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1 - Research project title
DNA metalation: a combined experimental/computational approach

2 - Key words
DNA metalation, anticancer drugs, metal-based drugs

3 - Research project abstract

Metal-based therapy remains a highly utilized and effective option in the treatment of many types
of cancer. However, due to the persistence of severe side effects and the increase of resistance
events, new metal-based chemotherapeutics that could overcome these limitations are required.
In this context, the investigation of the mode of action of these metal compounds and their
interaction with nucleic acids or proteins is necessary and could benefit the design of new
powerful antitumor drugs. However, despite the amount of new antitumor metal complexes
increases day-by-day, detailed structural information on their interaction with DNA is still lacking.
The aim of this project is to fill this gap by studying in solution and in the solid state the interaction
of different classes of metal compounds with DNA oligonucleotides. The effect of the binding of
the metallodrugs on these structural motifs will be investigated also by computational
methods. The results will be compared with analogue studies obtained in protein metalation
studies.

4 - State of the art

Since the discovery of cisplatin, metal complexes have attracted a lot of interest due to their
therapeutic potential in cancer therapy. Indeed, despite the clinical use of Pt compounds is
associated with undesired side effects, such as general toxicity and drug-resistance, there is
a growing demand for metal-based compounds in cancer therapy, due to the increasing
plague of cancer and the level of cytotoxic effects displayed by these compounds.

Although it is widely demonstrated that the cytotoxic activity of these compounds is due to
their interaction with various targets (DNA, metabolites, proteins), a deeper understanding
of the molecular bases of the interaction of the metallodrugs with these molecules is
required. In particular, it is reported that cisplatin interferes with DNA replication and
transcription, kinking the DNA duplex structure by covalently binding two adjacent guanine
N7 positions in the major groove. Conversely, much remains to be investigated regarding the
interaction of cisplatin derivatives and novel non-Pt-based drugs with the duplex DNA and
other structural organizations (cruciform, four-way junction, G-quadruplex) with specific
functional role. Cruciform DNA, a secondary structure formed by a four-way junction and two
closed hairpin-shaped points, plays an important role in a wide range of biological processes
(replication, regulation of gene expression, and recombination). G-quadruplexes are four-
stranded nucleic acid secondary structures, which form in guanine-rich sequences. These
structures are formed, under physiological conditions, in regions of biological significance,
such as human telomeres, oncogene promoter regions, replication initiation sites, and 5’ and
3’-untranslated (UTR) regions. All these non-canonical structural motifs (cruciform DNA and
G-quadruplex) are found to be implicated in the evolution and development of cancer.
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5 - Objectives and results that the project aims to achieve

The principal aim of this project is to analyse the interaction of metal-based anticancer drugs
(including cisplatin derivatives and novel chemotherapeutic drugs containing Pt or non-Pt
metals) with double helix and other DNA structural organizations (cruciform, four-way
junction, G-quadruplex). The effect of the binding of the metallodrugs on these structural
motifs will be investigated by spectroscopic, crystallographic, and computational methods.
Different DNA systems will be used. For example:

e thesequence 5’-CGCGAATTCGCG-3’ or others that form a self-complementary B-form

duplex structure (Figure 1A);

e the sequence 5'-CCGGGCCCGG-3’ or others that fold in a self-complementary A-form
duplex structure (Figure 1B);

e the sequence 5-TCGGTACCGA-3’' or others that adopt a four-way junction
architecture (Figure 1C);

e sequences of variable chain length derived by the human telomere repeat TTAGGG,
forming G-quadruplex structures (Figure 1D).
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Figure 1. Cartoon representations of some of the DNA structures that will be studied in this project: A) duplex B-form (PDB
code: 289D), B) duplex A-form (PDB code: 240D), C) four-way junction (PDB code: 1NVY), and D) G-quadruplex (PDB code:
3T5E).

On the other side, various classes of metal compounds will be considered:
e cisplatin derivatives, including iodoplatin, carboplatin, oxaliplatin

e Ru-, Au- and Rh-based drugs.

The structural analyses will allow to identify the effects that different classes of metal
compounds have on different DNA structures. Indeed, a deep comparison between the
interactions that the same metal-compounds make with the different structural motifs of
DNA will allow us to point out the molecular bases of their mechanism of action. The results
will be compared with those obtained in protein metalation studies. Altogether these studies
will provide insights into the molecular bases of the cytotoxic activity of different metal-based
drugs.
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Statistical analyses on different databases (Protein Data Bank, Cambridge structural
database...) will be also carried out to support the new results and compare them with those
already reported in the literature and to delineate the common features shown by drugs
containing the same metal.

When divulged in scientific journals, the results of this project will allow to the scientific
community interested in this field to design new metallodrugs with a potential as
chemotherapeutics. In particular, the findings could help to synthetize new
chemotherapeutics with potentially increased selectivity towards a specific DNA structural
motif. Indeed, an increased selectivity is one of the main goals pursued by researchers as it
will allow to better modulate the action of these drugs, whose biggest limitation remains the
general toxicity.

6 - Scientific and/or technological and/or social and/or economic impact of the project

Cancer kills an increasing number of people every year. Metal compounds are used in
chemotherapy to inhibit the uncontrolled growth and proliferation of cancer cells.
Chemotherapy is associated with a range of adverse effects, and some agents increase the
risk of secondary neoplasm development. DNA, metabolites, peptides, and proteins have a
central role in the recognition, transport, and mechanism of action of metal-based
antitumoral compounds. A deeper understanding of the molecular bases of the interaction of
metallodrugs with these molecules is essential to help the scientific community to design
novel antitumoral drugs with improved performances.

Moreover, due to the differential expression of the telomerase in normal and cancer cells,
the enzyme inhibition via stabilization of human telomeric G-quadruplex sequences by small
compounds has emerged as a novel anticancer strategy. The relatively low cost of this
approach when compared to traditional industry-led ones may hopefully lead to a reduced
cost for any licensed medicines. Our multidisciplinary approach will also help the search for
new metal compounds able to increase the telomeric G-quadruplex antitumoral activity.

7 - Methodologies that are planned to be used (Max. 1000 characters)

Different tasks will be carried out to achieve the objectives of the project, in a
multidisciplinary approach.

Experimental tasks:

Task E1. Selection of metal compounds based on their chemical properties and cytotoxic
activity.
Task E2. Spectroscopic characterization of target-ligand complexes/adducts.
Task E3. Co-crystallization and/or soaking experiments of complexes/adducts.
Task E4. Structure determination and analysis of complexes/adducts.
Computational tasks:

Task C1. Analysis and comparison of the structures of target-ligands complexes/adducts
present in Protein Data Bank.
Task C2. Docking of target-ligands complexes/adducts that hardly crystallize.
Task C3. Molecular dynamics simulations of target-ligands complexes/adducts.
Equipment to be used:
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e Spectrophotometers, spectrofluorimeters, spectropolarimeter equipped with Peltier
temperature control systems, Raman and IR microscopes.

e Crystallization laboratories at three different temperatures (20 °C, 10 °C, and 4 °C).

e Molecular and cellular biology equipment.

e X-ray diffraction data collection facilities.

e Computer facilities.

8- PI
First and last name: Alessandro Vergara (Full Professor of Physical Chemistry, CHIM-02)
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9 - Technical and economic sustainability of the project (Max. 1000 characters)

A. Vergara is expert in Raman and IR microscopies that are useful to study the coordination
and oxidation state of the metal in the complexes (Task E2). The project is in collaboration
with other researchers of CF-S group (http://www.scienzechimiche.unina.it/ricerca/cfs) at
the Department of Chemical Sciences at the University of Naples Federico Il. They will
combine their expertise to ensure that the candidate will achieves the objectives of this
project. In particular, F. Sica has a long experience in the DNA and DNA-protein structural
characterization by spectroscopic techniques and X-ray crystallography (Tasks E2, E3, E4). A.
Merlino has a deep expertise in protein metalation studied by means of spectroscopic and
crystallographic methods (Tasks E2, E3, E4). Moreover, he has multi-year collaborations with
groups that synthetize antitumoral metal compounds or perform cellular experiments to
reveal their cytotoxic effects (Task E1). Both F. Sica and A. Merlino have experience with the
computational methods necessary to perform MD simulations of biological macromolecules
(Tasks C1, C2, C3). In particular, F. Sica has recently studied via MD simulations DNA-protein
complexes (Task C3). G. Sciortino of the Institute of Chemical Research of Catalonia (ICIQ)
(Spain) will contribute to the project with his expertise in computational analysis of dual and
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multimetallic compounds able to interact with biological macromolecules (Tasks C2, C3). The
researchers involved in the project have already worked together successfully. They possess
the resources to perform the project: crystallization facilities, access to data collection
facilities and HPC resources, spectrophotometers, and computer facilities.
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