidant and 
antibacterial emulsions. The emulsions will be applied in areas such as flexible 
electronics, thermo-regulating textiles, and food preserving coatings. The student will 
learn transforming these emulsions into coatings on various challenging surfaces such 
as textiles, moving interfaces, soft materials and food contact interfaces including 
other  2D or 3D architectures or scaffolds and extensively characterize their function 
and physicochemical properties. The student is expected not only to establish 
collaborations with other researchers in the Smart Materials group but also with other 
IIT departments such as robotics and nanochemistry.  
Requirements: 
Applicants are expected to have a degree and laboratory experience on chemical 
engineering, material science chemistry, physics or related disciplines. Interests in 
experimental work in the lab and good command of English language. 

Contacts: 
Email: ilker.bayer@iit.it 
  

https://www.iit.it/web/smart-materials
mailto:ilker.bayer@iit.it
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RNA Aptamers for Biological Applications 

 
Tutor: 
Prof. Gian G. Tartaglia 
 
Department: 
RNA System Biology, IIT, Genova 
https://www.iit.it/web/rna-systems-biology 
and http://www.tartaglialab.com/ 
 

 

We propose to exploit the predictive power of the catRAPID algorithm 1,2 for the 
de novo design of therapeutic/diagnostic RNA sequences. These sequences, called 
RNA aptamers, bind with high affinity and selectivity to a specific target molecule 
through structural recognition similar to protein antibodies. They are promising 
biomedical tools and have competitive advantages over other drug classes. 

Within the ERC-funded projects RIBOMYLOME and ASTRA, we systematically 
characterized protein-RNA associations to unravel the complexity and 
functionality of mammalian genome using the catRAPID algorithm developed in 
our lab. catRAPID predicts RNA sequences that bind specifically to a protein of 
interest with high accuracy 1,2 thus overcoming experimental limitations: instead 
of libraries/reagents, a timeframe of several months and associated high costs, 
catRAPID takes only a few days per target, therefore speeding up the aptamer 
design.  

As part of the ASTRA project, we generated RNA aptamers that bind with high 
affinity to TAR DNA 43 3. As the interaction of RNA aptamers to TDP-43 blocks its 
aggregation, our results are relevant for neurodegeneration. Indeed, TDP-43 
aggregation is causatively linked to Amyotrophic Lateral Sclerosis and the 
aptamers could play a therapeutic role.  
 
We plan to design and test aptamers against other targets, not only related to 
aggregation, and to impact biologically-relevant processes such as cell 
differentiation 4. One other possible exploitation of the aptamers is to engineer 
them to visualize their binding targets in the cell. 
 
Requirements: 
The project is multi-disciplinary, and it involves many different aspects. Hence, 
the position is open to candidate having a Master’s degree in one of the following 
areas: Biochemistry, Cell Biology and Genetics. Ability and motivation to work 
independently as well as collaboratively in an interdisciplinary team is very 
important. Good English language speaking and writing skills are required.  
 
 
1. Bellucci, M., Agostini, F., Masin, M. & Tartaglia, G. G. Predicting protein 
associations with long noncoding RNAs. Nat. Methods 8, 444–445 (2011). 
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2. Cirillo, D. et al. Quantitative predictions of protein interactions with long 
noncoding RNAs. Nat Meth 14, 5–6 (2017). 
3. Zacco, E. et al. Probing Tdp43 Condensation using an In Silico Designed 
Aptamer. Nature Communications in press, (2022). 
4. Dasti, A. et al. The RNA-Binding Protein SAM68 regulates cardiomyocyte 
differentiation by enhancing Gata4 translation. 2022.01.11.475875 (2022) 
doi:10.1101/2022.01.11.475875. 
 
 
Contact: gian.tartaglia@iit.it  
 

mailto:gian.tartaglia@iit.it
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