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Project for position MD/1       CHIM/03 
Structural characterization of enzymes involved in the synthesis of the 

lipopolysaccharide in Gram-negative bacteria 

Supervisor: Prof. Rita De Zorzi (rdezorzi@units.it) 
 

Antimicrobial resistance (AMR) poses a serious threat to global public health. The World Health 

Organization declared AMR a health emergency and announced that deaths attributable to AMR every year 

will reach 10 million by 2050, exceeding all other major causes of death. The excess and improper use of 

antibiotics is increasing the number of resistant microbial strains, compromising the conventional clinical 

treatments. A group of six nosocomial pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.), named with the 

acronym ESKAPE, have been identified for their ability to escape the biocidal action of antibiotics [1] and to 

increase frequency of treatment failures and severity of infections. An acceleration of basic and applied 

research in this field is the need of the hour. 

In Gram-negative bacteria, the lipopolysaccharide (LPS) is key to bacterial structural integrity, induces a 

strong immune response and protects bacteria against the action of antibiotics. It is formed by repeated 

oligosaccharide units (O-antigen) linked to a core region, further anchored to the outer membrane through 

the lipid A. In Pseudomonas aeruginosa, O-antigen chains are synthesized through the Wzx-Wzy pathway 

and are necessary for serum resistance [2]. The flippase Wzx is an integral membrane protein almost 

completely embedded in the lipid bilayer, while the polymerase Wzy is formed by a membrane and a 

periplasmic domain. Despite their importance and the predicted impact on resistance of the inactivation of 

this pathway [3], few experimental structural information is hitherto available for some of its proteins, 

including Wzx and Wzy. 

The aim of the present project is to fill the gap in the knowledge of LPS synthesis through a structural and 

functional investigation of some of proteins involved in the Wzx-Wzy pathway. The PhD student involved in 

this project will obtain protein samples through recombinant expression in bacterial strains. Considering the 

hydrophobic nature of these membrane proteins, solubilisation in detergent is a compulsory step of the 

purification process. A major concern for structural studies is the stability of detergent-solubilized proteins. 

Through a toolbox of different techniques including computational simulations, the PhD student will 

improve the stability of the membrane proteins, in order to prepare them for structural analysis that will be 

performed using crystallographic and electron microscopy techniques. Mutagenesis will be used to identify 

the residues involved in substrate specificity and in the biochemical activity of the proteins. As the Wzx-Wzy 

pathway is constituted by a complex machinery, protein complex formation will be studied in membrane-like 

environments, assessing how interactions between components of the pathway regulate the characteristics of 

the O-antigen.  

The elucidation of the protein structures of the major components of the Wzx-Wzy pathway will open the 

way to the design of inhibitors able to alter the LPS formation. 

 

References: 

[1] De Oliveira D.M.P. et al., “Antimicrobial Resistance in ESKAPE Pathogens.” Clin Microbiol Rev. 

2020, 33(3):e00181-19. doi: 10.1128/CMR.00181-19 

[2] Huszczynski S.M. et al., “The Role of Pseudomonas aeruginosa Lipopolysaccharide in Bacterial 

Pathogenesis and Physiology.” Pathogens. 2019, 9(1):6. doi: 10.3390/pathogens9010006.  

[3] Shivangi S. et al., “E. coli Group 1 Capsular Polysaccharide Exportation Nanomachinary as a Plausible 

Antivirulence Target in the Perspective of Emerging Antimicrobial Resistance”, Front Microbiol. 2017, 

8:70. doi: 10.3389/fmicb.2017.00070. 

  



Project for position MD/2       CHIM/06 
Catalytic Valorization of Agri-Food Wastes and By-Products 

 

Supervisor: Prof. Maurizio Prato (prato@units.it), co-Supervisor: Dr. Giacomo 

Filippini (gfilippini@units.it). 

This project aims at developing novel catalytic approaches to convert agri-food by products into ingredients, 

materials and chemicals with high added value. 

 

In Europe, the production of agri-food by-products is estimated to be at around 250 million tons per year. As 

an example, in Italy most of this waste is made of by-products of the cereal processing industry (11 million 

tons/year), winemaking (2.3 million tons/year) and olive oil production (1.2 million tons/year). In Figure 1 

are shown some relevant Italian agri-food chains, which are sources of agricultural by-products. The problem 

of managing and disposing of such by-products has a significant impact on the community in terms of costs 

and environmental pollution.  

Figure 1. 

 

Therefore, our objective is to develop novel catalytic, photocatalytic and biocatalytic approaches capable of 

driving the conversion of agricultural by-products into valuable ingridients, materials and chemicals.
1-3

 To 

this end, the PhD student will also spend a working period in the laboratories of the company Phenbiox SRL 

(Bologna, Italy). The doctoral student will have the opportunity to express his/her individual interests and 

skills in shaping the development of his/her path into research. 

 

References: 

1. A. Corma, S. Iborra, A. Velty, Chem. Rev. 2007, 107, 2411-2502. 

2. C.O. Tuck, E. Perez, I.T. Horvath, R.A. Sheldon, M. Poliakoff, Science 2012, 337, 695-699. 

3. P.Y. Dapsens, C. Mondelli, J. Pérez-Ramírez, ACS Catal. 2012, 2, 1487-1499.  

  

mailto:gfilippini@units.it


Project for position MD/3       CHIM/12 
Integration and optimization of different non-conventional hybrid technologies 

for the green extraction of organic compounds from complex natural matrices 

and artifacts of ancient cultural traditions. 

Supervisor: Dr. Enrico Greco (enrico.greco@units.it) 
 

Biomolecular Archaeology [1] is a new and very young interdisciplinary branch of Chemical Sciences 

applied to the study of archaeological finds and is devoted in particular to obtaining the necessary data to 

formulate hypotheses on paleodiets, on agricultural, hunting, and breeding activities, as well as on trade 

activity and migrations in ancient cultures. A great deal of information about past populations may be 

recovered through the application of experimental analytical techniques to the study of archaeological 

artifacts. Chemical analyses are increasingly used for different scopes that may provide us with evidence 

regarding the diet and the mobility of ancient communities when applied to ancient artifacts [2]–[4]. 

The methods used for the extraction and preparation of archaeological samples before subjecting them to any 

type of analysis include the use of organic solvents and the destruction of the sample itself. However, we 

would like to use unusual and innovative methods such as Supercritical Fluid Extraction (SFE) to prepare the 

sample for analytical characterization. SFE is a process of separating one or more component from a solid 

matrix using supercritical fluids as the extracting solvent. The carbon dioxide (CO2) is the most used 

supercritical fluid, and it is possible to use co-solvents such ethanol, methanol, dichloromethane, or 

chloroform to improve the solvation of polar molecules. This process avoids the destruction of the sample 

itself and could be considered totally non-destructive, and this is very important for Cultural Heritage 

materials. This kind of extraction is a diffusion-based process, in which the solvent is required to diffuse into 

the matrix and the extracted material to diffuse out of the matrix into the solvent. Diffusivities are much 

faster in supercritical fluids than in liquids, and therefore extraction can occur faster. In addition, due to the 

lack of surface tension and negligible viscosities compared to liquids, the solvent can penetrate more into the 

matrix inaccessible to liquids. An extraction using an organic solvent may take several hours, whereas 

supercritical fluid extraction can be completed in 10 to 60 minutes. In order to improve the processes, we 

plan to modify the SFE equipment to apply other extraction techniques in tandem. 

This should be the first time SFE will be used for the extraction of bio-organic residues from archaeological 

samples, and we need to design the equipment from zero. The candidate could benefit of the Supercritical 

Facility of the Department of Engineering and Architecture (DIA) of University of Trieste. 

Objectives: develop clear and reliable protocols for the supercritical extraction of organic residues 

from archaeological materials and tandem integration of SFE with different non-conventional 

techniques. 

Materials and experimental conditions: 

- Archaeological materials from excavations, standard materials prepared in laboratory for the purpose. 

- Prototypal Supercritical Fluid Extraction equipment with double chamber. 

Experimental developments: need to build the SFE from custom parts designed and created for purpose. 

Milestones: 

- Success to build the multi technique-SFE prototypes. 

- Success to establish new protocols for extractions. 

References: 

[1] K. A. Brown and T. A. Brown, “Biomolecular archaeology,” Annu. Rev. Anthropol., vol. 42, pp. 159–174, 2013. 

[2] T. A. Brown, R. G. Allaby, K. A. Brown, and M. K. Jones, “Biomolecular archaeology of wheat: Past, present and 

future,” World Archaeol., vol. 25, no. 1, pp. 64–73, 1993. 

[3] R. P. Evershed, “Biomolecular archaeology and lipids,” World Archaeol., vol. 25, no. 1, pp. 74–93, 1993. 

[4] P. Hunter, “Dig this. Biomolecular archaeology provides new insights into past civilizations, cultures and practices,” 

EMBO Rep., vol. 8, no. 3, pp. 215–217, Mar. 2007. 
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Project for position M/4       CHIM/08 
Studies of new inhibitors of Glycosylceramide synthase for the Gaucher disease 

 

Supervisor: Prof. Tatiana Da Ros (daros@units.it) 
 

Gaucher disease belongs to a heterogeneous class of hereditary diseases called Lysosomal storage diseases 

(LDS), caused by mutations of genes encoding for specific enzymes located in lysosomes, where they 

promote the degradation of a wide range of complex macromolecules. These mutations result in a loss of 

function of the lysosome leading to cellular dysfunction and, as a consequence, to clinical abnormalities. 

As therapeutic approach, there are currently two main specific treatments for the Gaucher disease: enzyme 

replacement therapy (ERT) and substrate reduction therapy (SRT). Moreover, other approaches are now 

suggested as the use of molecular chaperones, gene therapy and stem cell treatment. 

While the ERT approach involves the replacement of the malfunctioning enzyme, especially at the level of 

Gaucher cells, with recombinant enzymes that are administered intravenously. The other main therapeutic 

approach, SRT, aims to reduce the cellular excess of glycosylceramide by decresing its biosynthesis. This 

strategy is therefore based on the use of inhibitors of Glycosylceramide synthase, responsible for the 

biosynthesis of glycosylceramide.  

The PhD project will focus on the study, design and synthesis of new inhibitors of Glycosylceramide 

synthase, using small organic molecules whose chemical and physical properties can be finely modulated 

also to overcome the blood brain barrier, an essential element for the treatment of neuronal symptoms, which 

represents the great limitation of ERT therapy. 

 

References: 

J. Stirnemann et al. Int. J. Mol. Sci. 2017, 18, 441.  

Y. Tanaka et al. J. Med. Chem. 2022, 65, 4270. 

 

  



Project for position M/4       CHIM/08 
Riluzole analogs as CK1delta inhibitors to enlarge the therapeutic toolbox 

against Amyotrophic Lateral Sclerosis (ALS). 

Supervisor: Prof. Stephanie Federico (sfederico@units.it) 
 

The most widespread oral treatment for amyotrophic lateral sclerosis (ALS) is Riluzole, a drug approved in 

1996 by the European Medicines Agency (EMA). Despite the drug is in use for a long time its mechanism of 

action is still obscure. It was initially believed that Riluzole plays a role in modulating a protein channel 

involved in ALS progression. Recently, we hypothesized through the use of computational simulations that 

Riluzole could have a further or different mechanism by inhibiting a protein named CK1δ, a well-

characterized protein kinase that 

plays a crucial role in the ASL 

etiopathogenesis. We then confirmed 

in vitro the inhibitory role of 

Riluzole on CK1δ (Figure 1).
1
 

Riluzole mitigates the progression of 

the illness, but unfortunately with 

only limited improvements.
2
 In light 

of that, this project aims to develop 

more potent molecules targeting 

CK1δ that mimic the Riluzole but 

with improved potency that 

reasonably could have a relevant 

impact on the field. Computational 

methods will help to select 

promising molecules to be 

synthetized as potential potent CK1δ inhibitors with favorable ADME-Tox (absorption, distribution, 

metabolism, excretion and toxicity) properties, then, after their synthesis, compounds will be tested in a 

CK1δ activity assay. This data will provide us a valuable contribution for establishing structure-activity 

relationships about the Riluzole scaffold; fundamental to design more potent derivatives to be directly 

investigated in a Drosophila ALS model. Preliminary in silico investigation suggests that also certain 

metabolites of Riluzole could exert a remarkable inhibitory profile (Figure 1). To dissect this 

pharmacological question, part of the project will aim to synthesize the most promising metabolites in order 

to obtain enough compound quantity to assay their inhibition activity in vitro and eventually in vivo. In 

addition, a link between CK1δ inhibition and the effect of Riluzole in ALS have been recently postulated,
3
 

thus, derivatives developed in this project, by collaboration with University of Padua, will be useful to 

validate this finding in the above-mentioned ALS model.  

 

References: 

1. Bissaro M, et al. Targeting protein kinase CK1δ with Riluzole: could it be one of the possible missing 

bricks to interpret its effect in the treatment of ALS from a molecular point of view? ChemMedChem 2018; 

13(24): 2601-2605. doi: 10.1002/cmdc.201800632. 

2. Miller RG, et al. Riluzole for amyotrophic lateral sclerosis (ALS)/motor neuron disease (MND). Cochrane 

Database Syst Rev 2002; (2): CD001447. doi: 10.1002/14651858.CD001447. 

3. Bissaro M, Moro S. Rethinking to riluzole mechanism of action: the molecular link among protein kinase 

CK1δ activity, TDP-43 phosphorylation, and amyotrophic lateral sclerosis pharmacological treatment. 

Neural Regen Res 2019; 14(12): 2083–2085. doi: 10.4103/1673-5374.262578. 

Figure 1. Metabolic pathways of Riluzole and its IC50 value on CK1δ. 



Project for position M/4       CHIM/08 
SELECTIVE INHIBITION OF PROTEIN KINASE CK1δ 

Supervisor: Prof. Teresa Gianferrara (gianfer@units.it)  
 

The casein kinase CK1 is a class of monomeric, constitutively active Ser/Thr-protein kinases which includes 

in humans seven different isoforms, CK1α, CK1γ1, CK1γ2, CK1γ3, CK1δ, CK1ε and the less well described 

α-like, that share high homology in their kinase domains (53–98%).
1
 Alterations of CK1 homoeostasis have 

been related to several neurodegenerative diseases,
2
 and several studies outlined that CK1δ is involved in the 

pathogenesis of Alzheimer’s and Parkinson’s diseaeses, amyotrophic lateral sclerosis (ALS), sleep disorders, 

as well as playing an important role in cancer development and metastasis spreading.
3
 Thus, CK1δ has 

emerged as an important drug target for therapeutic applications. The development of an inhibitor selective 

only towards this isoform is the biggest 

challenge of the research, since the isoforms 

are highly conserved, especially in their 

catalityc domain and, in addition, they exist as 

different splice variants mediating different 

activities but structurally very similar. The 

most interesting inhibitors developed as 

pharmacological tool and having the desired 

CK1δ isoform-specific inhibition profile are 

based on the pyrazolopyrimidine moiety, 

adenine scaffold or are benzothiazolyl-phenyl 

acetamide derivatives.
4
 Very recently, also 

[1,2,4]triazolo[1,5-c]pyrimidines (TP) and 

[1,2,4]triazolo[1,5-a][1,3,5]triazines (TT) derivatives have been identified as new promising compounds.
5
 A 

preliminary structure-activity relationship (SAR) study by Grieco et al. highlighted that TP and TT have 

superimposable structure and SAR.
5
 Substitutions on all positions have been investigated: 2,5,7 and 8 for the 

TP scaffold and 2,5, and 7 for the TT one. SAR for these compounds revealed that a free amino group is 

required at the 5 position of the TP (and at the correspondent position 7 in the TT ring), while an opportunely 

substituted phenyl ring at the 2 position can tune kinase inhibitory activity. In particular, the insertion of 

hydroxy groups at the 3 and 5 positions gave optimal interactions in the catalytic binding cleft. The most 

potent compounds of the two series are reported in Figure 1. Docking studies performed using one of the 

available crystallographic structures of CK1δ (PDB ID: 4HNF) highlighted possible interactions with key 

residues of these compounds in the ATP binding pocket of kinase,
5
 thus suggesting that a more potent 

inhibition could be obtained by a fine optimization of the structure. 

In this project, new series of TP and TT compounds will be developed, investigating especially the 8 and 5 

positions of the TP and TT scaffold, respectively. Furthermore, small differences in the catalytic pocket of 

the highly homologues isoforms δ and ε (i.e. residue 55, Ile vs Phe)
6
 could be exploited to tune the selectivity 

for CK1δ, with the aid of computational studies performed in collaboration with Prof. Stefano Moro 

(Unversity of Padua). 
 

References: 

1. P. Janovská, E. Normant, H. Miskin  and V. Bryja Int. J. Mol. Sci. 2020, 21, 9026. 

2. G. Cozza and L. A. Pinna Expert Opin. Ther. Targets 2015, 20, 319–340.  

3. U. Knippschild, M. Krüger, J. Richter, P. Xu, B. García-Reyes, C. Peifer, J. Halekotte, V. Bakulev, J. Bischof, Front. Oncol. 

2014, 4, 96.  

4. S. Sciabola, P. Benedetti, G. D’Arrigo, R. Torella, M. Baroni, G. Cruciani and F. Spyrakis ACS Med. Chem. Lett. 2019, 10, 

487−492.  

5. I. Grieco, M. Bissaro, D. B. Tiz, D. I. Perez, C. Perez, A. Martinez, S. Redenti, E. Mariotto, R. Bortolozzi, G. Viola, G. Cozza, G. 

Spalluto, S. Moro and S. Federico Eur. J. Med. Chem. 2021, 216, 113331. 

6. A. M. Long, H. Zhao and Xin Huang J. Med. Chem. 2012, 55, 10307−10311. 



Project for position M/4       CHIM/08 
Pyrazines and Triazines as novel cores to develop brain penetrant CK1delta 

inhibitors for their investigation in neurodegenerative disorders. 

Supervisor: Prof. Giampiero Spalluto (spalluto@units.it) 
 

Protein kinases play a pivotal role in biological processes: different pathways can be switched on or switched 

off by phosphorylation processes and deregulations can lead to pathological conditions. In particular, protein 

kinase CK1δ, besides its well-known role in controlling the circadian rhythm, and in cancer,
1
 seems to be 

involved in the onset of neurodegenerative disorders such as Alzheimer’s disease, Parkinson’s disease and 

amyotrophic lateral sclerosis.
2
 The lack of effective therapies for the treatment of these neurodegenerative 

diseases, makes CK1δ a target of great interest for innovative therapeutic approaches.  

CK1δ is part of the CK1 family of serine/threonine kinases (Figure 1), which in human counts for a total of 7 

isoforms with a very conserved catalytic domain.
1
 Thus, beyond be a possible therapeutic candidate, the 

development of an inhibitor selective for one of 

the isoforms is critical to investigate the isoform 

role in the specific neurodegenerative disease. 

Pyrazine ring is a privileged scaffold in 

medicinal chemistry.
3
 In fact, four different 

substituents could be introduced on the six-

membered ring to optimize both affinity and 

selectivity for the target (Figure 1). Both 

nucleophilic subtitutions and cross-coupling 

reactions could be used to insert a variety of 

substituents on halogenated pyrazines. In 

literature, monoclyclic pyrazines are not reported 

for CK1δ inhibition. The aim of this project is to 

outline a deep structure-activity relationship 

using pyrazine as the central scaffold and CK1δ 

and the different CK1 isoforms as target and off-

target, respectively. Fist of all, a preliminary 

series of pyrazines should be designed and 

synthetized. Obtained derivatives will be then tested for their inhibitory activity on the kinase. Molecular 

modeling approaches could help to rationalize the obtained results and to identify the molecular features 

engaged in selectivity. Thus, structural optimization could be performed, also taking in consideration optimal 

ADME (absorption, distribution, metabolism and excretion) properties. Most potent and selective inhibitors 

will be then tested in vitro models of neurodegenerative diseases in order to validate their potential for the 

treatment of these conditions. 

 

References: 

1. Pengfei Xu, et al. Structure, Regulation, and (Patho-)physiological Functions of the Stress-Induced Protein 

Kinase CK1 Delta (CSNK1D). Gene 2019; 715:144005. doi: 10.1016/j.gene.2019.144005 

2. Daniela Catarzi, et al. Casein Kinase 1δ Inhibitors as Promising Therapeutic Agents for 

Neurodegenerative Disorders. Current Medicinal Chemistry 2022; 29. doi: 

10.2174/0929867329666220301115124 

3. Martin Juhás and Jan Zitko. Molecular Interactions of Pyrazine-Based Compounds to Proteins. Journal of 

Medicinal Chemistry, 2020; 63 (17): 8901–8916.doi: 10.1021/acs.jmedchem.9b02021  

Figure 2. Protein kinase CK1δ structure. Catalytic site is 

highlighted and general structure of the potential inhibitors 

with a pyrazine scaffold is reported. 



Project for position M/4       CHIM/08 
Discovery new sigma-1 receptor (SR1) ligands as neuroprotective agents 

 

Supervisor: Prof. Daniele Zampieri (dzampieri@units.it) 
 

Sigma receptors (SRs) are a well-defined class of receptors divided into two subtypes termed Sigma-1 (S1R) 

and Sigma-2 (S2R).
1
 The S1R subtype is a chaperone protein, cloned in 1996 and recently crystallized 

revealing a trimeric protein organization with a single transmembrane domain in each protomer.
2 

At subcellular level, the S1R subtype is primarily localized in mitochondria-associated membranes (MAMs) 

of neuronal and peripheral cells, and from there can also translocate to the plasma membrane or endoplasmic 

reticulum-membrane. It regulates the activity of several proteins (e.g., NMDA receptors), by modulating 

different ionic channels via an IP3-indipendent mechanism.
3,4

 

The S1Rs have several physiological central nervous system (CNS) activities, ranging from neuroprotection 

to memory improvement,
5,6

 opioid analgesia modulation,
7
 as well as having a role in drug addiction.

8
 

Besides, different studies found S1R overexpression in some cancers.
9 

More recent, has been found that 

several high affinity S1R agonists and antagonists, could prevent clinical deterioration in adult outpatients 

infected with SARS-CoV-2.
10

 

After several years of dealing with SR ligands, our aim is to continuing with the discovery of new chemical 

entities gifted with a selective profile towards S1R of new both agonist and antagonist ligands, in order to 

develop new neuroprotective drugs useful for several neurodegenerative disorders. Our approach includes 

different expertise and collaborations, such as chemical, computational and biological. 

 

References: 

 

[1] Quirion R, Bowen WD, Itzhak Y, Junien YL, Musacchio JM, Rothman RB, Su TP, Tam SW, Taylor 

DP. A proposal for the classification of sigma binding sites. Trends Pharmacol. Sci. 1992; 13: 85–86. 

[2] Schmidt HR, Zheng S, Gurpinar E, Koehl A, Manglik A, Kruse AC. Crystal structure of the human 

σ1 receptor. Nature 532 (2016) 527−530. 

[3] Hayashy T, Su T. Regulating ankyrin dynamics: Roles of sigma-1 receptors. Proc. Natl. Acad. Sci. 

2001; 98: 491-496. 

[4] Wu Z, Bowen WD. Role of sigma-1 receptor C-terminal segment in inositol 1,4,5-trisphosphate 

receptor activation: constitutive enhancement of calcium signaling in MCF-7 tumor cells. J. Biol. Chem. 

2008; 283: 28198-28215. 
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ligands, BD1047 and LR172, attenuate cocaine-induced toxicity and locomotor activity. Eur. J. Pharmacol. 

1999; 370: 225-232. 
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Project for position M/5       CHIM/06 

Natural products and their Semisynthetic derivatives for Animal Health  

Supervisor: Prof. Cristina Forzato (cforzato@units.it) 
 

The project will focus on animal welfare and the discovery of new drugs from natural sources, which can 

help to treat helminthiases,
1
 a condition regarding animal health, since it is spreading among the EU 

territory and it is connected with the climate change and the diffusion of vectors.  

Helminthiases are treated with three broad-spectrum drugs, the only reliable way to control them in 

livestock, but resistance is spreading due to erroneous use and/or abuse, greatly impairing animal health and 

welfare.
2
 This is the case of gastrointestinal nematodes (GINs) affecting sheep and horses. Several 

anthelmintics have a negative impact on the environment and/or high toxicity and their broad spectrum  has 

enhanced also the risk to damage the ecosystem. Hence, the control of sheep and equine GINs has become 

problematical, and climate change could represent a driving force for soil-transmitted helminths. Strong 

efforts are essential to discover new compounds for preserving animal welfare and reducing pollution. 

The research activity in the last ten years is moving towards the use of secondary metabolites (SM) from 

natural sources
3
 and literature began to explore potential synergism between single SM, single SM and plant 

extracts, between extracts containing SM from different chemical classes and between plant compounds and 

drugs.
4,5

 Hence, there is a strong need to develop novel anthelmintic formulations from waste products (WE), 

exploiting synergistic plant compound interactions and rational derivative design from SM. This will allow 

creating novel derivatives (DER) with increased anthelmintic activity, capable also to elicit synergistic 

effects and yield thus potentiated natural and DER-WE combined products. DERs of SMs from wastes will 

be obtained by keeping the transformations at the simplest level, to minimize the economic and 

environmental impact. The derivatives, at three levels of complexity, will be aimed at: enhancing the 

solubility with hydrophilic/ionic chains; obtaining conjugates of two or more bioactive molecules to improve 

the activity and obtain synergic effects; adding specific functional groups from rational design. The focus 

will be on molecules from the two classes known to act as anthelmintics through different mechanisms: 

triterpenes and polyphenols. 

Triterpenes such as oleanolic acid, ursolic acid and glycyrrethinic acid, which are present in agricultural 

waste products, will be evaluated while among phenolic compounds hesperetin and cinnamic acids will be 

considered. Natural products as well as semisynthetic derivatives will be tested in vitro by veterinaries of 

different universities in Italy against the main helminths affecting horses and sheep, including parasite 

populations previously detected as resistant to current drugs.  

 

 

References 

1. Parasitol. Res. 2011, 108(5), 1083-91. doi:10.1007/s00436-011-2362-z 
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5. Vet Parasitol 2021, 289:109317. doi:10.1016/j.vetpar.2020.109317.  



Project for position M/5       CHIM/06 
Antimicrobials from graphene and peptide supramolecular channels 

Supervisor:  Prof. Silvia Marchesan (smarchesan@units.it)  
 

Graphene-based materials are extraordinary nanomaterials thanks to their unique 

physico-chemical properties, such as low density, high robustness, and high conductivity. Through either 

covalent or non-covalent chemical functionalization, their properties can be fine-tuned ad hoc for 

applications.
1
 In particular, they have attracted researchers’ attention for their promising antimicrobial 

activity.
2
 To this end, conjugation with bioactive molecules, such as peptides, is an interesting strategy to 

boost the bioactivity and fine-tune it as needed. For instance, it was shown that amphipathic amino acid 

derivatives
3
 and peptides

4
 can exert antimicrobial activity, typically through disruption of bacterial 

membrane organization.  

Recently, a series of tripeptides
5
 and dipeptides

6-8
 were shown to be able to self-assemble into amphipathic 

water-channels of various sizes (form 0.4 nm to 2.0 nm), and, above a critical concentration, they can yield 

gels. They are thus interesting scaffolds to attain antimicrobial supramolecular and nanostructured smart 

materials, if their functionalization enables their successful insertion into membranes. Applications are 

varied and range from water purification to wound healing applications.  

 
 

Research in this emerging area involves organic synthesis by solid- and liquid-phase to functionalize self-

assembling short peptides so as to maintain their self-assembling ability, yet functionalize the resulting 

supramolecular channels for selectivity of guest transport.
9
 Next, their insertion into membranes will be 

studied by a variety of spectroscopic and microscopic techniques. Then, their antimicrobial activity will be 

tested. Finally, their ability to interact with graphene-based materials will be studied towards the introduction 

of new properties towards boosting of the antimicrobial activity and ease of detection, for instance to reveal 

presence of bacteria. 
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Project for position M/5       CHIM/06 
Building Blocks for Self-Assembling Networks of Gold Nanoclusters 

Supervisor: Prof. Paolo Pengo (ppengo@units.it) 
 

 

Thiolate protected gold nanoclusters (NCs) are nanometer-sized objects comprising a metal core, generally 

with a size of less than 2 nm, surrounded and stabilized by a layer of organic thiolate ligands. At variance 

with gold nanoparticles that are inherently polydispersed, gold NCs are ‘molecularly precise’, i.e. they have a 

well-defined composition such as in the case of Au25(SR)18, Au38(SR)24, Au102(SR)44 to name a few. Quantum 

confinement phenomena occurring at this dimensional scale give to the NCs chemical and physico-chemical 

properties that may be very different from those of larger metal nanoparticles. In particular, gold NCs have 

interesting visible light photosensitizer properties [1], characteristic optical spectra dominated by well-

defined absorption bands [2], chiroptical properties [3], non-linear optical properties [4] and display 

photoluminescence in the visible and near infrared region of the electromagnetic spectrum [5]. Networks of 

gold NCs, fundamentally new supramolecular objects, have been reported to lead to modulation of the 

building blocks properties as well as to the onset of novel ones [6, 7] and hold promise of large impact in 

many fields of nanotechnology. Despite the interest on these self-assembled NCs networks, few examples 

have been reported so far and there is a need of developing tools and strategies to control the self-assembly 

and functionality of these superstructures.  

In this proposal we aim at developing functional and directional NCs building blocks that may take part to 

the self-assembly in a predictable manner by either non covalent or covalent interactions. This goal strongly 

relies on the site-selective functionalization of gold NCs that may be obtained considering that the thiolate 

ligands in the protecting monolayer of gold NCs are not equivalent and display different reactivity [8]. 

Building on this knowledge, gold NCs will be prepared incorporating functional moieties at predetermined 

sites. According to the nature of these functional moieties, different strategies including: covalent ‘click 

chemistry’, formation of complementary hydrogen bond donor/acceptor arrays or metal complex formation 

will be enabled to trigger the formation of self-assembled NCs networks. 
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Project for position M/5       CHIM/06 
Novel approach to hydrolytic nanozymes based on self-assembled polymeric 

nanostructures and their applications 

Supervisor: Prof. Paolo Tecilla (ptecilla@units.it), Co-supervisor: Dr. Pierangelo 

Gobbo (pierangelo.gobbo@units.it) 

 

PROJECT GOAL: Synthesis of novel hydrolytic nanozymes capable of cooperative catalysis by self-

assembling polymeric nanostructures displaying interfacial Zn(II) complexes. 

PROJECT BACKGROUND AND DEVELOPMENT: Cooperative effects play fundamental roles in 

many biological processes allowing to reach high levels of organization and catalytic efficiency. One 

extraordinary example is the catalytic proficiency of metallonucleases which cleave the phosphate ester 

bonds of DNA with very high efficiency relying on the cooperation between two metal ions held in the 

correct position in the catalytic site. Emulation of this behavior has stimulated chemists to investigate 

artificial systems from simple mono- or bi-metallic complexes[1] to more elaborated systems like gold 

nanoparticles stabilized by a monolayer of Zn(II)-complexes[2]. These latter, named nanozymes because of 

their size and enzyme-like behavior, 

proved to be very effective in the cleavage 

of phosphate esters thanks to a high degree 

of cooperation between the metal 

complexes linked to the metal core. The 

idea at the basis of this project is to exploit 

a completely new approach to nanozymes 

based on living radical polymerization 

methodology called RAFT-PISA[3]. 

Typically, in RAFT-PISA first a water-

soluble polymer block (A) is prepared via 

RAFT polymerisation and subsequently chain-extended using a second monomer (M). This second step is 

conducted in a suitable solvent such that the growing second block (B) gradually becomes insoluble, driving 

the in situ self-assembly to form AB diblock copolymer nanomaterials (see Figure). Data from literature and 

from our laboratories show that with this state-of-the-art polymerization technique it is possible to obtain 

different nano-objects varying for size and shape from sphere, to worm, vesicles and more, depending on the 

chemical identity of the block polymer used. In this project we will explore the possibility of functionalizing 

the water-soluble polymer block (A) with Zn(II) metal complexes to obtain different self-assembled nano-

structures with a high number of catalysts organized on the their surface (nanozymes). Importantly, through 

RAFT-PISA it should be possible to fine-tune the degree of packing of the interfacial metal complex, as well 

as the shape and the size of the nanozyme to enhance catalytic efficiency through cooperative effects 

between the interfacial complexes. The efficiency of the nanozymes will be tested on different model 

reactions, including cleavage of DNA and RNA. 

STUDENT TRAINING: Through this project the student will develop skills in synthetic chemistry, 

polymer and nanomaterials synthesis and characterization, kinetic study and Physical Organic Chemistry. 

The student will join a dynamic and highly interdisciplinary research group with important connection with 

several groups in Europe where a period abroad could be organized. 
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Figure: a) Scheme explaining the RAFT-PISA process. Formation of the 

different nanostructures depends on the packing parameter (P), which is a 

measure of the volume fraction of the two blocks. b) TEM images of different 

nanostructures that could be synthesized using RAFT-PISA from the same 

two monomers. 
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Project 1 for position M/6       CHIM/03 
Novel heteroleptic metallacycles of porphyrins for supramolecular architectures 

Supervisor: Prof. Enzo Alessio (alessi@units.it) 
 

Nature uses sophisticated arrays of tetrapyrrolic rings (e.g. chlorophyll, cytochromes,…) for 

performing precise energy and electron transfer processes. Beside the specific nature of the 

macrocycles, also their number and relative orientations are of paramount importance for 

determining the photophysical properties of such assemblies. The development of simple 

procedures for preparing synthetic arrays of tetrapyrrole macrocycles with full stereo-control is one 

of the challenges of supramolecular chemistry. 

Recently, we developed a new flexible stepwise synthetic strategy that can be used for the 

construction of ruthenium-mediated heteroleptic arrays of meso-pyridylporphyrins (PyPs) that differ 

in the number of peripheral pyridyl rings (from 2 to 4) and/or in the position of the pyridyl N atom 

(3′ or 4′). The strategy requires the initial preparation of a reactive polytopic “acceptor” 

intermediate, i.e. a pyridylporphyrin bound to at least two ruthenium fragments, each having one 

residual readily-available coordination site, that is then reacted with the second porphyrin to yield 

the final heteroleptic assembly.
1,2

 This route opens the way to new extended arrays as well as to 

unprecedented geometries, such as the 3+4 metallacycles schematically shown in the Figure. 

They are made of 3 porphyrins (either 4′PyPs, red, or 3′PyPs, blue) and 4 Ru connectors (grey). The 

X-ray structure of one such heteroleptic metallacycles is also shown. 

 

 

 

 

 

 

 

 

This project aims to consolidate the recent achievements, for example by obtaining new adducts and 

additional crystals suitable for X-ray analysis. The zincated 

derivatives (panels) will be treated with appropriate linkers 

for the construction of higher-order assemblies, such as the 

9-porphyrin adduct shown in the Figure.  

The successful candidate will perform the design, synthesis 

(including microwave-assisted procedures) and 

characterization of organometallic and coordination 

compounds, porphyrins and metallo-porphyrins, and the 

stepwise preparation and purification of the novel 

metallacycles. The characterization will involve extensive 

use of 1D and 2D NMR, UV-vis and fluorescence 

spectroscopy, and the preparation of X-ray quality crystals. 

Collaborations with other groups for photophysical and X-

ray structural characterization of the assemblies are to be 

expected. 

As a final piece of information: my last two PhD students (one 

finished in March 2021) have already published with me 11 and 

8 papers, respectively. 
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Project 2 for position M/6       CHIM/02 
Theoretical modelling of plasmon-assisted photocatalysis 

Supervisor: Prof. Emanuele Coccia (ecoccia@units.it) 

 

Plasmon-enhanced catalysis is a growing field where multicomponent systems allow one to access 

new potentialities in chemical activity [1]. The idea is to couple (large) nanostructures  (NSs) with 

well known plasmonic activity (Au, Ag, Al etc.) with (smaller) transition-metal clusters (Pd, Pt, Fe, 

Ru etc.) which are used as efficient catalysts. These transition-metal NSs possess advantageous 

properties that make them extremely efficient in triggering surface chemistry. Main drawback is 

their weak interaction with light, preventing transition-metal clusters to improve their 

(photo)catalytic features. On the other hand, plasmonic metals are characterized by a less intense 

catalytic activity, but support surface plasmon resonances with large optical cross sections. 

Combining plasmonic and catalytic metal NSs in 

proximity to each other, forming a coupled 

“antenna−reactor” complex, therefore becomes a 

powerful solution to get the best of the two 

components. Upon interaction with the external 

electromagnetic field, the plasmonic antenna 

induces an optical polarization in the reactor, 

driving a plasmon into it. The plasmon decays by 

producing hot electrons, which in turn permit the 

exploration of new reaction pathways [1]. 

The main goal of the present project is to 

describe injection of hot electrons into molecules induced by antenna/reactor NSs. Using a 

multiscale computational approach, based on accurate electronic-structure calculations for the 

reactor and the molecule and a classical representation of the antenna [2], this work will explore the 

role of quantum effects, as the electronic/vibronic coherences and relaxation, in the time-resolved 

evolution of the process of hot-electron injection from a metal cluster to a molecule, induced by 

plasmonic effects. This investigation will shed light on the ultrafast mechanisms occurring in these 

hybrid complex systems thanks to the combination of the theory of open quantum systems and 

electronic structure calculations [3], leading to a deeper understanding of quantum effects in NSs 

and also guiding scientists towards new experiments. we shall apply our approach to the light-

induced hydrogen dissociation [4] and to hydrogen generation from formic acid catalysed by Pd-Au 

nanorods [5].  The level of detail needed for this project will be successfully afforded by using high 

performance computing, exploiting national and international supercomputers. 
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Project 3 for position M/6       CHIM/08 
Graphene Quantum Dots: bio- and electrochemical applications 

Supervisor: Prof. Tatiana Da Ros (daros@units.it) 

 

Graphene is a one-atom thick two-dimensional material and the studies on its excellent conductivity 

and optical properties boosted the research activities in this field and brought forward novel 

applications for graphene and its derivatives.
1
  

In recent years, very promising derivatives of graphene, i.e. Graphene Quantum Dots (GQDs), have 

gained significant interest due to the potential for biomedical and electrochemical applications. 

GQDs are zero-dimensional small fragments of graphene in the size range.
2
 Intrinsically, graphene 

is a zero-energy band-gap material but band-gap can be opened by size reduction and introduction 

of defects into the graphene moiety, and this leads strong photoluminescence that normally is not 

present in semi-conducting graphene.
3
 So GQDs basically combine the structure of graphene with 

the quantum confinement and edge effects of QDs and possess unique properties, which are 

important for the applications in medicine, electronic, photoluminescence, electrochemical and 

electrochemiluminescence.
4
 GQDs generally consist of 1 - 3 layers of graphene flakes with the 

diameter of less than 20 nm. Their surface groups of GQDs may vary due to the synthetic 

methodology, and photoluminescence may change depending on the surface functionalization.  

The different processes to obtain GQDs may confer different properties to the materials.  

GQDs have potential applications in biomedical,
5
 optoelectronic, and energy-related fields 

especially thanks to their properties such as water solubility and luminescence, which make them 

excellent candidates for bioimaging and drug delivery.  

However, there is the necessity to find appropriate methodology to tailor the size and the properties 

of the materials, both by optimizing their preparation and/or their functionalization. In this respect 

new approaches will be explored and will be devoted to ameliorate the preparation of new GQDs 

derivatives, especially in combination with organic dyes to be used for biological purposes and in 

electrochromic devices. 
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Project 4 for position M/6       CHIM/08 
Development of dual target ligands for oncology immunotherapy 

Supervisor: Prof. Stephanie Federico (sfederico@units.it) 
 

Cancer immunotherapy is a strategy that uses the immune system to fight cancer. In fact, the immune system 

is able to recognize and suppress tumor cells, but tumors carry out mechanisms that allow them to evade it. 

In recent years, a better understanding of the interaction that occurred between immune cells and cancer cells 

has accentuated research interest in cancer 

immunotherapy. In particular, these interactions are 

regulated by several key molecules, among the well-

known CTLA-4, PD-1, and PD-L1,
1
 there are also 

ecto-5’-nucleotidase (or CD73) and A2A adenosine 

receptor (A2AAR).
2
 CD73 is a cell-surface-located 

enzyme that hydrolyzes adenosine 5’-monophosphate 

(AMP) in adenosine (Ado). CD73 is the major 

responsible of the extracellular production of Ado, 

that interacts with its receptors, in particular with 

A2AAR, that is, finally, responsible of 

immunosuppression and angiogenesis within the 

tumor microenvironment, thus leading to tumor 

survival and progression.
2
 These observations suggest 

a very interesting potential therapeutic application for 

dual CD73 inhibitors/ A2AAR antagonists in the 

treatment of different types of cancer.
3
  

The aim of this project is the development of dual CD73 inhibitors/A2AAR antagonists which workflow is 

depicted in Figure 1. Taking advantage of the collaboration with the Molecular Modeling Section (MMS) of 

the University of Padua, which has a long experience in adenosine receptors, the first step will be the 

creation of a database collecting all the CD73 inhibitors reported in literature to be screened virtually by 

MMS on A2AAR. Candidates that showed the best score in the screening will be purchased or synthetized to 

be tested in a binding assay in order to validate the virtual screening results. At this point, CD73 inhibitors 

that confirm to behave also as A2AAR antagonists will represent the starting point for the design of a new 

series of dual ligands.  

Design will be supported by computational studies in order to synthetize only more promising compounds, 

also from a pharmacokinetic point of view. After synthesis, purification and characterization, new 

compounds will be actually tested on both targets and the best compound will be the candidate for in vitro 

and in vivo studies in cancer models. 

 

References: 

1. He Xing, Xu Chenqi. Immune checkpoint signaling and cancer immunotherapy. Cell Research 2020; 20: 

660-669. doi: 10.1038/s41422-020-0343-4 

2. David Allard, Pavel Chrobak, Bertrand Allard, Nouredin Messaoudi, John Stagg. Targeting the CD73-

adenosine axis in immuno-oncology. Immunology Letters 2019; 205: 31-39. doi: 

10.1016/j.imlet.2018.05.001 

3. Arabella Young, Shin Foong Ngiow, Deborah S. Barkauskas, Erin Sult, Carl Hay, Stephen J. Blake, Qihui 

Huang, Jing Liu, Kazuyoshi Takeda, Michele W.L. Teng, Kris Sachsenmeier, Mark J. Smyth. Co-inhibition 

of CD73 and A2AR Adenosine Signaling Improves Anti-tumor Immune Responses. Cancer Cell 2016; 30 

(3): 391-403. doi: 10.1016/j.ccell.2016.06.025. 

  

Figure 3. Project workflow 



Project 5 for position M/6       CHIM/06 
Olive pomace as a source of triterpenes: extraction and semi-synthesis of 

potential anticancer compounds 

Supervisor: Prof. Cristina Forzato (cforzato@units.it) 

 
The sustainability and resilience of the economic system is the main goal of the “Green Revolution and 

Ecological Transition” which is part of the Next Generation EU (NGEU) programme. To achieve this goal, 

an enhancement in waste recycling is promoted to contribute to the circular economy by extracting high-

quality resources from waste as much as possible in order to protect the environment and human health. In 

the last crop 2021-22, Italy regains the second place in the production of olive oil in the world with 315 

thousand tons, which means also a large production of by products, such as olive pomace, leaves and olive 

mill wastewater that are considered harmful to the environment, having negative impacts on soil, aquatic and 

air ecosystems. The recovery and treatment processes contribute to an efficient waste management and 

sustainability of the olive oil industry, leading to important economic benefits. Olive pomace is very rich in 

phenolic compounds and other bioactive compounds as triterpenes, which present numerous health 

properties and can be used as antioxidant, anti-inflammatory and /or antimicrobial agents. Oleanolic acid, 

maslinic acid, uvaol and erythrodiol are the main triterpenes present in olive pomace which demonstrated to 

possess anticancer activity and their derivatives can be considered candidate drugs for cancer treatment.
1 
 

Extraction of these compounds from pomace is still a challenge since most of the research work is focused 

on the extraction of polyphenols. In the present project, the recovery of triterpenes from pomace will be 

evaluated by extraction with different green technologies and the extracts will be characterized by analytical 

methods. The low solubility of triterpenes in water represents a limit in both the extraction process and 

bioavailability.
2
  

In the meanwhile, oleanolic acid, which is commercially available in high amount, will be used as a 

reference compound to design new derivatives with improved solubility. The synthesis of new derivatives 

will be developed and the most promising compounds will be tested on cancer cell lines exploring also the 

binding landscape to fish out the molecular targets of the triterpene derivatives.
3
  

 

 
 

Oleanolic acid 

 
 

Maslinic acid 
 

 

Uvaol 

 

 
 

Erythrodiol 

 

References: 

 
1
Tang, Zhong-Yuan; Li, Yang; Tang, Yu-Ting; Ma, Xiao-Dong; Tang, Ze-Yao. Biomedicine & Pharmacotherapy 

(2022), 145, 112397. 
2
Chemat, Farid; Abert Vian, Maryline; Fabiano-Tixier, Anne-Sylvie; Nutrizio, Marinela; Rezek Jambrak, 

Anet; Munekata, Paulo E. S.; Lorenzo, Jose M.; Barba, Francisco J.; Binello, Arianna; Cravotto, Giancarlo. Green 

Chemistry (2020), 22(8), 2325-2353. 
3
Ciotti, Sonia; Sgarra, Riccardo; Sgorbissa, Andrea; Penzo, Carlotta; Tomasella, Andrea; Casarsa, Federico; Benedetti, 

Fabio; Berti, Federico; Manfioletti, Guidalberto; Brancolini, Claudio. Cell Death & Disease (2018), 9(2), 1-11. 

  

javascript:%7b%7d


Project 6 for position M/6       CHIM/02 
In-silico design of efficient carbon nitrides-based water-splitting catalysts 

through the characterization of the excited state reaction path mechanism via  

X-ray computational spectroscopies 

Supervisor: Prof. Giovanna Fronzoni  (fronzoni@units.it), co-Supervisor: Prof. 

Daniele Toffoli (toffoli@units.it) 
 

The photon-assisted decomposition of water molecules into molecular hydrogen and molecular oxygen is 

one of the most promising reactions for solar energy conversion towards green and sustainable large scale 

hydrogen production [1]. A very promising route, although scarcely investigated under operando conditions, 

involves the use of N-rich organic materials, such as triazine- or heptazine-based carbon nitrides where the 

suggested reaction mechanism is a proton-coupled electron transfer [2] (PCET). In this case, a sequential 

absorption of two photons can efficiently promote the homolitic splitting of a water molecule into H and OH 

radicals. The challenge of developing efficient catalysts relies on the ability to control the recombination of 

the photo-generated radicals to the desired reaction product (H2). To this aim, a detailed knowledge of the 

water-splitting mechanism on  triazine- or heptazine-based carbon nitrides must be obtained [3].  

Synchrotron-based X-ray spectroscopic techniques, such as X-ray photoemission (XPS) and Near Edge X-

ray Absorption Fine Structure (NEXAFS) can be used to monitor the chemical and electronic modifications 

of the H2O/electrode interface under operando condition (i.e. illumination). A well-established collaboration 

with researchers at the ANCHOR-SUNDYN endstation at ELETTRA Synchrotron in Trieste [4] has been 

planned to work on a promising class of triazine-derived electrodes (TDEs), namely covalent triazine 

frameworks (CTF) which are being synthesized both as supported (on Au) single layered and multilayered 

films. 

The main focus of the phD will be the design and optimization of the systems for the energetics and the 

simulation of the core XPS and NEXAFS spectra of the systems in order to rationalize the experimental 

measurements. A systematic bottom-up approach will be adopted to study the evolution of the core spectra 

along the transition from the monomeric chromophore to the polymer by calculations of the spectra for 

oligomers of increasing dimension. The detailed mechanism of the H2/O2 evolution reactions on the TDE 

models will be studied to identify and characterize all intermediates and transition states. Intermediate states 

will also be characterized by their simulated core-electron XPS and NEXAFS spectra.  
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Project 7 for position M/6       CHIM/03 
Functional supramolecular polymers for self-diagnostic composites 

Supervisor: Prof. Silvano Geremia (sgeremia@units.it) 
 

This project aims at introducing self-diagnostic properties into 

polymers. The challenge is to produce fluorescence signals 

directly linked to the stress-driven breaking of the weak bonds in 

host-guest complexes, leading to the visualization of emerging 

mechanical stress in the polymer matrix of the composite. The 

ultimate goal is to provide enabling technologies to transform 

polymers into smart materials, to meet the rising demand of 

safety-related, non-destructive tests in structural composites. 

Molecular recognition has been chosen as an operating tool in the 

form of supramolecular cross-linking among complementary host-

guest units embedded in the polymeric chains. The guests are 

selected luminophores, which are quenched in the complex and 

emitting in the free form. The hosts are calixarenes, cavitands and 

cucurbiturils, whose molecular recognition properties are well 

defined and predictable. The implementation of the project 

requires: specific, resilient and stimuli responsive host-guest 

systems; their insertion into polymers as weak cross-linking units; 

a molecular level understanding of number, distribution and 

connectivity of the host-guest interactions in the polymer matrix; 

testing protocols for the resulting self-diagnostic properties. The 

structural characterization of number, distribution and density of 

host-guest crosslinking in self-diagnostic polymers is essential for a precise structural description of the 

system with predictive value. Crystals of supramolecular polymers have generally small dimensions and the 

use of synchrotron radiation is mandatory to obtain diffraction data at atomic resolution.  
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5) Della Sala P., Del Regno R., Talotta C., Capobianco A., Hickey N., Geremia S., De Rosa M., Spinella A., 

Soriente A., Neri P., Gaeta C. Prismarenes: A New Class of Macrocyclic Hosts Obtained by Templation 

in a Thermodynamically Controlled Synthesis. JACS, 2020, 142, 1752. 

  



Project 8 for position M/6       CHIM/06 

Photo-actuation of protocellular materials for new applications 

Supervisor: Prof. Pierangelo Gobbo (pierangelo.gobbo@units.it; https://gobbo-

group.com)  

PROJECT GOAL 

The aim of this project is to synthesize novel biomimetic tissue-like materials capable of photo-

actuation, that is capable of converting light into a precise mechanical movement. 

BACKGROUND, PRELIMINARY RESULTS AND NEXT STEPS 

Synthetic cells or “protocells” are a vital tool to chemical biology because they allow for the study of 

complex biological phenomena (e.g., information transcription and translation, chemical signaling, adhesion, 

and enzyme-mediated metabolism) in a simple and controlled 

environment.[1,2] Within this new and interdisciplinary research 

field, we used an interfacial strain-promoted alkyne azide 

cycloaddition reaction to assemble protocells units into novel 

materials that mimic living tissues and that we called 

“protocellular materials” (PCMs).[3] Recently, we were able to 

cage gold nanoparticles (AuNPs) and a thermoresponsive 

hydrogel within a protocell membrane and use this new protocell 

model to assemble PCMs (Figure 1). By irradiating these PCMs 

with 530 nm light and due to the photothermal effect, the AuNPs 

caused local heating and the contraction of the thermoresponsive 

hydrogel. As a consequence, the entire PCM shrunk to 50% of its 

original size in less than 30 sec. When the light was turned off, 

the PCM returned to its original size and shape in a similar 

amount of time (Figure 1). The PhD work will start from these 

exciting preliminary results. Then the student will develop this 

project into groundbreaking research according to their individual 

interests and attitudes. For example, they could develop 

individual protocells that could contract at different temperatures 

(e.g., modifying the thermoresponsive hydrogel) or at different 

wavelengths (e.g., using gold nanorods or graphene oxide). They 

could then use these different protocell units to assemble 

structured PCMs capable of bending, twisting or closing like a 

flower in order to develop groundbreaking soft robots or 

advanced substrates for tissue engineering capable of delivering specific mechanical cues to living cells for 

prompting their differentiation. 

STUDENT TRAINING 

Through this project the student will develop skills in synthetic chemistry, soft materials chemistry, polymer 

and nanomaterials synthesis and characterization, and chemical biology. The designed materials will be 

characterized using state-of-the-art spectroscopy and microscopy techniques (brightfield, fluorescence, 

electron, and atomic force microscopies). The student will join a dynamic and highly interdisciplinary 

research group with important ties with the University of Bristol (UK) and the University of Western Ontario 

(Canada) where a period abroad could be organized. 

References: 

[1] Xu, C., Hu, S. & Chen, X. Y. Materials Today 2016, 19, 516-532. [2] Liu, Z., Zhou, W., Qi, C. & Kong, 

T. T. Advanced Materials 2020, 32. [3] A. Galanti, P. Gobbo et al., Adv. Mater., 2021, 33, 2100340. 

Figure 4: Top: microscopy image of a PCM 

composed of millions of protocells filled with a 

thermoresponsive hydrogel and AuNPs, which 

give the material a characteristic red colour. 

Bottom: graph showing dime-dependent changes 

in the PCM’s temperature and contraction as a 

function of light irradiation cycles (green bands). 



Project 9 for position M/6       ING-IND/24 
In vivo release and absorption modelling of poorly water soluble drugs 

Supervisor: Prof. Mario Grassi (mario.grassi@dia.units.it) 
 

Despite the specific delivery system and the administration route considered, the in vivo drug fate is usually 

characterized by some common steps among which the release from the delivery system and the subsequent 

tissues absorption, distribution, metabolism and elimination (ADME processes) [1] are the most important 

[2]. Regardless of the administration route and the drug characteristics, a key factor for the success and 

reliability of every delivery system concerns drug bioavailability strongly dependent on drug permeability 

through cells membrane and drug solubilisation in physiological fluids [3]. While permeation implies drug 

partitioning between a polar aqueous phase and an apolar phase (cellular membranes), unless active 

mechanisms rule drug permeation, solubilisation implies the drug dissolution process that, in turn, heavely 

depends on drug solubility. This last aspect still represents one the most important problems in the drug 

delivery field as about 40 % of the marketed drugs and 70-90 % of the new chemical entities [4] suffer for 

low water solubility. Examples of commonly marketed drugs that are poorly water soluble include non-

steroidal anti-inflammatory drugs, anticholesterol, antimycotics, antibiotics, anticonvulsants, 

chemotherapeutics, antivirals, β-blockers, calcium channel blockers and immunosuppressants. The 

approaches devoted to match the problem of poor water solubility can be grouped in three main areas: 1) 

reduction of drug particle size (nanocrystals) 2) improvement of drug solubilization in the gastrointestinal 

fluids by means of lipid-based formulations, surfactants, and complexing agents and 3) modification of drug 

solid state realizing amorphous solid dispersions, co-crystals, and polymorphs [5]. 

In this frame, the project aims at the experimental and the theoretical analysis of the physical and chemical 

processes occurring upon drug release and the following ADME processes in order to enucleate the most 

important of them. In particular, in the case of the 1
st
 approach, the attention will be focused on the relation 

between solubility and crystal size and on drug diffusion inside a polymeric network. The effect of the drug-

complexing agent interaction on drug diffusion will be considered for what concerns the 2
nd

 approach while 

the interface resistance to mass transfer will be matched in relation to the 3
rd

 approach. Then, the 

mechanisms involved in drug (or complexed-drug) permeation through cellular membrane (or similar 

barriers) will be carefully considered as permeability represents one of the pillars (the other being solubility) 

determining drug bioavailability. Finally, drug spreading among tissues, metabolization and elimination will 

be considered to get the time evolution of the plasma drug concentration (pharmacokinetics) that can 

determine the clinical success or failure of a pharmacological treatment. All these phenomena will be 

translated into algebraic, total and partial differential equations that will be numerically solved according to 

proper strategies in order to get, for each one of the three approaches considered, a theoretical tool enabling 

the interpretation of experimental data, the delivery system optimisation/designing and the determination of 

physical and chemical parameters otherwise hardly evaluable. 

This project will be performed in collaboration with prof. Massimiliano Pio di Cagno (Department of 

Pharmacy, Faculty of Mathematics and Natural Sciences, University of Oslo), prof. Dario Voinovich, 

prof. Dritan Hasa (Department of Chemical and Pharmaceutical Sciences, UNITS) and prof. Gabriele 

Grassi (Department of Life Sciences, UNITS). 

 

References: 

1) Bertrand N, et al. Journal of Controlled Release 161 (2012) 152 – 163. 

2) Grassi, M. et al. Understanding drug release and absorption mechanisms. CRC Press, Boca Raton, 2007 

3) Naidu, R. et al. Developments in Soil Science 32 (2008) 39 – 51. 
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Project 10 for position M/6      CHIM/03 
Sn

IV
-porphyrins as supramolecular building cores for self-assembling processes 

Supervisor: Prof. Elisabetta Iengo (eiengo@units.it) 
 

The characteristics of Sn
IV

-porphyrin  planarity, six-coordination, robust binding to oxyanions, tin NMR 

active nucleous, tunable opto-electronic features (i.e. absorption in the visible region, luminescence, and ease 

of reduction)
1a

  make them intriguing scaffolds for the construction of light-responsive supramolecular 

assemblies or materials, and attracted our interest.
1b

 We recently survied and established their possible use, in 

combination with Zn
II
-porphyin metallacycles and meso-pyridyl/benzoic-porphyrins, for the metal-mediated 

assembling of 3D discrete hollow supramolecular structures, featuring different kinds of (metallo)porphyrin 

elements.
2a

  

 
In parallel, we initiated a fruitful investigation on Sn

IV
-porphyrin/amino acids conjugates as novel 

biomimetic candidates for photoinduced proton-coupled electron-transfer (PCET).
2b-d

 For instance, Sn
IV

(L-

tyrosinato)2- and Sn
IV

(L-tryptophanato)2-porphyrins were found to generate a radical pair state, by visible 

light excitation and in the presence of pyrrolidine. The single crystal X-ray structures of both systems 

evidence ordered patterns of intermolecular H-bonds.  

 

 

 

 

 

 

 

The project will address: i) preparation of tin-porphyrin/amino acids conjugates for the achievement of long-

lived charge separation; ii) desing and assembling of multi-porphyrin 3D discrete assemblies, via hard/soft 

dicriminations or via H-bonding. The flexibility granted by the metal-mediated approach should promote the 

obtainment of a common library of Sn
IV

-porphyrin metal scaffolds. Inorganic, organic and supramolecular 

synthetic methodologies will be employed alongside a variety of characterization techniques (in solution: 

ESI-MS spectrometry, NMR, UV-vis, emission and CD spectroscopies, ciclyc voltammetry; in the solid 

state: X-ray diffraction by means of the local ELETTRA synchrotron light source). Photochemical and 

receptor properties of selected assemblies will be addressed by additonal techniques, also in collaboration 

with other research groups equipped with dedicated techniques. A six month stay abroad will be strongly 

recommended, in order to expand and differentiate the PhD fellow skills, research methodologies, as well as 

working and social environments. 

 

References: 

1. (a) D. P. Arnold, J. Blok Coord. Chem. Rev. 2004, 248, 299; (b) A. Amati, P. Cavigli, N. Demitri, M. Natali, M.T. 

Indelli, E. Iengo Inorg. Chem. 2019, 58, 4399. 2. (a) A. PhD Thesis in Chemistry XXXI Cycle, University of Trieste 

(Italy); (b) M. Natali, A. Amati, N. Demitri, E. Iengo Chem. Commun. 2018, 54, 6148; (c) M. Natali, A. Amati, S. 

Merchiori, B. Ventura, E. Iengo J. Phys. Chem. C 2020, 124, 8514; (d) M. Natali, A. Amati, N. Demitri, E. Iengo 

ChemEurJ Chem. Eur. J. 2021, 27, 7872. 



Project 11 for position M/6      CHIM/06 
Bioactive peptide self-assembly into hydrogels for regenerative medicine 

Supervisor: Prof. Silvia Marchesan (smarchesan@units.it )   

 

Self-assembling peptides composed of short sequences have attracted researchers’ attention in recent years as 

promising building blocks for hydrogel biomaterials, thanks to their low-cost and easy production on a large 

scale, inherent biocompatibility, and biodegradibility.
1
 In particular, the combination of L- and D-amino 

acids is an attractive strategy to design self-assembling sequences with fine-tuneable enzymatic degradation 

rate.
2
  Recently, a series of tripeptides

3
 were shown to be able to self-assemble into biocompatible hydrogels. 

Inclusion of bioactive motifs was demonstrated to be a successful approach to mimic the extracellular matrix 

and guide cell adhesion and growth (Figure).
4
  

 

 

Research in this emerging area involves organic synthesis by solid- and liquid-phase to functionalize self-

assembling short peptides so as to maintain their self-assembling ability, yet introducing also bioactive 

motifs to mimic the extracellular matrix and guide cell fate. Next, their supramolecular organization will be 

studied by a variety of spectroscopic and microscopic techniques. Then, their bioactivity will be tested in 

vitro on cell lines as well as with hydrolytic enzymes to assess their biodegradation rate. It is envisaged that 

these materials will be ideal scaffolds to enable the regeneration of healthy tissue and promote healing, and 

future studies will include the use of stem cells to guide their regeneration ability. Ultimately, the scaffolds 

will be biodegraded as they will be replaced with new tissues. 

 

References: 

1. M.C. Cringoli, et al. in Soft Matter for Biomedical Applications, RSC ed. 2021, 236.  

2. M.C. Cringoli and S. Marchesan. in Peptide-based Biomaterials, RSC ed. 2020, 174. 
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Project 12 for position M/6      CHIM/06 
GOLD NANOPARTICLES AS FUNCTIONAL MATERIALS FOR 

DIAGNOSTIC AND THERAPEUTIC APPLICATIONS 

Supervisor: Prof. Paolo Pengo (ppengo@units.it), co-Supervisor: Prof. Lucia 

Pasquato (lpasquato@units.it) 
 

The application of nanometer-sized materials in medicine holds promise of enabling therapeutic treatments 

and diagnostic procedures of higher efficacy and sensitivity respect to conventional approaches [1]. These 

expectations arise from the properties of the nanosystems that provide unprecedented mechanisms for 

interrogating the biological systems in the quest for accurate diagnostic information or to challenge a disease 

state. Gold nanoparticles represent ideal practical platforms for developing new concepts in this area, owing 

to their ease of preparation in a variety of sizes and shapes, their ease of functionalization and their optical 

properties. In the context of nanomedicine, we are interested in developing drug delivery systems and 

contrast agents for Magnetic Resonance Imaging (MRI) based on the use of gold nanoparticles, with the 

ultimate goal of achieving novel theranostic nanodevices comprising both these functions [2, 3]. Our 

approach relies on the preparation of gold nanoparticles coated by specifically designed oligomeric or 

polymeric fluorinated ligands of linear or branched structure providing a hydrophobic environment suited to 

the hosting of small molecule drugs. The fluorinated ligands coating the nanoparticles also enable an easy 

entry to tracers for 
19

F MRI, a novel and promising imaging technique that complements conventional 

proton-MRI.       

 

References: 

[1] Doane, T. L.; et al.  Chem. Soc. Rev., 2012, 41, 2885–2911. 

[2] Boccalon, M.; et al. J. Mater. Chem. B, 2015, 3, 432–439. 
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Project 13 for position M/6      CHIM/09 
Mechanochemical synthesis and physicochemical characterization of 

multicomponents systems of two active pharmaceutical ingredients  

 

Supervisor: Prof. Beatrice Perissutti (bperissutti@units.it) 
 

The object of this project is to obtain by mechanochemical activation a multicomponent system (1) of two 

commercially available crystalline active pharmaceutical ingredients (APIs). The active ingredients will be 

selected as a function of their use in combination therapy, based on their tendency to solid-state 

transformations via mechanochemistry (e.g. their documented capability to form various multicomponent 

systems, e.g., hydrates, solvates, and cocrystals), and in consideration of their structural compatibility to 

interact with each other by non-covalent bonds. Additional reasons of selection Mechanochemical methods 

(2) such as neat grinding (NG) and liquid-assisted grinding (LAG) will be used to synthesize new 

homogenous solid forms, such as coamorphous systems and cocrystals (in anhydrous or solvate/hydrate 

form). Since both technologies are based on the transfer of mechanical energy via milling, the synthetic 

strategy is a a sustainable process since it involves either no (NG) or little amount of solvent (less than 1mL). 

Since mechanochemical process is dramatically influenced by process and composition variables, a proper 

Design of Experiment (DOE) approach will be applied to screen among different parameters (e.g. molar ratio 

between components, grinding time, milling frequency, jar loading, type, amount of solvent,..). 

Once the two multicomponent systems were achieved, their physicochemical properties will be characterized 

by analytical techniques such as powder and synchrotron powder X-ray diffraction (PXRD), differential 

scanning calorimetry (DSC) and Thermogravimetric analysis (TGA), Fourier-transform infrared (FT-IR) and 

solid-state nuclear magnetic resonance (SS-NMR). The combination of APIs having different chemical 

affinity of the APIs will be also considered to study the influence of the multicomponent system on the 

biopharmaceutical properties of each active (e.g. solubility, dissolution and permeability performances). 

 

References: 

1. Berry DJ, Steed JW. Pharmaceutical cocrystals, salts and multicomponent systems; in-termolecular 

interactions and property based design. Advanced Drug Delivery Reviews. 2017 Aug 1;117:3–24. 
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Project 14 for position M/6      CHIM/02 
Development of an open-source library of massively parallel algorithms to 

compute optical properties of large systems 

Supervisor: Prof. Mauro Stener (stener@units.it) 

 

The aim of this project consists to develop an open source library, which can be easily interfaced 

with existing codes, and will be able to calculate optical properties (photoabsorption and Electronic 

Circular Dichroism) of large systems, typically metal clusters with many thousands of atoms. The 

library will employ the Complex Polarizability method [1] to calculate the spectra, which is suitable 

to be parallelized since the problem is recast in the resolution of a linear non-homogeneous 

algebraic system of equation. The input consists in standard molecular orbitals and their energies, 

which will be previously calculated with standard software (Gaussian, AMS, ecc…). The interface 

will calculate and manage the integrals needed to build the matrices involved in the complex 

polarizability algorithm (see flow chart below). In this way the library code will be independent not 

only with respect to the specific program to calculate the orbitals but even with respect to the nature 

of the basis set (STO, GTO, B-spline, …). The library will be optimized to run on the pre-exascale 

architecture of modern very large supercomputer facilities, like the LEONARDO machine which 

will be installed at CINECA in 2023 [2]. 

 

 

 

References 

[1] O. Baseggio, G. Fronzoni, M. Stener, J. Chem. Phys., 143 (2015) 024106. 

[2] https://www.cineca.it/temi-caldi/Leonardo 

 

Code 2

Interface for code 
1 ………

OptLib
pre-exascale

Interface for code 
2

Interface for code 
3

Interface for code 
n

Code 1 Code 3 Code 4

https://www.cineca.it/temi-caldi/Leonardo

