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25 June 2026 
13:00 – 14:30  Registration 
14:30 – 15:00  Welcome 
15:00 – 15:40  Mattia Mori, University of Siena (IT): “The four-year EURESTOP journey”. 
15:40 – 16:20  Mohsen Naghavi, University of Washington (USA): “The global burden of 

sepsis and antimicrobial resistance: data, methods and implications for 
global health policy”. 

16:20 – 16:35 Dana Reichmann, Martijn Riool, Rossella Grande, WG1 leaders (IL, NL, 
IT): “overview of WG1”. 

 
16:35 – 17:00  short coUee break 
 
17:00 – 17:15  Younes Smani, WG2 leader (ES): “overview of WG2”.  
17:15 – 17:30  Carole Devaux, WG3 Leader (LU): “overview of WG3”. 
17:30 – 18:00 Tomislav Meštrović, University North (HR): “The burden of antimicrobial 

resistance in Europe - what it means for European preparedness and 
health system resilience”. 

18:00 – 18:20  Ana Čikoš, Ruđer Bošković Institute (HR): “Croatia: a small country with 
large antibiotic footprint”. 

18:20 – 18:40 Ivan Barišić, Austrian Institute of Technology (AT): “Molecular diagnostics 
for multiplex identification and characterisation of multidrug-resistant 
pathogens”. 

18:40 – 19:00 Iglika Lessigiarska, Bulgarian Academy of Sciences (BG): “In-silico 
ADMET investigation of the EURESTOP compound library”. 

 
 

26 June 2026 
09:00 – 09:40 Sabino Sepčić, JGL d.d. (HR): “Packaging for preservative-free 

formulations as a sustainable strategy in modern pharmaceutical 
development”. 

09:40 – 09:50 Hamza Saghrouchni, Çukurova University (TR): “Precision Biocontrol: 
Leveraging Bacteriophages as a Targeted Strategy Against Clostridium 
perfringens in Food Matrices”. 

09:50 – 10:00 Giorgia Stornelli, University of Chieti-Pescara (IT): “Natural compounds 
as promising antimicrobial agents against Helicobacter pylori: from in 
silico selection to in vitro and in vivo validation”. 

10:00 – 10:10 Katarína Bilská, Comenius University in Bratislava (SK): “Phloxine B-
Functionalized Nanocomposites as a Promising Strategy Against MRSA 
Biofilms”. 

10:10 – 10:20 Luigi Cutarella, University of Siena (IT): “Protonation state-dependent 
interaction of polycationic polymyxins with the Pseudomonas aeruginosa 
outer membrane using Colistin A as a model”. 

10:20 – 10:30 Michal Dvořák, University of Chemistry and Technology Prague (CZ): 
“Selenoesters as adjuvants for the treatment of aminoglycoside-resistant 
staphylococcal infections”. 
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10:30 – 10:40 Arianna Speroni, Sapienza University of Rome (IT): “Rational Design of 
Flavonoid-Based Inhibitors of KPC-3 Carbapenemase to Overcome 
Antibiotic Resistance”. 

 
10:40 – 11:20  coUee break and poster session 
 
11:20 – 11:40  Vincenzo Summa, University of Napoli “Federico II (IT): “Rational design 

and synthesis of broad-spectrum MBL inhibitors through a combination of 
ligand-based and structure-based strategies”. 

11:40 – 12:00  Angelo Frei, University of York (UK): “High-throughput Combinatorial Click 
Chemistry for the Exploration of Antimicrobial Metal Complex Space”. 

12:00 – 12:20  Yves Mely, University of Strasbourg (FR): “P. aeruginosa Disperses 
Ordered Membrane Domains by Targeting Phase Boundaries”. 

12:20 – 12:40 Ana Martins, HUN-REN BRC Institute of Biophysics (HU): “Targeted 
antibiotic production by competition-driven evolution of non-pathogenic 
bacteria”. 

12:40 – 12:50  Irene Molina-Panadero, Universidad Pablo de Olavide (ES): “Targeting 
outer membrane proteins with a thiophene derivative: a new antimicrobial 
strategy synergizing with colistin against MDR Acinetobacter baumannii 
and Escherichia coli”. 

12:50 – 13:00 Victoria Bomfim Barros, Luxembourg Institute of Health (LU): “Quorum 
sensing inhibitors and Complement-engaging Dimeric Complexes as a 
dual strategy to tackle Pseudomonas aeruginosa biofilm”. 

 
13:00 – 14:30  lunch and Poster session 
 
14:30 – 14:50 Nineta Saraci, Aldent University (AL): “Antibiotic Use and Misuse in 

Dental Implantology: A Survey-Based Study” 
14:50 – 15:10 Vladimír Křen, Czech Academy of Sciences (CZ): “Ergot Alkaloids as 

Emerging Modulators of Antibiotic Resistance” 
15:10 – 15:30 Magne O. Sydnes, University of Bergen (NO): “Photodegradable 

Antimicrobial Agents” 
15:30 – 15:50 Janez Ilaš, University of Ljubljana (SI): “Thermodynamic Insights into 

Gyrase Inhibitor Binding”. 
15:50 – 16:10 Susana Ferreira, University of Beira Interior (PT): “Low-level ciprofloxacin 

exposures drive resistance in Arcobacter butzleri –mechanistic insights 
and evolutionary trajectories”. 

16:10 – 16:30 Tanel Tenson, University of Tartu (EE): “Rethinking fluoroquinolone 
activity: killing of non-growing bacteria occurs after drug removal”. 

16:30 – 16:50 Theo Zacharis, Greek Scientists Society (GSS), Athens, United Kingdom: 
“Beyond Research Outputs: Building Pathways for Stakeholder and Policy 
Uptake in EURESTOP Legacy”. 

 
16:50 – 17:20  coUee break and poster session 
 
 
20:00   Social dinner 
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27 June 2026 
09:00 – 09:40  Eve Wool, University of Washington (USA): “From numbers to narratives: 

visualizing the burden of antimicrobial resistance for advocacy and public 
engagement”. 

09:40 – 09:50 Marta Mellini, University Roma Tre (IT): “Counteracting antimicrobial 
resistance: from drug optimization to the identification of broad-spectrum 
targets”. 

09:50 – 10:00 Didem Şen Karaman, Izmir Katip Celebi University (TR): “Preparation of 
Antibiofilm Nanostructures and Investigation of Their In Vitro EUicacy 
Using Innovative Analytical Methods”. 

10:00 – 10:10 Caio Franco, AccelBio Collaborative Laboratory (PT): “Functional high-
throughput screening identifies microRNAs regulating infection by 
Staphylococcus aureus”. 

10:10 – 10:30 Simone Carradori, University of Chieti-Pescara (IT): “Production, 
crystallographic studies, and chemical profiling of carbonic anhydrases 
from probiotics Limosilactobacillus reuteri and Bifidobacterium longum”. 

10:30 – 10:50 Dominik Rejman, Czech Academy of Sciences (CZ): “Development of 
New Antibiotics – The Story of Lipophosphonoxins”. 

 
10:50 – 11:30  coUee break and poster session 
 
11:30 – 11:40 Beatrice Marinacci, University of Chieti-Pescara (IT): “Exploring the 

Potential of Postbiotics: Antimicrobial Activity of Limosilactobacillus 
reuteri DSM 17938 and Bifidobacterium longum BGL47® Cell Free 
Supernatant and Membrane Vesicles”. 

11:40 – 11:50 Vera M.S. Isca, Universidade Lusófona (PT): “Evaluation of the 
Antimicrobial and Biofilm Inhibitory Properties of Centauri® Honey”. 

11:50 – 12:00  Marialaura Marchetti, University of Parma (IT): “Benzotriazole derivatives 
targeting O-acetylserine sulfhydrylase as potential antimicrobial 
adjuvants”. 

12:00 – 12:10  Monika Huse-Kutowska, University in Toruń (PL): “Optimization of a 
Screening Protocol for Detection of Glycopeptide-Dependent Enterococci 
(GDE)”. 

12:10 – 12:30 Gayane Kirakosyana, LA Orbeli Institute of Physiology (AM): “Potent 
bactericidal activity of Macrovipera lebetina obtusa venom against 
Multidrug-Resistant Staphylococcus aureus”. 

12:30 – 12:50 Sofia R. Pauleta, NOVA University Lisbon (PT): “Bactericidal activity of 
new NHC carbenes and their Cu(I) and Ag(I) complexes against 
pathogenic bacteria”. 

12:50 – 13:10  Vera Muccilli, University of Catania (IT): “Natural ScaUolds as Gateways 
to Novel Phenolic Entities: Chemical and Enzymatic Strategies”. 

 
13:10 – 14:30  Lunch and poster session 
 
14:30 – 14:50 Fabio Boylan, Trinity College Dublin (IE): “Anti-Helicobacter pylori 

potential of Plukenetia volubilis L.: a Repurposing Approach”. 
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14.50 – 15:10 Kristjan Plaetzer, University of Salzburg (AT): “Applications of 
Photodynamic Inactivation to Fight Antimicrobial Resistance within the 
One Health Framework”. 

15:10 – 15:30  Bengt Erik Haug, University of Bergen (NO): “Novel ligands for a key 
enzyme in bacterial fatty acid synthesis”. 

15:30 – 15:50  Ryszard Ostaszewski, Polish Academy of Sciences (PL): “Studies on the 
synthesis and antibacterial potency of 1,4-naphthoquinone derivatives 
against MRSA infection”. 

15:50 – 16:10  Nasser Abidelfatah, Center for Applied Research (IL): “Comparative 
reduction of antibiotic-resistant bacteria (ARB) and Genes (ARGs), and 
fecal indicators by advanced wastewater disinfection”. 

16:10 – 16:20  Ana Maria Campos, National Institute for Agricultural and Veterinary 
Research (PT): “Aptamers Targeting Shiga toxin to overcome limitations of 
antibiotic treatment”. 

16:20 – 16:30 Miriam Ortiz Padilla, Universidad Pablo de Olavide (ES): “Study of the 
activity of thiophene-derived compounds against Acinetobacter 
baumannii”.  

16:30 – 16:50 Meliha Nengin, Istanbul Medipol University (TR): ““Advanced Peptide-
Based Delivery Systems: A Novel Frontier in Targeting Multidrug-Resistant 
Bacterial Pathogens.” 

 
16:50 – 17:10  Closing remarks 
 
17:30 – 19:30  Social activity - Pola city tour  
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The global burden of sepsis and antimicrobial resistance: data, methods and 
implications for global health policy 

 
Mohsen Naghavi 

1 Institute for Health Metrics and Evaluation, University of Washington, Seattle, US 
2 Department of Health Metrics Sciences, University of Washington School of Medicine, Seattle, US 

 

nagham@uw.edu 
 
Sepsis and antimicrobial resistance (AMR) are among the most significant and interconnected threats 
to global health, together accounting for millions of deaths annually and placing growing pressure on 
healthcare systems worldwide. Recent advances within the Global Burden of Disease (GBD) 
framework have enabled comprehensive assessments of the burden of sepsis and AMR across 
countries, age groups, pathogens and infectious syndromes, providing an unprecedented evidence 
base for public health action. This presentation will review the latest global evidence on the burden 
of sepsis and AMR, with a focus on the data sources, analytical methods, and modelling approaches 
used to generate comparable estimates across 204 countries and territories. The session will discuss 
the integration of mortality records, hospital data, microbiological surveillance, systematic reviews 
and statistical modelling techniques used to address uncertainty and data gaps. Special attention will 
be given to sepsis as a major pathway through which severe infections and antimicrobial resistance 
contribute to mortality. Recent GBD analyses estimated that in 2021 there were approximately 166 
million sepsis cases and 21.4 million sepsis-related deaths globally, representing nearly one-third of 
all deaths worldwide. Despite long-term progress in reducing sepsis burden, substantial inequalities 
persist across regions, and the COVID-19 pandemic reversed gains in several populations. At the same 
time, the GBD 2021 AMR study estimated that 4.71 million deaths were associated with bacterial AMR, 
including 1.14 million deaths directly attributable to resistant infections. Burden patterns varied 
considerably by geography and age, with increasing mortality observed among older adults and 
forecasts suggesting a continued rise through 2050 if effective interventions are not implemented. 
The presentation will explore the implications of these findings for global health policy, including 
priorities for infection prevention and control, vaccination, antimicrobial stewardship, surveillance 
strengthening, equitable access to diagnostics and treatment, and health-system resilience. By 
translating complex epidemiological evidence into actionable policy insights, the session will 
demonstrate how burden-of-disease analyses can inform strategies to reduce preventable deaths, 
improve health outcomes, and strengthen global health security. 
 
 
References 
[1] GBD 2021 Global Sepsis Collaborators. Global, regional, and national sepsis incidence and mortality, 1990-
2021: a systematic analysis. Lancet Glob Health. 2025; 13(12): e2013-e2026. doi: 10.1016/S2214-
109X(25)00356-0. 
[2] GBD 2021 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance 1990-
2021: a systematic analysis with forecasts to 2050. Lancet. 2024; 404(10459): 1199-1226. doi: 10.1016/S0140-
6736(24)01867-1. 
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Global burden of sepsis and antimicrobial resistance – what it means for 
European preparedness and health system resilience 

Tomislav Meštrovića,b (on behalf of the IHME/Oxford GRAM Team) 
a Health Metrics Centre, University North, Croatia 

b Institute for Health Metrics and Evaluation, University of Washington, USA 
 

tmestrovic@unin.hr / tmestrov@uw.edu 

Sepsis remains a major global health challenge, with an estimated 166 million (95% UI 135–201) cases 
and 21.4 million (20.3–22.5) deaths in 2021, accounting for 31.5% of all deaths worldwide. Infectious 
syndromes such as bloodstream and lower respiratory infections continue to drive sepsis-related 
mortality. Antimicrobial resistance (AMR) further exacerbates this burden. In 2021, 4.71 million (95% 
UI 4.23–5.19) deaths were associated with bacterial AMR globally, including 1.14 million (1.00–1.28) 
deaths directly attributable to resistance. While AMR mortality has declined in children under five, it 
has increased substantially among older adults. In Europe, AMR represents a substantial and 
heterogeneous burden, with an estimated 80,247 deaths in Central Europe (69.62 per 100,000), 
145,046 in Eastern Europe (70.15 per 100,000), and 212,770 in Western Europe (48.65 per 100,000) in 
2021. These patterns reflect differences in healthcare systems, antimicrobial use, population ageing 
and infection control practices across the region. Notably, resistance among key pathogens such as 
methicillin-resistant Staphylococcus aureus and carbapenem-resistant Gram-negative bacteria has 
increased significantly over time, further complicating treatment of sepsis and other severe infections. 
Projections indicate that, under current trends, global AMR-attributable deaths could reach 1.91 
million globally by 2050, with the burden increasingly concentrated in older populations. However, 
substantial gains are achievable: improvements in healthcare quality and access could avert up to 92 
million deaths globally between 2025 and 2050, while advances in antimicrobial development, 
particularly targeting Gram-negative pathogens, could further reduce mortality. 
These findings highlight the urgent need for integrated strategies that combine infection prevention, 
antimicrobial stewardship, improved clinical care and innovation in therapeutics. For Europe, 
addressing AMR within the broader context of ageing populations and health system resilience will be 
critical to reducing the future burden of sepsis and ensuring effective management of severe 
infections. 
 

References: 
1. Naghavi M, Vollset SE, Ikuta KS, Swetschinski LR, Gray AP, Wool EE, Robles Aguilar G, Meštrović T, Smith 

G, et al. Global burden of bacterial antimicrobial resistance 1990-2021: a systematic analysis with 
forecasts to 2050. Lancet. 2024;404(10459):1199-1226. doi: 10.1016/S0140-6736(24)01867-1. 

2. Gray AP, Chung E, Hsu RL, Araki DT, Gershberg Hayoon A, Weaver ND, Swetschinski LR, Wool EE, Han C, 
Meštrović T, et al. Global, regional, and national sepsis incidence and mortality, 1990-2021: a systematic 
analysis. Lancet Glob Health. 2025;13(12):e2013-e2026. doi: 10.1016/S2214-109X(25)00356-0. 

3. European Centre for Disease Prevention and Control. Antimicrobial resistance in the EU/EEA (EARS-Net) – 
Annual Epidemiological Report 2023. Stockholm: ECDC; 2024. 
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Croatia: a small country with large antibiotic footprint 

Ana Čikoš 
NMR Centre, Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb 

 
ana.cikos@irb.hr 

 
This presentation explores the historical development and global impact of antibiotic research 
in Croatia, a small country with a disproportionately significant contribution to antibiotic 
innovation. The narrative begins with early advances in medical and pharmaceutical practice 
in the region, including the establishment of one of Southeast Europe’s first pharmaceutical 
manufacturing facilities in the late 19th century.1 The scientific foundation of antibiotic 
development in the 20th century is closely linked to the exceptional organic chemistry work 
of Nobel laureates Leopold Ružička and Vladimir Prelog. Particular emphasis is placed on the 
collaboration between academia and industry, exemplified by Vladimir Prelog’s work with the 
small local pharmaceutical company Kaštel. This partnership enabled the early synthesis and 
production of sulfonamides, positioning Kaštel among the first companies worldwide to 
manufacture antibacterial agents.2 A central focus of the presentation is the evolution of 
Kaštel into PLIVA, Croatia’s biggest pharmaceutical company, and its contributions to 
antibiotic research and production. This includes the development of oxytetracycline through 
biotechnology and, most notably, the discovery and commercialization of azithromycin. The 
latter represents a landmark achievement, demonstrating pharmaceutically innovative 
chemical modification of erythromycin to produce a more stable, effective, and widely used 
antibiotic.3 

 
References 
(1) Inić, S.; Flegar, V. Adolf Thierry and the First Pharmaceutical Factory in Southeast Europe. Pharmazie 2021, 
No. 2/3, 119–125. https://doi.org/10.1691/ph.2021.0140. 
(2) Seiwerth, R. Prelog’s Zagreb School of Organic Chemistry (1935 – 1945). Croatica Chemica Acta 1996, 69 
(2), 379–397. 
(3) Banić Tomišić, Z.; Inić, S. Pharmaceutical Company PLIVA: From Nobel Laureate Vladimir Prelog to Global 
Blockbuster - Antibiotic Azithromycin#. Pharmazie 2024, 79 (10/12), 246–257. 
https://doi.org/10.1691/ph.2024.4047. 
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Molecular diagnostics for multiplex identification and characterisation 
of multidrug-resistant pathogens 

 
Ivan Barišić a, b,c 

aAIT Austrian Institute of Technology 
bTechnical University Vienna 

cEko Refugium d.o.o. 
 

ivan.barisic@ait.ac.at 
 
Infectious diseases represent still a major burden to human health. Especially, the emergence 
of multidrug-resistant pathogens is a global threat to our healthcare systems, food production, 
and modern society. However, the implementation of efficient infection control measures 
requires fast, precise, and cost-effective technologies to detect and characterise pathogens. 
In this oral presentation, we will discuss both established diagnostic methods and alternative 
concepts that were developed in our lab. These include high-multiplex PCR1, aptamers2, 
DNAzymes3, padlock probes4, bacteria-binding peptides5, and DNA origami2, respectively, 
that are used to detect pathogens or associated molecular targets. Furthermore, we will 
discuss selected in silico tools that we developed to facilitate the design of our complex assays 
and molecular systems. 
The choice of the optimal detection technology depends on several factors such as targeted 
sensitivity, specificity, time-to-result, cost, automatization, hands-on-time, sample matrix, 
number of targets to be detected in parallel, centralised vs. decentralised testing, production 
and storage capacity. For many diagnostic applications that use DNA as target molecule, an 
amplification step (isothermal or PCR-based) is required, however, it has to be carefully 
selected considering the final sensor. Another important aspect concerns unintended 
molecular interactions in the assay and solutions to identify and/or overcome them. In 
conclusion, further research is required to develop a diagnostic method optimal for clinical 
microbiology. 

 
References 
1. Wolff, N., Hendling, M., Schroeder, F., Schönthaler, S., Geiss, A.F., Bedenic, B. and Barišić, I. (2021) Full 

pathogen characterisation: species identification including the detection of virulence factors and 
antibiotic resistance genes via multiplex DNA-assays,. Scientific reports 11 (1), S. 6001. DOI: 
10.1038/s41598-021-85438-5. 

2. Ahmadi, Y.; Umrekar, T.; Mutter, N.; Beeby, M.; Barišić, I. (2024): DNA origami-enhanced binding 
of aptamers to Staphylococcus aureus cells. Biosensors and Bioelectronics: X 16, S. 100436. DOI: 
10.1016/j.biosx.2023.100436 

3. Mutter, N., Savini, F., Ban, Ž., Saftić, D.P., Hloušek-Kasun, A., Ahmadi, Y., Bertoša, B., Piantanida, I. and 
Barišić, I. (2026) Synthesis and Characterization of Thermostable Antimicrobial Peptide–DNAzyme 
Conjugates for the Proof-of-Concept Detection of E. coli, ACS omega. 

4. Barišić, I.; Schoenthaler, S.; Ke, R.; Nilsson, M.; Noehammer, C.; Wiesinger-Mayr, H. (2013): Multiplex 
detection of antibiotic resistance genes using padlock probes. Diagn.Microbiol.Infect.Dis. 77 (2), S. 
118–125. DOI: 10.1016/j.diagmicrobio.2013.06.013. 

5. Ahmadi, Y., Savini, F., Mutter, N. and Barišić, I. (2024) Application of Antimicrobial Peptides as Diagnostic 
Biosensors. Analytical chemistry 96 (1), S. 256–264. DOI: 10.1021/acs.analchem.3c03854. 
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In-silico ADMET investigation of the EURESTOP compound library 
 

Iglika Lessigiarska a, Ivanka Tsakovska a, Ilza Pajeva a,  Gizem Tatar Yılmaz b, Magdalena Majekova c, 
Osman Gani d, Carole Devaux e, Mattia Mori f 

a QSAR and Molecular Modelling Group, Institute of Biophysics and Biomedical Engineering, Bulgarian 
Academy of Sciences, Sofia, Bulgaria 

bDepartment of Biostatistics and Medical Informatics, Faculty of Medicine,  Karadeniz Technical 
University, Ortahisar-Trabzon, Turkey 

c Centre of Experimental Medicine of Slovak Academy of Sciences, Bratislava, Slovakia 

d Section for Pharmaceutical Chemistry, Department of Pharmacy, University of Oslo, Oslo,Norway 
e Department of Infection and Immunity, Luxembourg Institute Of Health, Luxembourg 

f Department of Biotechnology, Chemistry and Pharmacy, University of Siena, Italy 
 

iglika@biomed.bas.bg 
 

Assessment of the pharmacokinetic properties and toxicity of potential drug candidates is 
essential for the development of new medicines. Early evaluation of ADMET (Absorption, 
Distribution, Metabolism, Excretion, and Toxicity) endpoints can prevent failures at later 
stages of drug development due to unfavorable pharmacokinetic behavior or unacceptable 
toxicity. Computational ADMEТ predictions provide cost-effective and fast approach for early-
stage pharmacokinetic and toxicity screening of a large numbers of compounds. Therefore, 
the ADMET properties of the compounds in the EURESTOP action library were evaluated in 
silico by using different academically-licensed and free software – Schrodinger QikProp, 
Discovery Studio TOPKAT, Simulations  Plus, pkCSM, ACDLabs Percepta, Derek Nexus, and an 
in-house model for prediction of nuclear receptors (PPARγ (Peroxisome proliferator-activated 
receptor γ) and ERα (Estrogen receptor α)) ligands. Because these in silico tools and models 
rely on distinct algorithms, training datasets, and methodologies, combining them can help 
to reduce the risk of unreliable predictions. Also, the chemical diversity of the compounds in 
relation to their pharmacokinetic properties was assessed by chemical space analysis based 
on selected descriptors related to ADME (MW, logP, logD, number of H-bond donors and 
acceptors, and (polar) surface area). Structural analysis based on fingerprint clustering was 
also performed. 
 
Acknowledgements: The authors acknowledge the networking support by the COST Action CA21145 
“European Network for diagnosis and treatment of antibiotic-resistant bacterial infections 
(EURESTOP)”; IL and IT thank the National Science Fund of Bulgaria (grant KP-06-COST/3/26.05.2023).  
 
 
 
 
 
 
 
 
 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Primary packaging for preservative-free formulations as a sustainable 
strategy in modern pharmaceutical development 

Sabino Sepčić 

JGL d.d., Rijeka, Croatia 
sabino.sepcic@jglpharma.com 

 
 
Packaging development is an integral part of product development. The selection of packaging is 
crucial for the development of medicines with appropriate quality, safety and efficacy. The most 
commonly used preservative is benzalkonium chloride [1], which has been associated with long-term 
adverse effects. Clinical evidence suggests that using less harmful preservatives 
or preferably preservative-free, is beneficial for patients with chronic ocular conditions [2,3]. The 
current trend in pharmaceutical industry is the development of preservative-free formulations. Unit-
dose packaging has been an industry standard for preservative-free formulations as they are 
aseptically filled and completely closed until usage [1]. As unit-dose packaging is associated with high 
material waste, multi-dose packaging is considered to be more sustainable. Such packaging has 
traditionally required formulations containing preservatives to control microbial growth. There are 
multiple primary packaging systems for preservative-free formulations on the market. The primary 
packaging protects the formulation from outside contamination and the entry of microorganisms 
through product shelf life and patient usage. The product must be available to the patient while 
simultaneously remaining sterile. Ophthalmic drug products present an elevated risk to patients 
because administering the formulation directly into the eye bypasses several of the body’s natural 
defense mechanisms. As such, any drug used in the eyes must be sterile [4].  
 
 
References 
[1] Allison Campolo et al., Biomedical Journal of Scientific & Technical Research 45 (2022) 36035-36044 
[2] Christophe Baudouin et al., Progress in Retinal and Eye Research 29 (2010) 312-334 
[3] Alessandro Bagnis et al., Saudi Journal of Ophthalmology 25 (2011) 389-394 
[4] What You Should Know about Eye Drops, U.S. Food & Drug administration (2026) 
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Precision Biocontrol: Leveraging Bacteriophages as a Targeted Strategy 
Against Clostridium perfringens in Food Matrices 

 
Hamza Saghrouchni 

Department of Biotechnology, Institute of Natural and Applied Sciences, Çukurova University, Adana, 
01330 Balcalı, Türkiye 

 
h.saghrouchni@gmail.com 

 
 
Clostridium perfringens is a significant pathogen causing various systemic and intestinal 
diseases, including infections and intoxications, in humans and animals. Phage therapy, an 
alternative method for addressing this problem, is being studied as an alternative to 
antibiotics because of the high efficacy, specificity, and abundance of phages in nature. In this 
study, a bacteriophage targeting C. perfringens was isolated, and its effect was evaluated both 
in vitro and in situ. From wastewater, a new C. perfringens lytic phage, which we named 
CpP_VarHS, was isolated. The isolated phage was then morphologically and molecularly 
characterised using transmission electron microscopy, genome sequencing, and 
bioinformatics tools. Furthermore, the biological properties of the phage, its stability under 
stress conditions, and its host range were evaluated. The antibacterial activity of the phage 
was investigated in vitro and in situ in meat samples, and its effect on biofilms formed on 
different abiotic surfaces was studied. In conclusion, Electron microscopy revealed that the 
CpP_VarHS phage possessed a short, non-contractile tail and a regular icosahedral cap. Whole 
genome sequencing and phylogenetic analysis indicated that CpP_VarHS is a novel species 
within the genus Gregsiragusavirus. Furthermore, it was determined that the CpP_VarHS 
phage exhibits high tolerance to high stability under stress conditions with a wide host range. 
The phage showed a significant antibiofilm effect on the abiotic surfaces, and this effect was 
observed using scanning electron microscopy. In situ experiments conducted on meat 
samples, it was also found to exhibit significant antibacterial activity. To the best of our 
knowledge, this study is the first report of C. perfringens phage isolation in Türkiye. The 
findings reveal that the CpP_VarHS phage has promising potential for applications in the 
prevention and control of C. perfringens. 
 
References 

1. Noor Mohammadi, T., Shen, C., Li, Y., Zayda, M. G., Sato, J., Masuda, Y., Honjoh, K. ichi, & Miyamoto, 
T. (2022). Characterization of Clostridium perfringens bacteriophages and their application in chicken 
meat and milk. International Journal of Food Microbiology, 361, 109446. 
https://doi.org/10.1016/j.ijfoodmicro.2021.109446 

2. Tian, Y., Wu, L., Lu, R., Bao, H., Zhou, Y., Pang, M., Brown, J., Wang, J., Wang, R., & Zhang, H. (2022). 
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Background: Helicobacter pylori infects approximately half of the global population and is a major 
etiological agent of chronic gastritis, peptic ulcer disease, and gastric cancer. Its persistence is facilitated 
by adaptive mechanisms that enhance tolerance to antibiotic treatment, while the increasing prevalence 
of antimicrobial resistance further compromises eradication success. These challenges highlight the urgent 
need for innovative therapeutic strategies, including the exploration of natural bioactive compounds. 
Objectives: This study aimed to identify and characterize natural compounds with antimicrobial activity 
against H. pylori, evaluating their potential as alternative or adjunctive therapeutic agents. Methods: A 
representative subset of 31 compounds from the in-house library of natural products was selected through 
an in silico diversity-oriented random selection (DORS) clustering approach to maximize chemical diversity 
while limiting the number of compounds for experimental testing. Among the 31 molecules, five 
compounds (BBN36, BBN66, BBN143, BBN238, and BBN306) showing the best antimicrobial activity, based 
on Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) evaluation 
versus H. pylori ATCC 700684 and BBN238 was chosen for in-depth analysis. In particular, antimicrobial 
activity was evaluated by determining MIC and MBC against both ATCC and clinical H. pylori strains as well 
as versus probiotic strains and ultrastructural changes were analyzed by Transmission Electron Microscopy 
(TEM). Safety of BBN238 was evaluated by using Galleria mellonella in vivo model. Finally, Galleria 
mellonella infection model was set up for the study of BBN238 efficacy versus H. pylori infection. Results: 
BBN238 (deguelin), a naturally occurring rotenoid, exhibited the strongest antimicrobial activity against 
both reference and clinical strains. It showed no toxicity toward probiotic bacteria as well as versus G. 
mellonella and significantly improved larval survival compared to untreated controls. TEM analysis revealed 
severe morphological alterations and structural damage in treated bacterial cells, suggesting a direct effect 
on bacterial integrity. Conclusions: Natural compounds, particularly BBN238, represent promising 
candidates for the development of novel therapeutic strategies against H. pylori infection, potentially 
overcoming current limitations related to antimicrobial resistance. 
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Staphylococcus aureus is a leading cause of bacterial infections, with methicillin-resistant S. aureus 
(MRSA) strains posing significant treating challenge. Its ability to form biofilms on medical devices 
complicates eradication. Modification of medical devices, such as catheters, can help prevent biofilm 
formation and facilitate the eradication of biofilm cells. This study focuses on nanocomposites (NCs) 
based on a polymer (poly(urethane), polylactic acid) and saponite particles modified with 
poly(diallyldimethylammonium) chloride, functionalized with photoactive xanthene dyes, and their 
evaluation against staphylococcal biofilms in vitro and in vivo using Galleria mellonella model. 
For the experiments, the standard strain S. aureus CCM 3953 and a clinical isolate S. aureus L12 were 
used. NCs were prepared with the photosensitizers eosin Y (EoY), erythrosine B (EryB) and phloxine B 
(PhB). The NCs were irradiated with a green laser (λ = 532 nm, 100 mW) for 2 min or 10 min. The anti-
biofilm properties of the NCs were evaluated by determining colony-forming units. The toxicity of 
individual NC components was assessed in vivo using G. mellonella model. Preliminary in vivo 
experiments were performed with implants functionalized with PhB as photosensitizer, and survival 
was monitored for 5 days. 
S. aureus L12 was confirmed to be resistant to oxacillin and quinolones (ciprofloxacin and norfloxacin) 
using E-tests. PhB-functionalized NCs showed the highest effectiveness, achieving over a 
2.8 log10 reduction after 2 min of irradiation in 24-h biofilms formed by the CCM strain. NCs with EryB 
and EoY achieved 2.5 and 1.7 log10 reductions, respectively, after 10-min of irradiation. The 
components of the NC were confirmed to be non-toxic on G. mellonella. Implants modified with PhB 
showed no toxicity after implantation into G. mellonella larvae. After infection of larvae with implants 
infected by S. aureus L12, the larvae carrying implants modified with PhB and irradiated with a green 
laser showed improved survival. 
These results demonstrate that photoactive NCs, particularly those functionalized with PhB, represent 
a promising strategy for the eradication of S. aureus biofilms on medical devices. 
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The rapid spread of antimicrobial resistance (AMR) has relaunched Colistin A, a member of 
the polycationic polymyxins (PMBs) family, as a last resort option against infection by Gram-
negative pathogens such as Pseudomonas aeruginosa.[1] However, the presence of positively 
charged α,γ -Diamino Butyric acid (Dab) moieties in PMBs is associated with clinical toxicity, 
so that efforts have been done towards the development of derivatives with a reduced total 
charge.[2,3] In this study, we used all-atom molecular dynamics (MD) simulations to elucidate 
the interaction of PMBs with an evolved model of the P. aeruginosa outer membrane (OM) 
that includes Lipid A and the entire oligosaccharide core.[4] To investigate the potential 
effects of pH and total charge on OM perturbation by Colistin A, used as a model scaffold, 
four different protonation states were studied. Results reveal that the Colistin A equipped 
with an overall +2 formal charge within the simulated timescale and descriptors deeply 
penetrates the OM, displaces Ca²⁺ ions, and destabilizes OM integrity with a higher efficacy 
than other protonation states. These results highlight the importance of the total charge of 
small molecules directed towards the OM of Gram-negative pathogens such as P. aeruginosa, 
providing additional insights into the mechanism of action of Colistin A, essential for guiding 
the rational design of effective PMB derivatives.[5] 
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The increasing resistance of Staphylococcus aureus, particularly MRSA, to aminoglycosides 
severely limits their clinical utility1. This resistance is largely driven by aminoglycoside-
modifying enzymes (AMEs), notably the bifunctional AAC(6ʹ)-Ie-APH(2ʺ)-Ia and ANT(4ʹ)-Ia2. 
Our study explored the potential of synthetic selenoesters as adjuvants to inhibit these AMEs 
and restore aminoglycoside efficacy. A library of 39 selenoesters was screened against 
tobramycin-resistant MRSA, with mechanistic validation performed in Escherichia coli 
expressing individual AMEs. The most active compounds underwent enzymatic assays to 
elucidate the mechanism of inhibition. Cyanoselenoester 21 was identified as a 
submicromolar inhibitor of ANT(4ʹ)-Ia and a low-micromolar inhibitor of AAC(6ʹ)- Ie-APH(2ʺ)-
Ia. In broader phenotypic screening across multiple ESKAPE pathogens, combinational 
treatment with lead selenoesters and aminoglycosides demonstrated strong synergy. While 
compound 15 emerged as the most potent synergist in reversing the aminoglycoside-
resistant phenotype, it exhibited higher cytotoxicity. In contrast, compound 21 maintained a 
favorable safety profile alongside robust adjuvant activity. This study identifies selenoesters 
as a novel scaffold to inhibit all key staphylococcal AMEs, offering a promising strategy to re-
sensitise resistant pathogens. 
 
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic 
(LUC24099) and is based upon work from COST Action EURESTOP, CA21145, supported by COST 
(European Cooperation in Science and Technology). 

 
References 
1. M. Suzuki et al., "Antimicrobial ointments and methicillin-resistant Staphylococcus aureus 

USA300", Emerg Infect Dis, 17(10), 1917–1920, 2011, doi: 10.3201/eid1710.101365. 
2. D. Brdová, T. Ruml, and J. Viktorová, "Mechanism of staphylococcal resistance to clinically relevant 

antibiotics", Drug Resist. Updat., 77, 101147, 2024, doi: 10.1016/j.drup.2024.101147. 
 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Rational Design of Flavonoid-Based Inhibitors of KPC-3 Carbapenemase to 
Overcome Antibiotic Resistance 

Arianna Speronia, Silvia Cammaronea, Beatrice Sciarraa, Mattia Morib, Maria Luisa Mangonic, 
Alessandra Carattolid, Bruno Bottaa, Francesca Ghirgaa 

aDepartment of Chemistry and Technologies of Drug, Sapienza University of Rome, Rome, Italy; 
bDepartment of Biotechnology, Chemistry and Pharmacy, University of Siena, Siena, Italy; 

cDepartment of Biochemical Sciences A. Rossi Fanelli, Sapienza University of Rome, Rome, Italy; 
dDepartment of Molecular Medicine, Sapienza University of Rome, Rome, Italy. 

 
arianna.speroni@uniroma1.it 

 

 
Antimicrobial resistance (AMR) is a major global health problem that is reducing the 
effectiveness of treatments for bacterial infections. Carbapenems, a class of broad-spectrum 
β-lactam antibiotics, are essential for treating severe conditions such as pneumonia, 
bloodstream infections, and sepsis. They act by irreversibly inhibiting penicillin-binding 
proteins (PBPs), disrupting bacterial cell wall synthesis, and are therefore used as last-line 
therapies. However, their effectiveness is increasingly threatened by the spread of resistant 
pathogens. Klebsiella pneumoniae is a key example, responsible for both hospital- and 
community-acquired infections. Its ability to accumulate resistance mechanisms, including 
those against last-resort β-lactams, has led the World Health Organization to classify it as a 
critical priority pathogen.1 A major resistance mechanism is the production of KPC-type 
carbapenemases, especially the widespread KPC-3 variant. These class A β-lactamases 
inactivate carbapenems through a mechanism involving the catalytic serine residue (Ser70).2 
In this context, our study aims to identify small-molecule inhibitors of KPC-3 to restore the 
activity of carbapenems and ceftazidime. A multidisciplinary strategy combining 
microbiology, computational chemistry, and biochemistry was employed. An in-house 
natural product library was screened in silico against the KPC-3 crystal structure (PDB: 
6QWD), followed by experimental validation using a phenol red assay, where a red-to-yellow 
shift indicates imipenem hydrolysis. Among the tested compounds, three flavonoids delayed 
the color change, suggesting partial inhibition of the enzyme. This effect is likely due to their 
inability to establish covalent interactions with Ser70, indicating a non-competitive 
mechanism. These findings highlight flavonoids as promising starting points for inhibitors 
design. Based on this, a focused library of hybrid derivatives has been developed by 
combining the flavonoid core with reactive groups as warheads capable of covalently 
targeting Ser70,3 with the aim of developing more potent and selective KPC-3 inhibitors to 
combat multidrug-resistant infections. 
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β-lactamases are responsible of the hydrolysis and inactivation of the most used β-lactam 
antibiotics elevating this enzyme as the one most widely spread mechanism of bacterial 
resistance. 1 In particular, the β-lactamase are divided into two major classes Serine- and 
Metallo-β-lactamases (SBL and MBL, respectively), based on their catalytic mechanism. 
While several inhibitors of SBLs are currently marketed drugs, the treatment of infections 
caused by bacteria expressing MBLs remains an urgent unmet medical need. MBLs, such as 
New Delhi Metallo-β-lactamase-1 (NDM- 1), catalyse the hydrolysis of almost all β-lactam 
antibiotics, including carbapenems and except for monobactams, representing a serious 
threat to human health1. Despite extensive research efforts, no MBL inhibitors have yet 
reached clinical approval; 
The presentation will be focused on the rational design of broad-spectrum MBL inhibitors 
through a combination of ligand-based and structure-based strategies. Starting from 
literature-known zinc- binding motifs and compounds previously developed within our 
group2, new tetrahydro-β-carboline and spiropyrrolidone scaffolds endowed with a thiol 
group to coordinate Zn(II)-ions of MBL active site were designed and optimized to coordinate 
the catalytic zinc ions within MBL active sites. Several derivatives displayed potent inhibitory 
activity against NDM-1, VIM-2, and IMP-1, confirming their potential to inhibit multiple 
clinically relevant isoforms and restore β-lactam efficacy against multidrug-resistant 
pathogens. 
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Due to the rise in antibiotic-resistant bacteria, new classes of antibiotics are required to 
counter the upcoming public health emergency.1 Previously, our group has focused on 
exploring transition metal complexes chemical space to identify promising antibiotic 
candidates,2 primarily utilising Schiff-base ligand chemistry.3 Here, we demonstrate a new 
avenue for diverse metal complex libraries utilising triazole-based bidentate ligands, 
prepared by Cu-catalysed Alkyne-Azide ‘Click’ reactions. In tandem with high -throughput 
experimentation, we were able to prepare ~200 ligands and over a thousand novel metal 
complexes at once, with excellent reaction efficiency. All reactions have been confirmed by 
LC-MS, and all complexes have been tested for antibacterial activity and toxicity in a direct-
2- biology approach, with promising candidates resynthesised. Additionally, select libraries 
have also been tested for photophysical properties and catalysis in high-throughput assays, 
demonstrating applications of these metal complex libraries beyond antibacterial screening.4 

 

 
References 
1. M. S. Butler, I. R. Henderson, R. J. Capon and M. A. T. Blaskovich, J Antibiot, 2023, 76, 431–473 
2. A. Welsh, D. Husbands and A. Frei, Angew. Chem. Int. Ed., 2025, 64, e202420204 
3. M. Scaccaglia, M. P. Birbaumer, S. Pinelli, G. Pelosi and A. Frei, Chem. Sci., 2024, 15, 3907–3919 
4. D. R. Husbands, Ç. Özsan, A. Welsh, R. J. Gammons, A. Frei Nat. Commun. 2025, DOI: 10.1038/s41467- 

025-67341-z 



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

P. aeruginosa Disperses Ordered Membrane Domains by Targeting Phase 
Boundaries 

 
Kai Stober a, Fabian Schwerdtfeger a, Sahaja Aigal a, Yves Mely b, and Winfried Römer a 

aFaculty of Biology, University of Freiburg, Schänzlestraße 1,79104 Freiburg, Germany 
bLaboratoire de Bioimagerie et Pathologies, UMR 7021 CNRS, Faculté de Pharmacie, Université de 

Strasbourg, 67401 Illkirch CEDEX, France b. 
 

Yves.mely@unistra.fr 
 
 
Pseudomonas aeruginosa binds via its lectin LecA to the host cell glycosphingolipid 
globotriaosylceramide (Gb3) for its internalization into the host cell. By using fluorescence 
microscopy and atomic force microscopy on supported lipid bilayers containing liquid-
ordered (Lo) and liquid-disordered (Ld) phases, we showed that soluble LecA can remodel 
lipid bilayers into multilayers (1). Next, we investigated by confocal microscopy the 
interactions of the P. aeruginosa strain PAO1 with phase-separated lipid bilayers containing 
Gb3 (2). Bacteria were observed to mainly bind to the interphase of Lo-Ld membrane 
domains. Simultaneously, the lipid bilayers were drastically reorganized and Lo domains were 
dissolved. Surprisingly, Gb3 but not LecA was found to play a role in the localization of the 
bacterium at the interface. Using microspheres as a mimic of the bacterium, these beads also 
localized preferentially at the Lo–Ld phase boundaries, but were unable to cause membrane 
reorganization and dissolution of the Lo domain, even when coated with LecA. Therefore, 
phase boundaries appear as target “weak points” for the bacteria in membranes, which 
trigger the reorganization and destabilization of host cell plasma membrane and therefore 
allow the bacteria to enter the cells.  
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The phylum Actenomycetota have yielded many of the antibiotics still used today. Recent 
genomic and metabolomic analyses indicate that these bacteria might be able to produce a 
far wider range of compounds than is currently recognized. Numerous microbial biosynthetic 
pathways that are likely active in natural habitats—triggered by environmental cues and 
shaped by long-term coevolution within specific ecosystems—remain silent under standard 
laboratory conditions.  
In this work, we applied a new competition-based strategy to stimulate antibiotic production 
by harnessing this ecological competition. In our set-up, antibiotic-producing bacteria are 
evolved in the continuous presence of a drug-resistant pathogen. The goal is to trigger the 
synthesis of antibiotics that specifically target these resistant strains.  
Metabolomic data show that evolution under these competitive conditions leads to the 
production of novel molecules. It was also observed that different culture or competition set 
ups yield a different set of metabolic profile. 
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A thiophene derivative (TD) MMT2.93, was investigated as a promising antimicrobial 
candidate against MDR Acinetobacter baumannii and Escherichia coli. The mechanism of 
action was evaluated using bacterial cytological profiling (BCP) and transmission electron 
microscopy (TEM), which revealed structural changes similar to those induced by membrane- 
targeting antibiotics. These findings were supported by macromolecular incorporation studies 
using H3-glucosamine, confirming the cell wall as a target. Through virtual docking and 
validation assays, the outer membrane proteins A. baumannii Omp33 and E. coli OmpC were 
identified and confirmed as the specific binding targets for the compound, TD did not reduce 
adherence/invasion with HeLa cells of A. baumannii and E. coli deficient in Omp33 or OmpC, 
compared to wild-type strains. In silico and experimental pharmacokinetic evaluations 
showed favorable drug-likeness, a LogP of 0.68, and low in vivo toxicity in Galleria mellonella 
model, indicating a wide therapeutic window. Finally, synergy was demonstrated between TD 
and colistin against colistin-resistant strains, although no synergy was observed with 
imipenem, tigecycline, or ceftazidime. These results highlight MMT2.93 as a potent TD that 
could restore the efficacy of colistin (a last resort antibiotic) against colistin-resistant strains 
and provide a new therapeutic strategy against infections by critical Gram-negative bacteria. 
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Pseudomonas aeruginosa causes persistent infections due to its ability to form biofilms. 
Biofilms are structured microbial communities embedded in a self-produced matrix that 
protects bacteria from host immune responses and antimicrobial agents. The diffusible 
signaling factor (DSF)-based quorum sensing (QS) system is a conserved cell-cell 
communication mechanism in Gram-negative bacteria and represents an attractive target to 
reduce biofilm formation. 
In this study, we synthesized a series of saturated N-acyl sulfonamides DSF analogues and 
conducted a structure-activity relationship (SAR) analysis to determine how different 
substituents affect antibiofilm activity. We also evaluated whether these DSF analogues could 
enhance the susceptibility of P. aeruginosa biofilms to Complement-engaging Dimeric 
Complexes (CeDiX). CeDiX are antibody-based molecules composed of single-chain variable 
fragments (scFv) targeting the exopolysaccharide Psl, a key biofilm-associated surface 
component, linked to Factor H-related protein 1, which triggers complement alternative 
pathway activation at the bacterial surface, promoting killing by lysis and opsonization. 
Biofilm biomass was quantified after 24 h of incubation using Crystal Violet staining and 
confocal microscopy, either with QS inhibitors alone or in combination with CeDiX. Among 
the compounds tested, aromatic N-acyl sulfonamides generally outperformed their aliphatic 
equivalents. Halogenated aryl sulfonamides were especially effective, with 4-bromophenyl 
sulfonamide (LAD18) proving the most potent candidate, reducing biofilm formation by 
~33%. Likewise, the next most active structures were the 3-iodophenyl- (LAD20) and 4-
chlorophenyl-substituted derivatives (LAD15). Good inhibition was also observed with 3-
fluorophenylsulfonamide (LAD11). Among the aliphatic series, t-butylsulfonamide (LAD4) 
was the most efficacious. While CeDiX alone did inhibit biofilm formation, this effect was 
enhanced when co-incubated with QS inhibitors LAD4, LAD11 and LAD18. 
These results suggest that combining QS inhibition with CeDiX may represent a more 
effective strategy to control P. aeruginosa biofilms and chronic infections. 
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Background and Objective In recent decades, implantology has undergone significant advancements, 
fundamentally transforming the rehabilitation of edentulous patients. Dental implants represent a 
leading treatment modality, supported by continuous innovations in implant design and surgical 
techniques. With the increasing use of implants, there has been a parallel rise in antibiotic 
prescription, often considered a routine approach to ensure procedural success. The primary rationale 
for antibiotic use in implant dentistry is to prevent postoperative infections by achieving bactericidal 
concentrations in the bloodstream, thereby inhibiting bacterial proliferation at the surgical site. 
However, unlike conventional prosthetic treatments, implant procedures are frequently associated 
with antibiotic use, leading to a substantial increase in patient exposure. This widespread and often 
empirical use raises concerns regarding antimicrobial resistance (AMR), a growing global public health 
challenge. The aim of this study is to provide a clear and evidence-based overview of the use and 
potential misuse of antibiotics in implant dentistry, and to evaluate current prescribing patterns in 
relation to existing scientific evidence. 
Materials and Methods. A structured questionnaire was distributed to 100 dental clinics performing 
implant procedures. The survey collected data on practitioners’ years of experience, indications for 
antibiotic prescription, types of antibiotics used, and duration of therapy related to implant placement 
Results All surveyed implantologists reported prescribing antibiotics for implant placement. The 
duration of antibiotic therapy varied depending on factors such as the presence of systemic diseases 
and the number of implants placed. The most commonly prescribed antibiotics were amoxicillin 
combined with clavulanic acid, azithromycin, and in cases requiring prolonged therapy, combinations 
such as Cefaclor. The findings indicate a tendency toward routine prescription, regardless of individual 
patient risk factors. 
Discussion and Conclusions The findings indicate a clear tendency toward overprescription of 
antibiotics in implant dentistry, which is not fully supported by current evidence. Studies show that 
prolonged postoperative antibiotic use does not significantly improve implant success compared to 
prophylactic use, while a single preoperative dose may be sufficient in many cases. International 
guidelines (EAO, ADA) also do not recommend routine antibiotic use in healthy patients undergoing 
uncomplicated procedures. This pattern may be influenced by clinician experience, fear of failure, and 
lack of standardized protocols. A risk-based, evidence-driven approach is therefore essential, 
reserving antibiotics for patients with systemic conditions or complex surgeries. Unnecessary use 
increases the risk of antimicrobial resistance, adverse effects, and healthcare costs. Despite its 
limitations, including self-reported data and a small sample size, this study supports a shift toward 
more rational and standardized prescribing, favoring single-dose prophylaxis over routine extended 
use. 
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Ergot alkaloids (EAs) are historically known as toxic metabolites of the fungus Claviceps 
purpurea responsible for ergotism, but they also constitute a versatile class of bioactive 
natural products widely used in medicine. Recent studies suggest that these indole-derived 
compounds possess underexplored antimicrobial properties that may be relevant in the 
context of the global antimicrobial resistance (AMR) crisis [1]. 
Several clavine-type ergot alkaloids and related derivatives display moderate antibacterial 
activity, particularly against Gram-positive bacteria. Early studies demonstrated that 
compounds such as agroclavine and festuclavine inhibit bacterial growth, and structural 
modification - especially N-alkylation - can significantly enhance this activity [2]. Additional 
EA-related metabolites, including fumigaclavines produced by Aspergillus fumigatus, also 
exhibit antibacterial effects, indicating that ergot-derived scaffolds represent a chemically 
diverse source of antimicrobial leads. 
Importantly, many ergot alkaloids act as resistance-modifying agents rather than standalone 
antibiotics. Clavines such as lysergol and chanoclavine have been shown to potentiate 
conventional antibiotics by inhibiting bacterial efflux pumps, thereby increasing intracellular 
antibiotic concentrations and restoring susceptibility in multidrug-resistant Escherichia coli 
[3]. In addition, the semisynthetic ergoline metergoline and its analogues were recently 
identified as inhibitors of intracellular Salmonella, acting through disruption of membrane 
energetics and collapse of the proton motive force [4]. 
These findings highlight ergot alkaloids as promising scaffolds for antibiotic adjuvant 
development. However, their therapeutic potential must be balanced with toxicological risks, 
including vasoconstrictive effects and drug-drug interactions associated with ergot 
derivatives. Future research should focus on designing ergot-inspired molecules that retain 
antimicrobial or resistance-modulating activity while minimizing receptor interactions. 
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Accumulation of persistent antimicrobial agents in the environment after use is one of the 
drivers behind antimicrobial resistance.1 Quicker degradation of biological active substrates 
would ease the pressure on resistance development. To facilitate quicker degradation of 
antimicrobial agents after excretion from the patient (humans or animals) we have developed 
chemistry that enables photodegradataion.2-5 The talk will give an update on the current state 
of the development of photodegradable moieties that possess antimicrobial activity. 
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Bacterial topoisomerases constitute a group of enzymes responsible for managing the 
structural state of DNA and are well established targets in the development of antibacterial 
agents. Among the most important members of this group are DNA gyrase and topoisomerase 
IV, both classified as type IIA topoisomerases. Their central role involves mediating temporary 
cleavage and rejoining of double stranded DNA, a mechanism that enables the necessary 
relaxation or introduction of supercoils during DNA replication and transcription. 
A deeper understanding of lead compound behaviour can be gained by dissecting 
thermodynamic binding signatures into their enthalpic and entropic components. The 
dominant factors shaping these profiles often differ across ligand series, and processes 
occurring before the ligand even reaches the protein can play a decisive role. In particular, 
solvation of the binding pocket, either in the unbound state or during complex formation, can 
strongly influence whether binding is driven primarily by enthalpy or by entropy. 
Using isothermal titration calorimetry, we examined the thermodynamic characteristics of 
several inhibitors targeting the bacterial enzymes DNA gyrase and topoisomerase IV. The 
compounds were derived from our recently reported benzothiazole based and benzene 
scaffolds. To identify the determinants underlying high enzymatic potency, we analysed pairs 
of related molecules and compared their thermodynamic signatures. Special attention was 
given to substituents oriented toward the solvent-exposed region of the binding pocket. 
Accordingly, we evaluated compounds with acidic, basic, and neutral groups. 
To gain insights into the binding mode, all results were interpreted in relation to compound 
16a, which contains a primary amine and for which an X ray structure in complex with the N 
terminal domain of E. coli GyrB (24 kDa) is available (PDB: 6YD9). This structural reference 
enabled a more detailed understanding of how different substituents modulate the enthalpic 
and entropic contributions to binding. 
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Antimicrobial resistance is increasingly understood to be driven not only by therapeutic 
antibiotic exposure, but also by subinhibitory concentrations encountered in clinical and 
environmental settings. Here, we investigated the evolutionary dynamics, adaptive 
mechanisms, and phenotypic responses associated with low-level ciprofloxacin exposure in 
Arcobacter butzleri, an emerging foodborne and zoonotic pathogen of growing antimicrobial 
resistance concern. Using a food-derived A. butzleri isolate, 12-day adaptive laboratory 
evolution experiments revealed that exposure to low ciprofloxacin concentrations (0.0625- 
0.0153 µg/mL) rapidly selected populations with reduced susceptibility. Notably, these 
concentrations are below those reported in ciprofloxacin-contaminated natural habitats 
where A. butzleri may persist. Low-level ciprofloxacin exposure promoted cross-resistance to 
multiple antibiotics (ampicillin, cefotaxime, chloramphenicol, erythromycin, and 
tetracycline), and reduced susceptibility to some biocides, with evolved populations showing 
at least a fourfold MIC increase across these agents. Whole-population sequencing revealed 
several key genetic alterations, including mutations in the gyrA gene associated with 
ciprofloxacin resistance and alterations in a transcriptional regulator of an efflux system 
linked to multidrug decreased susceptibility. In addition, mutations in genes encoding 
flagellar-associated proteins were correlated with impaired motility. Transcriptomic analyses 
further uncovered a multilayered adaptive response, in which target-site mutations act in 
concert with membrane remodelling and transport alterations, rewiring of efflux systems, 
metabolic adjustments, and functional trade-offs to enhance survival under ciprofloxacin 
pressure. Consistently, phenotypic characterization of representative evolved clones showed 
that adaptation affected fitness and virulence-related traits, with higher selective pressures 
associated with more pronounced fitness trade-offs, in agreement with the observed 
downregulation of flagellar biosynthesis pathways. Collectively, these findings demonstrate 
that low-level ciprofloxacin exposure can drive rapid resistance evolution in A. butzleri while 
concurrently reshaping bacterial physiology and virulence. 
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Fluoroquinolones are among the few antibiotics active against non-growing bacteria, yet the 
mechanism underlying their bactericidal activity in this state remains unclear. In a 
repurposing screen, a substantial fraction of compounds active against non-growing 
Escherichia coli were fluoroquinolones, several of which exhibited potent bactericidal activity 
at low micromolar concentrations. However, activity was not uniform across the class, 
indicating compound-specific properties. 

Using nucleoid fragmentation assays to quantify target engagement, we show that 
fluoroquinolones enter non-growing bacterial cells and inhibit DNA gyrase, stabilizing cleaved 
complexes despite the absence of growth. However, this target inhibition does not induce an 
immediate SOS response or cell death. 

Instead, DNA damage responses are triggered only after transfer to drug-free, growth-
permissive conditions, when bacteria resume metabolism. Under these conditions, cells 
exhibit SOS induction followed by delayed death, indicating that fluoroquinolone-mediated 
killing occurs predominantly after drug removal. Consequently, CFU-based measurements 
largely reflect post-exposure killing rather than killing during treatment. 

Mechanistically, fluoroquinolones that are active against non-growing bacteria display 
prolonged target engagement and intracellular retention, whereas compounds active only 
against growing bacteria are rapidly released. These findings suggest that optimizing target 
residence time and reducing drug efflux may enhance fluoroquinolone efficacy against 
persistent infections. 
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While the estimates of antimicrobial resistance (AMR) burden are essential for understanding 
the scale of the problem, numbers alone rarely drive public engagement or policy action. 
Effective communication requires transforming complex epidemiological data into 
compelling narratives and accessible visualizations that resonate with diverse audiences, from 
policymakers and healthcare professionals to journalists, educators and the general public. 
Data visualization offers a powerful bridge between scientific evidence and public 
understanding of antimicrobial resistance. Drawing on experiences from the Global Burden 
of Disease (GBD) Study and international AMR communication initiatives, this session 
explores key principles for communicating uncertainty, trends, inequalities and future 
scenarios without oversimplifying complex health metrics. Examples illustrate how data-
informed visuals can highlight the human impact of resistant infections, reveal geographic 
and demographic disparities, as well as support evidence-informed decision-making. 
A central focus will be the MICROBE visualization tool, an interactive platform developed to 
explore the global burden of bacterial antimicrobial resistance across pathogens, drug-
resistance combinations, infectious syndromes, age groups, locations and time periods. By 
enabling users to interrogate AMR data through intuitive and customizable visualizations, 
MICROBE transforms large-scale epidemiological estimates into accessible insights for 
research, advocacy, education and policy development. The tool demonstrates how open, 
transparent and interactive data can strengthen engagement with one of the defining public 
health challenges of our time. Opportunities and challenges in communicating AMR burden 
data will be examined, with particular emphasis on the role of visualization in advocacy, public 
engagement and global health policy. Moving from numbers to narratives can help translate 
evidence into action, strengthen public awareness, and support more informed conversations 
about the future of antimicrobial resistance and global health. 
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Bacterial antibiotic resistance is rapidly increasing worldwide, posing a major public health 
threat and imposing significant social and economic burdens. The World Health Organization 
(WHO) has identified priority pathogens, largely composed of Gram-negative species, for 
which new therapies are urgently needed [1]. Many antimicrobial compounds are classified 
as Gram-positive-only (GPO), as their activity against Gram-negative bacteria is often 
hindered by poor penetration of the outer membrane [2]. Within the EURESTOP COST Action, 
our microbiology group established an interdisciplinary collaboration with the group of Prof. 
Mattia Mori to tackle the antimicrobial resistance challenge through complementary 
approaches. One strategy focused on the rational optimization of existing GPO antimicrobials 
to broaden their activity spectrum. By introducing positively charged chemical moieties in 
adarotene-derived GPOs, we generated new chemical entities with improved interaction with 
the Gram-negative outer membrane, resulting in enhanced activity against both Gram-
positive and Gram-negative pathogens [3]. In parallel, we explored antibiotic adjuvant 
strategies, investigating the synergistic activity between clofoctol and colistin [4] against 
multidrug-resistant bacteria and its underlying molecular basis. Complementing these 
approaches, we also aimed to identify novel broad-spectrum antimicrobial targets. Using 
comparative genomics across ESKAPE pathogens, we defined a set of conserved essential 
genes, whose potential as antimicrobial targets was subsequently validated using an 
antisense approach, providing a framework for the rational design of new broad-spectrum 
antimicrobials. 
 
References  
1. World Health Organization (2024) WHO Bacterial Priority Pathogens List, 2024. Geneva.  
2. Richter MF, Hergenrother PJ (2019) The Challenge of Converting Gram-positive-only Compounds into 

Broad-spectrum Antibiotics. Ann NY Acad Sci 1435, 18-38. 
3. Princiotto S, Cutarella L, Fortuna A, Mellini M, Casciaro B, Loffredo MR, Temprano AG, Cappiello F, Leoni L, 

Mangoni ML, Mori M, Musso L, Sacchi F, Pinna C, Rampioni G, Dallavalle S, Pisano C (2025) Retargeting 
Gram-Positive-Only Adarotene-Derived Antibacterials to Broad-Spectrum Antibiotics. Antibiotics 14:956. 

4. Collalto D, Fortuna A, Visca P, Imperi F, Rampioni G, Leoni L (2023) Synergistic Activity of Colistin in 
Combination with Clofoctol against Colistin Resistant Gram-Negative Pathogens. Microbiol Spectr 
11:e0427522.  

 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Preparation of Antibiofilm Nanostructures and Investigation of Their In Vitro 
Efficacy Using Innovative Analytical Methods 

Buse Duraka, Ayşenur Pamukçub, Didem Şen Karaman*c 
aDepartment of Biomedical Engineering, Graduate School of Nature and Applied Sciences, Izmir Katip 

Celebi University, Izmir, Türkiye 
bDepartment of Biomedical Technologies, Graduate School of Nature and Applied Sciences, Izmir 

Katip Celebi University, Izmir, Türkiye 
cDepartment of Biomedical Engineering, Faculty of Engineering and Architecture, Izmir Katip Celebi 

University, Izmir, Türkiye 
 

didem.sen.karaman@ikcu.edu.tr 

Another major factor reducing the effectiveness of antimicrobial agents is biofilm formation. In recent 
years, there has been growing interest in natural antimicrobial compounds. Baicalein (BCL), a 
flavonoid derived from the roots of Scutellaria baicalensis, has demonstrated antibacterial activity. 
However, its poor aqueous solubility and limited bioavailability restrict its clinical application [1]. In 
this study, mesoporous silica nanoparticle (MSN)-based nanostructures were developed and 
characterized to overcome the limitations of BCL for biofilm treatments. While existing literature often 
examines biofilm eradication through fixed-point analysis, there remains a significant gap in 
understanding the dynamic physiological shifts within the biofilm’s complex architecture. In this study 
an MSN-based platform to enhance BCL delivery through the biofilm matrix were developed and 
Scanning Electrochemical Microscopy (SECM) were utilized for real-time evaluation of how MSNs 
simultaneously disrupt the structural integrity, metabolic activity, and respiratory profiles of 
biofilms[2]. Unlike conventional studies, our research simultaneously evaluates metabolic activity and 
structural integrity of biofilms with the MSN-based platform while specifically focusing on oxygen 
consumption gradients across different biofilm layers. By the real-time monitoring, we provided a 
comprehensive understanding of how drug-loaded MSNs penetrate and disrupt the biofilm matrix, 
offering new insights into overcoming biofilms treatments. MSNs were synthesized using the sol-gel 
method and to enhance biofilm penetration and different surface modifications were employed onto 
the MSN [3]. The antibacterial and antibiofilm activities of MSN-based platform were evaluated 
against Staphylococcus aureus (S. aureus). While free BCL alone did not exhibit significant eradication, 
BCL-loaded MSNS achieved 75% biofilm eradication. The oxygen consumption profiles of S. aureus 
biofilms were mapped. Our results demonstrated a significant differentiation in oxygen levels across 
the biofilm layers following treatment with MSNs. By achieving a high-resolution vertical profiling, we 
precisely identified the metabolic shifts and structural disruptions caused by the MSNs, providing a 
novel, real-time understanding of nanoparticle-biofilm interactions. 
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Infection by the opportunistic bacterial pathogen Staphylococcus aureus can lead to various 

outcomes, from mild skin diseases to severe invasive conditions. The emergence and dissemination of 
antibiotic-resistant strains in clinical and community environments have positioned S. aureus 
infections as the leading cause of death among bacterial infectious agents worldwide1. A better 
understanding of the complex host-pathogen relationship is crucial to propose alternative 
antibacterial treatments against virulent and drug-resistant S. aureus isolates, such as methicillin-
resistant S. aureus (MRSA) strains. As a facultative intracellular pathogen, S. aureus can resist drug 
treatment and escape the immune response by invading, replicating and persisting within a variety of 
human cells2. Notwithstanding, the host factors sustaining S. aureus intracellular lifestyle are largely 
unknown. 
MicroRNAs are a well-studied class of genome-encoded small non-coding RNAs that play a pervasive 
role in the post-transcriptional control of eukaryotic gene expression. MicroRNAs have emerged as 
important players in the interplay between bacterial pathogens and host cells3, although a 
comprehensive analysis of the impact of microRNAs on infection by S. aureus is still missing. 

To identify microRNAs that modulate S. aureus infection of epithelial cells, we performed a 
fluorescence microscopy-based functional screening using a genome-wide library of miRNA mimics 
(2,042 human mature microRNAs). We selected 87 miRNAs that strongly determine the outcome of 
the infection by S. aureus, with pro-infective or anti-infective profiles. The effect of the top-scoring 
microRNAs modulating S. aureus infection was validated in infection with three clinical isolates, which 
were collected from patients with different clinical manifestations and present distinct intracellular 
lifestyles. In addition, time-course experiments demonstrated that distinct stages of S. aureus 
infection cycle, namely invasion, vacuolar escape and replication, are affected by specific microRNAs. 
Interestingly, a comparison of the screening results for S. aureus with those previously performed in 
the laboratory for two other bacterial pathogens - Salmonella Typhimurium and Shigella flexneri, 
revealed that non-overlapping subsets of microRNAs control infection by these pathogens. 

Overall, our work demonstrates the key role played by host microRNAs in orchestrating host 
cell responses to bacterial infections, as well as the value of using functional high-throughput 
screenings to identify novel molecular players governing the complex interaction between host and 
bacterial pathogens and, ultimately, pathogenesis. 
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Limosilactobacillus reuteri and Bifidobacterium longum are probiotic bacteria involved in 
maintaining gut microbiota balance and modulating immune response. In this study, for the 
first time, we report the recombinant production and kinetic characterization of their 
carbonic anhydrases (CAs, EC 4.2.1.1), referred to as LreCAγ and BloCAβ. The enzyme 
catalyzes CO2 hydration with an efficiency comparable to that of other bacterial CAs, although 
lower than that of α-hCA II. X-ray crystallization studies shed light on the enzyme structure, 
and inhibition studies with anions, sulfonamides, and related compounds revealed that these 
Cas were less susceptible to inhibition compared to other CAs from pathogenic bacteria, used 
for comparison. Otherwise, activation assays with selected amines and amino acids identified 
the two enantiomers of His as the most potent CA activators. Stereochemistry had a minimal 
impact on activity. To assess the biological effects of CA modulation, E. coli DH5α, which 
expresses several CAs, was used as a model organism. CA activators were tested alone and in 
combination with the pan-CA inhibitor acetazolamide, revealing CA-dependent effects on 
bacterial growth. Additionally, selected CA activators were evaluated for their effects on 
human macrophages and intestinal epithelial cells. 
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1409 of 14-09-2022 adopted by the Italian Ministry of University and Research, Project title “Activation of 
Carbonic Anhydrases encoded by the human probiotics to enhance gut microbiota performance against 
dysbiosis and microbial infections” - CUP: D53D23017140001 – Project code: P2022LX2RM. 
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Bacterial resistance to antibiotics is rising worldwide, while the introduction of new 
antibacterial agents remains limited. This creates an urgent need for novel anti-infectives. 
 Lipophosphonoxins (LPPOs) are a class of synthetic small-molecule peptidomimetics 
with bactericidal activity against a broad spectrum of bacteria, including multidrug-resistant 
strains, while maintaining low cytotoxicity toward mammalian cells at antibacterial 
concentrations. Their mode of action is based on disruption of the bacterial cytoplasmic 
membrane, which lowers the likelihood of cross-resistance with currently used antibiotics. 
 To overcome limitations of earlier LPPO generations, we developed LEGO-LPPOs, a 
modular platform of membrane-active antimicrobials with improved physicochemical and 
biological properties. They are not inactivated by serum albumin, and display low propensity 
for resistance development. LEGO-LPPOs rapidly depolarize bacterial membranes and 
subsequently form pores, leading to bacterial killing. 
 As an example of practical LPPO application, second-generation LPPOs were 
incorporated into a biodegradable polycaprolactone electrospun nanofiber dressing (NANO-
LPPO). This system enabled local release of the antibacterial agent, significantly reduced 
Staphylococcus aureus burden in a mouse wound infection model. 
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Antimicrobial resistance (AMR) is a growing global concern threatening both human and 
environmental health. The World Health Organization (WHO) has highlighted the importance 
of combating AMR through sustained surveillance programmes and the development of 
alternative strategies [1]. In this context, postbiotics may represent a promising approach, as 
they naturally exert antimicrobial activity [2]. The aim of this work was to evaluate the 
antimicrobial potential of the cell free supernatant (CFS) and membrane vesicles (MVs) 
produced by Limosilactobacillus reuteri DSM 17938 and Bifidobacterium longum BGL47®. The 
CFS was first fractionated and then tested against five different clinically relevant pathogens, 
such as S. aureus, P. aeruginosa, F. nucleatum, E. coli and S. mutans. The Minimum Inhibitory 
Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were determined via 
the broth microdilution method and evaluated through metabolic assays and Colony Forming 
Units (CFU) counts. MVs were tested using the same protocol. The CFS was further 
characterized via Nuclear Magnetic Resonance (NMR) in order to identify and quantify the 
released metabolites. The chemical profile allowed us to hypothesize which compounds 
might potentially correlate with the biological activity [3,4]. The results showed that MVs did 
not exhibit any antimicrobial effect, whereas the CFS from both strains displayed greater 
efficacy towards Gram-negative pathogens compared to Gram-positive ones. The 
antimicrobial potential is suggested to result from synergistic interactions between the 
molecules released by the probiotics. Although further analyses are required, the data 
obtained in this work suggested that probiotic-derived metabolites may represent alternative 
strategies in counteracting infections in both nutraceutical and food industries. 
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Microbial resistance continues to undermine the effectiveness of conventional antimicrobial 
therapies, reinforcing the need to identify alternative natural agents. Centauri® honey, harvested from 
high-altitude cave environments in Türkiye, displays distinctive physicochemical features that may 
contribute to antimicrobial activity against resistant microorganisms. 
This work evaluated the inhibitory and bactericidal properties of five Centauri® honey samples (A–E), 
collected from distinct geographical origins, along with two supplemented variants containing propolis 
(AP) or gold particles (AO). Minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) values were determined against Gram-negative bacteria (Pseudomonas 
aeruginosa ATCC 27853; Escherichia coli ATCC 25922, ATCC 1323, ATCC 1468, ATCC 3023), 
Gram-positive bacteria (Staphylococcus aureus ATCC 25923; Enterococcus faecalis ATCC 29212) and 
yeast strains (Saccharomyces cerevisiae ATCC 2601; Candida albicans ATCC 10231). Additionally, the 
potential to inhibit biofilm formation was also assessed using two selected strains, namely E. coli ATCC 
25922 and P. aeruginosa ATCC 27853. 
All base honeys (A-E) demonstrated antimicrobial activity across the tested panel, with particularly 
strong effects against Gram-negative strains. Samples A-E showed the lowest MIC (0.05%) for E. coli 
ATCC 25922, while exhibited MIC values from 3.13% to 50% against the remaining samples. The 
supplemented honeys (AP, AO) generally displayed enhanced antimicrobial potency (MIC 0.195%–
3.1%), except against E. coli ATCC 25922, where the base honeys maintained superior activity. 
Biofilm inhibition assays showed that all samples (A–E, AP, and AO) reduced biofilm formation in 
both E. coli and P. aeruginosa. Honeys A, B, D, and E inhibited E. coli biofilms by 59.6%–84.5% at 
6.25%. Samples B, D, and E also demonstrated higher antibiofilm activity against P. aeruginosa, with 
inhibition rates ranging from 77.3%–87.7% at 6.25% and 12.5%. In contrast, the supplemented 
variants and sample C exhibited weaker antibiofilm effects. Overall, the data suggest that Centauri® 
honey possesses noteworthy antimicrobial and antibiofilm potential, particularly against 
Gram-negative pathogens, supporting its relevance as a natural candidate to address the growing 
challenge of microbial resistance. 
 
Funding 
The authors acknowledge to FCT for financial support through the UID/04567/2025. 
 
References 
1. Santos Filipe, et al. 2024. Evaluating the quality, physicochemical properties, and biological activities of 

Centauri® honey from Turkey. Food Bioscience, 62, 105028. https://doi.org/10.1016/J.FBIO.2024.105028 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Benzotriazole derivatives targeting O-acetylserine sulfhydrylase as potential 
antimicrobial adjuvants 

 
Stefania Bovaa, Marialaura Pavoneb, Costanza Spadinic, Nicolò Mezzasalmac, Giacomo Quilicid, 

Jole Maria Lucia D’Angelob, Francesca Malaguttib, Omar De Beia, Chiara Spaggiarib, Luca Rondaa, 
Marco Pieronib, Stefano Bettatia, Clotilde Silvia Cabassie, Barbara Campaninib, Gabriele 

Costantinob,Giannamaria Annunziatob, Marialaura Marchettia 
aDepartment of Medicine and Surgery, University of Parma, Parma, Italy. 

 bDepartment of Food and Drug, University of Parma, Parma, Italy. 
 cDepartment of Veterinary Science, University of Parma, Parma, Italy. 

 dCentro di Servizi e Misure ‘‘G. Casnati’’, University of Parma, Parma, Italy. 

marialaura.marchetti@unipr.it 
 
 
The rise of antimicrobial resistance (AMR) demands innovative strategies to restore antibiotic 
efficacy and identify novel therapeutic targets1. The bacterial cysteine biosynthesis pathway, 
absent in humans and essential for redox homeostasis and stress response, represents a 
promising yet underexplored target2. In this study, a library of benzotriazole (BT) derivatives 
was designed and synthesized to act as alternate substrates of O-acetylserine sulfhydrylase 
(OASS), a key enzyme in cysteine biosynthesis3. These compounds were evaluated against 
clinically relevant Gram-negative bacteria, including Escherichia coli, Salmonella enterica 
serovar Typhimurium, and Klebsiella pneumoniae. Three selected derivatives demonstrated 
the ability to impair bacterial growth under cysteine-limiting conditions by functioning as 
false substrates, thereby disrupting cysteine production and reducing intracellular thiol levels. 
Biochemical and spectroscopic analyses on the recombinant enzymes confirmed their 
mechanism of action on both OASS isoforms. Importantly, these compounds exhibited 
significant adjuvant activity when combined with existing antibiotics, particularly enhancing 
the efficacy of colistin and ciprofloxacin, with strong synergistic effects observed in some 
strains. Cytotoxicity assays indicated acceptable safety profiles for the most promising 
candidates. Overall, this work highlights benzotriazole derivatives as a novel class of 
metabolic disruptors capable of potentiating antibiotic activity, supporting their further 
development as antimicrobial adjuvants. 
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Glycopeptide-dependent enterococci (GDE) represent a significant clinical threat due to their 
atypical growth mechanism, diagnostic challenges, and extensive multidrug resistance 
(Yowler et al., 2000). GDE strains harbor mutations in genes essential for peptidoglycan 
synthesis, a key component of the bacterial cell wall, and altered precursors enable survival 
exclusively in the presence of glycopeptides (Gholizadeh et al., 2001). The aim of this study 
was to optimize a protocol for detecting GDE strains, whose actual prevalence in both hospital 
and community settings may be substantially underestimated due to diagnostic limitations. 
The protocol was developed based on comparative growth analysis of 10 previously identified 
GDE strains, 10 vancomycin-resistant enterococci (VRE) isolates, and a control strain 
(E. faecalis ATCC 29212). All strains were inoculated onto selective DCO (D-Coccosel Agar) 
medium supplemented with vancomycin (6 mg/µl) and incubated for 48 h at 37°C. 
Subsequently, colonies were subcultured using streak plating on 5% sheep blood agar with 
a centrally placed vancomycin disk and incubated for 18 h at 37°C. GDE strains exhibited 
characteristic growth surrounding the disk or as isolated colonies located up to approximately 
2.5 cm from it. Phenotypic confirmation was performed using Mueller–Hinton agar with 
a vancomycin E-test strip. Although GDE strains are typically expected to grow only in the 
presence of glycopeptides, some isolates may regain growth on glycopeptide-free media due 
to reversion mechanisms (Kirkpatrick et al., 1999), potentially leading to misclassification. The 
optimized protocol enables effective detection of GDE strains in clinical and environmental 
samples. The use of selective DCO medium with vancomycin eliminates non-target bacteria, 
while streak plating on blood agar with a vancomycin disk provides a rapid and reliable 
screening method for identifying VRE isolates with potential glycopeptide dependence. 
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Background: The escalating threat of antimicrobial resistance necessitates the discovery of novel 
antibacterial agents [1]. Snake venoms represent a rich reservoir of bioactive compounds with 
potential therapeutic applications [2]. This study evaluates the antibacterial and antibiofilm properties 
of the venom from the Armenian Macrovipera lebetina obtusa (MLO) against multidrug-resistant 
bacterial strains [3]. 
Methods: The antimicrobial efficacy of the lyophilized MLO venom was assessed against Methicillin- 
resistant Staphylococcus aureus (MRSA) (ATCC BAA-44) and Klebsiella pneumoniae (ATCC BAA-1705). 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were 
determined. Time-kill kinetics were performed to evaluate the rate of bactericidal activity against 
MRSA. The venom’s antibiofilm activity and its combinatorial effects with clinically relevant antibiotics 
(vancomycin, meropenem, and ciprofloxacin) were also investigated. In vitro cytotoxicity was 
evaluated using an MTT assay on the HeLa cell line. 
Results: The MLO venom demonstrated highly potent activity against MRSA, with both MIC and MBC 
values determined at 2.5 µg/mL. Time-kill assay revealed a rapid, strictly bactericidal, and 
concentration-dependent mechanism, achieving complete bacterial eradication within 4 hours at 
1xMIC, and within 2 hours at 2xMIC. The venom also exhibited considerable antibiofilm activity against 
MRSA at elevated concentrations. In contrast, efficacy against Gram-negative K. pneumoniae was 
significantly lower (MIC/MBC: 500 µg/mL). It showed only an additive effect when combined with 
vancomycin, meropenem, and ciprofloxacin. Crucially, in vitro MTT assays on HeLa cells demonstrated 
considerable cytotoxicity only at 50 µg/mL, establishing a favorable 20-fold selectivity window 
between antibacterial efficacy and eukaryotic toxicity. 
Conclusion: Thus, the MLO venom acts rapidly against MRSA. While conventional antibiotics (like 
vancomycin) often require 12 to 24 hours to show complete MRSA eradication in time-kill assays, the 
MLO venom achieves complete clearance (below LOD) at 1xMIC (2.5 µg/mL)in under 4 hours, and at 
2xMIC in under 2 hours. This suggests a rapid mechanism of action, likely membrane disruption or 
lysis, which is characteristic of many antimicrobial peptides found in snake venoms. Its distinct 20-fold 
therapeutic window and rapid clearance of MRSA make it a highly promising source for lead 
compounds, while its reduced efficacy against K. pneumoniae suggests target specificity that is likely 
hindered by the Gram-negative outer membrane. 
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The emergence of pathogenic bacterial strains that are resistant to most available antibiotics is a 
concern for public health [1]. This is the case of the major human pathogen Staphylococcus aureus, 
namely the methicillin resistant S. aureus strains (MRSA) responsible for high rates of morbidity and 
mortality worldwide in the hospital settings but also in the community. MRSA are, virtually, resistant 
to all the antimicrobial classes clinically available. Thus, there is a need to develop new antimicrobial 
compounds, for which metallodrugs have demonstrated promising results in in vitro studies. Silver 
and copper are known to possess antimicrobial proprieties since antiquity and are excellent 
candidates as potential germicides due to high abundance, relatively low price when compared to 
other metals, and low toxicity. Complexes of Ag and Cu using N-heterocyclic (NHC) carbenes, as a 
mean to stabilize the metal, potentiate in some cases an increase in their bactericidal activity. 
Herein we present a new family of Ag(I) and Cu(I) complexes bearing NHC carbenes with an 
acenaphthene backbone (Figure 1). The activity of both the ligands and complexes will be studied 
against the Gram-positive bacteria S. aureus, namely in four different strains representing different 
ecological origins, phenotype of resistance to beta-lactam antibiotics and different genetic 
organizations of the copper resistance determinants. Additionally, this activity was also determined 
against the Gram-negative pathogen E. coli and Legionella pneumophila to address the effect of the 
compounds in different bacterial membrane compositions. 
The antimicrobial activity of complexes and ligands was screened by disk diffusion. Those with higher 

activity were selected and, their minimum inhibitory concentration 
was estimated. The impact of the ligands and complexes were 
additionally evaluated regarding its capacity to prevent the formation 
of biofilms and in its disintegration. 
Our lab dedicates to study enzymes involved in anaerobic respiration 
and reactive oxygen species detoxification from Neisseria 
gonorrhoeae that are important during the infection process [2,3,4]. 
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Figure 1. General structure of the 
heteroleptic complexes studied. 
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Natural polyphenols have emerged as a promising resource in the multidrug resistance 
(MDR), one of the most critical challenges in modern medicine. Their ability to modulate efflux 
pumps, interfere with resistance-related signalling pathways, and act simultaneously on 
multiple molecular targets, makes polyphenols ideal candidates for the development of novel 
therapeutic agents able of overcoming MDR mechanisms. 
The synthesis of bio-inspired polyphenols can be achieved through chemical or enzyme-
mediated routes. Different compounds belonging to neolignans, benzoxanthene lignans, 
stilbenoids, phenylpropanoid amides, and flavonoids have been proposed for the EURESTOP 
compound screening. Chemical approaches for the synthesis of the above-cited classes 
include oxidative coupling reactions, C–C double bond formation and selective scaffold 
modifications. Furthermore, biocatalytic strategies employing laccase and peroxidase have 
been successfully applied for oxidative coupling and conjugate addition reactions, enabling 
the construction of complex polyphenolic architectures under mild conditions. Enzyme-
catalyzed reactions offer several advantages: by operating in aqueous media they align closely 
with the principles of green chemistry, reducing the environmental impact of synthetic 
processes. The integration of chemical and enzymatic methodologies thus represents a 
powerful and sustainable roadmap for generating novel bioactive phenolic compounds with 
potential applications in addressing multidrug resistance. 
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Helicobacter pylori infection is a major global health concern linked to gastritis, ulcers, and 
gastric cancer1. Current treatments are limited by antibiotic resistance and poor patient 
compliance2. Plukenetia volubilis (Sacha inchi) is a source of bioactive compounds, though its 
leaves remain underexplored3. This study evaluated a leaf aqueous infusion against H. pylori. 
Chemical profiling (HPLC-ESI-QTOF-MS/MS) identified flavonoids, including astragalin, along 
with diterpenes and phenolics. HSCCC enabled fractionation and isolation of astragalin, 
reported here for the first time in this species. Both the infusion and astragalin showed 
antibacterial activity against H. pylori strains4. In silico analysis suggested potential molecular 
targets. These findings highlight the potential of P. volubilis leaves as a source of 
bacteriostatic agents and support further research into plant-based therapies against H. 
pylori. 
 
 
References  
1. FitzGerald R., Smith S. M. (2021). “An overview of Helicobacter pylori infection,” in Helicobacter pylori. 

Editor Smith S. M. (New York, NY: Springer US; ), 1–14. 10.1007/978-1-0716-1302-3_1 
2. Malfertheiner P., Megraud F., Rokkas T., Gisbert J. P., Liou J. M., Schulz C., et al. (2022). Management 

of Helicobacter pylori infection: the Maastricht VI/Florence consensus report. Gut 71, 1724–1762. 
10.1136/gutjnl-2022-327745  

3. Wang S., Zhu F., Kakuda Y. (2018). Sacha inchi (Plukenetia volubilis L.): nutritional composition, biological 
activity, and uses. Food Chem. 265, 316–328. 10.1016/j.foodchem.2018.05.055 

4. Salillas S., Sancho J. (2020). Flavodoxins as novel therapeutic targets against Helicobacter pylori and other 
gastric pathogens. Int. J. Mol. Sci. 21, 1881. 10.3390/ijms21051881  
 

 
 
 
 
 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Applications of Photodynamic Inactivation to Fight Antimicrobial Resistance 
within the One Health Framework 

Elisabeth Fischera, Isabella Salihovica, Anabel Cenita, Linda Jerneja, Andreas Fellnera, Annette 
Wimmera, Kristjan Plaetzera 

aDepartment Biosciences and Medical Biology, University of Salzburg, Salzburg, Austria 
 

kristjan.plaetzer@plus.ac.at 
 

 
The One Health concept endorsed by the United Nations recognizes the interdependence of 
human, animal, and environmental health and promotes integrated strategies to address 
global challenges such as antimicrobial resistance. Photodynamic Inactivation relies on the 
light-activated, photosensitizer-mediated generation of reactive oxygen species to eradicate 
microorganisms regardless of resistance to conventional therapies [1]. This study aims to 
demonstrate the potential of the photodynamic antimicrobial approach using natural 
photosensitizers within the One Health concept. We therefore tested Photodynamic 
Inactivation based on Na-Mg-Chlorophyllin (Chl, approved as food additive E140) or water- 
soluble curcumin complexes such as Cyclodextrin-Curcumin (CD-Cur) against human, food 
and plant pathogens. Upon illumination, 50 μM Chl (395 nm, 7.5 J cm−2) and 10 µM CD-Cur 
(435 nm, 7.5 J cm−2) reduced the number of viable Candidozyma auris yeast cells by more 
than 8 log10 steps. Photodynamic Inactivation (20 µM CD-Cur, 435 nm, 50 J cm−2) reduced 
Salmonella enterica in suspension by more than 3 log10 steps and Listeria monocytogenes 
present on apples, strawberries or kiwis by 6 log10 steps (100 µM Chl, 395 nm, 15 J cm−2) [2]. 
Erwinia amylovora a bacterial plant pathogen causing fire blight is successfully 
photoinactivated (395 nm, 26.6 J cm−2) by a formulation of 100 µM Chl and 1.2% polyaspartic 
acid (reduction 6 log10 steps) irrespective of its resistance against streptomycin [3]. Mycelial 
spheres of the fungus Botrytis cinerea are photokilled by a formulation of 224 μM Chl and 
3 mM Na2EDTA (395 nm, 106 J cm−2), again irrespective of resistance to conventional 
fungicides [4]. Further, a complete disinfection of orange peel plugs from green mould 
(Penicillium digitatum) was achieved with sunlight (Chl formulation Sun-D06, 300 J cm-2) [5]. 
Thus, Photodynamic Inactivation based on natural photosensitizers serves as effective, 
economic and safe approach to fight resistant pathogens within the One Health framework. 
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The fatty acid synthesis (FAS) pathway is essential in many bacterial pathogens, and is a 
validated target pathway for antibiotics.1,2 While FAS in mammalian cells is carried out by a 
multi-enzyme complex (FAS I), in bacteria the reactions are carried out by individual enzymes 
(FAS II pathway). Of the FAS II enzymes, our work focuses on the two enzymes FabB and FabF 
(3-oxoacyl-[acyl-carrier-protein] synthase 1 and 2, respectively) which catalyse the rate- 
limiting elongation step in the build-up of fatty acids. We have previously reported on an 
experimental toolbox for structure-based hit discovery for P. aeruginosa FabF (PaFabF) and 
on ligand discovery for PaFabF by crystallographic fragment screening.3,4 Our efforts are now 
focused on hit expansion and development of both covalent and non-covalent ligands toward 
novel antibiotics against P. aeruginosa. Herein we report on the design and synthesis of novel 
PaFabF ligands based on expansion of identified fragments through fragment linking, 
merging, and growing strategies. 
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Studies on the synthesis and antibacterial potency of 1,4-naphthoquinone 
derivatives against MRSA infection 
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The treatment of Staphylococcus aureus infections is widely distributed and has become more difficult 
due to the emergence of multidrug resistance (MDR) in bacteria.  
The analysis of data from the recently published literature led to the identification of the 1,4-
naphthoquinone scaffold as an interesting pharmacophore that can be used for the synthesis of 
antimicrobial agent against methicillin-resistant S. aureus (MRSA). Lawsone (2-Hydroxy-1,4-
naphthoquinone) derivatives possessed a potent antibacterial activity (1). Menadione (Methyl-1,4-
naphthoquinone, vitamin K3) was identified with enormous pharmaceutical potential and was found 
to have promising antibacterial potential against 18 MDR strains of ESKAPE categories (2). The 
antimicrobial properties of selected 1,4-naphthoquinone derivatives possessing a hydroxyl group in 
the core structure of Juglone, Naphtharizin, and Plumbagin were recently summarized in a review 
article (3). The 1,4-naphthoquinone derivatives were recognised as a promising new class of 
compounds that can be used to treat bacterial infections. Synthesis of these types of molecules is still 
challenging and must be directly connected with biological studies in order to identify the most potent 
compounds against MRSA infections.  
In the presentation, collaborative efforts between two COST active groups from Poland and Czech 
republic will be presented. The synthesis of the over 50 derivatives of 1,4-naphthoquinone core will 
be presented together with the results of the antimicrobial potency against MRSA determined as 
minimal inhibitory concentration (MIC) values. For all compounds, MIC against Human Renal Tubular 
Epithelial Cells (HRTEC) will be presented to discuss the therapeutic windows for obtained molecules. 
The structures of the most active and non-toxic molecules will be shown with SAR study.   
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Wastewater contains numerous pathogenic agents and antibiotic-resistant bacteria (ARBs) 

and genes (ARGs). Discharge of wastewater effluents may result in the environmental 

transmission of microbial resistant pathogenic agents, ARBs and ARGs which may pose public 

health risk. This study was designed to determine the efficiency of various disinfection 

processes for the reduction of bacterial and viral waterborne indicators as well as ARGs. The 

prevalence of indigenous bacterial indicators, in secondary effluent (SE), including fecal 

coliform (FC) and Sulfide reducing clostridium (SRC), ESBL-E. coli and somatic coliphages was 

5log10, 3.8log10, 4.2log10 and 4.3log10, respectively. While the prevalence of ARGs sul1, 

intl1 and tetA was 8.2log10, 8.8log10 and 5log10, respectively. Exposure of SE to  2ppm 

chlorine for 30 minutes resulted in the reduction of 2 to 4 logs of bacterial and viral indicators, 

however negligible reduction was recorded for ARGs. Furthermore, the reduction of ARGs 

after exposure to 22 ppm chlorine was negligible. Efficient reduction of bacterial and viral 

waterborne indicators was recorded by UV-LED irradiation of secondary effluent by 4 and 12 

mJ/cm2. Whereas negligible reduction was recorded for ARGs under the same condition. 

Combination of 1ppm chlorine and 28mJ/cm2 resulted in total reduction of fecal bacterial and 

viral indicators from SE, whereas negligible reduction was observed for ARGs. Since ARGs 

released into the environment may be acquired by pathogenic bacteria by horizontal gene 

transfer (HGT) and result in serious public health. Additional wastewater treatment processes 

may be applied to reduce the levels of ARGs in the effluent and consequently reduce the 

health risk encountered by using treated effluents. 
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Shiga toxin producing Escherichia coli are responsible for severe infections in which antibiotic 
treatment is often discouraged due to the risk of phage induction and increased toxin release, 
leading to worse clinical outcomes (1). This highlights the need for alternative strategies 
targeting virulence factors rather than bacterial survival. In this work, we focus on the 
development of aptamers against the B subunit of Shiga toxin 2a (Stx2aB), a key mediator of 
host cell binding and one of the most clinically relevant toxin variants (2). Stx2a was obtained 
through a cell-free protein expression system. Structural characterization by SDS- and Native-
PAGE, and circular dichroism confirmed correct folding and pentamer assembly. Building on 
this, capture-SELEX will be performed to isolate aptamers capable of recognizing Stx2aB. 
Following selection, enriched pools will be sequenced by NGS and will be analysed using an in 
silico workflow to predict secondary and tertiary structures of potential candidates, to assess 
binding to the target and identify stable conformations. This approach aims to generate high 
affinity aptamers with potential to interfere with toxin activity, contributing to the 
development of non-antibiotic strategies against toxin mediated infections. 
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Study of the activity of thiophene-derived compounds against Acinetobacter 
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Background and objectives  
Antimicrobial resistance represents a major global health problem due to the limited therapeutic 
options available. Previous studies conducted in our laboratory demonstrated the efficacy of 
thiophene-derived compounds (TDs) against Acinetobacter baumannii [1]. In this context, the present 
study aims to evaluate the activity of two TDs (MMT2.131 and MMT2.132), decipher their mechanism 
of action, and assess their potential use in combination with conventional antibiotics against A. 
baumannii. 
Methods 
Antibacterial activity was determined by broth microdilution (MIC and MBC) and population analysis 
profiling (PAP). The mechanism of action was investigated through macromolecular incorporation 
assays using H3-glucosamine (2 and 4× MIC) and transmission electron microscopy (TEM) (0.5 and 1× 
MIC). Combination activity with colistin, meropenem or tigecycline was evaluated using checkerboard 
assays and calculation of the fractional inhibitory concentration index (FICI). Additionally, toxicity in 
eukaryotic cells was assessed both monotherapy and in combination with colistin. 
Results 
Both compounds showed identical MIC and MBC values (16 mg/L). PAP analysis did not reveal 
heteroresistance in A. baumannii. Macromolecular incorporation assays demonstrated a 
concentration-dependent decrease in H3-glucosamine incorporation, with a profile similar to that 
observed for colistin. TEM analysis showed morphological alterations consistent with bacterial 
filamentation processes. Checkerboard assays demonstrated a synergistic effect between both TDs 
and colistin, reducing the MIC of both TDs from 16 to 4 mg/L. However, no synergy was observed with 
meropenem or tigecycline. In cyctotoxicity studies, cell death was observed at concentrations 
equivalent to the MIC of both TDs in monotherapy, whereas combination with colistin significantly 
reduced this effect.  
Conclusions 
MMT2.131 and MMT2.132 exhibit antimicrobial activity against A. baumannii without inducing 
heteroresistance. Their synergistic effect with colistin suggests their potential as a combination 
therapeutic strategy against infections caused by MDR pathogens. Furthermore, the results point to 
the bacterial cell wall as a possible target of action.  
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Multidrug-resistant (MDR) Gram-negative bacterial pathogens present a critical global health 
crisis, demanding novel therapeutic strategies that bypass traditional antibiotic resistance 
mechanisms. Overcoming highly impermeable outer lipopolysaccharide (LPS) membranes 
requires innovative molecular delivery platforms capable of transporting genetic payloads 
into the bacterial cytosol to neutralize resistance at the translational level.(1,2)  
This study introduces structural optimization of our hybrid Peptosome platform, specifically 
utilizing the peptide framework, as a non viral antimicrobial delivery vector(3). While this cell-
penetrating peptide and nucleic acid complexation framework was previously validated for 
gene delivery in mammalian models, the current work transitions this technology into 
bacteria. A key methodological adaptation is the employment of antisense Peptide Nucleic 
Acids (PNAs) as primary therapeutic payloads, replacing eukaryotic small interfering RNA to 
accommodate the lack of RNA interference machinery in prokaryotes. The inner core of the 
peptosome, drives electrostatic encapsulation of anti-resistance sequences, while the outer 
domain facilitates translocation across the dense bacterial LPS membrane.  
Previous mammalian evaluations established 76% transfection efficiency alongside 
exceptionally low cytotoxicity, proving its capability as a secure transport system. In this 
microbiological adaptation, the primary mechanism relies on intracellular delivery of 
sequence-specific antiscence PNAs to induce steric hindrance of translation of critical 
resistance genes, such as beta-lactamases, and essential genes for bacterial survival. This 
systematic downregulation successfully dismantles the bacterial shield, effectively restoring 
the antimicrobial potency of conventional companion antibiotics against MDR strains. The 
programmable peptosome offers a robust frontier to combat antibiotic resistance through 
targeted molecular silencing. 
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EURESTOP was established as a European multidisciplinary network to address antibiotic-
resistant bacterial infections through coordinated work on diagnosis, molecular 
characterization, drug design and delivery, microbiology, and translational collaboration. 
Alongside its scientific agenda, the Action also set out to promote the translation of results 
into diagnosis and health-care applications, contribute to guidelines and roadmaps, 
strengthen dissemination and exploitation, and maintain dialogue with external stakeholders 
including policymakers, regulatory authorities, clinicians, companies, and patient-facing 
actors. 
 
At the final stage of the Action, the relevant question is not how to launch a new analytical 
exercise, but how selected EURESTOP outputs can be carried further into forms of uptake that 
remain useful beyond the network itself. This is particularly relevant for outputs linked to 
rapid and accessible characterization of resistant bacterial strains, sustainable antimicrobial 
use, personalized antimicrobial approaches, translational interfaces between research and 
healthcare application, and communication channels with non-academic actors. These 
elements are already embedded in the Action’s rationale, objectives, working logic, and 
dissemination commitments. 
 
This contribution therefore proposes a set of legacy-oriented pathways for EURESTOP after 
the Action: first, translating selected results and priorities into concise stakeholder-facing and 
policy-facing formats; second, framing parts of the Action’s knowledge base in ways that are 
more usable for regulatory, clinical, innovation, and public-health discussions; and third, 
connecting final-stage dissemination to post-Action Sustainability pathways (PASPs), 
including follow-on dialogue, collaboration concepts, or community-facing activities. In this 
view, EURESTOP legacy is not separate from the science produced by the network. It is the 
next translational step through which the Action’s knowledge, relationships, and strategic 
priorities can remain visible and relevant in the wider European antimicrobial resistance 
landscape. 
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The escalating global challenge of multidrug-resistant (MDR) pathogens necessitates the 
urgent discovery of novel bioactive compounds. Extreme, oligotrophic microenvironments, 
such as desert rock varnish, are characterized by intense ultraviolet radiation, desiccation, 
heavy metal exposure, and severe nutrient limitation. These habitats force the evolution of 
specialized microbial communities with unique metabolic and adaptive capabilities, making 
them highly promising yet largely untapped reservoirs for novel antimicrobial discovery. 
In this study, we report the isolation and comprehensive genomic characterization of Bacillus 
pumilus strain H23, recovered from desert rock varnish in Ma'an, Jordan. Whole-genome 
sequencing was performed using the Illumina NextSeq platform. The resulting draft genome 
of B. pumilus H23 is approximately 3.6 Mbp in size, demonstrating high completeness (99.1%) 
and low contamination (4.7%). 
Crucially for the development of new therapeutics, Biosynthetic Gene Cluster (BGC) analysis 
using antiSMASH revealed a highly diverse secondary metabolome. We identified multiple 
clusters associated with nonribosomal peptide synthetases (NRPS), polyketide synthases 
(PKS), siderophores, terpenes, and ribosomally synthesized peptides. Alongside clusters 
showing similarity to known bioactive compounds like bacillibactin, bacilysin, fengycin, and 
lichenysin, we discovered several putatively novel clusters that lack close matches in current 
databases. Furthermore, functional annotation revealed robust stress tolerance systems and 
heavy-metal resistance, which likely support the stability of these biosynthetic pathways 
under extreme conditions. 
Together, these results identify Bacillus pumilus H23 as a genomically distinct desert rock 
varnish isolate with notable biosynthetic potential. The identification of putatively novel 
BGCs provides a strong foundation for the isolation and characterization of next-generation 
antimicrobial scaffolds, directly supporting the proactive goals of the EURESTOP network in 
combating bacterial resistance. 
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This study aims to identify the antimicrobial resistance of bacterial strains isolated from 
adolescent patients with and without fixed orthodontic appliances. 

A comparative study was conducted involving 33 healthy adolescents: 17 wearing fixed 
metallic orthodontic brackets and 16 non-wearers serving as the control group. Biofilm 
samples were collected from the surfaces surrounding orthodontic brackets in Group 1 and 
from dental surfaces in Group 2. Samples were plated, incubated, then identificated for 
microbial species were via mass spectrometry. Antimicrobial susceptibility testing (VITEK 2) 
was performed to evaluate their resistance to a targeted group of drugs, including antibiotics 
and antifungals. 

The MALDI-TOF analysis revealed that in the orthodontic patients, the most prevalent species 
identified were Streptococcus, Staphylococcus, Neisseria, and Candida. In the control group, 
were Streptococcus, Staphylococcus, Klebsiella, and Rothia. Regarding antimicrobial 
susceptibility done with VITEK 2, the majority of bacterial and fungal strains isolated from the 
orthodontic group were found to be resistant to at least two of the tested antimicrobial 
agents. 

Findings suggest that fixed orthodontic appliances facilitate the development of a complex 
and pathogenic biofilm compared to non-orthodontic patients. This environment promotes 
microbial diversity and increases the levels of antimicrobial resistance. 
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The increasing prevalence of multidrug-resistant (MDR) bacteria places a significant 
pharmaceutical and socio-economic burden on the healthcare system [1]. One antibiotic 
affected by MDR is chloramphenicol, which has an interesting structure that could be 
modified to develop new antimicrobial agents [2]. Here, we evaluate the pharmacological 
potential of 59 chloramphenicol derivatives. First, the microdilution method was used to 
measure their antimicrobial activity in susceptible strains and MDR clinical isolates of 
Staphylococcus aureus, Enterococcus faecium and Escherichia coli. Next, chloramphenicol 
acetyltransferase (CAT) was isolated from the bacterial strains and tested for enzyme activity 
in the presence of all derivatives. In addition, the efflux pump activity of the isolates was 
measured with ethidium bromide assay. Finally, the cytotoxicity of all derivatives was tested 
in vitro using a HaCaT cell line. The derivatives that demonstrated antimicrobial activity even 
against chloramphenicol-resistant strains are of particular interest because they did not 
interact with the efflux pumps, were not CAT substrates and had low cytotoxicity. Accordingly, 
these properties highlight the considerable potential of selected chloramphenicol derivatives 
as effective antimicrobial agents. 
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Medicinal plants are increasingly utilized in aquaculture, with the effectiveness of their 
derivatives (including extracts and essential oils) being closely associated with the presence 
of bioactive substances such as alkaloids, quinones, lectins, steroids, phenolic compounds, 
tannins, terpenoids, saponins, and flavonoids (Ahmadifar et al. 2021). Plants have 
demonstrated the ability to exert diverse effects in aquaculture, including stress reduction, 
enhancement of growth, stimulation of appetite, boost of immune response, and protection 
against pathogens owing to their array of active compounds (Chakraborty & Hancz, 2011). In 
vitro and in vivo research has demonstrated the efficacy of medicinal plants in combating a 
diverse array of marine pathogens, including bacteria, viruses, fungi, and ectoparasites. These 
studies have shown that many plants exhibit antibacterial activity against both Gram-positive 
and Gram-negative bacteria (Ji et al., 2012). Extensive attention has been devoted to 
Lamiaceae plants in regard to their potential as feed supplements that can improve the 
growth performance, immune system, and antioxidant levels in cultivated fish. Lamiaceae 
plants are found worldwide, comprising 245 genera and an estimated 8000 species. 
Particularly, species from the Lamiaceae plant family have been extensively researched and 
commonly utilized as feed supplements in aquaculture to enhance the growth performance, 
immune system, and antioxidant levels in cultivated fish (Napoli et al. 2020). The utilization 
of natural additives with the ability to substitute pharmaceutical substances in intensive 
farming shows promise in various aspects. These include enhancing the immune system, 
combating pathogens in the intestinal tract, and enhancing the absorption and utilization of 
nutrients (Dawood et al. 2021). 
References 
Ahmadifar, E.; Yousefi, M.; Karimi, M.; Fadaei Raieni, R.; Dadar, M.; Yilmaz, S.; Dawood, M.A.O.; Abdel-Latif, 
H.M.R. (2021) Benefits of Dietary Polyphenols and Polyphenol-Rich Additives to Aquatic Animal Health: An 
Overview. Rev. Fish. Sci. Aquac. 29, 478–511. 
Chakraborty, S.B. and Hancz, C. (2011) Application of phytochemicals as immunostimulant, antipathogenic and 
antistress agents in finfish culture. Reviews in Aquaculture, 3, 103–119. 
Dawood, M.A.O. (2021) Nutritional Immunity of Fish Intestines: Important Insights for Sustainable Aquaculture. 
Rev. Aquac. 13, 642–663. 
Ji, J., Lu, C., Kang, Y., Wang, G.X. and Chen, P. (2012) Screening of 42 medicinal plants for in vivo anthelmintic 
activity against Dactylogyrus intermedius (Monogenea) in goldfish (Carassius auratus). Parasitology Research, 
111, 97–104. 
Napoli, E.; Siracusa, L.; Ruberto, G. (2020) New Tricks for Old Guys: Recent Developments in the Chemistry, 
Biochemistry, Applications and Exploitation of Selected Species from the Lamiaceae Family. Chem. Biodivers. 
2020, 17, e1900677. 
 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Tackling chronic wounds burden by developing customized 3D printed 
dressings 

Sara Cardosoa, b,*, Catarina Lealc, d, e, Ana Bettencourta, b, Isabel A.C. Ribeiroa, b. 
aResearch Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, 

Avenida Prof. Gama Pinto, 1649-003 Lisboa, Portugal 
bFaculty of Pharmacy, Universidade de Lisboa, Avenida Prof. Gama Pinto, 1649-003 Lisboa, 

Portugal cDepartamento de Física, Instituto Superior de Engenharia de Lisboa, Instituto Politécnico 
de Lisboa, 1959-007 Lisboa, Portugal 

dCENIMAT/I3N, NOVA School of Science and Technology, NOVA University Lisbon, 2829-516 Caparica, 
Portugal 

eCentro de Física e Engenharia de Materiais Avançados, Instituto Superior Técnico, Universidade de 
Lisboa, 1049-001 Lisboa, Portugal 

Presenting author’s email address: *sararcardoso@edu.ulisboa.pt 

Chronic wounds represents a major healthcare burden, since an effective treatment 
compromises multiple and complex healing factors. The presence of infection is one of 
drawbacks that can jeopardize the healing process, increasing chronic wounds occurrence 
[1]. Lately, the urge of antimicrobial resistance and its rapid growth complies with a worse 
wound healing prognosis [1]. This work aims the production of innovative wound dressings by 
manufacturing hydrogel inks with healing properties through 3D printing. Alginate and Zinc 
Oxide (Alg:ZnO) were selected as the main ink compounds to produce the 3D printed porous 
dressings. Additionally, to test the suitability of the dressings porous matrix to incorporate 
other actives, an octenidine (OCT)-hydrogel was produced to fill the dressings pores. The inks 
that generated 3D dressings with the highest printing performance, were selected for 
characterization assays, including physicochemical characterization, antimicrobial potential 
and in vivo regeneration. Two ideal formulations were achieved by adding hydroxypropyl 
cellulose into the Alg:ZnO mixtures, which resulted in two types of dressings, with 11 and 20 
% of ZnO each. All printed dressings demonstrated an excellent regenerative effect. 
Additionally, the dressings loaded with OCT presented antimicrobial effect, including activity 
to reduce Staphylococcus aureus biofilms. Overall, two types of dressings were achieved, one 
with regenerative properties target for infection-free wounds and a second with 
regenerative, antimicrobial and antibiofilm properties suitable for infected wounds. 
Acknowledgements: Fundação para a Ciência e Tecnologia/Ministério da Educação, Ciência e Inovação 
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Limosilactobacillus reuteri and Bifidobacterium longum are probiotic bacteria involved in maintaining 
gut microbiota balance and modulating immune response. In this study, for the first time, we report 
the recombinant production and kinetic characterization of their carbonic anhydrases (CAs, EC 
4.2.1.1), referred to as LreCAγ and BloCAβ. The enzyme catalyzes CO2 hydration with an efficiency 
comparable to that of other bacterial CAs, although lower than that of α-hCA II. X-ray crystallization 
studies shed light on the enzyme structure, and inhibition studies with anions, sulfonamides, and 
related compounds revealed that these Cas were less susceptible to inhibition compared to other CAs 
from pathogenic bacteria, used for comparison. Otherwise, activation assays with selected amines and 
amino acids identified the two enantiomers of His as the most potent CA activators. Stereochemistry 
had a minimal impact on activity. To assess the biological effects of CA modulation, E. coli DH5α, which 
expresses several CAs, was used as a model organism. CA activators were tested alone and in 
combination with the pan-CA inhibitor acetazolamide, revealing CA-dependent effects on bacterial 
growth. Additionally, selected CA activators were evaluated for their effects on human macrophages 
and intestinal epithelial cells. 
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“Activation of Carbonic Anhydrases encoded by the human probiotics to enhance gut microbiota performance against dysbiosis and 
microbial infections” - CUP: D53D23017140001 – Project code: P2022LX2RM. 
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Multidrug resistant (MDR) infections by biofilm-forming pathogens (C. difficile, P. aeruginosa, 
H. pylori) present a critical healthcare challenge [1]. Standard antibiotics often fail to eradicate 
robust bacterial biofilms. To address this, we propose a dual-action strategy [2], designing a 
novel library of 15 Metronidazole-Benzoic/Phenolic Acid (MNBZ) hybrids. This rationale 
combines the anaerobic bactericidal efficacy of the nitroimidazole scaffold with benzoic acid 
derivatives to simultaneously inhibit biofilm formation and modulate Quorum Sensing (QS) 
signaling. A structure-based drug design approach with molecular docking (AutoDock Vina) 
evaluated the hybrids against key survival/virulence targets. In silico screening revealed that 
the lead candidate, MNBZ1, achieved a docking score of -8.904 kcal/mol against the P. 
aeruginosa RhIR (QS target), significantly outperforming the parent drug Metronidazole (-
5.605 kcal/mol). In addition, MNBZ5 and MNBZ15 emerged as potent multitarget inhibitors, 
showing strong binding for H. pylori Urease and C. difficile adhesion protein PilW. Consensus 
ADMET profiling (SwissADME [3], pkCSM [4]) confirmed optimal pharmacokinetics. Avoiding 
neurotoxicity risk of traditional metronidazole, all 15 novel MNBZ derivatives were predicted 
as non-permeant to the Blood-Brain Barrier. Finally, effective membrane permeability (logPe) 
was predicted using a specific QSAR model [5], where MNBZ15 obtained a logPe of -5.13, 
indicating high gastrointestinal absorption. These in silico insights outline the MNBZ 
compounds as promising candidates for ongoing in vitro validation. 
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Antibiotic overuse in human and animal therapy has led to the rise of multidrug-resistant 
(MDR) bacteria, posing a serious global public health threat.1 
Tamoxifen, an estrogen receptor modulator for ER-positive breast cancer, and its metabolites 
(N- desmethyltamoxifen, 4-hydroxytamoxifen, and endoxifen, Figure 1) showed antibacterial 
activity against pathogens such as Gram-positive Staphylococcus epidermidis and 
Enterococcus faecalis and Gram-negative Escherichia coli and Acinetobacter baumannii.2-3 
To identify new antimicrobial agents, 22 first generation tamoxifen derivatives (Figure 1) 
were synthesized and tested against methicillin-resistant Staphylococcus aureus4 and 
colistin-resistant Acinetobacter baumannii.5 These results supported the design and 
development of a second generation of tamoxifen analogues. 

 

 

Figure 1. Structure of tamoxifen, tamoxifen metabolites and synthetic derivatives. 
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Introduction: Chronic upper respiratory tract infections (URTIs), including chronic rhinosinusitis, 
chronic otitis media, and chronic adenoiditis, are characterized by persistent microbial colonization 
and biofilm formation, contributing to recalcitrant disease and suboptimal therapeutic outcomes. The 
escalating burden of antimicrobial resistance necessitates the exploration of novel adjunctive 
strategies, particularly those involving bioactive natural compounds such as N-acetylcysteine (NAC) 
and propolis. 
Objective: Evaluation of in vitro antimicrobial efficacy and pharmacodynamic interaction of a fixed 
NAC–dry propolis extract combination against clinically relevant bacterial isolates obtained from 
patients with chronic URTIs. 
Methods: In this prospective study, 110 patients undergoing surgical intervention were enrolled. 
Intraoperatively obtained tissue specimens were subjected to microbiological processing, with 
bacterial identification performed using matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS). Antimicrobial activity was quantified by determining minimum 
inhibitory concentrations (MICs) via broth microdilution in accordance with European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) standards. Pharmacodynamic interactions were 
assessed using the checkerboard assay, with results expressed as fractional inhibitory concentration 
indices (FICIs). 
Results: A total of 116 isolates representing nine bacterial species were recovered, predominantly 
staphylococci (57.8%), followed by Moraxella catarrhalis, Streptococcus pneumoniae, Pseudomonas 
aeruginosa, and Haemophilus influenzae. The NAC–propolis combination demonstrated pronounced 
antimicrobial activity, with MIC values ranging from 1.25/0.125 to 20/2 mg/mL. Enhanced 
susceptibility was observed among Staphylococcus aureus and coagulase-negative staphylococci. 
Synergistic interactions (FICI ≤ 0.5) were identified in 51.7% of isolates, whereas no antagonistic 
effects were detected. 
Conclusion: The NAC–propolis fixed combination exhibits potent antimicrobial activity and favorable 
pharmacodynamic synergy against key URTI-associated pathogens, underscoring its potential as a 
promising adjunctive modality in the management of chronic infections. 
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Bacterial resistance to antibiotics continues to rise globally, posing a significant public health 
challenge, as highlighted by the World Health Organization (WHO).1 Due to their lack of 
activity against Gram-negative species, several antibiotics have been categorized as Gram- 
positive-only (GPO) agents.2 Their limited spectrum is largely attributed to poor 
penetration of the Gram-negative outer membrane (OM).2,3 In this context, a series of 
adarotene-derived compounds was designed and synthesized to evaluate the impact of 
introducing positively charged groups on their interaction with the Gram-negative OM. In 
particular, SPL 207 displayed minimum inhibitory concentration (MIC) values ranging from 
8 to 64 µM against a panel of Gram-positive and Gram-negative bacteria. The ability of 
SPL207 to disrupt outer and inner membrane permeability was evaluated using fluorescence 
assays and confocal microscopy, revealing that the compound compromises membrane 
integrity across all tested Gram-negative bacteria. Strong synergistic activity was observed 
in combination with colistin against three P. aeruginosa colistin-resistant strains. Atomistic 
details of membrane interference were elucidated by molecular dynamics (MD) simulations, 
with SPL207 clearly acting as a membrane destabilizer by enhancing Ca2+ ions diffusion and 
lipids destabilization. Although the observed MIC values remain above clinically acceptable 
thresholds, these findings provide a promising proof of concept for further structural 
optimization of adarotene derivatives to yield novel broad-spectrum agents. 
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The rapid emergence of β-lactamase–mediated antibiotic resistance necessitates the 
development of novel β-lactamase inhibitors with improved efficacy and structural diversity 
(1,2). Antarctic microorganisms represent a largely untapped resource for biocatalysis, owing 
to their unique metabolic pathways and cold-adapted enzymes with high catalytic efficiency 
and selectivity. In this study, we investigate the potential of Antarctic microbial strains for the 
biotransformation of uracil derivatives into value-added compounds with prospective β-
lactamase inhibitory activity. Selected psychrophilic and psychrotolerant bacteria and fungi 
were screened for their ability to catalyze regio- and stereoselective modifications of uracil-
based substrates under mild reaction conditions. The biotransformation processes yielded 
structurally diverse uracil derivatives, including hydroxylated and alkylated products, with 
high conversion rates and minimal by-product formation. Enzymatic reactions proceeded 
efficiently at low temperatures, highlighting the advantages of Antarctic biocatalysts in 
preserving substrate stability and reducing energy input. Preliminary in silico and in vitro 
assays suggest that several biotransformation products exhibit favorable interactions with 
class A and class C β-lactamases, indicating their potential as novel inhibitor scaffolds. These 
findings demonstrate that Antarctic microorganisms are promising biocatalysts for the 
sustainable synthesis of uracil-derived β-lactamase inhibitors and underscore their value in 
antibiotic resistance research and green pharmaceutical development. 
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Infections caused by multidrug-resistant Staphylococcus aureus pose a serious challenge to 
modern medicine due to the declining effectiveness of commonly used antibiotics. A 
promising approach to restoring their efficacy involves adjuvant therapy, which combines an 
antibiotic with a substance that suppresses bacterial resistance mechanisms, such as an efflux 
pump inhibitors1. Over the course of twenty passages of adaptive laboratory evolution, a 
clinical isolate of S. aureus was subjected to selective pressure from ciprofloxacin, 
erythromycin, steroid 69 (an inhibitor of the LmrS efflux pump), and combinations of these 
antibiotics with steroid 69. While exposure to ciprofloxacin alone resulted in a 156-fold 
increase in the minimum inhibitory concentration (MIC) and exposure to steroid 69 alone 
resulted in a 30-fold increase in MIC, the combination of ciprofloxacin and steroid 69 resulted 
in only an 8-fold increase in MIC. A similar trend was also observed with erythromycin, where 
the antibiotic alone led to a 15-fold increase in MIC, while in combination with steroid 69, 
there was only an 8-fold increase. In the evolutionarily adapted lines, newly emerged cross-
resistance to other antibiotics was also demonstrated using the disk diffusion method. Whole-
genome sequencing of these adapted strains revealed distinct adaptation trajectories 
depending on the type of selective pressure. Upon exposure to antibiotics, mutations were 
identified in target genes such as parC, parE, rplD, and rplV, whereas regulatory changes or 
mutations related to cellular physiology predominated during adjuvant therapy. The results 
suggest that combination therapy may slow the development of high-level resistance 
compared to antibiotic monotherapy. These findings may contribute to safer and more 
effective use of adjuvants in antimicrobial therapy as well as to the development of new drugs 
based on this principle. 
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic 
(LUC24099) and is based upon work from COST Action EURESTOP, CA21145, supported by 
COST (European Cooperation in Science and Technology). 
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Due to their structural and functional resemblance to mammals, research studies utilizing in 
vivo models from invertebrates are becoming extremely common for immunomodulation 
studies [1]. Before undertaking pre-clinical research in mammals, Galleria mellonella larvae 
are frequently employed as an infection model to evaluate the efficacy of novel antibacterial 
agents [2]. Moreover, G. mellonella possesses several traits which make it especially well- 
suited for large-scale rearing, such as ease of handling and adaptability to laboratory 
conditions. Additionally, the model is less expensive than other models and it does not require 
any ethical approval. 
Our group has recently demonstrated that the immunophenotyping of hemocytes from 
infected G. mellonella larvae is an innovative tool for immune profiling, infection studies and 
drug screening [3]. Our method is based on the identification of cell membrane markers 
normally produced by human immune cells during inflammation and infection in isolated 
hemocytes from G. mellonella hemolymph infected by Staphylococcus aureus ATCC 43300. 
Nowadays, our innovative protocol has been improved by infecting larvae with Klebsiella 
pneumoniae BAA 1705 and E. coli ATCC 25922 to study key markers involved in immune check 
points and immune cell recruitment upon microplastic exposure or to investigate novel 
antimicrobials. 
To advance clinical trials and assist drug discovery initiatives, we offer a novel method for 
conducting pre-clinical assessments of the effectiveness of antimicrobial drugs in vivo. 
 
 
References 
1. Singkum P, Suwanmanee S, Pumeesat P, Luplertlop N. A powerful in vivo alternative model in scientific 

research: Galleria mellonella. Acta Microbiol Immunol Hung. 2019 Mar 1;66(1):31-55. 
2. Wrońska AK, Kaczmarek A, Sobich J, Grzelak S, Boguś MI. Intracellular cytokine detection based on 

flow cytometry in hemocytes from Galleria mellonella larvae: A new protocol. PLoS One. 2022 Sep 
29;17(9):e0274120. 

3. Gallorini M, Marinacci B, Pellegrini B, Cataldi A, Dindo ML, Carradori S, Grande R. Immunophenotyping of 
hemocytes from infected Galleria mellonella larvae as an innovative tool for immune profiling, infection 
studies and drug screening. Sci Rep. 2024 Jan 8;14(1):759. 

 
 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Aromatic Abietane Diterpenoids as a Promising Scaffold for the Development 
of Arnt-Mediated Colistin Resistance Inhibitors 
 

Francesca Ghirga,a Silvia Cammarone,a Valentina Patore,b Mariya Ryzhuk,a Martina Cristoforetti,b 
Arianna Speroni,a Francesco Imperi,c Davide Corinti,a Maria Carmela Bonaccorsi di Patti,d Bruno 

Botta,a Deborah Quaglio,a Mattia Mori,e and Fiorentina Ascenzionib 
aDept. of Chemistry and Technology of Drugs, Sapienza University of Rome, Italy; 

bDept. of Biology and Biotechnology Charles Darwin, Sapienza University of Rome, Italy; 
cDept. of Science, Roma Tre University, Italy; 

d Department of Biochemical Sciences “A. Rossi Fanelli”, Sapienza University of Rome, Italy; 
eDept. of Biotechnology, Chemistry and Pharmacy, University of Siena, Italy; e-mail: 

francesca.ghirga@uniroma1. 

Colistin is a last-resort antibiotic for treating multidrug resistant Gram-negative bacterial 
infections. However, in recent years, the emergence of resistance phenomena related to its 
clinical use has been documented.1 In Pseudomonas Aeruginosa, the molecular mechanism 
that gives resistance to colistin has to be mainly ascribed to a glycosyltransferase enzyme, 
named ArnT.2 Based on this, we previously identified a natural ent-beyerene diterpene (FDO) 
as a promising platform for the development of novel ArnT inhibitors.3 However, several 
limitations, such as low natural abundance, multistep purification of the raw plant material, 
and the lack of chromophore groups, hinder its comprehensive microbiological 
characterization as well as the development of delivery systems for this compound. Recently, 
to address these issues, we considered a rational procedure to simplify the ent-beyerene 
scaffold into drug-like synthetic ArnT inhibitors.4 Starting from the aromatic abietane scaffold 
of podocarpic acid 1, a function-oriented synthesis (FOS) approach guided the preparation of 
twenty- four semisynthetic oxygen and nitrogen abietane-based derivatives. Biological 
evaluation against a colistin-resistant P. aeruginosa strain revealed that four compounds (2, 
13, 18, and 30) significantly restore the activity of sub-inhibitory colistin, with compound 18 
showing the lowest IC90 (182.5 µM). Structure–activity relationship (SAR) studies revealed 
that positions C-12 and C-16 are critical for activity, while molecular docking suggested that 
the selected analogs can engage in interactions with conserved residues within the ArnT 
catalytic site. Microbiological assays highlighted key structural features of the aromatic 
abietane skeleton in restoring colistin sensitivity in drug-resistant P. aeruginosa, and 
rationalized biological activity data to corroborate the quality of the selected scaffold in the 
development of cost-effective colistin resistance breakers. 
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Antibiotic resistance is an emerging global health challenge, urgently requiring new strategies to 
combat multidrug-resistant (MDR) bacteria. This study explores the potential of traditional Armenian 
medicinal plants, Rumex obtusifolius and Hypericum alpestre, to modulate antibiotic activity and serve 
as potential adjuvant therapies. Crude ethanolic extracts were prepared from H. alpestre subsp. 
polygonifolium (Rupr.) Avet. & (aerial parts) and R. obtusifolius L. (seeds). The extracts' antibacterial 
and antibiotic modulatory activities were evaluated against MDR strains of Methicillin-resistant 
Staphylococcus aureus (MRSA) (ATCC BAA-44) and Klebsiella pneumoniae (ATCC BAA-1705™). 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were 
determined via broth micro-dilution assays. Antibiotic modulatory activity was assessed by 
determining the MICs of various antibiotics in combination with extracts at non-inhibitory 
concentrations. Additionally, time-kill assay was performed on MRSA using extract concentrations of 
0.5×, 1×, 2×, and 4× MIC. Furthermore, the extracts were evaluated for their antibiofilm activity against 
both bacterial strains. Following phytochemical profiling via LC-Q-Orbitrap HRMS, in silico molecular 
docking was performed using AutoDock Vina to predict phytochemical binding affinities against 
bacterial efflux pumps AcrB (K. pneumoniae) and SAV1866 (S. aureus). Additionally, pharmacokinetic 
and toxicological profiles (ADMET) of the compounds were predicted using the ADMETlab 3.0 
platform. Based on obtained data, H. alpestre demonstrated an MIC of 0.5 mg/mL against MRSA (MBC 
- 1 mg/mL) and 1 mg/mL against K. pneumoniae (MBC >2 mg/mL). R. obtusifolius showed an MIC of 1 
mg/mL and an MBC >2 mg/mL against both tested strains. In the time-kill assays, both plant extracts 
caused a significant reduction in colony-forming units (CFU) starting from one hour of incubation, even 
at the lowest tested concentration of 0.5×MIC. Both plant crude extracts demonstrated condsiderable 
antibiofilm activity against MRSA, however, they showed no effect on K. pneumoniae biofilms. At non- 
inhibitory concentrations, the extracts exhibited notable synergistic interactions (Modulation Factor 
≥ 2), effectively reversing resistance to specific antibiotics, notably with Tetracycline and Rifampicin 
against both MRSA and K. pneumoniae. In silico screening identified several phytochemicals with 
strong targeting potential for key efflux pumps. The most promising targeting compounds for AcrB (K. 
pneumoniae), included Luteolin, Pinoresinol, Eriodictol, Carnosic acid, and Quercetin, and for the 
SAV1866 (MRSA) - Luteolin, Quercetin, Epicatechin, Adhyperforin, and Salicylic acid glucoside, 
respectively. Thus, R. obtusifolius and H. alpestre extracts demonstrate significant synergistic 
antibiotic-modulating properties against clinically relevant MDR strains. The identified metabolites 
show strong potential as efflux pump inhibitors, positioning them as promising lead candidates for 
novel adjunct therapies. These findings should be further confirmed in vitro and in vivo. 
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Cysteine biosynthesis is a key metabolic pathway in bacteria, intimately linked to their fitness 
and ability to overcome nutritional and environmental challenges. The enzyme serine 
acetyltransferase (CysE, 2.3.1.30) catalyses the penultimate step of the pathway, producing 
O-acetylserine (OAS) from the substrates L-serine and acetylcoenzyme A1. Increasing 
evidence shows that CysE activity exerts a pleiotropic effect in several microorganisms, 
ranging from the protection to oxidative stress to the regulation of biofilm formation2,3. This 
regulatory role is not yet thoroughly described, but indicates CysE as a highly interesting 
target candidate for the development of new antimicrobial compounds. Surprisingly, the 
homologous enzyme of Pseudomonas aeruginosa – a high-risk pathogen prone to the 
development of antimicrobial resistance (AMR)4 – has never been isolated and characterized 
so far. By interrogating the Pseudomonas Genome Database 
(https://www.pseudomonas.com/) we individuated PA3816 as the gene coding for CysE in P. 
aeruginosa PAO1. The cysE-deleted strain is auxotroph for cysteine, confirming the gene 
essentiality for its biosynthesis. Interestingly, the disruption of cysE undermines fundamental 
physiological responses, such as the susceptibility to oxidative stress and pyocyanin 
production, and enhances biofilm formation. Recombinant CysE was produced in E. coli host 
and purified by affinity chromatography. Structural analyses revealed that this isoform 
presents a truncated structure, characterized by a shorter N-terminal domain and a longer C- 
terminal region than those characterized so far. The catalytic efficiency reflects the 
parameters previously calculated for other CysE enzymes, but differently from them it seems 
not involved in the formation of a regulatory complex with CysK, the last enzyme of the 
pathway in charge of cysteine synthesis from OAS and bisulfide. Together these findings lay 
the bases for a better comprehension of 
P. aeruginosa metabolism and AMR mechanisms and for the development of targeted 
compounds as potential antimicrobials. 
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Antibacterial surface coatings are attracting increasing attention as a practical strategy to limit 
bacterial contamination on infection-relevant materials [1]. In this study, tertiary amine-
functional methacrylate thin films were deposited by plasma-enhanced chemical vapor 
deposition (PECVD) onto silicon wafer, glass, and textile substrates to obtain antibacterial 
coatings on surfaces with different physical characteristics. PECVD is particularly 
advantageous for this purpose because it enables solvent-free, relatively low-temperature, 
and conformal deposition, while allowing uniform coating of both rigid and flexible substrates 
together with control over surface chemistry and film properties [2,3]. The deposited thin 
films were characterized by FTIR, XPS, contact angle measurements, and SEM analyses to 
confirm coating formation, surface chemistry, wettability, and morphology. Antibacterial 
activity was evaluated against Gram-negative Escherichia coli and Gram-positive 
Staphylococcus aureus. Textile was selected as the main antibacterial platform, and uncoated 
textile was used as the control surface. The coated textile showed an approximately 4-log 
reduction against both bacterial strains, demonstrating the potential of PECVD-deposited 
tertiary amine-functional methacrylate thin films as effective antibacterial coatings for rigid 
and flexible surface applications. 
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The aim of this study is to evaluate the role of Lactic acid Bacteria on the inhibition of S. aureus 
during the ripening of traditional cheeses. Some of the functions of Lactic acid bacteria as 
microbial starter cultures in food and dairy products are: The preservation of the product due 
to fermentation (including the potential production of bacteriocins) that result in an extended 
shelf life and enhanced safety; The addition of dietetic/functional properties to food, as it 
occurs with the use of probiotic microorganisms (1,2,3) and beneficial health effects of 
probiotic cultures including alleviation of lactose maldigestion, treatment of cancer, reduction 
of infection, reduced serum cholesterol, and improved immune system (1,2). 
In this study are used three types of cheeses. Cheese made by raw milk without starter 
culture, cheese made by raw milk with the addition of starter culture, and cheese made by 
pasteurised milk with starter culture. During the ripening of cheese without the addition of 
starter culture the quantity of S.aureus declined 1log unit, and during the ripening of cheese 
with the addition of starter culture the quantity of S. aureus declined 2.5 log units. 
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Protoflavonoids are rare natural flavonoids that contain a non-aromatic B-ring, frequently 
with a p-hydroxy-dienone moiety. This moiety typically makes them cytotoxic compounds. 
The broken plane due to the sp3 carbon at the 1'-position, however, also confers 
protoflavonoids a 3D structure unlike that of the more common flavonoids.1 Further, the 
dienone structure in their B-ring makes them good candidates for various functionalization 
strategies. 
In this work, our aim was to perform diversity-oriented semi-synthetic transformations of 
protoflavones that i) eliminate the cytotoxic pharmacophore at their B-ring, and ii) result in 
nitrogen-containing compounds that are of potential interest against bacteria and/or 
bacterial resistance mechanisms. 
By reacting common, easy-to-obtain protoflavone derivatives with N-containing reagents 
including alkoxylamines and substituted aromatic o-diamines, a wide range of products 
including many new compounds were obtained, most of which were substituted at C-4' 
and/or C-2',6'. Altogether 54 protoflavone derivatives were tested against a panel of resistant 
bacteria and a set of beta-lactamases. Several hits were obtained with high potency against 
VIM-2 and KPC-3 lactamases. Unfortunately, when testing the compounds as potential 
resistance modulators in E. coli, they failed to act in synergism with antibiotics, which was 
likely due to insufficient crossing through the outer membrane of Gram-negative bacteria. 
We are currently optimizing the structures to overcome this challenge. 
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Antimicrobial resistance (AMR) is a growing global health threat, driven in part by healthcare- 
associated infections and the complex interplay between clinical practices, human behaviour, and the 
built environment. While infection prevention and control (IPC) strategies have traditionally focused 
on antimicrobial stewardship and microbiological surveillance, the spatial and architectural 
determinants of pathogen transmission remain insufficiently integrated into AMR prevention 
frameworks. Here, an interdisciplinary approach that combines spatial analysis with health data to 
better understand and mitigate the environmental drivers of AMR in healthcare settings is proposed. 

Using a mixed-methods framework, the approach integrates qualitative insights from ethnographic 
observations, interviews and case studies with quantitative assessments, including post-occupancy 
evaluations, spatial mapping of high-risk transmission zones, as well as material performance analysis 
of surface finishes – including pathogen persistence, porosity and cleanability characteristics. This 
approach enables the identification of critical interfaces between healthcare workers, patients and 
the built environment (such as high-touch surfaces, circulation pathways, ventilation systems and 
sanitation infrastructure) that may facilitate pathogen spread and contribute to increased 
antimicrobial usage. 

By linking spatial configurations with epidemiological and clinical data, including infection rates and 
resistance patterns, the framework uncovers hidden transmission pathways that are not readily 
captured by conventional surveillance systems. Furthermore, iterative feedback from clinicians, 
infection control teams and facility managers supports the development of adaptive design strategies 
that are both evidence-based and context-sensitive. 

This integrative model aims to advance a systems-level understanding of AMR, positioning the built 
environment as a key, yet underutilized, component of prevention efforts. By embedding spatial 
intelligence into IPC and stewardship strategies, it contributes to the design of healthcare 
environments that reduce transmission risk, optimize antimicrobial utilization, but also enhance 
resilience against emerging resistance threats. 
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Resurrection plants can not only resist desiccation and freezing stress but also resume their 
physiological processes upon rehydration after previously being desiccated. In this study, advanced 
plant phenotyping systems, such as chlorophyll fluorescence imaging, multispectral imaging, and gas 
exchange analysis were utilized for quantifying the physiological responses of R. nathaliae and R. 
serbica to chilling and freezing stress and their recovery process. During cold and freezing stress both 
species displayed comparable RWC dynamics. Pronounced freezing stress induced a notable decline 
in fluorescence parameters, while an increase in non-photochemical quenching contributed to 
effective protection of PSII against excessive excitation energy. During freezing stress, NPQ was low in 
both species, indicating suppressed or limited energy dissipation, most likely due to restricted 
photosynthetic activity, and this was also accompanied by a low value of Fv/Fm as well. Both species 
showed a comparable recovery dynamic of A, whereas R. serbica exhibited stronger reduction of Ci. 
Multispectral images showed a similar recovery trajectory of NDVI in both species, whereas RSpcGrn 
didn’t recover to the maximal values before stress. These findings might have a potential application 
on crop plants to improve their resilience against cold and freezing temperatures. 
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Helicobacter pylori infection is a primary driver of chronic gastritis, peptic ulcers, and gastric 
cancer. Eradication is increasingly compromised by rising resistance to key antibiotics: 
Metronidazole (30-50%), Clarithromycin (20-30%), and Levofloxacin (15-20%) (p. 5). 
Resistance is primarily driven by specific genetic mutations, most notably point mutations in 
the 23S rRNA gene (e.g., A2142G and A2143G), which prevent Clarithromycin from binding 
to the ribosomal subunit. Other mechanisms include mutations in the gyrA gene for 
Levofloxacin resistance and rdxA mutations for Metronidazole resistance, alongside 
physiological adaptations like efflux pumps and biofilm formation. 
To overcome these barriers, management strategies have shifted toward Bismuth-containing 
Quadruple Therapy (BQT). BQT typically combines a Proton Pump Inhibitor (PPI), bismuth, 
and two antibiotics (often Metronidazole and Tetracycline). Bismuth acts synergistically by 
exerting direct antibacterial effects and disrupting biofilm integrity, which helps overcome 
moderate levels of antibiotic resistance. Furthermore, the use of tailored therapies based on 
molecular sensitivity testing (such as PCR for 23S rRNA) and the integration of probiotics are 
crucial for enhancing eradication rates and reducing clinical complications . Ultimately, 
addressing H. pylori resistance requires personalized, region-specific protocols supported by 
continuous surveillance . 
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Natural products have long played a central role in the discovery of antimicrobial agents, 
providing structurally diverse and biologically relevant scaffolds for the development of new 
anti-infective compounds. Their structural complexity, evolutionary optimization, and broad 
chemical space continue to inspire the search for novel molecules active against resistant 
bacterial strains. In addition to natural products themselves, semisynthetic and synthetic 
analogues represent an important strategy for expanding chemical diversity and exploring 
structure–activity relationships relevant to antimicrobial research. Within COST Action 
EURESTOP, collaboration between research groups from Serbia and Slovakia was 
established around the study of natural products and related analogues as potential 
antimicrobial agents. Altogether, natural products remain valuable starting points for the 
identification and further optimization of new antimicrobial leads. 
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The present study is focused on quantitative structure-activity relationship analysis (QSAR) of 
anti- Helicobacter pylori activity of a series of 45 carvacrol-based derivatives. The 
antibacterial activity of the studied compounds was analyzed against NCTC 11637 strain and 
expressed as minimum inhibitory concentration (MIC) [1]. The QSAR modeling was performed 
applying artificial neural networks (ANNs) as a regression tool. Calculated molecular 
descriptors, including ATSc3, ATSp3, bpol, VPC5, SP5 and ETA-beta, were used as the input 
variables, while logMIC was the output. Broyden-Fletcher-Goldfarb- Shanno (BFGS) algorithm 
was used in ANN modeling with multilayer perceptron (MLP) networks. Hidden activation 
functions were tanh and logistic, while the output activations were sine and identity functions. 
The data set was divided into four subsets, including training set, test set, internal validation 
set and external validation set. The external validation set was formed prior to ANN modeling 
by random selection of six compounds that were kept out of training set. The modeling 
resulted in twelve ANNs with very good statistical characteristics and predictive power, with 
quite good training, test and validation performance described by correlation coefficient R > 
0.94. The external validation and the comparison of the experimental and predicted data 
pointed out that all the established ANNs have a strong predictive performance. The 
relationships between experimental and predicted data for all the networks were described 
with determination coefficients (R2) higher than 0.90. Root mean square error (RMSE) for all 
the sets were sufficiently low to classify the networks as accurate. Global sensitivity analysis 
(GSA) indicated that SP-5 is the most dominant descriptor influencing the performance of all 
the ANNs. Based on the conducted validation of the ANNs, it can be concluded that the 
resulting networks can be used in a reliable prediction of the antibacterial activity of 
structurally similar carvacrol-based derivatives towards Helicobacter pylori. 
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Ergot alkaloids (EAs) are historically known as toxic metabolites of the fungus Claviceps purpurea 
responsible for ergotism, but they also constitute a versatile class of bioactive natural products widely 
used in medicine. Recent studies suggest that these indole-derived compounds possess 
underexplored antimicrobial properties that may be relevant in the context of the global antimicrobial 
resistance (AMR) crisis [1]. 
Several clavine-type ergot alkaloids and related derivatives display moderate antibacterial activity, 
particularly against Gram-positive bacteria. Early studies demonstrated that compounds such as 
agroclavine and festuclavine inhibit bacterial growth, and structural modification - especially N- 
alkylation - can significantly enhance this activity [2]. Additional EA-related metabolites, including 
fumigaclavines produced by Aspergillus fumigatus, also exhibit antibacterial effects, indicating that 
ergot-derived scaffolds represent a chemically diverse source of antimicrobial leads. 
Importantly, many ergot alkaloids act as resistance-modifying agents rather than standalone 
antibiotics. Clavines such as lysergol and chanoclavine have been shown to potentiate conventional 
antibiotics by inhibiting bacterial efflux pumps, thereby increasing intracellular antibiotic 
concentrations and restoring susceptibility in multidrug-resistant Escherichia coli [3]. In addition, the 
semisynthetic ergoline metergoline and its analogues were recently identified as inhibitors of 
intracellular Salmonella, acting through disruption of membrane energetics and collapse of the proton 
motive force [4]. 
These findings highlight ergot alkaloids as promising scaffolds for antibiotic adjuvant development. 
However, their therapeutic potential must be balanced with toxicological risks, including 
vasoconstrictive effects and drug-drug interactions associated with ergot derivatives. Future research 
should focus on designing ergot-inspired molecules that retain antimicrobial or resistance-modulating 
activity while minimizing receptor interactions. 
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Infections caused by Staphylococcus aureus challenge modern medicine due to antibiotic 
resistance. Adjuvant therapy—combining antibiotics with resistance-suppressing substances 
like efflux pump inhibitors—offers a promising way to restore efficacy.1 Building on this 
strategy, we performed adaptive laboratory evolution over twenty passages. We exposed a 
clinical S. aureus strain to rising concentrations of ciprofloxacin and erythromycin, alone and 
alongside our LmrS efflux pump inhibitor, UCT69. While exposure to ciprofloxacin alone 
resulted in a 156-fold increase in the minimum inhibitory concentration (MIC) and exposure 
to UCT69 alone resulted in a 30-fold increase in MIC within just five passages, the combination 
of ciprofloxacin and UCT69 effectively constrained the development of resistance to only an 
8-fold increase in MIC of ciprofloxacin over the whole period monitored. A similar trend was 
also observed with erythromycin, where the antibiotic alone led to a 15-fold increase in MIC, 
while in combination with UCT69, there was only an 8-fold increase of erythromycin MIC. 
Whole-genome sequencing of these antibiotic-adapted strains revealed distinct drug 
dependent evolutionary trajectories. Upon exposure to antibiotics, mutations were identified 
in target genes such as parC, parE, rplD, and rplV, whereas presence of adjuvants (UCT69) 
alone or in combination with antibiotic resulted in predominantly regulatory changes or 
mutations related to cellular physiology. The results suggest that adjuvant therapy has a 
potential to slow down the development of the resistance compared to antibiotic alone, and 
divert the bacteria´s evolutionary pathway from gaining stable high-level resistance to 
potentially reversible regulatory and physiological changes. These findings may contribute to 
safer and more effective use of adjuvants in antimicrobial therapy as well as to the 
development of new drugs based on this principle. 
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic (LUC24099) and is 
based upon work from COST Action EURESTOP, CA21145, supported by COST (European Cooperation in Science 
and Technology). This work was also supported by the Academy of Sciences of the Czech Republic grant RVO 
61388963 
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Campylobacter jejuni is a leading cause of foodborne gastroenteritis worldwide, with 
increasing prevalence of multidrug-resistant strains posing a challenge to clinical 
management. In this study, we offer a genomic characterization of over 1,800 C. jejuni isolates 
collected between 2022 and 2025, as part of routine national surveillance carried out at the 
Portuguese National Reference Laboratory. Using an integrated bioinformatics workflow, 
sequence types (STs) were inferred in silico, isolates were assigned to clonal complexes (CCs), 
and porA (major outer-membrane protein encoding gene) allelic diversity assessed. In 
parallel, antimicrobial resistance (AMR) determinants were identified using AMRFinderPlus, 
ResFinder, and in-house scripts targeting the blaOXA-61 gene and its promoter region, as well 
as the cmeR–cmeABC gene cluster. High genetic diversity was observed, with 125 STs across 
28 CCs, including novel STs. Notably, ST-353 CC was the most prevalent lineage, while ST- 
10846 represented the dominant ST (>17%), although it has been only infrequently reported 
globally. Additionally, a total of 161 distinct porA alleles were identified. Resistance 
determinants were widespread, particularly those associated with β-lactams, tetracyclines, 
and quinolones, with blaOXA variants, gyrA mutations, and tet(O) genes detected in 
approximately 90%, 89%, and 68% of isolates, respectively. Further analysis revealed 20 
promoter variants upstream of blaOXA-61, potentially linked to β-lactam resistance, and 21 
alterations in the regulatory region of the cmeR-cmeABC multidrug efflux system, possibly 
contributing to resistance against several antibiotics. Overall, this study provides a 
comprehensive genomic overview of C. jejuni circulating in Portugal, linking population 
structure with AMR determinants and regulatory variation. These findings highlight the value 
of WGS for large-scale surveillance and support its integration into routine AMR monitoring 
and outbreak investigation in a One Health framework. 
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Fe₃O₄-based nanocarriers have attracted considerable attention in biomedical applications 
due to their biocompatibility and versatile surface functionalization [1]. In this study, chitosan-
coated Fe₃O₄ nanoparticles (Fe₃O₄@CS NPs) were developed as a nanosystem for the delivery 
of ellagic acid (EA), a natural anticancer compound, via a noncovalent loading approach [2]. 
X-ray diffraction analysis confirmed the successful formation of crystalline Fe₃O₄ with a 
characteristic inverse spinel structure [3]. The preservation of diffraction peaks after EA 
loading indicates that the noncovalent functionalization process does not affect the 
crystalline structure of the NPs.. Weak additional peaks associated with EA suggest its 
successful incorporation in a dispersed or partially amorphous form. UV-Vis spectroscopy was 
used to evaluate drug loading efficiency, yielding a value of 58.69% based on the characteristic 
absorption peak of EA at 354 nm. This result confirms effective interaction between EA and 
the Fe₃O₄@CS NPs surface. The cytotoxic activity of the developed system was assessed using 
the MTT assay. Both Fe₃O₄@CS and Fe₃O₄@CS-EA NPs induced a statistically significant 
reduction in cell viability compared to the control group (p < 0.0001). Importantly, Fe₃O₄@CS-
EA NPs exhibited a significantly stronger cytotoxic effect than unloaded Fe₃O₄@CS NPs, 
demonstrating that noncovalent loading of EA effectively enhances the biological activity of 
the nanosystem. Overall, the findings demonstrate that Fe₃O₄@CS NPs represent a promising 
platform for drug delivery applications, while further optimization is required to improve 
therapeutic efficiency. 
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Group A beta-haemolytic Streptococcus (GAS; Streptococcus pyogenes) remains an important human 
pathogen responsible for a wide range of diseases, from mild pharyngitis and erysipelas to severe 
invasive infections associated with substantial morbidity and mortality. Recent increases in invasive 
GAS infections reported in several countries have renewed attention to the importance of healthcare 
professionals’ awareness and early recognition of these infections. This study aimed to assess the 
knowledge of nursing professionals in Croatia regarding GAS infections and erysipelas. A nationwide 
cross-sectional survey was conducted among 213 nursing professionals employed in different 
healthcare settings. Participants completed an anonymous 15-item questionnaire assessing 
knowledge of GAS epidemiology, transmission, clinical manifestations, treatment, and associated 
infections. The median knowledge score was 10 (interquartile range 8–11) out of a maximum of 15 
points, indicating a moderate level of knowledge. Most participants correctly identified direct contact 
as the primary route of transmission (77.5%), recognized the pharynx and skin as the most commonly 
affected sites (71.4%), and correctly identified penicillin or erythromycin as appropriate treatment for 
erysipelas (86.4%). Knowledge regarding erysipelas was generally satisfactory, with 77.9% recognizing 
GAS as its most common cause and 85.4% acknowledging the possibility of recurrence. However, only 
36.6% of participants correctly taxonomically identified GAS as Streptococcus pyogenes. No significant 
differences in overall knowledge scores were observed according to age (p = 0.22) or educational level 
(p = 0.98). The findings indicate moderate overall knowledge but highlight important gaps in 
understanding the causative agent and epidemiological characteristics of GAS infections. Continuous 
professional education may help strengthen awareness and support early recognition, but also 
improve patient management in the context of increasing invasive GAS infections worldwide. 
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Foodborne pathogens and antimicrobial resistance represent growing challenges in food 
safety. Lactic acid bacteria (LAB), naturally present in milk and fermented dairy products, are 
known to produce bacteriocins and other antimicrobial compounds that inhibit pathogenic 
microorganisms. This study investigated LAB isolates from raw milk and traditional cheeses of 
Kosovo, aiming to evaluate their inhibitory activity against Staphylococcus aureus, Listeria 
monocytogenes, Listeria ivanovii, and Listeria innocua. From 128 samples, 252 isolates were 
identified, mainly Leuconostoc, Lactobacillus, Enterococcus, Lactococcus, and Pediococcus. 
Antimicrobial testing revealed selective inhibition, with the strongest activity observed 
against Listeria ivanovii. Isolates from white brined cheese showed the highest inhibitory 
potential, highlighting the role of traditional fermentation in promoting bacteriocin-
producing strains.  

These findings support the application of LAB as natural biopreservatives in dairy production. 
Their use could reduce reliance on synthetic antimicrobials and contribute to safer food 
systems, aligning with the One Health approach to combat antimicrobial resistance. 
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Since the outbreak of the COVID-19 pandemic, the spread of microorganism strains resistant to 
available antibiotics has raised growing concerns. Sulfamethoxazole (SMX) belongs to the most widely 
distributed antibiotic in aquatic environment due to its extensive application in human and veterinary 
practices. Despite restriction on its use as a growth promoter in Europe, it is frequently detected in 
water samples due to incomplete removal [1,2]. Owing to its persistence, SMX is included in the 
European Union's Surface Water Watch List under the Water Framework Directive (EU Implementing 
Decision 2025/439), which obligates EU member states as well as candidate countries to monitor its 
concentration. Hence, the aim of this study was to investigate the occurrence of SMX in the Danube 
surface water during four sampling campaigns. The water samples were collected from representative 
locations (GC1, GC2, RO, RP, DM, DL, DR) within the Novi Sad municipality under comparable 
meteorological conditions. Solid phase extraction procedure coupled with liquid chromatography-
electrospray ionization-tandem mass spectrometry was applied for the quantification of SMX in 
collected samples. SMX was detected during the March campaign in 71.4% of samples, with the 
concentration ranging from 0.17 to 0.22 ng/L. However, during the June, August and November 
campaigns SMX was below the limit of the quantification (0.16 ng/L) in all samples. The observed 
seasonal variations indicate that higher prescription rates during March led to the occurrence of this 
antibiotic in surface water. The maximum acceptable detection limit of 100 ng/L set by EC was not 
exceeded in this study, although previous finding of Loos et al. [3] indicated that SMX is one of the 
most detected antibiotics along the Danube River. The high-water discharge and dilution capacity of 
Danube River might account for the low frequency of the detection observed in this study. Having in 
mind that Novi Sad lacks a wastewater treatment plant, the monitoring of antibiotics is crucial for 
protecting public health and ecosystems. Further studies focusing on different antibiotic classes are 
needed.  
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Background: Chronic disease management, particularly Type 2 Diabetes, is currently 
hindered by "therapeutic inertia"—the failure to intensify or adhere to treatment despite 
suboptimal glycemic control. This mirrors the challenges in addressing Antimicrobial 
Resistance (AMR), where a gap exists between large-scale surveillance data and localized 
clinical action. This paper explores how estimation methods and data visualization 
frameworks from the AMR "Data to Action" model can be adapted to improve antidiabetic 
medication adherence. 
Methods: We conducted a comparative analysis of the Global Burden of Disease AMR 
framework, focusing on how geospatial estimation and burden-of-disease visualizations 
translate to patient-level diabetes data. By treating medication non-adherence as a "silent 
burden" similar to subclinical resistance, we mapped data-driven feedback loops that link 
real-time monitoring (e.g., Continuous Glucose Monitoring) to behavioural outcomes. 
Results: Findings suggest that applying AMR-style heatmaps and predictive trend modeling to 
diabetes management reduces clinical inertia by making long-term risks (e.g., retinopathy, 
nephropathy) visually urgent. The "Feedback Loop" (Data-Insight-Adherence) demonstrates 
that when patients and providers visualize the immediate HbA1c impact of adherence, 
intrinsic motivation and persistence increase significantly. 
Conclusion: Leveraging the robust visualization strategies used to track the global AMR 
burden provides a scalable template for diabetes care. By transforming abstract metrics into 
actionable insights, healthcare systems can combat therapeutic inertia and reduce the global 
economic and clinical burden of non-adherence. 
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Thiazole-containing heterocycles have emerged as versatile structural motifs in modern 
medicinal chemistry, owing to their unique electronic configuration and capacity to engage 
diverse biological targets. In recent years, increasing attention has been directed toward the 
development of thiazole-based derivatives with promising anticancer and antimicrobial 
properties [1]. The presence of both nitrogen and sulfur atoms within the five-membered ring 
confers significant chemical robustness and enables systematic structural modification to 
optimize biological performance. This contribution presents an updated overview of studies 
reported between 2015 and 2025, focusing on the relationship between molecular structure 
and biological activity of thiazole derivatives [2,3]. Particular emphasis is placed on how 
variations in substitution patterns, electronic distribution, and lipophilicity influence potency, 
selectivity, and spectrum of activity. Several compounds have demonstrated notable efficacy 
against resistant microbial strains as well as selective cytotoxic effects in cancer cell models. 
In addition to experimental findings, computational approaches, including molecular docking 
analyses, are considered to provide insights into potential ligand–target interactions. 
However, these observations are interpreted cautiously and are not intended to establish 
definitive mechanisms of action. Despite encouraging biological results, limitations related to 
pharmacokinetic behaviour and toxicity profiles remain evident and warrant further 
investigation [4,5]. Overall, the findings highlight the continued relevance of thiazole 
frameworks as a foundation for the rational design of novel therapeutic agents, with 
particular potential in addressing challenges associated with antimicrobial resistance and 
cancer treatment. 
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Fungal infections are a growing global threat, especially for immunocompromised and 
critically ill patients. Antifungal resistance and new pathogens complicate treatment. In 2022, 
WHO listed pathogens like Candida albicans, Cryptococcus neoformans, Aspergillus 
fumigatus, and Candidozyma auris as critical threats due to increasing prevalence and 
resistance [1,2]. This study reports on fungal infections and antifungal susceptibility in 
Romania, addressing limited and outdated epidemiological data by analyzing retrospective 
laboratory records from a tertiary hospital over eight years. Samples from various 
departments, including ICUs, were analyzed to identify fungal species, sample types, and 
resistance profiles. Results showed a rising trend in confirmed fungal infections, mainly from 
urine and respiratory samples. Candida albicans was the most common pathogen, especially 
in ICU patients with high mortality. Resistance to fluconazole, micafungin, and amphotericin 
B increased, and species like Candida parapsilosis and Candida krusei also showed notable 
resistance. Other fungi, such as Aspergillus flavus, A. fumigatus, and A. niger, were frequently 
detected in respiratory samples and exhibited high azole resistance. Cryptococcus 
neoformans was mainly found in cerebrospinal fluid, a major cause of invasive infections 
among immunocompromised patients. These findings highlight diverse fungal pathogens and 
the rising threat of antifungal resistance, driven by biofilm formation, efflux pumps, and 
genetic mutations. The emergence of multidrug-resistant species like Candidozyma auris 
underscores the need for better surveillance and new treatments. 
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Antimicrobial resistance (AMR) has become one of the most significant public health threats 
in recent years as a result of the uncontrolled and excessive use of antibiotics to prevent 
bacterial infections. The spread of antimicrobial resistance reduces the effectiveness of 
antibiotics, leading to increased mortality and posing a serious global health threat [1]. Thus, 
the effective and rapid detection of AMR bacteria is crucial to prevent their spread and 
related infections. Conventional, molecular, and serological techniques have been widely 
used for this purpose. However, these methods are often time-consuming and require well-
equipped laboratories, expensive instrumentation, and trained personnel, making them 
complex and labor-intensive. In addition, in molecular techniques, the complexity of primer 
design and the occurrence of non-specific amplification signals may lead to false- positive 
results among closely related strains, raising concerns about their reliability. In this context, 
electrochemical biosensors have emerged as promising tools due to their rapid response, 
high specificity, ease of use, cost-effectiveness, and suitability for point-of-care (POC) 
applications[2, 3]. 
Recently, two-dimensional (2D) materials have attracted considerable attention in biosensor 
development due to their advantageous properties, including large surface area, rapid 
electron transfer, excellent biocompatibility, good elasticity, strong chemical stability, high 
sensitivity, and outstanding electrocatalytic activity. The use of 2D materials has enabled the 
development of innovative electrochemical biosensors with enhanced electrochemical 
properties, high sensitivity, wide linear range and low detection limits [4, 5]. Hence, 2D 
material-based electrochemical biosensors offer a promising approach for rapid, sensitive, 
and reliable detection of AMR bacteria, thereby contributing to improved infection 
management. 
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Antimicrobial resistance (AMR) is driving an urgent need for rapid, robust, and scalable 
diagnostic technologies capable of recognizing clinically relevant bacteria beyond the 
limitations of conventional culture-based workflows [11]. In this context, biomimetic 
imprinting offers an attractive route to stable and low-cost synthetic recognition interfaces. 
Here, we present a whole-cell-template-free platform developed for Escherichia coli 
recognition that combines photolithographic precision with surface and molecular imprinting 
concepts, with relevance for AMR-oriented diagnostic development. 

First, a photolithography-defined master carrying high-density E. coli-mimicking 
microstructures was used to fabricate biomimetic receptor surfaces without relying on live 
bacterial templates. In an optical sensing format, this approach enabled the generation of 
highly ordered cavity arrays at a density of 3 × 107 imprints cm-2, where the imprinted layer 
acts simultaneously as bacterial receptor and diffraction grating. This dual-function 
architecture allowed low-cost, label-free, and differential detection of E. coli by reflectance 
changes, demonstrating the feasibility of directly translating geometrically encoded bacterial 
recognition into a scalable sensing concept [2]. 

Building on this platform, we further introduced chemical recognition by functionalizing the 
biomimetic master with E. coli lipopolysaccharides (LPS), enabling simultaneous transfer of 
shape- complementary cavities and LPS-derived molecular fingerprints into a polyurethane 
matrix. The resulting biomimetic molecularly imprinted polymers showed strongly enhanced 
bacterial capture, reaching an imprinting factor of 6.5 and clearly outperforming geometry-
only and chemistry-only controls. These findings demonstrate a synergistic interplay between 
physical and molecular recognition while fully avoiding the biosafety, reproducibility, and 
standardization challenges associated with whole-cell templating [3]. 

Overall, this work establishes a scalable synthetic receptor strategy for bacterial capture and 
label- free detection. The platform is designed to be transferable to clinically relevant and 
antibiotic- resistant targets by adapting the surface chemistry and imprint design, thus 
offering a promising foundation for next-generation AMR diagnostics. 
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Chronic wounds are characterized by an abnormal cicatrization process, with persistent 
inflammation and high risk of infection and of biofilm development. The presence of 
pathogenic biofilms poses a limitation in traditional treatment for chronic wounds, requiring 
development of innovative drug delivery systems to enhance penetration of antimicrobials 
into biofilms, while providing local sustained release with minimized side effects (1). This 
study aimed to develop octenidine-loaded nanostructured lipid carriers (OCT-NLCs), with 
enhanced skin permeability and antimicrobial properties not prone to resistance. 
Nanostructured lipid carriers were synthesized by hot emulsification followed by 
ultrasonication. The nanoparticles were characterized by size distribution, polydispersity 
index, surface charge, thermal analysis by DSC and FTIR-ATR. Antimicrobial activity was 
assessed through Minimum Inhibitory Concentrations (MIC), Minimum Bactericidal 
Concentration (MBC), Kirby-Bauer diffusion assays and inhibition of biofilm formation. The 
MIC for the encapsulated octenidine was determined to be 2 µg/mL and the average zone of 
inhibition of 25.43 ± 3.29 mm (n=6), surpassing the control with free octenidine (7.49 ± 1.13 
mm (n=6)), demonstrating the formulation antimicrobial properties. The MBC was 
determined to be 8 µg/mL, concentration at which no biofilm formation was observed under 
tested conditions. Cell compatibility was assessed in HaCaT cell lines using the MTT assay. 
Overall, the OCT-NLCs exhibit favourable antimicrobial and physicochemical properties, 
supporting their potential use in advanced delivery systems for the treatment of chronic 
wounds. 

 
 
References 

(1) Kaiser, P., Wächter, J. & Windbergs, M. Therapy of infected wounds: overcoming clinical challenges by 
advanced drug delivery systems. Drug Deliv. and Transl. Res. 11, 1545–1567 (2021). 
https://doi.org/10.1007/s13346-021-00932-7 
 
 
 
 
 
 
 
 
 
 
  



                                                                                                                                                      

info@eurestop.eu  
 www.eurestop.eu | @eurestop.eu  

Bridging Oncology and Microbiology: Next-Generation Therapeutics for 
Immunocompromised Patients 

 
Tomás G. Monteiro,a Irene M. Panadero,b Ricardo J. Ferreira,a Angela R. Hidalgo,b Ana P. Leandro,a 

Younes Smani,b,c Maria M. M. Santosa 

a Research Institute for Medicines (iMed.ULisboa), Faculdade de Farmácia Universidade de Lisboa; 
b Andalusian Center of Development Biology, CSIC, University of Pablo de Olavide, Seville (Spain); 
c Department of Molecular Biology and Biochemical Engineering, University of Pablo de Olavide, 

Seville (Spain) 
 

mariasantos@ff.ulisboa.pt  
 
Mutations in TP53 occur in approximately half of all human cancers, making p53 the most frequently 
altered tumor suppressor in oncology. Mutant p53 proteins often accumulate in tumor cells and 
acquire dominant-negative and gain-of-function properties that promote tumor progression, 
metastasis, chemo and radioresistance, resulting in poor clinical outcomes. Unfortunately, no drug 
has yet been approved that directly targets mutant p53, leaving conventional therapies as the primary 
treatment options.[1] These therapies often cause systemic toxicity and immunosuppression, 
increasing the patient’s susceptibility to opportunistic infections by multidrug-resistant (MDR) Gram-
negative pathogens commonly found in hospital settings, which substantially contribute to morbidity 
and mortality in cancer patients.[2] For these reasons, the development of small molecules capable of 
restoring mutant p53 tumor-suppressive activity, while enhancing antibacterial defenses represents a 
promising dual-therapeutic strategy.  
This work builds on previous findings from our research group identifying enantiopure tryptophanol-
derived isoindolinones as a new class of wild-type and mutant p53 reactivators.[3-4] The compounds 
were screened against clinically relevant DNA-contact p53 mutants (R273H and R280K) using 
differential scanning fluorimetry (DSF). In parallel, the antibacterial potential of selected compounds 
was assessed against Acinetobacter baumannii and Escherichia coli using microdilution assay and 
growth bacterial curves (COST Action CA21145 STSM grant at Pablo de Olavide University, Seville). 
One compound emerged as the lead candidate (ΔTm between 7 and 11 ºC for R273H and R280K; 
minimal inhibitory concentration (MIC) in combination with colistin below 0.125 µg/mL for E. coli and 
0.25 µg/mL for A. baumannii). Collectively, this work identifies a new tryptophanol-derived 
isoindolinone capable of targeting mutant p53-driven cancers while potentiating antibacterial 
therapy, highlighting a promising lead for next-generation therapeutics for immunocompromised 
patients. 
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Compounds of plant origin have been used since ancient times for the prevention and 
treatment of various diseases and continue to remain highly relevant in modern medicine. 
The accelerating spread of antimicrobial resistance among Gram-negative bacteria 
represents a major global health concern and highlights the urgent need to identify 
alternative bioactive agents with distinct and multifactorial mechanisms of action. In this 
context, plant-derived essential oils (EOs) have attracted considerable attention for their 
ability to target multiple cellular processes, including membrane integrity, metabolic 
pathways, and redox homeostasis [1,2]. This study aimed to evaluate the chemical 
composition, antimicrobial activity, and redox-modulatory effects of Tanacetum 
argyrophyllum essential oil (EO) against Escherichia coli wild-type (E. coli K12) and kanamycin-
resistant (E. coli pARG- 25) strains. EO extraction yielded 0.1% (v/w), with eucalyptol (35%), 
camphor (24%), and camphene (17%) as major constituents, defining a eucalyptol–camphor 
chemotype [3]. Minimum inhibitory concentrations were 100 µL/mL for both strains. 
Biophysical analyses revealed that EO exposure delayed the decline in extracellular oxidation-
reduction potential (ORP) and altered pH dynamics, reflecting interference with bacterial 
metabolic activity and organic acid production. Biochemical assays indicated strain-specific 
oxidative stress responses: malondialdehyde formation increased by ~50% in the resistant 
strain, accompanied by substantial upregulation of superoxide dismutase and catalase 
activities, whereas the wild-type strain showed moderate changes. These data suggest that 
T. argyrophyllum EO disrupts bacterial redox homeostasis, likely via modulation of 
membrane- associated respiration and antioxidant defences, resulting in reduced viability and 
enhanced oxidative stress in resistant cells. The findings provide mechanistic insight into EO-
mediated bacteriostatic effects and support its potential application as a natural agent 
targeting drug-resistant pathogens through redox-dependent pathways. 
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Colistin is a last-resort antibiotic for treating multidrug resistant Gram-negative bacterial 
infections. However, in recent years, the emergence of resistance phenomena related to its 
clinical use has been documented.1 In Pseudomonas Aeruginosa, the molecular mechanism 
that gives resistance to colistin has to be mainly ascribed to a glycosyltransferase enzyme, 
named ArnT.2 Based on this, we previously identified a natural ent-beyerene diterpene (FDO) 
as a promising platform for the development of novel ArnT inhibitors.3 However, several 
limitations, such as low natural abundance, multistep purification of the raw plant material, 
and the lack of chromophore groups, hinder its comprehensive microbiological 
characterization as well as the development of delivery systems for this compound. 
Recently, to address these issues, we considered a rational procedure to simplify the ent-
beyerene scaffold into drug-like synthetic ArnT inhibitors.4 Starting from the aromatic 
abietane scaffold of podocarpic acid 1, a function-oriented synthesis (FOS) approach guided 
the preparation of twenty-four semisynthetic oxygen and nitrogen abietane-based 
derivatives. Biological evaluation against a colistin-resistant P. aeruginosa strain revealed that 
four compounds (2, 13, 18, and 30) significantly restore the activity of sub-inhibitory colistin, 
with compound 18 showing the lowest IC90 (182.5 µM). Structure–activity relationship (SAR) 
studies revealed that positions C-12 and C-16 are critical for activity, while molecular docking 
suggested that the selected analogs can engage in interactions with conserved residues within 
the ArnT catalytic site. Microbiological assays highlighted key structural features of the 
aromatic abietane skeleton in restoring colistin sensitivity in drug-resistant P. aeruginosa, and 
rationalized biological activity data to corroborate the quality of the selected scaffold in the 
development of cost-effective colistin resistance breakers. 
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Antimicrobial resistance (AMR) is one of the most significant global public health challenges, reducing 
the effectiveness of antimicrobial therapy and increasing the burden of infectious diseases. 
Escherichia coli, a common bacterium found in animals and the food production chain, is widely used 
as an indicator organism for monitoring antimicrobial resistance. The emergence and spread of 
multidrug-resistant E. coli in poultry production is of particular concern, as resistant bacteria can be 
transmitted to humans through contaminated food, posing a direct risk to food safety and public 
health [1, 2]. 
The aim of this study was to isolate Escherichia coli from different anatomical sites of broiler chicken 
carcasses, evaluate their antimicrobial resistance profiles, and assess the presence of the pathogenic 
E. coli O157:H7 serotype in broiler samples. A total of 117 samples were collected from 39 broiler 
carcasses, divided into test and control groups. Samples were obtained from three anatomical sites: 
wing, cloacal, and groin regions. 
E. coli was isolated from 41.9% of all samples. The highest prevalence was observed in cloacal samples 
(89.7%), followed by groin (28.2%) and wing (7.7%) samples, with statistically significant differences 
between sampling sites (p<0.001). All isolated E. coli strains exhibited complete resistance (100%) to 
trimethoprim/sulfamethoxazole, lincomycin, ampicillin, and amoxicillin. In addition, isolates from the 
control group were resistant to nalidixic acid. Resistance to colistin sulfate, an antimicrobial of critical 
importance in human medicine, was detected in 21.7% of isolates from the test group, while no 
resistance was observed in the control group. A statistically significant higher resistance to colistin was 
identified in isolates obtained from the groin region of the test group (p<0.05). 
Multidrug resistance to six different classes of antimicrobials was identified in 49% of the isolates, 
indicating a high prevalence of resistant strains in broiler production. These findings suggest a possible 
association with antimicrobial usage practices in poultry farming, including group-level treatments, 
which may contribute to the selection and persistence of resistant bacteria. 
The investigation of the pathogenic Escherichia coli O157:H7 serotype revealed no positive cases in 
the analyzed broiler samples. 
Overall, phenotypic test results indicate a high level of antimicrobial resistance in E. coli isolated from 
broiler chicken carcasses, highlighting a potential risk to human health through the food chain. The 
study emphasizes the need for continuous monitoring, prudent use of antimicrobials, and 
implementation of effective control measures, supporting a One Health approach to mitigate the 
spread of antimicrobial resistance. 
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The rise of antimicrobial resistance (AMR) demands innovative strategies beyond 
conventional antibiotics. In this context, glycochemistry offers powerful tools to target 
carbohydrate- mediated recognition processes involved in pathogen adhesion, biofilm 
formation, and host– pathogen interactions.  
Our work focuses on the design of carbohydrate-based systems to interfere with lectin-
mediated binding. First, we developed synthetic tripodal receptors bearing pyrrolic and 
aminic hydrogen-bonding groups, achieving selective recognition of biologically relevant 
monosaccharides.1 These systems highlight the role of non-covalent interactions and 
multivalency in carbohydrate recognition.Building on this approach, we engineered 
glycosylated protein scaffolds as multivalent ligands targeting bacterial lectins. Ubiquitin was 
functionalized via orthogonal, metal-free click chemistry to display fucoside and rhamnose 
epitopes.2 These constructs showed high affinity for BambL, a lectin involved in Burkholderia 
ambifaria infections, and exhibited immunomodulatory activity, suggesting their potential to 
modulate host–pathogen interactions. 
Finally, we translated these concepts into antimicrobial materials targeting biofilms, key 
contributors to AMR. Chitosan–saccharide conjugates bearing fucose and galactose 
selectively targeted lectins (LecA and LecB) in Pseudomonas aeruginosa.3 These biocompatible 
systems displayed strong bactericidal activity and were effective in disrupting established 
biofilms. 
Overall, this work demonstrates how integrating synthetic chemistry, glycobiology, and 
materials science can yield innovative strategies to combat AMR, opening new avenues for 
anti- adhesive, immunomodulatory, and antibiofilm therapeutics. 
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Introduction: 
Assuring human security and personal safety in the context of drug resistance has become a pressing 
global challenge. Drug-resistant microorganisms threaten the effectiveness of modern medicine, 
undermining the ability to treat infections and protect populations. 

Actuality: 
Currently, antimicrobial resistance is spreading rapidly across regions and sectors. The misuse of 
antibiotics in healthcare, agriculture, and animal husbandry accelerates this process. As a result, 
infections that were once easily curable are becoming persistent and dangerous, increasing mortality 
rates and healthcare costs worldwide. 

Main Scope and Objectives: 
The primary objective is to reduce the spread of resistance while safeguarding individuals. This 
includes promoting responsible use of antimicrobial drugs, strengthening infection prevention 
measures, and enhancing public awareness. Ensuring access to clean water, sanitation, and quality 
healthcare services is essential. At the policy level, governments and organizations must invest in 
research, surveillance systems, and the development of new treatments. 

Conclusion: 
Drug resistance represents a critical threat to global human security and personal safety. Addressing 
it requires coordinated international action, responsible behavior at the individual level, and 
sustainable healthcare strategies. Without decisive measures, the effectiveness of life-saving 
treatments will continue to decline, posing severe risks to present and future generations. 
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The increasing economic and environmental significance of fish diseases and developing AMR 
has enhanced the importance of studies of disease management in aquaculture with 
environmentally friendly and lasting methods, and medicinal plant benefits on fish health, as 
they have the potential to contribute to disease prevention and control strategies as an 
alternative to chemical treatments. The use of medicinal herbs and their secondary 
metabolites is increasing each day worldwide because of having environmentally safe 
properties in aquaculture. 

In this study, the aim was to promote the use of plant extracts in aquaculture as an alternative 
to chemotherapy and more specifically, to determine in vitro antimicrobial activities of 
essential oil of sage (Salvia officinalis L.) (SEO) against Aeromonas sobria. Essential oils (EOs) 
are secondary metabolites derived from medicinal herbs. They possess biologically active 
properties to be used as a phytotherapeutic agent for sustainability in aquaculture. 

We performed essential oil isolation of essential oil of sage (Salvia officinalis L.) (SEO) usinf 
hydro- distillation using Clevenger apparatus. 

The antibacterial effect of SEO is investigated in the Laboratories of the Departments of Fish 
Pathology and Aquatic Microbiology at PSI Hydrobiological Institute, Ohrid. 

For determination of antibacterial activity we used the agar disc diffusion method. 

We found that the sage essential oil (SEO) displayed a strong antibacterial activity against 
Aeromonas sobria (19.5 mm) at concentration of 1000 μL mL-1. 
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Antibacterial drugs are fundamental to modern medicine, but their overuse has driven the 
rise of antimicrobial resistance (AMR), resulting in increased mortality and healthcare costs 
worldwide. New treatments with novel mechanisms of action are needed to combat AMR. 
Inosine monophosphate dehydrogenase (IMPDH) catalyses the rate determining step of 
guanine nucleotide biosynthesis, which is vital for DNA/RNA synthesis. Previous work by 
Hedstrom et al. has demonstrated how oxime-containing compounds constitute potent 
inhibitors of IMPDH in Cryptosporidium parvum, the causative agent of cryptosporidiosis1. 
Critical IMPDH residues are shared in Pseudomonas aeruginosa, Streptococcus aureus and 
Mycobacterium tuberculosis, highlighting the potential of IMPDH inhibitors to act as broad-
spectrum antimicrobials2. This project aims to develop a next generation series of inhibitors 
where the biologically unstable oxime group is replaced with a suitable aromatic heterocycle. 
Initially, a series of urea-based IMPDH inhibitors was synthesised and evaluated for activity 
against bacterial IMPDH3. A second series of bioisosteric analogues was subsequently 
prepared where the urea scaffold was replaced with a corresponding squaramide4. 
Introduction of a squaramide in this fashion is associated with improved pharmacokinetic 
properties and increased hydrogen bonding ability6. Herein we present our work to date on 
both the synthesis and evaluation of urea- and squaramide-derived inhibitors of IMPDH. 
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Adjuvant therapy represents a well-established and clinically validated strategy to enhance 
antibiotic efficacy, particularly in the context of antimicrobial resistance (AMR). The most 
successful example is the use of β-lactamase inhibitors, such as clavulanic acid [1], 
tazobactam, and avibactam, which restore the activity of β-lactam antibiotics by inhibiting 
enzymatic degradation. This paradigm has demonstrated that targeting resistance 
mechanisms directly can significantly extend the clinical utility of existing antibiotics. 
However, despite its success, this approach remains largely confined to β-lactam antibiotics, 
and comparable clinically approved adjuvants for other antibiotic classes are still lacking. 
This work focuses on the preparation and validation of a library of genetically modified 
bacterial strains for high-throughput testing of new adjuvants. During the preparation 
process, we had to address, in particular, the varying structure of the bacterial cell wall, which 
significantly affects the transport of substances, as well as the selection of the appropriate 
promoter to control the level of expression of the resistance gene. 
The prepared strain library was used to test 150 plant secondary metabolites. New potential 
antibiotic adjuvants were identified and subsequently verified using a checkerboard assay 
with corresponding antibiotics against clinical strains of antibiotic-resistant bacteria. 
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The emergence and rapid spread of antibiotic-resistant microorganisms has become one of 
the most significant global challenges to human health in the 21st century. The World 
Health Organization (WHO) has repeatedly warned that without urgent action, antibiotic 
resistance could lead to a post-antibiotic era, in which minor infections could once again 
become life threatening. The looking for new, efficient and non-toxic antimicrobial agents 
already has a global priority. The interest to new natural biologically active products, 
nanomaterials and their combinations is sharply growing. Based on our literature review [1], 
some self’s synthetized antimicrobial agents and natural biologically active products, 
antimicrobial composite biomaterials and coatings were developed by us 
that will be presented here: 

Ø Fucoidan containing collagen composites with wide spectrum antimicrobial activity 
and potential application for wounds dressing and healing, tissue engineering and 
regeneration [2]; 

Ø Fucoidan containing, low adhesive siloxane coatings, inhibiting bacterial growth and 
biofilm development for indwelling medical devices [3]; 

Ø A way to antimicrobial peptides immobilization on PDMS to create antibacterial 
surfaces of medical devices [4]; 

Ø Electrospun bovine split hide collagen and collagen/glycosaminoglycan mats that 
support the in vitro adhesion, growth, and differentiation of stem cells, of interest for 
cell culture, regenerative medicine, and tissue engineering [5]. 
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The emergence of antibiotic-resistant bacterial infections, including those caused by ESKAPE 
pathogens and mycobacteria, highlights the urgent need for novel antibacterial agents with 
unique mechanisms of action. In this study, we report the development of N-
phenylpyrrolamide inhibitors targeting the ATP-binding site of DNA gyrase (GyrB) and, in 
several cases, topoisomerase IV (ParE). Structure–activity relationship (SAR)-guided 
optimisation focused on enhancing hydrophobic and hydrogen-bond interactions with the 
lipophilic floor of the ATP site and introducing carboxylic acid bioisosteres to engage the 
positively charged roof. Three inhibitor subtypes (I–III) were synthesised, and several 
compounds demonstrated low nanomolar IC50 values against GyrB, the most potent also 
showing submicromolar inhibition of ParE. Selected compounds exhibited low micromolar 
minimum inhibitory concentrations (MICs) against both Gram-positive and Gram-negative 
ESKAPE pathogens, and some displayed activity against clinically relevant mycobacteria. 
Efficacy and toxicity assessments in a zebrafish MRSA infection model confirmed the 
therapeutic potential of the most promising candidates. Further investigations into resistance 
development and post-antibiotic effects (PAE) suggest these dual-target inhibitors could 
provide a robust strategy against multidrug-resistant bacterial infections. These results 
support N-phenylpyrrolamides as a promising chemical class for antibacterial drug 
development. 
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