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PhD Program in Bioengineering and Robotics 
 

 
Curriculum Bionanotechnologies 

 
Research themes 

 
1. SELF-GROWING NATURAL COMPOSITE MATERIALS BASED ON FUNGAL MYCELIUM OF PROJECT .................. 2 
2. BIOCOMPOSITES FROM VEGETABLES RESIDUES .................................................................................................... 3 
3. SUSTAINABLE FOOD PACKAGING ............................................................................................................................ 5 
4. MULTIFUNCTIONAL POROUS MATERIALS FOR ADVANCED WATER TREATMENT ............................................. 7 
5. FLEXIBLE AND SUSTAINABLE ELECTRONICS .......................................................................................................... 8 
6. NEURO-DYNAMICS: A MULTIFUNCTIONAL APPROACH TO STUDY BRAIN DYNAMIC, FUNCTIONING, AND 
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7. PROTEIN ID: NEXT GENERATION SEQUENCING AND IDENTIFICATION OF HUMAN PROTEINS. ................... 11 
8. ADVANCED LIGHT MICROSCOPY FOR LIFE SCIENCES ....................................................................................... 12 

 

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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1. Self-growing natural composite materials based on fungal mycelium of 
project 

 
Tutor: 
Athanassia Athanassiou 
 
Department: 
Smart Materials, IIT, Genoa 
https://www.iit.it/research/lines/smart-materials 
 
Description: 
Global environmental pollution has become critical and the sources of pollution 
need to be reduced drastically and fast. One important source of pollution if the 
accumulation of discarded synthetic plastics in the environment, that occasionally 
release toxic chemicals and suffocate the natural habitats of almost all the leaving 
creatures. For this reason, the group of Smart Materials works on the controlled 
development of natural composite materials based on the fungal mycelium, a new 
category of natural, self-growing, sustainable organic materials that can partially 
substitute plastics preserving our environment. We have so far demonstrated that 
we can grow mycelium-based natural polymeric composites, of tunable physical 
properties, by changing the feeding substrates of the fungi.  
The aim of this PhD research program is the further development of such materials 
using various non pathogenic fungal strains, towards 3D constructs. These self-
growing natural composite materials will be used as fibrous substrates for further 
development of smart bio-composites (strengthening of natural polymers), as 
absorbers of pollutants in water, as natural self-growing electric circuits platforms, 
as biomedical scaffolds, as well as natural self-grown capacitors for sensors 
applications.  
 
Requirements: 
The ideal candidates are students with a Bachelor’s Degree in one of the following 
areas: Biotechnology, Bioengineering, Material Science, Biology, Physics and 
Chemistry with biological specialization. The candidates should preferably have 
further experience in the field of sustainable materials in the form of summer 
internships or preparation of undergraduate research projects. Good experimental 
and English language speaking and writing skills are required. 
 
References:  

 M. E. Antinori, et al., Fine-Tuning of Physicochemical Properties and Growth 
Dynamics of Mycelium-Based Materials, ACS Appl. Bio Mater. 3, 1044-1051, 
2020 

 M. Haneef, et al., Advanced materials from fungal mycelium: fabrication and 
tuning of physical properties, Scientific reports 7, 1-11, 2017. 

Contacts: 
Email: athanassia.athanassiou@iit.it 
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2. Biocomposites from vegetables residues 
 
Tutor: 
Giovanni Perotto, Athanassia Athanassiou 
 
Department: 
Smart Materials, IIT, Genoa 
https://www.iit.it/research/lines/smart-materials 
 
Description: 
New bio-sourced and biodegradable materials that can replace plastics are needed 
to reduce the plastic pollution of the environment. Within a circular economy 
paradigm it will be ideal to use and upgrade underutilized biodegradable materials 
such as vegetable-based macromolecules. The food-chain industry produces large 
amounts of vegetable biomass at all stages of the production: food waste, non-
edible parts of plants, unsold fruit and vegetables, by-products of food processing. 
The quantity of such vegetable biomass has the same order of magnitude as the 
quantity of plastic used in the EU market. The macromolecules present in the 
biomass (cellulose, pectin, vegetable proteins, and lignin) have very interesting 
biodegradability properties, but lack of performances (mechanical, thermal) and are 
not processable with techniques used for plastics. There is a need for the 
development of technologies that can valorize, process, and convert the vegetable 
biomass into functional bioplastics. 
The aim of this PhD research program is the development of new bioplastics from 
the vegetable biomass that can substitute plastics mainly in short-lived applications 
such as packaging or single use materials. The macromolecules will be extracted 
from vegetable biomass, received from food processing companies, and will be 
further processed with aqueous based methods in order to develop composite 
materials with properties optimized for different applications. This will be done 
through the proper combination with other natural/biodegradable polymers and 
plasticizers. Materials will be characterized in terms of mechanical properties, 
chemical resistance, thermal properties, and structure at the micro and nano scale. 
Functional properties that derive from plants (antioxidant and anti-microbial 
properties, color, fragrance) will be studied and exploited to improve functionality of 
the vegetable-bioplastics expanding their field of applications. Collaborations with 
companies will provide test cases for the development of materials and 
collaborations with other research groups will provide the possibility to study 
sustainability metrics (carbon footprint, LCA analysis) of the developed materials. 
 
Requirements: 
The ideal candidates are students with a Bachelor’s Degree in one of the following 
areas: Material science, Chemical Engineering, Chemistry, Material engineering, 
Bioengineering, Physics, or related fields. The candidates should preferably have 
further experience in in the field of biocomposites in the form of summer internships 
or preparation of undergraduate research projects. Good experimental and English 
language speaking and writing skills are required. 
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References:  
 S. Guzman-Puyol, et al. Facile production of seaweed-based biomaterials with 

antioxidant and anti-inflammatory activities. Algal Research 27, 1-11, 2017 
 G. Perotto, et al. Bioplastics from vegetable waste via an eco-friendly water-

based process, Green Chemistry 20, 894-902, 2018 

Contacts: 
Email: giovanni.perotto@iit.it, athanassia.athanassiou@iit.it 
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3. Sustainable Food Packaging 
 
Tutor: 
Ilker Bayer, Athanassia Athanassiou 
 
Department: 
Smart Materials, IIT, Genoa 
https://www.iit.it/research/lines/smart-materials 
 
Description: 
Managing waste generated by food packaging products is becoming a serious 
environmental issue. They contribute to plastic pollution more and more. Recycling 
could be expensive and difficult to perform when multi-layer packaging materials 
need to be processed for reuse. Many food-packaging plastics are derived from 
petroleum resources and continue to be heavily dependent on petrochemical 
industries. It is now acknowledged that instead of petroleum, many high-
performance packaging plastics and materials can be derived from renewable 
natural resources including biomass, agricultural and food wastes. These products 
can biodegrade or even be edible and may be recycled for other industrial uses.  
The aim of this PhD research program is to design and develop innovative food 
packaging materials derived from natural or biodegradable polymers and their 
proper combinations. Production methods such as melt extrusion, water or emulsion 
based sustainable coatings and monomer polymerization approaches will be used. 
Both transparent and non-transparent sustainable packaging materials will be 
developed and tested against mechanical durability, water vapour and oxygen 
transport properties and thermal stability. Moreover, the research program will be 
conducted in collaboration with other teams such as biotechnologists and polymer 
chemists. Specific objectives of this research will be: Transparent and flexible films 
based on polysaccharide and protein chemistry. Design and development of 
transparent and non-transparent intelligent packaging solutions with antioxidant 
and antiseptic properties for food protection. Utilization of extensive 
characterization techniques such as mechanical, thermal, vapour and gas barrier 
properties.  
 
Requirements: 
The ideal candidates are students with a Bachelor’s Degree in one of the following 
areas: Material science with specialization on polymer science, Chemical 
Engineering, Chemistry, Material engineering, Physics, or related fields. The 
candidates should preferably have further experience in the field of sustainable 
materials in the form of summer internships or preparation of undergraduate 
research projects. Good experimental and English language speaking and writing 
skills are required. 
 
References:  

 A. I. Quilez-Molina, et al. Comparison of physicochemical, mechanical and 
antioxidant properties of polyvinyl alcohol films containing green tealeaves 
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waste extracts and discarded balsamic vinegar, Food Packaging and Shelf Life, 
23, 100445, 2020 

 E. L. Papadopoulou, et al. Sustainable Active Food Packaging from Poly (lactic 
acid) and Cocoa Bean Shells, ACS applied materials & interfaces 11, 31317-
31327, 2019. 

Contacts: 
Email: ilker.bayer@iit.it, athanassia.athanassiou@iit.it 
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4. Multifunctional porous materials for advanced water treatment  
 
Tutor: 
Despina Fragouli 
 
Department: 
Smart Materials, IIT, Genoa 
https://www.iit.it/research/lines/smart-materials 
 
Description: 
DWater scarcity is one of the most important problems of the modern society. 
Among the different strategies adopted to face up this problem, the recovery of 
water from various polluted sources is of crucial importance. In particular, industrial 
discharges and domestic seawage contain water, which can be recovered after its 
separation from oily substances but also from other organic and inorganic pollutants 
and pathogen microorganisms. To do so, a combination of traditional separation 
processes is adopted, which requires complicated and time-consuming steps, with, 
often, limited performance. For this reason, the current research is focused on the 
development of novel multifunctional materials, able to perform water-oil 
separation and simultaneous removal of other pollutants in a single step process.  
The aim of this PhD research program is the development and characterization of 
multifunctional porous materials for advanced water treatment. Specifically, the 
thesis will focus on the development of porous polymeric composites with special 
surface properties that permit to selectively separate water-oil emulsions and 
mixtures, and, at the same time, to clean the water from other pollutants such as 
organic and inorganic substances and bacteria, through photocatalytic, chemical and 
physical adsorption, or ions release processes. 
 
Requirements: 
The ideal candidates are students with a Bachelor’s Degree in one of the following 
areas: Bioengineering, Material Science, Chemical Engineering, Physics and 
Chemistry. The candidates should preferably have further experience in the field of 
water remediation in the form of summer internships or preparation of 
undergraduate research projects. Good experimental and English language speaking 
and writing skills are required. 
 
References:  

 R. Bentini, et al. A highly porous solvent free PVDF/expanded graphite foam 
for oil/water separation, Chemical Engineering Journal 372, 1174-1182, 2019. 

 L. Vásquez, et al. Expanded Graphite-Polyurethane Foams for Water–Oil 
Filtration, ACS applied materials & interfaces 11, 30207-30217, 2019. 

Contacts: 
Email: despina.fragouli@iit.it, athanassia.athanassiou@iit.it 
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5. Flexible and sustainable electronics  
 
Tutor: 
Ilker S. Bayer 
 
Department: 
Smart Materials, IIT, Genoa 
https://www.iit.it/research/lines/smart-materials 
 
Description: 
Today, the word ‘electronics’ not only signifies chips, circuits and metallic wires but 
also speed, light-weight, flexibility, eco-friendliness and non-toxic waste. Particularly, 
flexible electronics have evolved tremendously to transform consumer electronic 
devices from rigid phones and tablets to robust wearable devices and the new 
paradigm “the internet of things” might result in ubiquitous presence of electronic 
devices. This means increased use of plastics in consumer electronics and the 
potential to generate more persistent plastic and electronic waste. Therefore, 
development of sustainable electronics is becoming very important and critical.  
The aim of this PhD research program is to design and develop innovative 
sustainable plastic electronics that can feature several desired properties at the 
same time such as flexibility, bending and folding resistance, conformable to 
irregular surfaces, biocompatibility and long lifetime. Use of conductive polymers 
and new 2D electrically conductive nanomaterials such as graphene, carbon 
nanofibers 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 conductive sustainable 
electronic materials will be adapted to certain robotic elements such as flexible 
censors, capacitors, electrodes and conductive robotic lining with proper circuit and 
device design. Specific objectives of this research will be the development of: 
stretchable and biodegradable conductors as coatings or free standing elastomeric 
films. Bendable and foldable capacitive bio-based sensors, graphene and nano-
carbon integrated biobased flexible and durable electrodes and efficient bio-based 
soft thermal interface materials. Extensive electrical, mechanical, thermal testing 
and micro-morphological characterization will be made. 
 
Requirements: 
The ideal candidates are students with a Bachelor’s Degree in one of the following 
areas: Materials Science, Chemical Engineering, Physics with materials science 
specialization and specific focus on Electronics. The candidates should preferably 
have further 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. 
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 P. Cataldi, et al., Sustainable electronics based on crop plant extracts and 
graphene: A “Bioadvantaged” approach. Advanced Sustainable Systems, 2, 
1800069 2018. 

Contacts: 
Email: ilker.bayer@iit.it, athanassia.athanassiou@iit.it 
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6. Neuro-Dynamics: a multifunctional approach to study brain dynamic, 
functioning, and disease. 

 
Tutor: 
Francesco De Angelis 
 
Department: 
Plasmon Nanotechnology, IIT, Genoa 
www.iit.it/research/lines/plasmon-nanotechnologies 
 
Description: 
Developing reliable and affordable in-vitro human models is a fundamental need 
with clear and direct societal impacts. This aspect is critical for the human brain 
because of its poor accessibility and extreme complexity that cannot be 
recapitulated with animal models. This is the objective of emerging fields such as 
brain organoids and brain-on-chips that aim to construct brain-like tissues that can 
recapitulate both structural and functional complexities for use a case model in a 
wide variety of applications. This project relies on a synergic combination of 
advanced nanofabrications, nano-optics, microfluidics, and cell biology to develop a 
multifunctional miniaturized biomimetic probe for real-time and non-perturbative 
investigations of human brain organoids. We aim to follow the dynamics of self-
assembly processes in human neuronal 3D heterogeneous cultures from the early 
developmental stages to mature tissues on a wide multidimensional and multiscale 
landscape. By hiding electrical and optical nano-sensors and microfluidic channels in 
biomimetic cloak, the probe will provide precise electrophysiological recoding, long- 
and short-range mechanical forces measurements, selected RNA (transcriptional) 
profiles and the ability to investigate the extracellular matrix composition. This is 
what biophysicists and biologists need to develop a clear theoretical framework able 
to explain the sophisticated interplay between all of the variables driving human 
neuron dynamics. The approach will promote a better control of brain organoid 
reproducibility and functionalities. 
 
Requirements: 
The project is extremely multi-disciplinary and it involves many different aspects. 
Hence, the position does not require specific expertise but it should be in following 
areas: Physical Science, Materials Science, Chemical Science and Biological Science. 
Good experimental and English language speaking and writing skills are required. 

Contacts: 
Email: francesco.deangelis@iit.it 
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7. Protein ID: next generation sequencing and identification of human 
proteins. 

 
Tutor: 
Francesco De Angelis 
 
Department: 
Plasmon Nanotechnology, IIT, Genoa 
www.iit.it/research/lines/plasmon-nanotechnologies 
 
Description: 
The proteome is the whole set of proteins that an organism can express at a given 
time. The ability to identify the human proteome at the level of single individual can 
significantly influence our comprehension of Life and our ability to prevent, 
diagnose, and treat most of the existing pathologies. Therefore, the development of 
a simple, sensitive and low-cost technique for proteins identification and sequencing 
may open a new paradigm in proteomics, and may bring early diagnosis assays and 
personalized treatments to future generations. In ths context, both biological and 
solid state nanopore technologies showed outstanding results for DNA sequencing 
and identification. However, the translation of these approaches to proteins is in a 
less than embryonic stage. The aim of this project is to combine advanced 
approaches coming from different fields such as nano-optics, nano-fabrication and 
nano-fluidics to build a device able to detct and to sequence human proteins. Both 
experimental and theorerical aspects will be considered at the nanoscale and 
molecular level potentially including quantum calculations. 
 
Requirements: 
The project is extremely multi-disciplinary and it involves many different aspects. 
Hence, the position does not require specific expertise but it should be in following 
areas: Physical Science, Materials Science and Chemical Science. Good experimental 
and English language speaking and writing skills are required. 

Contacts: 
Email: francesco.deangelis@iit.it 
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8. Advanced Light Microscopy for Life Sciences 
 
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 is able to 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 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 projects 
consist in (i) the implementation of a novel super resolution laser scanning 
microscopy technique which leverage a unique single-photon detector array recently 
introduce by our group; (ii) the optimisation of stimulated-emission-depletion (STED) 
super-resolution microscopy for live-cell investigation by using the ultimate 
technologies introduced from different research fields, from labelling protocol to 
lasers, from detectors to electronic; (iii) the realisation of a new single-molecule 
spectroscopy/imaging/tracking architecture which combines nanometre 3D spatial 
resolution, microsecond temporal resolution, ability to quantitatively study the 
function and structure of different multi-protein machineries/bio-molecules, and 
high-throughput (iv) design of new computational tools for improving the imaging 
quality and to decodes from a single experiment the maximum number of 
information, such as protein copy numbers, and the biomolecule functional changes 
due to environmental factors. 
The PhD student will work in the realisation of these novel methods and/or in their 
applications to real experimental investigations in order to investigate the most 
exciting unresolved question from Life sciences. A particular attention will be 
dedicated to question concerning the role of non-coding RNA in gene expression 
control. 
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The PhD student will benefit significantly from the active collaborations of the 
Molecular Microscopy and Spectroscopy group with the several groups of the 
LifeTech domain within 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, Engineering, and Biological 
Science. 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. 
 
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. 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. 

 G. Vicidomini, P. Bianchini, and A. Diaspro. STED super-resolved microscopy. 
Nat. Methods, 15(3):173–182, 2018. 

 S. V. 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. 

Contacts: 
Email: giuseppe.vicidomini@iit.it 
 
 


