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Work in progress in the research laboratory


· Reversal of efflux pump mediated resistance in multidrug resistant bacteria using efflux pump inhibitors (EPIs): The phenomenon of multidrug resistance (MDR) is due to the widespread use of antibiotics and biocides, furthermore MDR is responsible for the selection of resistant bacterial strains. The overexpression of multidrug efflux pumps is one of the most important resistance mechanisms in bacteria, because these proteins expel a broad range of antibiotics owing to their poly-substrate specificity. The main goal of using efflux pump inhibitors (EPI) is the improvement of the efficacy of antibiotics. We focus on the screening of EPIs in order to modulate the activity of bacterial MDR efflux pumps, in addition the lead compounds could be applied in combined antimicrobial chemotherapy in order to reverse antibiotic resistance and overcome MDR bacterial infections.


· Reversal of multidrug resistance in tumor cells using natural and synthetic compounds: The reason of unsuccessful chemotherapy can be related to multidrug resistance (MDR) of tumor cells. Our research group focus on two important resistance mechanisms using in vitro tumor models: the resistance mediated by membrane-bound efflux pumps such as P-glycoprotein (ABCB1) and the apoptosis resistance. Nowadays one of the biggest challenges of anticancer chemotherapy is to find new, effective drugs to reverse multidrug resistance and provide new therapeutic approaches


Description of the main instruments/methods found in the laboratory 

Methods: 
- Determination of minimum inhibitory concentration of drug candidates on sensitive and antibiotic-resistant bacterial strains
- Checkerboard combination assay with drug candidates and antibiotics on antibiotic-resistant bacterial strains
- Assessment of the inhibition of efflux pumps by real-time ethidium bromide assay
- Detection of inhibition of biofilm formation
- Investigation of expression levels of genes encoding and regulating efflux pumps by RT-qPCR assay

- Determination of antiproliferative and cytotoxic effects of chemotherapeutic drug candidates on different normal and cancer cell lines
- Determination of interaction of drug candidates with conventional anticancer drugs on cancer cell lines
- Apoptosis induction in the presence of drug candidates on different cancer cell lines
- ABCB1 inhibition in the presence of drug candidates
Instruments:
Heraeus safety cabinet for propagation and maintenance of eukaryotic cell cultures; Binder CO2 incubator for maintenance of cell cultures; Bio-Rad CFX96 real-time PCR detection system; Multiscan EX ELISA reader (Thermo Labsystems, Cheshire, WA, USA): for reading the optical density of MTT and crystal violet stained plates; CLARIOstar plate reader (BMG Labtech); UV microscope, NovoCyte flow cytometer (Agilent).
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Opportunities for students

Participation in national and international conferences
- yearly conference of the Hungarian Society for Microbiology
- European Society of Clinical Microbiology and Infectious Diseases 
   Congress of the European Society of Clinical Microbiology and Infectious Diseases

International collaborations:
Prof. Dr. Jadwiga Handzlik (Department of Technology and Biotechnology of Drugs, Jagiellonian University, Cracow, Poland)
Dr. Ewa Żesławska (Institute of Biology, Pedagogical University, Cracow, Poland)
Dr. Enrique Domínguez-Álvarez (Institute of General Organic Chemistry, Spanish National Research Council, Madrid, Spain)
Prof. Dr. Andreas Hilgeroth (Institute of Pharmacy, Martin-Luther-University Halle-Wittenberg, Halle, Germany)
Dr. Ana Čipak Gašparović (Ruđer Bošković Institute, Zagreb, Croatia)
Prof. Dr. Maria-José Umbelino Ferreira (Department of Pharmaceutical Sciences and Medicines, Faculty of Pharmacy, University of Lisbon, Lisbon, Portugal)
Prof. Dr. Maria Emília Sousa (Departamento de Ciências Químicas, Faculdade de Farmácia, Universidade do Porto, Porto, Portugal)
Prof. Dr. Iztok Turel (Faculty of Chemistry and Chemical Technology of the University of Ljubljana, Ljubljana, Slovenia)
Dr. Jitka Viktorova (Department of Biochemistry and Microbiology, University of Chemistry and Technology, Prague, Czech Republic)

Research networks:

COST Actions
2022-2026: CA21145 - European Network for diagnosis and treatment of antibiotic-resistant bacterial infections (EURESTOP)
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Supervisors associated with the laboratory and their current topics

· Gabriella Spengler: Reversal of multidrug resistance in various tumor cell lines

· Gabriella Spengler: The role of multidrug efflux pumps in the virulence of bacteria

· József Sóki, Gabriella Spengler: Reversal of the effects of antibiotic resistance mechanisms by inhibitors


Over the past 10 years, PhD theses related to DI and its predecessors  have been 
2019 - dr. Márió Gajdács:
Multidrug resistance reversing activity of organoselenium compounds
2020 - Annamária Kincses: 
Resistance reversing activity of plant-derived and novel synthetic compounds in bacterial models
2022 - Márta Bozóki-Nové: 
Efflux pump inhibitors and potential adjuvants to reverse multidrug resistance in bacteria and tumor cells
2022 - dr. Andrea Csonka: 
Selenocompounds as novel anticancer agents against resistant breast cancer and antibacterial agents in Chlamydia trachomatis D
2024 - Nikoletta Szemerédi: 
Ketone- and cyano-selenoesters as multi-target antibacterial and anticancer derivatives
2025- dr. Bálint Rácz: 
Anticancer and efflux pump inhibiting activity of symmetrical selenoester derivatives
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