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AIMS

Main goal: design the correct therapeutic systems based on innovative antimicrobial nanoparticles
(NPs) able to eradicate the biofilm-associated infections, so permitting a specific antimicrobial therapy
without cytotoxicity and side effects.

4

Result 1: develop nanotechnological platforms, with specific surface properties and
sizes, addressed to reduce the formation of BPB in various models of human
eukaryotic cells and explanted organs, to inhibit biofilm production and development
and/or breaking/dissolving the mature biofilm.

Result 2: clarify the mechanism of biofilm eradication, by an exhaustive physicochemical
and morphological characterization of the biofilm produced by selected pathogen
microorganisms before and after the treatment with these nanosystems, in order to
evaluate their specific interaction with biofilm components.

PROJECT DETAILS

Duration: 24 months

Principal Investigator: Prof. Valentina VENUTI (University of Messina)

MUR Contribution: € 77.290,00 - Total: € 101.997,00

G. Paladini 2/12/2024
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RESEARCH GROUP

S 2 Research units involved in the project A
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Universita degli Studi di Messina
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Universita degli Studi di Catania
(RU2-UniCT)

(RU1-UniME)
O VENUTI Valentina (P.1.) O PISTARA' Venerando
 CARIDI Francesco d SALMERI Mario

 PALADINI Giuseppe
O TOMMASINI Silvana
d VENTURA Cinzia Anna

The two research units (RUs), involved in the FINI project, constitute a “scientific’ network with
complementary experiences, including the entire production process of the proposed NPs, ranging
from the design, to the organic synthesis, from the characterization, up to the in vitro test and the ex-
vivo models.
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STATE OF THE ART

Bacterial biofilm

O Sessile microbial communities embedded in a self-produced
matrix of extracellular polymeric substances (EPSs) adherent on
biotic or abiotic surfaces ‘

O Protection from antimicrobial agents and host defenses o SR = “as

0 According to the National Institutes of Health, 70% of all / Z - ‘\"
human microbial infections stem from biofilms > ’ P2y 22
Colonisation of numerous medical devices; cause of °
numerous human diseases, such as dental diseases,
musculoskeletal infections, otitis, urinary and prostate
infections

Eradicating these infections with antimicrobial treatments is a hard challenge

Not usable in vivo due to toxicity and high concentrations of antimicrobials may be
consequent side-effects needed to eradicate biofilm-producing bacteria (BPB)

Calls for the development of new antibiotics with new
mechanisms of action!
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WORKING PACKAGES

Duration | months)
1[2]z3]2]s[s[7][8]2[w[u]12]13]12]15]1s[17]18[13]20]21]22] 23] 22

Activity RUs Role
i) Owerall project management, financial management, steerin
WP1 - LeaderRU1-UniME Administration RU1-UniME/RU2-UniCT I o B ke g % s
group/ consortium meetings and fomal reporting
i} Production of biofim
RUZ-UniCT

ii) Characterization by TEM, SEM, SEM-EDX
i) Characterization by IR and Raman
ii) 30 imaging through NT
i) Realization of C5-NPs and PLEA-NFs
Devel e nchemacsland RUVL LA i) Characterization of all NPs by UV-Vis, HPLC, IR, Raman
t, -U nil
evelopment, physicochemical and jii) 2D correlation analysis [2D-COS) of | R dat, collected vs. T
morphological characterization of antimicrobial 2 —
R iv) Characterization by ENS and INS
nanoparticles (NPs)
i) Realization of AM-CD=s based NPs and Au-NPs
i) Characterization of all NPs by NMR, SEM and TEM
RU1-U niME i) Characterization by IR and Raman
RU2-UniCT i) Characterization by SEM

WR2 - |zader: RU2-UniCT Production and characterization of biofilm

RU1-UniME

RU2-UniCT

Characterization of biofilm treated by NPz

i} Evaluation of anti-bacterial and anti-biofilm activity of the antimicro bial
loaded-MPs sgainst drug-resistant bacterial strains, by in vitro assay

i} Similar ex vivo studies
iii) Assessment of the cytotoxicity exerted by the NPs and of the occurrence
of apoptosis andjor of oxidative stress
iv) Evaluation of anti-inflammatorny potential of the NPs on infected cell

WPE - Leader: RU2- UniCT In vitro [ &x vivo assays RU2-UniCT

lines and on infected corneal tissues
i) Brochure/flyer, educational material, posters
i) Web-site
iii) Scientific publications
iv) Strategic planning of communication, meetings amaong the parmers, final
plenary meeting
v} Seminars, ex-cathedra and e-learning program

WP6 - Leader: RU1-UniME Dissemination RU1-UniME/RU2-U niCT
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Months: 1-24

WPI1

Administration

Aim of this WP is to maintain the project on schedule and ensure that budget is used as
planned during the application phase.

1. ensuring effective coordination of the project & faC|I|taj[|ng of go[snication between the o
partners involved

3. guaranteeing of local ownership of the 4. monitoring of potential risks and guarantee of

project results the necessary execution of the plan emergency

5. organization of the required documentation 6. supervision of legal compliance for all project L

and timely communication activities

Achievements....

Q report of the technical-scientific progress of the project for the first year
Q financial report for the first year
O report of the technical-scientific progress of the project for the second year

U financial report for the second year;
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WP2

Months: 1-9

Production and characterization of biofilm

production of Dbiofilm using
selected drug-resistant bacterial
strains grown on biotic and abiotic

surface

Microscopic
observation
through...

SEM TEM

Q identify organic chemicals
around the bacteria and
inside the bacterial cells

U important impact on biofilm
formation, especially to the
specific adhesion

physicochemical

characterization throuih

3D distribution
and organization

NT experiments to be performed
at European Large Facilities

biofilm heterogeneity and cell
localization

visualization of the 3D architecture
structuration, evolution and mutual

connection

—P. aerugmosa 1 (PAOW)

li ATCC 3

U fingerprints spectrum

of biomolecules

modification of the
vibrational  bands
upon environmental
condition changes
(temperature  and
hydration level)

50 1400 1650 3000 3500 4000

Wavenumber (cm™)

P. aeruginosa 1 (PAO1)
E. coli ATCC 35218

Raman intensity (arb. units)

~ 1604

PR S S SN S
800 1000 1200 1400 1600

1800
Raman shift (cm™)
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Months: 5-18

WP3
Development, physicochemical and morphological characterization of antimicrobial nanoparticles (NPs).
Design and development of NPs, made of nanoparticulate carrier loading
marketed molecules and/or of new antimicrobial agents and natural
synthesized ones, loading antimicrobial anti-inflammatory agents for
active agents multi-drug threrapy

Dynamic spectra

D
Only for some "\

selected samples.. [

NPs based on preformed
biodegradable polymers

N

2D correlation ’
spectra

S

.-
‘e

y
s

*

*

interaction involved between the drugs and/or CDs and polymeric matrix and the role they Implementation of
play on the cargo capability and therapeutic efficacy of the nanoparticulate delivery systems ENS and INS data
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WP4 Months:14-18
Characterization of biofilm treated by NPs e = o
-
— Vibrational biofilm el P
,_',,, . b treatment with te NPs - .{%“
| Physicochemical evaluation “ . & o :
and microscopic observation d . s J [ &
hof biofilm response to the *"‘-’J L
eatment with the NPs. » o> _* dﬁP G -

spatial patterns

$ : ‘ 1 interaction  NPs biofilm
L . - - -

s - =

WP5

In vitro studies on biofilm formation on Vi yitro / ex vivo assays. Months: 7-18
corneal tissue, by selected multidrug- o )
resistant bacterial strains > ex vivo Ability of the different NPs to
studies (10-18 months), using a rabbit inhibit and eradicate the biofilm.
keratitis model Evaluation Methods:
*Biofilm biomass assays
*Colony-forming unit (CFU) counts

Live/Dead assays
+Cell viability assays
*Confocal Laser Scanning Microscopy

Assessment of the cytotoxicity
exerted by the NPs and of the
occurrence of apoptosis and/or
of oxidative stress

Evaluation of the anti-
inflammatory  potential  of
NPs/infected corneal tissues

the anti-inflammatory properties of the Cytotoxicity Assays:
NPs will be investigated, quantifying *Trypan Blue exclusion test -
cytokine production by ELISA. *MTT assay for cell viability and proliferation

L DH assay for cytotoxicity
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Dissemination

HOME ILGRUPRO  RICERCA  PUBBLICAZIONI COLLABORAZIONI BLOG  LINK

Descrizione dettagliata

del Progetto

uture challenges in management of
P :

o of antimi
A e
chemical investigation of their
i with biofil iated
infection

(PNRR - Missione 4, Componente 2,
Investimento 1.1 - Bando Prin 2022 - Decreto
Direttoriale n. 104 del 02-02-2022)

CUP: J53D23008880006

Future challenges in management of recurrent/resistant Infection: development of Codice Identificativo: 2022325YFW

antimicrobial Nanoparticulate systems and physical-chemical investigation of their
Interactions with biofilm-associated infection (PNRR - Missione 4, Compongnte 2,
Investimento 1.1 - Bando Prin 2022 - Decreto Direttoriale n. 104 del 02-0 2

NVENUTI NEL SITO DEL PROGETTO DI RICERC
(CUP J53D23008880006)
..\ LA

OBIETTIVI

Il progetto FINI si propone di realizzare

Scientific Publications

ARTICLE
— G. PALADINI, F. CARIDI, D. MAJOLINO, V. VENUTI, P. CARDIANO, F. DE GAETANO,
G. LANDO, R. STANCANELLI, S. TOMMASINI, C. A. VENTURA, B. FAZIO, C.
LOMBARDO, M. SALMERI, V. PISTARA’, Morphological and physicochemical
characterization of single-species bacterial biofilms probed by SEM, FTIR-ATR and p-
Raman technique, WSEAS Transactions on Biology and Biomedicine (ACCETTATO).

ABSTRACTS

— Morphological and physicochemical characterization of single-species
bacterial biofilms probed by SEM, FTIR-ATR and py-Raman techniques.
The International Conference on Applied Physics, Simulation and Computing
(APSAC 2024) — 4th International Workshop on “MOdelling, Simulation and
DAta Analysis in Engineering and Physics Applications” (MOSIDA 2024)

— Novel anti-biofilm strategies based on innovative antimicrobial
particles: physicochemical and technological issues
NANOINNOVATION 2024

The ¢ ysics, Simulation

i e
Murpholwglcll and physicochemical characterization of single species Engineering ond Physics Applications” (MOSIDA 2024)
Morphological and physicochemical
characterization of single-species bacterial biofilms
probed by SEM, FTIR-ATR and p-Raman techniques

VENUTI

Universita degls Studi di Messma
Viale Ferdinando 5t D'Alcoatres 31, 198166 Messina . P
ALY b Giuseppe Paladini
PAOLA CARDIANO, FEDERICA DE GAETANO, GABRIELE LANDO, ROSANNA
STANCANELL SILVAKA TOMMASINI, CINZIA ANNA VENTURA di Sclenze Scienze Fisiche &
"Dipartimento ds Scienze Chimiche, Biclogiche, Fanmaceutche ed Ambienial Scienze della Terra, Universita degll Studi di Messina, Viale Ferdinando
Universi degli Studi i Messing Stagno, D'Alcontres 31, 1-98166 Messina

Viale Ferdinando Stagno D' Alcoatres 31, 1-98166 Messma
ALY ITALY
BARBARAFAZIO "
URT Lab§ens, CNR-DSFTM Messia, o Dipistinento & Scienze Chimiche, Bialogiche graladini@unime.
Farmaceutiche ed Ambental AFSAC o2y
2o Staghe B Alooahes I 591

Viale Ferdinando Stagno D" Alcoatres 31, 198166 Messina

ITALY
CINZIA LOMBARDO, MARIO SALMER]
Dipartimeato di Scienze Biemediche ¢ Bistecnologiche
Universita degli Studi di Catania
Torre Biologica, Via Santa Sofia 97, 195123 Catania
A

VENERANDO PISTARA
Dipartimeata di Sciesze del Farmaco e della Salute
Universith deghi Studs di Catania
Viale A Doria 6, 1-95125 Catania
ITALY

APSAC 2024 NEEID Rome. S-13 September

goedinnovation

Conference & Exhibition

Novel anti-biofilm strategies based on innovative
antimicrobial nanoparticles: physicochemical and
technological issues

Gluseppe Paladini
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EXPECTED BENEFITS

A single step Highly
antimicrobial and efficient
anti-biofilm nano- antimicrobial
functionalization and anti-

of the products biofilm
products

Reduce Novel efficient

Low environmental
footprint and
prolonged lifecycle

Low-cost,
sustainable and
safe processes

and products

incidence and
transmittance
of bacterial

and safe nano-
antimicrobials as
an alternative to
the obsolete

of the products infections

antibiotics

Novel in situ
monitoring and
quality control

of therapy Water and
food safety

Resolution of

contamination

problems and

Reduction

improvement of
human health costs

quality life

Possibility to guarantee
food safety even to
populations where water
and food supply is more
risky due to the
presence of biofilm-
forming bacteria.
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