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RESEARCH THEMES
The themes of the Doctoral Course on Drug Discovery have been defined by the Research Director (Prof. Daniele Piomelli) and Senior Scientists as follows:

Theme 1: Pharmacology

Theme 2: Medicinal Chemistry, Bioanalytical Chemistry, Nuclear Magnetic Resonance 
Theme 3: Computational Chemistry

The candidates are asked to prepare a research project of their choice with explicit reference to the Theme proposed. The soundness of the project will be part of the evaluation process and will be considered preferential for the choice of the individual scientific theme that will be made jointly by the tutor and the candidate. 

Each application must make specific reference to one of the research themes proposed.

Theme 1 - Pharmacology 
Tutors: Dr. Angelo Reggiani – Prof. Mario Marchi – Prof.ssa Adriana Maggi – Prof. Antonio Calignano – Prof. Daniele Piomelli – Prof. Stefano Sensi

N. available positions: 3

Pharmacology applied to drug discovery has to provide the biological rationale and the enabling technologies to implement effective target selection and validation studies, to develop the suitable screening assays for new molecules and to profile up newly identified lead candidate/s. 
The candidate should describe a pharmacology-based research project related to one of the following topics:

1- Molecular and genetic approaches to identify and/or validate novel pharmacological targets.

2- Innovative tools for the rapid spatio-temporal study of drug efficacy;
3- Activated microglia as cellular target for novel antinflammatory/ antineurodegenrative drugs

4- Boosting the endogenous bioactive lipids as a way to identify novel analgesics and antinflammatory drugs

For further details concerning the research project, please contact: angelo.reggiani@iit.it 
Theme 2 - Medicinal Chemistry, Bioanalytical Chemistry, Nuclear Magnetic Resonance 

Tutors: Dr. Tiziano Bandiera – Prof. Paolo Grieco – Prof.ssa Maria Laura Bolognesi – Prof.ssa Renata Riva – Prof. Angelo Ranise

N. available positions: 4

Medicinal Chemistry

The synthesis of novel, drug-like compounds is central to the advancement of small molecule drug discovery programs. Recent developments in synthetic methodologies offer a variety of approaches to rapidly construct drug-like molecules. These methodologies can be applied to the synthesis of a small collection of compounds for screening purposes as well as to the preparation of analogues of hit or lead compounds in drug discovery programs. 

The candidate should present a research proposal focusing on one of the following topics:

· Application of diversity-generating synthetic methodologies to the construction of a collection of drug-like and structurally diverse compounds for screening purposes.
· Synthetic approaches to the fast investigation of the Structure Activity Relationship of hit or lead compounds.

· Synthesis of enzyme inhibitors as potential drugs for the treatment of pain, inflammation, and/or neurodegenerative diseases.
Bioanalytical Chemistry

Over the last years, bioanalytical chemistry has become an essential tool to provide critical information for the drug discovery process. Moreover, the development of highly sensitive and versatile MS/MS techniques boosted the amount of data that the analyst can produce in areas like metabolite identification, pharmacokinetics profiling and biomarker discovery.

The candidate should present a research proposal in one of the following topics:

a) Setup and validation of a LC-MS based bioanalytical method for a drug candidate.

b) Basic and advanced sample preparation techniques for LC-MS analysis of biological tissues.

c) Setup and validation of a flexible platform for metabolome investigation.

Nuclear Magnetic Resonance 

NMR spectroscopy is gaining an important and continually expanding role in the pharmaceutical field, especially since structure-based drug design has become one of the driving forces behind the discovery of new therapeutics. Lead discovery and optimization, preclinical development and clinical validation are the three main phases of the drug discovery process; NMR can provide significant contributions to all of them. 

The candidate should present a research proposal in which one of the following NMR approaches will play a key role:

a) NMR as the primary analytical tool to confirm the chemical structure of both synthetic and natural product chemical leads as well as the composition of the latter.

b) NMR as a tool to determine solution structures of proteins and protein-ligand complexes, thus providing an important contribution to lead optimization programs.

c) NMR in metabonomic as a tool to identify biomarkers suitable for evaluating the response to drug candidates, as well as to obtain critical metabolic information on the evolution and localization of various target metabolites in disease states or in response to adverse side effects to drugs.

For further details concerning the research project, please contact: tiziano.bandiera@iit.it 
Theme 3 - Computational Chemistry

Tutor: Dr. Andrea Cavalli

N. available positions: 3

Computational chemistry is nowadays widely applied in drug discovery, playing a key role in designing molecules of pharmaceutical relevance. It ranges from established methods for protein-ligand docking and virtual screening campaign to more challenging approaches for enhanced sampling simulations, de novo design, protein-protein docking, and quantum mechanical calculations. The Computational Chemistry group of the Department of Drug Discovery and Development of the Istituto Italiano di Tecnologia utilizes a wide range of in silico tools to accelerate and enhance the discovery of novel biologically active small molecules.

The candidate should present a research proposal devoted to the use of computational chemistry in drug discovery, possibly related to one of the following topics:

a) 
Application of computational methods to aid drug discovery projects. 

Here, the proposal should introduce a drug discovery project, describing how different computational methods and protocols could be applied to progress a molecule from the early hit identification, through the hit-to-lead step, eventually reaching the status of optimized lead.

b) 
Enzymatic dynamics and catalysis understood via molecular simulations.

Proposals should focus on the rationalization of enzymatic activity via computational methods such as quantum mechanics, molecular dynamics and/or quantum mechanics/molecular mechanics (QM/MM). The aim is to integrate existing experimental data on the enzymatic activity with an atomistic understanding of the chemical event as catalyzed by the enzyme of interest. 

c) 
Application of advanced molecular dynamics protocols and machine learning to predict the protein-ligand binding affinity and kinetics. 

The proposal should focus on molecular dynamics-based advanced techniques to estimate the protein-ligand binding free energy and kinetic constants. The analysis of the simulated data can possibly be aided by existing as well as ad hoc developed machine learning and statistical methods.

d) Implicit solvent models: computational development and application to the protein-ligand binding. 

The proposal should focus on improving existing methods that simulate the electrostatic contribution to molecular recognition and binding in an implicit solvent framework. Possible themes can be: i) development of new numeric routines for high performance computing architectures, ii) improved modeling of biomolecule and solvent interaction, iii) application to particularly challenging systems (e.g. pKa estimation, first and second hydration shell modeling etc.).

For further details concerning the research project, please contact: andrea.cavalli@iit.it 
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